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Introduction 

Indapamide is a “thiazide-like” diuretic drug, generally 

used for the treatment of hypertension, alone or in 

combination with other antihypertensive drugs, as well 

as for the treatment of salt and fluid retention 

associated with congestive heart failure or edema.
1
 

The benzamide-sulfonamide-indole chemical structure 

of indapamide (4-chloro-N-(2-methylindolin-1-yl)-3-

sulphamoylbenzamide) is presented in Figure 1.
2
 

Its molecule contains both a polar sulfamoyl 

chlorobenzamide moiety and a lipid-soluble 

methylindoline moiety. It differs chemically from the 

thiazides in that it does not possess the thiazide ring 

system and contains only one sulfonamide group. 

Indapamide appears to cause vasodilation, probably by 

inhibiting the passage of calcium and other ions 

(sodium, potassium) across membranes. Overall, 

indapamide has an extra-renal antihypertensive action 

resulting in a decrease in vascular hyperreactivity and a 

reduction in total peripheral and arteriolar resistance.
1
 

Figure 1. Indapamide chemical structure. The asterix 
denote the chiral center 
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Purpose: Indapamide is probably the most frequently prescribed diuretic drug, generally 

being used for the treatment of hypertension. It contains a chiral center in its molecule; 

is marketed as a racemic mixture; but there are rather few studies regarding the 

pharmacokinetic and the pharmacological effect differences of the two enantiomers. Our 

aim was the development of a simple, rapid and precise analytical procedure for the 

chiral separation of indapamide enantiomers. 

Methods: In this study capillary zone electrophoresis was used for the enantiomeric 

separation of indapamide using a systematic screening approach involving different 

native and derivatized; neutral and charged cyclodextrines as chiral selectors. The 

effects of pH value and composition of the background electrolyte, capillary 

temperature, running voltage and injection parameters have been investigated. 

Results: After preliminary analysis a charged derivatized CD, sulfobuthyl ether- β-CD, 

proved to be the optimum chiral selector for the enantioseparation. Using a buffer 

solution containing 25 mM disodium hydrogenophosphate – 25 mM sodium 

didydrogenophosphate and 5 mM sulfobuthyl ether- β-CD as chiral selector at a pH - 7, 

a voltage of + 25 kV, temperature 15°C and UV detection at 242 nm, we succeeded in 

the separation of the two enantiomers in approximately 6 minutes, with a resolution of 

4.30 and a separation factor of 1.08. 

Conclusion: Capillary zone electrophoresis using cyclodextrines as chiral selectors 

proved to be a suitable method for the enantioseparation of indapamide. Our method is 

rapid, specific, reliable, and cost-effective and can be proposed for laboratories 

performing indapamide routine analysis. 
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Indapamide posses an asymetric carbon atom adjacent 

to an amino group in its molecule, resulting in the 

existence of a S- and R-enatiomer, but is marketed as a 

racemic mixture. Despite the great prevalence of 

indapamide in modern therapy, studies’ regarding the 

pharmacokinetics and the pharmacological effect 

differences of the two enantiomers are few and the 

results are inconclussive.
3
 

Several chiral separation methods for the indapamide 

have been reported in recent years using especially high 

performance liquid chromatographiy (HPLC) 

methods.
3-5

 Capillary electrochromatography (CEC) 

was also used as an alternative to HPLC methods for 

the separation of indapamide enantiomers.
6-8

 But these 

methods require derivatization or the use of expensive 

chiral columns or chiral capillary packings. 

Capillary electrophoresis (CE) has been found to be a 

powerful alternative to HPLC techniques as several 

chiral separation principles successfully applied in 

HPLC have been transferred also to CE. The main 

advantage of using CE in chiral separations is the small 

amounts of sample, chiral selector and solvents 

required. This permits the use of a large variety of 

chiral selectors and also makes it easy to change 

rapidly the chiral selector and the buffer electrolyte 

when screening for the suitable selector and 

electrophoretic conditions.
9,10

 

The most frequently used technique in chiral 

separations by CE is the capillary zone 

electrophoresis (CZE), with the direct addition of the 

chiral selector in the background electrolyte (BGE). 

Interaction between analytes and the chiral selector 

will depend on the stability of the formed 

diastereomeric complex. When a chiral selector is 

added to the BGE, the mobility of the complex will 

differ in most cases from the mobility of the free 

analyte. As a consequence, a difference in complex 

stability between two enantiomers, will result in a 

difference in the average velocity of these 

compounds.
9,10

 

Cyclodextrins (CD’s) are by far the most popular chiral 

selectors used in CE. CD’s are cyclic D-

glucooligosaccharides, having a relatively hydrophobic 

interior cavity, while the outside of the rim is more 

hydrophilic. The inclusion mechanism is sterically 

selective because analytes must fit the size of the 

cavity, the diameter of which depends on the number of 

glucose units in the CD structure. Because of the 

chirality of the hydroxyls in the glucose molecules, 

which form the rim of the CD cavity, the inclusion 

complex formation will be chirally selective.
11,12

 

Our aim was the development of an alternative simple, 

rapid and cost-effective method for the chiral 

separation of indapamide enantiomers using a 

systematic screening of different native and derivatized 

CDs as chiral screening approach and the optimization 

of electrophoretic conditions in order to obtain a good 

chiral resolution in a short analysis time. 

 

Materials and Methods 

R,S–indapamide of pharmaceutical grade was 

purchased from Moehs Productos Quimicos 

(Barcelona, Spain). For the determination of carvedilol 

from commercial products we used Indapamid 

(Labormed, Romania) tablets containing 2.5 mg 

indapamide. The following reagents of analytical grade 

were used: phosphoric acid, sodium tetraborate, 

disodium hydrogenophosphate, sodium 

didydrogenophosphate (Merck, Germany), methanol, 

sodium hydroxide (Lach Ner, Czech Republic). 

Purified water was provided by a Milli-Q Plus water 

purification system (Millipore, USA). 

As chiral selectors we used the following cyclodextrine 

(CD) derivatives of research grade: native neutral CD 

(α-CD, β-CD, γ-CD), derivatized neutral CD 

(hydroxypropyl-β-CD - HP-β-CD, randomly 

methylated β-CD – RAMEB), anionic substituted 

charged CD (sulfobuthyl ether- β-CD – SBE-β-CD). 

All CDs were obtained from Cyclolab (Budapest, 

Hungary) with the exception of SBE-β-CD - Capsitol 

(Cydex, USA). 

The experiments were made on an Agilent 6100 CE 

system (Agilent, Germany) equipped with a diode array 

UV detector. Separations were performed on a 48 cm 

length (40 cm effective length) x 50 m I.D uncoated 

fused silica-capillaries (Agilent, Germany). The 

electropherograms were recorded and processed by 

Chemstation 7.01 (Agilent, Germany). The pH of the 

buffer solutions was determined with the Terminal 740 

pH–meter (Inolab). The UV spectrum of indapamide 

was recorded with Specord 210 spectrophotometer 

(Analytik Jena, Germany). 

Indapamide sample stock solutions were prepared by 

dissolving the substance in methanol in a concentration 

of 100 g/ml and later diluted with the same solvent to 

the appropriate concentration. The samples were 

introduced in the system at the anodic end of the 

capillary by hydrodynamic injection. All samples and 

buffers were filtered through a 0.45 μm syringe filter 

and degassed by ultrasound for 5 minutes before use. 

Ten Indapamid tablets (each containing 2.5 mg 

indapamide) were weighed, and the net weight of each 

tablet was calculated. The tablets were powdered in a 

mortar, and an amount of powder equivalent to the 

average weight was accurately weighed, methanol was 

added to dissolve the active substance, and the solution 

was sonicated for 10 minutes. A sample of the tablet 

solution was then centrifuged at 3500 rpm for 10 

minutes. The supernatant was diluted following the 

same procedure as for the preparation of the standard 

solution, before the CE analysis. 

The capillaries were conditioned before use with 0.1 M 

sodium hydroxide for 15 minutes and with the 

background electrolyte used in the analysis for 15 

minutes. The capillary was rinsed for 1 minute with 

0.1M sodium hydroxide and buffer solutions before 

each electrophoretic separation. 
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The separation factors () were calculated as the ratio 

of the migration times of the optical isomers, and the 

resolution (R) was obtained by the R=2(t2 - t1)/(w1 + 

w2) equation, where the migration times (t1 and t2) and 

the peak-widths at half height (w1 and w2) were marked 

for the slow and fast migrating enantiomers, 

respectively. 

 
Results and Discussion 

Preliminary analysis 

In the initial experiments the indapamide sample 

solution was injected in the absence of CDs and its 

effective electrophoretic mobility was calculated. Then 

we performed the measurements using the same BGE, 

containing a relatively low amount of chiral selector in 

order to verify the decrease in the effective mobility of 

the analyte. 

We recorded previously the UV spectra of indapamide 

and found its absorption maximum at 242 nm, which 

was elected as detection wavelength in the CE 

separations. We applied some “standard” 

electrophoretic conditions for a CZE analysis: 

temperature 20 °C, applied voltage + 20 kV, injection 

pressure/time 50 mbar/3 sec, sample concetration 10 

μg/ml. 

In order to find the suitable conditions for the chiral 

separation of indapamide, a series of preliminary 

experiments were conducted at different pH and buffer 

compositions. In the preliminary analysis we used 25 

mM phosphoric acid (pH – 2.1), 25 mM disodium 

hydrogenophosphate – 25 mM sodium 

didydrogenophosphate (pH – 7) and 25 mM sodium 

tetraborate (pH – 9.3) BGEs respectively and we 

modified the pH of the buffer by adding a 0.1M sodium 

hydroxide solution. Indapamide was detectable in an 

achiral environment over a pH range 5 to 10. 

The type and concentration of CD added to BGE is of 

primary importance in achieving chiral resolution. 

Initial concentration of 10 mM neutral CDs were added 

to the buffer solution, while for charged CDs we added 

a concentration of 5 mM in order to limit the increase 

of ionic strength which generated high currents. 

The most important rule for chiral recognition is that 

the chiral selector must be compatible in size and 

structure to the analyte; a minimum of three molecular 

interactions has to occur. The size of the hydrophobic 

cavity is such that, in general, the α-CD can 

accommodate a single phenyl ring, while -CD and the 

-CD can accommodate substituted single- and 

multiple ring systems. This inclusion alone is not 

enough for chiral recognition: interaction between 

substituents on the asymmetric center of the analyte 

and the hydroxyl groups on the CD-rim are also 

responsible for chiral recognition. 

When using a phosphate buffer (pH – 5-8) no chiral 

separation was observed using native neutral CDs (α-

CD, β-CD, γ-CD) or derivatized neutral CDs (HP-β-

CD, RAMEB), as we observed only an increase in 

migration times. The only CD, which exhibited obvious 

chiral interactions, was the anionic ionized SBE-β-CD. 

When using a borate buffer (pH – 8-11) no chiral 

separation was observed using α-CD, γ-CD and 

RAMEB, a slight peak splitting was observed for β-CD 

and HP-β-CD, and the best results were obtained again 

by using SBE-β-CD. 

Consequently we can conclude that SBE-β-CD proved 

to be the optimum chiral selector for the separation of 

indapamide enantiomers. 

 
Optimization of the analytical method 

Stereoselectivity of the separation is influenced by 

several experimental parameters, such as CD type and 

concentration, ionic strength, pH of the BGE, capillary 

temperature, applied voltage, capillary length, addition 

of organic solvents and electro-osmotic flow (EOF). 

The use of a charged CD derivative (SBE-β-CD) can 

play a more profound role in the chiral resolution 

mechanism; the electrostatic interactions with the 

analyte, the movement of the chiral selector in the 

opposite direction of the enantiomers and the 

possibility of separating uncharged compounds 

representing the main advantages.
13,14

 

SBE-β-CD contains four modified primary hydroxyl 

groups with a butyl chain and sulfonic groups; and due 

to its chemical poperties is negatively charged and can 

be commonly used in CE over a wide pH range (2-11). 

Compared with neutral selectors, the effect of the 

concentration of the charged chiral selectors on the 

selectivity of enantioseparation can be more 

pronounced; a slight increase/decrease of the 

concentration of SBE-β-CD led to major overhauls of 

the migration times and chiral resolutions. In this work 

optimization of the concentration of the chiral selector 

was investigated experimentally for SBE- β -CD 

concentrations from 1 to 10 mM, we selected a 

concentration of 5 mM as higher concentration 

generated high currents and instability of the 

electrophoretic system. 

An increase of the buffer concentration led to an 

increase of the migration times, but had no marked 

effect on the separation resolution. 

Buffer pH is an important condition in CE separations, 

as the degree of dissociation of the charged selector, 

analyte charge, and the EOF are all affected by buffer 

pH. Indapamide is a basic drug with a pKa of 8.8; its 

net charge at pH between 3 to 5 is not significantly 

different, showing that analyte charge is insensitive to 

pH. It is, nevertheless, well known that the EOF is 

sensitive to pH in the range between 3.0 and 7.0; as it 

decreases considerably with decreasing pH. 

Indapamide was detectable at pH above 5.0 but did not 

elute toward the cathode when buffer pH was reduced 

to 3.0; this is indicative of a significant decrease in the 

EOF, and even reversal of the apparent mobility vector. 

It can also be seen that migration times decreased as the 

pH was increased from 5 to 11, while chiral resolution 

increased in the pH range 5 to 7 and deteriorated in the 
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pharmacological activity of enantiomers can differ and 

is mostly restricted to one of the enantiomers. 

Therefore, there is considerable pressure to develop 

new analytical methods for enantiomer separation, for 

enantiomeric purity control, pharmacological studies, 

pharmacodynamic investigations, clinical studies etc. 

 

 

 
 
Figure 3. Capillary electrophoretic separation of indapamide enantiomers using SBE- β -CD as chiral selector (experimental conditions: 
BGE: 25 mM disodium hydrogenophosphate – 25 mM sodium didydrogenophosphate, chiral selector: 5 mM SBE- β -CD, pH - 7, voltage 

+ 25 kV, temperature 15°C, hydrodinamic injection 50 mbar/1 sec., sample concentration 10 g/ml, UV detection 242 nm) 

 

Table 1. Analytical parameters of the indapamide chiral separation 

Indapamide 
enantiomers 

Migration time 
(min) 

RSD migration 
time (%) 

RSD peak area 
(%) 

Electrohoretic mobility 
(cm

2
/kV min) 

enantiomer 1 5.70 0.25 0.82 - 8.27 

enantiomer 2 6.25 0.23 0.79 - 8.44 

 

Table 2. Calibration data and LOD/LOQ values for indapamide chiral separation (calibration range: 2.5 - 50 µg/ml) 

Indapamide 
enantiomers 

Regression equation 
Correlation 
coefficient 

LOD (µg/ml) LOQ (µg/ml) 

enantiomer 1 y = 0.462 x + 0.849 0.992 1.85 5.25 

enantiomer 2 y = 0.446 x + 0.818 0.997 1.62 4.85 

 

A simple, rapid, reproducible and accurate CZE 

method has been successfully developed for the 

enantioseparation of indapamide and applied for the 

determination of indapamide from tablets. The method 

uses a simple phosphate buffer and an anionic charged 

CD, SBE-β-CD, as chiral selector, producing the 

baseline separation of the two enantiomers with 

excellent chiral resolution with sharp peaks and 

relatively short analysis time. Highly satisfactory 

results were obtained from analysis of tablets, 

indicating the method is specific, accurate, and suitable 

for routine analysis of indapamide in pharmaceutical 

preparations. 
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Sibutramine enantiomers were separated successfully by capillary zone electrophoresis using substituted cyclodextrins 
as chiral selectors. The effects of cyclodextrin concentration, pH, voltage, buffer type, and electrolyte concentration 
on the migration time and resolution of enantiomers were examined. Separation of sibutramine enantiomers on an 
unmodified fused silica capillary (total length, 54 cm; effective length, 45 cm) was achieved using a mixed buffer of 
20 mM phosphate/10 mM citrate containing either 5 mM methyl-β-cyclodextrin (pH 4.3) or 5 mM carboxymethyl- 
β-cyclodextrin (pH 6.5). Samples were injected with a pressure of 50 mbar for 5 s and were detected at a wavelength 
of 223 nm. The established method showed good precision and accuracy, with intra- and inter-day variations of less 
than 2.9 and 4.7%, respectively, and recoveries of 95.7 - 103.8%. The stability constants of (R)- and (S)-sibutramine 
demonstrated that the resolution of sibutramine enantiomers was attributable primarily to the difference in stability 
constants. When this optimized method was applied to the determination of sibutramine enantiomers in commercial 
drug formulations, it proved to be economical and convenient, affording sufficient accuracy, precision, and repro-
ducibility as well as sensitivity and selectivity.

Key Words: Sibutramine, Enantioseparation, Chiral selector, Methyl-β-cyclodextrin, Capillary electrophoresis

N
Cl

*

Figure 1. Chemical structure of sibutramine. The chiral carbon is iden-
tified by an asterisk.

Introduction

Sibutramine, N-(1-(1-(4-chlorophenyl)-cyclobutyl)-3-me-
thylbutyl)-N,N-dimethylamine (Figure 1), a serotonin and nor-
adrenalin reuptake inhibitor,1 is currently used as an anti-obesity 
drug when weight loss is medically indicated. This drug shows 
dual actions by enhancing satiety to decrease food intake and 
enhancing thermogenesis to increase energy expenditure.2 Si-
butramine contains a chiral carbon and thus two enantiomers 
are available. Both pharmacodynamic and pharmacokinetic 
data have revealed the enantioselective behaviors of sibutra-
mine: (R)-sibutramine decreases body weight and food up-
take, whereas (S)-sibutramine increases body weight and food 
uptake.3 In addition, (R)-sibutramine is biotransformed pre-
ferentially over (S)-sibutramine in rat liver microsomes and in 
primary cultures of rat hepatocytes.4 Compared with (S)-sibutra-
mine, (R)-sibutramine displays higher pharmacokinetic acti-
vity.5 The active metabolites of sibutramine also exhibit enantio-
selective effects, and the (R)-sibutramine metabolites have 
dramatically higher potency than the (S)-sibutramine metaboli-
tes.6 Until now, sibutramine has been marketed as a racemic 

mixture, and optically pure enantiomers have not been commer-
cially available. However, for efficiency and safety reasons, 
sibutramine should be developed and administered as a single 
isomer drug. For the development of sibutramine as a chiral drug 
and for pharmacological and pharmacokinetic research, the 
enantioselective isolation and determination of sibutramine 
are needed. 

There have been reports of the separation of sibutramine by 
HPLC methods, using Chiralcel OD7 and chiral-AGP5,8,9 as chi-
ral stationary phases and β-cyclodextrin10 as a chiral additive in 
the mobile phase. In one of only a few reports using capillary 
electrophoresis (CE) methods for the enantioselective separa-
tion of sibutramine, oversaturated 20 mM β-cyclodextrin was 
used as the chiral selector.11 However, at this high concentration, 
the chiral selector caused blockage of the capillary, resulting 
in incomplete resolution of the enantiomers. A substituted β- 
cyclodextrin may be more soluble and thus more useful for the 
CE analysis of sibutramine.

In this study, chiral separation of sibutramine enantiomers 
was investigated by CE using carboxymethyl-β-cyclodextrin 
(CMCD) and methyl-β-cyclodextrin (MCD) as chiral selectors. 
This is the first demonstration that CMCD and MCD can be 
used as chiral selectors for the enantioselective analysis of sibu-
tramine. We compared the separation efficiencies of CMCD 
and MCD as chiral selectors and developed an appropriate 
method for the separation of sibutramine enantiomers. The 
method was validated and applied to commercial sibutramine 
preparations. This study establishes an economical and conve-
nient method for the stereoselective analysis of sibutramine and 
recommends effective chiral selectors.
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Figure 2. Effect of cyclodextrin type on the separation of sibutramine
enantiomers separated with a mixed buffer of 20 mM phosphate/10 mM
citrate containing (a) 5 mM of MCD (pH 4.3) and (b) 5 mM of CMCD
(pH 6.5). Sample concentration, 0.1 mg/mL. Experimental conditions: 
uncoated fused-silica capillary, 50 µm i.d. × 45 cm (total length, 54 cm); 
injected by 50 mbar, 5 s; applied voltage, 25 kV; temperature, 25 oC; 
detection at 223 nm.

Experimental Section

Apparatus. A HP3DCE system (Hewlett Packard, Germany) 
equipped with a diode array detector was employed. Instrument 
control and data acquisition were performed using HP3DCE 
ChemStation software. Uncoated fused silica capillary (BGB 
Analytic, Germany) with a total length of 54 cm (effective length, 
45 cm) and an inner diameter of 50 µm was used. The pH was 
adjusted using ATI 370 pH meter (Orion, MA, USA).

Chemicals. Racemic sibutramine hydrochloride, (R)-sibu-
tramine and domperidone (internal standard) were kindly do-
nated from College of pharmacy, Taegu Catholic University. 
All reagents used for the preparation of the separation buffer 
were of analytical grade. Citric acid, dibasic sodium phosphate, 
and phosphoric acid were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). MCD and CMCD were from Wacker-Che-
mie GmbH (Germany). Purified water from an ultra filtration 
system (Sinhan, Korea) was used, and nylon membrane filters 
(0.2 µm) were obtained from Whatman (England).

Preparation of buffer and solutions. The running buffer con-
sisted of 10 mM citrate and 20 mM phospate containing 5 mM 
MCD (pH 4.3) or 5 mM CMCD (pH 6.5). The pH of the buffer 
was adjusted with 1.0 M sodium hydroxide or 95% phosphoric 
acid. A stock solution of sibutramine (1.0 mg/mL) was prepared 
by dissolving racemic sibutramine hydrochloride in a 10 mL 
of buffer in volumetric flask. For a calibration curve, the stock 
solution was diluted to 25, 50, 75, 100, and 150 µg/mL with 
buffer. For quality control, the stock solution was diluted to 25, 
75, and 150 µg/mL with buffer. The internal standard (domperi-
done) was dissolved in buffer to a concentration of 40 µg/mL. 
For analysis, each commercial sibutramine capsule was weighed 
individually, dissolved in 10 mL of buffer in a volumetric flask, 
and diluted with buffer. The sample solution was filtered through 

0.2 µm membrane filters and injected into the CE instrument.
CE operation. An uncoated fused silica capillary (total length, 

54 cm; effective length, 45 cm; inner diameter, 50 µm) was used 
for the analysis. The capillary temperature was maintained at 
25 oC and the voltage was 25 kV throughout the analysis. The 
signal was monitored at a wavelength of 223 nm. Samples 
were injected at the anodic end using a pressure of 50 mbar for 
5 s. Before its first use, the new capillary was rinsed with me-
thanol for 5 min, with deionized water for 5 min, with 1.0 M 
sodium hydroxide for 30 min, with water for 5 min, and then 
with running buffer for 5 min. Between each run, the capillary 
was treated with 1.0 M sodium hydroxide for 3 min, followed 
by water for 3 min and running buffer for 5 min.

Method validation. Linearity was evaluated by comparing 
the ratio of peak area of each enantiomer and the internal stan-
dard against half of the corresponding concentration of race-
mate. The intra-day precision and accuracy were evaluated by 
analyzing QC samples in five replicates, performed by one 
operator within a day. The inter-day variability of the method 
was assessed by replicating the analysis of QC samples on 5 
days. Precision was expressed as the intra-day and inter-day 
percent relative standard deviation. Stability was determined 
by analyzing standard stock solutions that had been stored for 
2 weeks at room temperature or for 2 months at ‒4 oC. The 
migration order of the sibutramine enantiomers was confirmed 
by analyzing a spiked (R)-sibutramine to sample.

Results and Discussion

Selection of the chiral additive. The crucial step in achieving 
enantiomeric separation may be the choice of the chiral selector. 
Cyclodextrins are the preferred chiral selectors in CE, because 
of their high solubility in aqueous solvents, low toxicity, and 
low UV absorbance; they have been used to separate the enan-
tiomers of a huge number of chiral drugs. The resolution of 
enantiomers depends on the hydrophobic cavity of the cyclo-
dextrin type. The enantioselective analysis of sibutramine was 
performed with MCD and CMCD as chiral selectors, at concen-
trations 0 - 15 mM in buffer solution. Both of the cyclodextrins 
were used successfully to separate the sibutramine enantiomers, 
but there were some differences in resolution, peak shape, and 
migration time (Figure 2). CMCD, an anionic selector, gave 
longer migration times and broader peaks, owing to low electro-
osmotic flow (Figure 2b). With MCD, a neutral selector, the 
electrophoretic direction of the complexes between MCD and 
sibutramine was the same as the electroosmotic direction, re-
sulting in a shorter migration time and sharper peak shape (Fi-
gure 2a). The resolution of sibutramine enantiomers was 1.6 
using CMCD and 1.3 using MCD as chiral selectors, indicating 
that CMCD allowed higher enantiomer recognition, by hydro-
phobic as well as electrostatic interactions. Although CMCD 
gave higher resolution, MCD was chosen as the chiral selector 
in this study because of the shorter analysis time and better 
signal-to-noise (S/N) ratio.

Effect of buffer on peak shape and resolution. To evaluate 
the effect of buffer type on peak shape, buffer solutions made 
with acetate, phosphate, and citrate were used for CE separa-
tion. Citrate buffer showed good peak shape; phosphate buffer 
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sibutramine and MCD were 211 M‒1 and 167 M‒1 for (R)- and 
(S)-sibutramine, respectively, indicating that the resolution of 
the sibutramine enantiomers was attributable mainly to the 
difference in stability constants.
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VOLTAMMETRIC DETERMINATION OF SIBUTRAMINE IN BEVERAGES AND IN PHARMACEUTICAL 
FORMULATIONS
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A simple and sensitive method has been proposed for the determination of sibutramine-HCl in energy drinks, green tea and 
pharmaceutical formulations using differential pulse voltammetry performed on a hanging mercury drop electrode. In the chosen 
experimental condition (Mcllvaine pH 4.0 buffer, 50 mV pulse amplitude and 40 mV s-1 scan velocity), sibutramine-HCl presented 
a reversible behavior and a peak maximum at –80 mV. Detection limit was 0.4 mg L-1 and the working linear range extended up to 
33.3 mg L-1 (r = 0.99). Analysis of real and fortified samples enabled recoveries between 91 and 102%. The electroanalytical method 
was compared with a HPLC method which indicated it accuracy.

Keywords: sibutramine; differential pulse voltammetry; pharmaceutical formulations. 

INTRODUCTION

Obesity is a complex condition with serious social and psycho-
logical dimensions that affects virtually all age and socioeconomic 
groups in both developed and developing countries.1 The health 
impact of overweighting is so marked that obesity has now been 
classified as a major global public-health problem.2 The World 
Health Organization projects 700 million adults will be clinically 
obese by 2015 and at an increased risk of developing other chronic 
diseases such as diabetes mellitus type II, coronary heart disease, 
hypertension, and various types of cancer.3 A drug therapy might 
be considered if obesity persists despite diet, physical exercise and 
modification if life-style.

Drugs used to aid in weight loss can be divided into two cate-
gories based of their mechanisms of action: appetite suppressants 
and lipase inhibitors.4 Appetite suppressors are no longer indicated 
due to its high potential to drug dependency. 5-hydroxytryptamine 
reuptake inhibitors such as fenfluramine and dexfenfluramine were 
approved for obesity, but they were immediately withdrawn from 
the market because they were associated with pulmonary hyper-
tension and increasing of the incidence of heart valve disease. 
Sibutramine, N-(1-(1-(4-chlorophenyl)-cyclobutyl)-3-methylbutyl)-
N,N-dimethylamine, is a serotonin and noradrenalin reuptake inhi-
bitor5,6 currently used as an anti-obesity drug in the hydrochloride 
form. Sibutramine increases concentrations of HDL-cholesterol 
and lower triglycerides-levels, but can raise blood pressure and 
pulse rate.7,8 Because of these collateral effects, the illicit addition 
of sibutramine in energy drinks has been reported. The LD50 for 
sibutramine is 64 mg kg-1 (oral uptake in mouse).9 In 2010, sibutra-
mine was removed from the European market, based on new data 
from the Sibutramine Cardiovascular Outcomes Trial (SCOUT), 
which demonstrated an increased risk of non-fatal cardiovascular 
events, such as stroke or heart attack,8,10 therefore, the Agency’s 
Committee for Medicinal Products for human use has concluded that 
any benefit brought by the use of sibutramine do not compensate the 
risks imposed to the patients.11,12 In this same year, the U.S. Food 

and Drug Administration recommended against prescription and use 
sibutramine based medicines and requested the withdraw of products 
containing this drug from the United States market.13 Based on the 
SCOUT results, the Brazilian National Agency of Sanitary Vigilance 
published the RDC n.25, allowing the prescription of sibutramine 
for the treatment obesity for no longer than 60 days and limited in 
15 mg the maximum daily dose of the drug.12

The public has also been looking for alternative sliming treat-
ments that include phytotherapy such as the so called green teas. Upon 
promises of fast and effective weight loss offered by the suppliers, 
the presence of non-declared synthetic substances (adulterants) in the 
phytotherapic products has been increased. However, such practice 
violates the laws of most of the countries. Due to its anti-depressant 
and appetite inhibition properties, sibutramine may be fraudulently 
included in commercial energy drinks and in diet-oriented green tea 
commercial formulations, therefore, this is a serious public health 
problem. In fact the Brazilian National Agency of Sanitary Vigilance 

(ANVISA) has reported cases of adulteration of athlete food and 
complements beverages.14

The United State Pharmacopoeia does not indicate an official 
method for the quantification of sibutramine hydrochloride mono-
hydrate, but a few methods have been described in the literature using 
high performance liquid chromatography with UV photometric15 
and mass spectrometric detection,16,17 capillary electrophoresis with 
UV detetion,7,18 UV absorption spectrophotometry19 and infrared 
spectroscopy.20

Voltammetric methods enable the sensitive and selective measu-
rement of organic compounds based on their specific electrochemi-
cal behavior at the working electrode surface.21,22 Electrochemical 
methods are advantageous if the selectivity achieved eliminates the 
need for separation procedures, which simplifies procedures, enables 
short analysis times and lower cost of analysis by using a relatively 
cheaper instrument and less consumables.23 

In the present work, a simple and sensitive analytical method 
based on the differential pulse voltammetry was developed for the 
determination of sibutramine hydrochloride (sibutramine-HCl). The 
method was applied in the analysis of pharmaceutical formulations 
and beverages such as green tea and energy drinks samples. 
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EXPERIMENTAL

Instrumentation 

Voltammetric measurements (diferential pulse voltammetry) and 
mechanism studies (using square wave voltammetry) were carried 
out with a model 757 VA Metrohm attached to a multi-electrode 
system formed by a mercury working electrode (HMDE) with 
0,3187 mm2 surface area, an auxiliary electrode (platinum wire) and 
a reference electrode Ag/AgCl (KCl 3 mol L-1). The digital analyti-
cal balance (AG 285 model, 0.01 mg sensitivity) of Mettler Toledo 
was used for weighing standards and samples. Chromatographic 
measurements were performed on a Waters chromatograph with 
UV-vis absorption photometric detector (wavelenght set a 230 nm).  
The chromatographic column was a C8 (250 x 4 mm and 5 nm 
average particle size) placed inside an oven with temperatures set 
at 25 oC. Chromatograms were made using isocratic elution (1 mL 
min-1) with mobile phase containing acetonitrile/0.05% trifluoracetic 
acid (70/30% v/v). Sample was prepared in methanol and injection 
volume was 15 μL. Under such conditions, analyte retention time 
was 2.8 min. Acid-base titrations were performed in a Metrohm 
Titration Automatic system with a combined glass electrode (KCl 
3 mol L-1).

Solutions and reagents 

Ultrapure water was obtained from a water ultra purification 
Milli-Q system from Millipore (Simplicity model 185). Analytical 
grade (glacial acetic acid, phosphoric acid, boric acid, sodium chloride 
and citric acid, sodium hydroxide, potassium hydroxide, potassium 
nitrate, potassium acid phthalate, sodium acetate and methanol) 
were from Merck (Darmstadt, Germany). Sibutramine hydrochlori-
de standard was obtained from Abbott Ireland Pharmaceutical with 
99.6% purity.

Mcllvaine pH 4.0 buffer was prepared mixing 0.2 mol of Na2HPO4 
and 0.1 mol of citric acid with water to obtain 1 L volume of solution. 
Britton-Robinson buffer (0.1 mol L-1) was prepared by mixing 0.1 mol 
acetic acid, 0.1 mol boric acid and 0.1 mol phosphoric acid with water 
to obtain 1 L volume of solution. The pH of these buffers was adjusted 
by the addition of aliquots of sodium hydroxide solution 2 mol L-1.

Samples

Medicine samples from three different laboratories were used: 
Biomag (similar medicine containing either 10 or 15 mg of the 
analyte/capsule) from Aché laboratories from which were taken 
two samples each one from a different lot, sample 1 (15 mg of 
sibutramine-HCl) and sample 2 (10 mg of sibutramine-HCl); 
Vazy (similar medicine containing 15 mg of the analyte/capsule) 
from Sigma Pharma laboratories which was named sample 3; and 
Chloridrato de sibutramina (generic medicine containing 15 mg 
of the analyte/capsule) from Sandoz, which was named sample 4. 
Seven independent subsamples were prepared for each one of the 
different lots and analyzed using both the proposed method and a 
HPLC method. Samples were prepared weighing an appropriate 
amount of sample and dissolving it in deionized water (for DPV) 
or in methanol (for HPLC). The sample was left in ultrasonic bath 
for 10 min.

Three different brands of commercial energy drink (E1, E2 and 
E3) and two brands of green tea (T1 and T2) were fortified with 
sibutramine and analyzed by differential pulse voltammetry (DPV). 
Volumes (750 mL) of these samples were added directly into the su-
pporting electrolyte (Mcllvaine buffer) in the electroanalytical cell.

Voltammetric measurements

A 10 mL volume of the supporting electrolyte solution (Mcllvaine 
buffer pH 4, 0.1 mol L-1) was transferred to the working borosilicate 
cell and then purged with nitrogen for 1500 s (and for 20 s before 
each adsorptive cycle). Analyte determinations using differential pulse 
technique were performed by scanning the potential from +170 to -70 
mV. Volumes of samples (750 mL) were placed in the electrochemical 
cell containing the supporting electrolyte. The solution was stirred 
(30 s) and then stopped 15 s (equilibrium time) before recording the 
voltammograms (scan rate of 40 mV s-1 and pulse amplitude of 50 
mV). Cycles were repeated with a fresh medium size mercury drop, 
chosen because of the better precision of results. All reported values 
(signal intensities and maximum potentials) were calculated based 
on the average of at least three replicate measurements. Cyclic vol-
tammograms were obtained by first using a direct scan from +200 to 
-600 mV and then reversing the direction (inverse scan) from -600 
to +200 mV.

Determinations in green tea and energy drink were made by 
analyte addition technique while the pharmaceutical formulations 
were analyzed using an external analytical curve.

Acid-base titrations

For titration studies, 10 mL KNO3 1.2 mol L-1 and 10 mL H2O was 
added into a cell, kept at 25 oC, containing 100 mL of sibutramine 10-3 
mol L-1 solution. The titration was made with a 0.100 mol L-1 KOH.

RESULTS AND DISCUSSION

Optimization of experimental conditions

Preliminary studies were performed in order to find a suitable 
supporting electrolyte for sibutramine-HCl using the HMDE. Britton-
Robinson buffer was first studied since this buffer offered the possibi-
lity to study a wide pH range (2-12), allowing search the most suitable 
pH to observe the sibutramine-HCl voltametric signal. For pH values 
higher than 6, no signal characteristic of the analyte was observed. In 
the acid pH range, the magnitude of the signal was almost invariable in 
the pH range between 3.0 and 6.0 with analyte peak maximum varying 
from -139 mV (pH 2) to -92 mV (pH 6) remaining constant at 107 
mV between pH 3 and 5 (Figure 1). Analyte peak with a better shape 
(symmetric and with smaller width at half maximum) and a smaller 
background noise were obtained using the supporting electrolyte at 

Figure 1. Peak current (Ip) and peak potential (Ep) curves of sibutramine-HCl 
in funcition of the pH (Britton-Robinson buffer 0.04 mol L-1)
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Abstract A fast capillary electrophoretic method is de-
scribed for the separation and determination of the
enantiomers of the novel wake-promoting agent, modafinil.
Several parameters affecting the separation were studied,
including the type and concentration of chiral selector,
buffer pH, buffer concentration, voltage and temperature.
Good chiral separation of the racemic mixture was achieved
in less than 5 min with resolution factor Rs=2.51, using a
bare fused-silica capillary and a background electrolyte
(BGE) of 25 mM H3PO4−1 M tris solution; pH 8.0;
containing 30 mg mL−1 of sulfated-β-cyclodextrin (S-β-
CD). The separation was carried out in normal polarity
mode at 25 ◦C, 18 kV and using hydrostatic injection.
Acceptable validation criteria for selectivity, linearity,
precision, and accuracy were included. The developed
method was successfully applied to the assay of enan-
tiomers of modafinil in pharmaceutical formulations. The
computational calculations for the enantiomeric inclusion
complexes rationalized the reasons for the different migra-
tion times between the modafinil enantiomers.

Keywords Capillary electrophoresis .

Modafinil . Enantiomers .Wake-promoting agent .

Pharmaceutical formulations . Computational calculations

Introduction

Psychostimulants, (e.g., amphetamine and methylphenidate),
are used clinically for the treatment of narcolepsy, as well as
attention deficit/hyperactivity disorders (ADHD). These com-
pounds, however, have potential risk of dependence and also
of tolerance. Thus, an alternative nonstimulant drug has been
actively studied [1, 2].

One such drugs is modafinil, (±)−[2-(diphenyl)methanesul-
finyl]acetamide (1), (Fig. 1) even though the exact mechanism
of modafinil action is still controversial. Recently, it has been
reported that it may indirectly increase wakefulness partly
through inhibition of gama-aminobutyric acid (GABA)
release via serotonergic mechanisms [1, 3].

Modafinil is a chiral compound due to the asymmetric
sulphoxide function, but it is administered as a racemate.
Nevertheless, it has been reported that the pharmacological
properties of the two enantiomers are different and that the
(+)-enantiomer is eliminated three times faster than the (−)-
enantiomer [1, 3]. Moreover, the R-enantiomer, also known
as armodafinil, has a longer half-life t1/2 (10 – 14 h)
compared with that of the S-enantiomer (3 – 4 h). Because
of this difference in t1/2, chronic administration of racemic
modafinil has been found to result in significant differences
in the circulating levels of the two enantiomers; the
proportion of circulating R-modafinil has been found to be
as much as 3-fold that of circulating S-modafinil. Therefore,
the majority of the clinical effects resulting from racemic
modafinil administration might, theoretically, be attributable
to armodafinil, and it is of interest to determine whether the
clinical effects observed with racemic modafinil can be
achieved with administration of armodafinil alone [4, 5].

Methods for the quantification of the enantiomers of
modafinil in human plasma [6, 7] and in serum [8] using high
performance liquid chromatography (HPLC) methods have
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The adopted electrophoretic conditions are summarized
in Table 1, while Fig. 4 (A) shows the electropherogram
corresponding to a standard solution of 100 μg mL−1 of
modafinil. It is clear that the selected electrophoretic
procedure provides a good separation of the modafinil
enantiomers (Rs=2.51). Since standards of modafinil
enantiomers are not commercially available, the first and
second peaks are referred to as modafinil enantiomer 1
(ME1) and 2 (ME2), respectively.

Validation of the analytical methods

No interference from the formulation excipients could
be observed at the migration times of the enantiomers
(Fig. 4 (B). Intra-day precision was assessed by introduc-
ing racemic modafinil standards at three different concen-
trations (25, 50, and 100 μg mL−1) nine times on the same
day. In all cases, the relative standard deviation (RSD) for
migration times and corrected peak area were less than
0.82 and 4.38 %, respectively (Table 2). The inter-day
precision was assessed by introducing three concentrations
of the standard (25, 50, and 100 μg mL−1) nine times for 6
consecutive days. In all cases, good precision as evidenced
from RSD for migration time and corrected peak area of
less than 3.01 and 4.76 % respectively was found
(Table 2).

The accuracy of the method was determined by
performing recovery tests. An appropriate amount of
racemic modafinil tablet powder was weighed and spiked
with known amount of the standard and each sample was
analyzed in triplicates. The results are summarized in
Table 3. Recoveries between 97.1 and 99.3 % were obtained.

The good recoveries obtained indicate the potential of this
method for the determination of the enantiomers in pharma-
ceutical formulations.

Calibration curve was constructed by plotting the
corrected peak area (y) as a function of analyte concentra-
tion (x) in µg mL−1. Six standard solutions containing 7.5 –
150 µg mL−1 racemic modafinil were analyzed. The linear
regression equations obtained are summarized below:

ME1 : y ¼ 0:06342� 0:00070ð Þ � � 0:08308� 0:5425ð Þ; r2 ¼ 0:9995

ME2 : y ¼ 0:06332� 0:00068ð Þ � � 0:07610� 0:05259ð Þ; r2 ¼ 0:9995

The LOD of the enantiomers (ME1 and ME2) were 1.97
and 1.89 µg mL−1, respectively. LOD was calculated as the
amount of the introduced sample to yield a signal-to-noise
ratio of 3, and the LOQ was taken as the amount of the
injected sample to give a signal-to-noise ratio of 10. LOQ
were 5.97 and 5.74 µg mL−1 for ME1 and ME2,
respectively.

Analysis of pharmaceutical formulation

The validated method was applied for the determination of
modafinil enantiomers in a commercial pharmaceutical
preparation. Good agreement between the total value as
claimed by the manufacturer (100 mg) and the CE method
were obtained (ME1 and ME2, 50.1±3.3 and 50.3±2.3,
respectively). Fig. 4 (B) shows typical electropherogram of
the pharmaceutical formulation.

Table 2 Within-day and inter-day reproducibility for the repeated
injection of different concentrations of racemic modafinil standards

Factor conc. (μgmL−1) RSD (%)a

Migration time Corrected peak areas

ME1b ME2c ME1 ME2

Intra-day precision (n=9)

25 0.82 0.19 1.76 2.32

50 0.12 0.16 4.38 2.42

100 0.22 0.20 2.08 1.97

Inter-day precision (n=54)

25 2.93 3.01 4.76 4.28

50 2.19 2.29 3.65 3.79

100 1.27 1.39 3.51 3.21

.a Relative standard deviation
b Modafinil enantiomer 1
c Modafinil enantiomer 2

Table 3 Recoveries obtained from the determination of modafinil
when spiked with different levels of standards

Sample Racemic modafinil
(µgmL−1)

Mean recovery (%±SD)

ME1 ME2

1 25 98.6±2.4 98.7±2.6

2 50 99.3±2.8 97.1±1.8

3 75 99.2±2.5 98.4±2.4

Table 4 PM3 calculated total energy and energy of complexation of
modafinil enantiomers with β-CD and S-β-CD

R-Ma/
β-CD

S-M/
β-CD

R-M/
S-β-CD

S-M/
S-β-CD

E total (kcal mol−1) −1485.8 −1489.6 −1954.0 −1955.7
ΔEcomp (kcal mol−1) −11.7 −16.5 −22.9 −25.7

a Modafinil
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Molecular modeling

Interest in theoretical studies on CD inclusion complexes
has increased in recent years, with the aim to correlate the
experimental results with the mode of interaction between a
CD host and guest molecule [9, 17, 18]. To further
understand how enantiodifferentiation takes place, molecu-
lar modeling techniques were used to complement the
experimental studies. The main theoretical results obtained
for the optimized geometries are shown in Table 4. The
optimized geometries for the lowest energy conformation for
the inclusion complexes of the modafinil enantiomers with
β-CD and S-β-CD are shown in Figs. S1 and S2 (Electronic
Supplementary Material), respectively. Optimization of the
inclusion complexes geometries yielded the most stable
complexes is the S-modafinil with both the sulfated and non-
sulfated β-CD.

Modafinil molecule penetrates well into the cavity of the
β-CD for both enantiomers (Fig. S1). The PM3 calcula-
tions, however, show that the inclusion of the S-modafinil is
energetically more favorable by 3.82 kcal mol−1. This also
indicates that S-modafinil fits more tightly into the β-CD
cavity and this selective interaction allows chiral discrim-
ination. The aromatic rings of the guest molecule rest inside
the cavity with the sulfinylamide moieties pointing out
from the side of the β-CD secondary hydroxyl groups. The
completely symmetrical CD host structure adopted non-
symmetrical structure upon complexation.

The inclusion complexes of the S-β-CD have larger
binding energies when compared to its β-CD counterpart
(Table 4). The larger negative binding energies of the S-β-
CD complexes indicate that more stable inclusion com-
plexes with both S- and R-modafinil enantiomers are
formed. Interestingly, it can also be seen from Table 4 that
the S-modafinil inclusion complex is significantly more
favorable than its R-modafinil complex by an energy
difference of 1.77 kcal mol−1 This may explain why the
addition of S-β-CD offer better separation of the enan-
tiomers. It can also be seen from Fig. S2 the S-modafinil
fits more tightly in the cavity of the S-β-CD. This behavior
is however, not displayed by the R-modafinil/S-β-CD
complex. The lower energy conformation for the R-
modafinil inclusion complexes shows the involvement of
SO4 group and external part of the S-β-CD which provide a
favorable environment for recognition. Attempts to locate
the lowest energy conformation inside the cavity of S-β-
CD yielded a structure which is 1.84 kcal mol−1 higher in
energy.

It has been reported that intermolecular hydrogen
bondings between the host-guest interactions resulting from
fitting small molecules in CD cavities play an important
role in the binding energies of a number of CD inclusion
complexes [19, 20]. Investigation of intermolecular hydro-

gen bonding interactions for the two inclusion complexes
revealed the presence of short host-guest O–H——O and
N–H—O (distance<3 Å) interactions in addition to C–
H——O interactions. The S-isomer was found to possess
more of these short range bonds than the R-isomer.
Although the CH–-O bonds is considered weaker compared
to the OH–-H interaction [20] but it contributes as an
additional force beside the van der Waals forces and
electrostatic, OH–-H hydrogen bonding [21], thus adding
extra stability to the inclusion complex.

It can be concluded from these calculations that the
stability of the inclusion complexes between the enan-
tiomers and the CD allows chiral discrimination and
accordingly leads to different migration times as observed
in the experimental studies [14, 22]. It has been observed in
these studies that in normal polarity CE run, the stronger
inclusion complexes lead to longer elution times. It can thus
be predicted that the first and second peaks in the electro-
pherogams are due to the R- and S-modafinil, respectively.

Conclusion

A cost effective and rapid CE method with a simple BGE
and normal polarity mode have been developed for the
enantioselective separation of modafinil enantiomers. The
developed method is favored over the HPLC [5, 6] method
because it does not require expensive chiral column or
large amounts of solvents as mobile phase. Additionally,
it offers shorter analysis time (5 min compared to
25 min by HPLC method [6]). The developed method is
therefore recommended to be adopted as quality control in
pharmaceutical industries. Computational calculations for
the inclusion complexes with both β-CD and S-β-CD
showed that the differences in the stability of these
complexes lead to different migration times of the
modafinil enantiomers.
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compared with other pH values used. Therefore, running buffer with pH
9.0 was chosen for the next measurements.

Effect of Buffer Concentration
The effect of buffer concentration was studied by varying the concentra-

tions of H3PO4, from 20 to 100mM at a constant pH of 9.0. It is known that
buffer concentration acts directly on the magnitude of the electroosmotic
flow (EOF), a higher buffer concentration giving a lower EOF and vice versa.
The recorded current during the separation was high, so more Joule heat
was created. If excessive Joule heat cannot be efficiently dissipated, peak
efficiency will decrease and the migration time will increase. When 20mM
H3PO4 concentration buffer was used, good peak shapes were obtained.
The recorded current (�23mA) was greatly decreased; under these condi-
tions less Joule heat was generated. A slight increase in the migration time
was observed with increasing buffer concentration (data not shown) and
20mM was chosen as the optimum concentration of the running buffer.

Effect of Applied Voltage
The effect of voltage (15–30 kV) on the migration time of the analyte

was also studied. As expected, higher voltage resulted in shorter migration
time. At 25 kV, the analysis time was the shortest and the current was not
excessive (below 100mA), so this voltage was selected.

Effect of Capillary Temperature
Capillary temperature can influence the sample stability. The migration

velocity of analytes and the number of theoretical plates obtained are
proportional to the temperature. The influence of capillary temperature
(16–30�C) was evaluated under the chosen running buffer condition. When
the temperature started to increase, peak broadening due to the high cur-
rents and also decrease in both migration time and resolution occurred.

It is imperative to control Joule heating since this parameter is directly
linked to analyte mobility, and stability, as well as the system reproducibility.
Decreasing viscosity with temperature is responsible for the nonlinearity of
the dependence of velocity on temperature, while an increase in the
diffusion coefficient of analyte is responsible for the poorer than expected
performance at high temperatures. It can have an impact on the electro-
phoresis results, primarily through changes in the migration time. There-
fore, 25�C was chosen as the working temperature.

Effect of Injection Time
Sample injection time (3�20 s) at 50mbar was varied to achieve a lower

detection limit without affecting the quality of the peak shape and reprodu-
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identical). The results were evaluated by considering the migration time,
peak area, corrected peak area, ratio of corrected peak area, ratio of peak
area values of modafinil, and IS. The precision values, with their RSD, are
summarized in Table 1.

Intra- and inter-day variations were used to determine the precision of
the developed method by analyzing three concentrations (25, 100, and
250 mgmL�1) of standard solutions. The intra-day variation was determined
by analyzing the nine replicates on the same day while inter-day variation
was conducted over six consecutive days. Intra- and inter day precisions
were expressed as RSD ranging from 1.64–3.51 and 1.93–4.41%, respec-
tively (Table 2), indicating the good precision of the newly developed
method.

Accuracy
The accuracy of the method was determined by performing recovery

tests. An appropriate amount of modafinil tablet powder was weighed
and spiked with known amount of the standard and each sample was
analyzed in triplicates. The accuracy values ranged from 101.6 to 105.3%.
The good accuracy values obtained indicate the potential of this method
for the determination of the analyte in pharmaceutical formulations.

Robustness
A robustness test was performed in order to investigate the reliability of

the results when the experimental parameters were slightly changed. The

TABLE 1 Repeatability of Various Parameters Expressed as RSD (%)

Parameter IS Modafinil

Migration time 0.35 0.25
Peak area 1.71 2.38
Corrected peak area 1.71 2.44
Ratio of corrected peak area 2.41
Ratio of peak area 2.60

IS, internal standard.

TABLE 2 Intra and Inter-Assay Precision for Modafinil (6 days)

Modafinil, (mgmL�1)

25 100 250

Intra-day (RSD) (%), n¼ 9 3.51 1.94 1.64
Inter-day (RSD) (%), n¼ 54 4.41 2.65 1.93

n¼no. of introduction, (three preparations for each concentration).

Assay and Stability-Indicating Capillary Zone 175
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variation of the pH of the running buffer by �0.1, the concentration, and
the applied voltage by �1 did not have a significant effect on the results,
indicating the robustness of the developed method (Table 3).

Stress Testing and Specificity
The specificity of the method was evaluated by forcibly degrading the

modafinil standard (1.4mgmL�1) and blanks. Modafinil was found to be
stable under elevated temperature and oxidizing conditions. Under the
acidic conditions, it was degraded to more than half and was completely
degraded under basic conditions (Table 4). Typical electropherograms
under these conditions are shown in Figure 3.

No evidence of interference from any excipients in the formulation was
found indicating the specificity of the method.

Analysis of Pharmaceutical Formulation
The developed method was applied for the determination of modafinil

in pharmaceutical formulation. Good agreement between the proposed
method and the manufacturer’s claimed values were found for all samples

TABLE 4 Results for the Determination of Modafinil When Subjected to Different
Stressed Conditions�

Analyte Stress Condition Recovery (%)

Modafinil Temperature, 75�C 95.1� 5.8
1M HCl 41.6� 3.2

1M NaOH Complete degradation
30% H2O2 90.4� 2.7

�All samples were stressed at 75�C for 15 h.

TABLE 3 Determination Modafinil Sample Under Different Conditions Using
the CZE Method (n¼ 6)

Modafinil

CZE Running Conditions Mean � SD %RSD
Adopted conditions� 98.33� 0.81 0.82
Buffer, pH 8.9 97.30� 0.49 0.51
Buffer, pH 9.1 96.71� 0.59 0.61
19mM H3PO4-1M tris Buffer 97.93� 0.11 0.11
21mM H3PO4-1M tris Buffer 97.67� 0.53 0.54
24 kV 97.67� 0.73 0.74
26 kV 97.56� 0.85 0.87

�Please refer to text for details.
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Chiral Discrimination of Sibutramine Enantiomers by Capillary Elec-
trophoresis and Proton Nuclear Magnetic Resonance Spectroscopy
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Capillary electrophoresis (CE) and proton nuclear magnetic resonance spectroscopy (1H-NMR)
have been used to discriminate the enantiomers of sibutramine using cyclodextrin derivatives.
Possible correlation between CE and 1H-NMR was examined. Good correlation between the
1H-NMR shift non-equivalence data for sibutramine and the degree of enantioseparation in
CE was observed. In CE study, a method of enantiomeric separation and quantitation of
sibutramine was developed using enantiomeric standards. The method was based on the use
of 50 mM of phosphate buffer of pH 3.0 with 10 mM of methyl-beta-cyclodextrin (M-β-CD).
0.05% of LOD, 0.2% of LOQ for S-sibutramine enantiomer was achieved, and the method was
validated and applied to the quantitative determination of sibutramine enantiomers in com-
mercial drugs. On a 600 MHz 1H-NMR analysis, enantiomer signal separation of sibutramine
was obtained by fast diastereomeric interaction with a chiral selector M-β-CD. For chiral sep-
aration and quantification, N-methyl proton peaks (at 2.18 ppm) were selected because of its
being singlet and simple for understanding of diastereomeric interaction. Effects of tempera-
ture and concentration of chiral selector on enantiomer signal separation were investigated.
The optimum condition was 0.5 mg/mL of sibutramine and 10 mg/mL of M-β-CD at 10oC. Dis-
tinguishment of 0.5% of S-sibutramine in R-sibutramine was found to be possible by 1H-NMR
with M-β-CD as chiral selector. Host-guest interaction between sibutramine and M-β-CD was
confirmed by 1H-NMR studies and CE studies. A Structure of the inclusion complex was pro-
posed considering 1H-NMR and 2D ROESY studies.
Key words: Sibutramine, Enantiomer, Chiral discrimination, Methyl-β-cyclodextrin, 1H-
NMR, Capillary electrophoresis

INTRODUCTION

About half of the drugs in use are chiral and only
about 25% are administered as pure enantiomers. It is
well established, however, that in most cases the
pharmacological activity is restricted to one of the
enantiomers whereas the other enantiomer has either
no effect or may show side effects or can be even toxic.
The development of methods for enantioselective analy-
sis became very important for drug quality control,
pharmacodynamic and pharmacokinetic studies as

well as toxicological investigations (Gubitz and Schmid,
2008). During the past few decades, many analytical
methods, such as gas chromatography (Schurig, 1994;
Zhou et al., 1996), high-performance liquid chroma-
tography (Casy et al., 1991; Nogle et al., 2006; Oh et
al., 2007), capillary electrophoresis (Valle et al., 2007;
Peng et al., 2009; Servais et al., 2010; Sohajda et al.,
2010; Szabolcs et al., 2010; Zhu et al 2010), nuclear
magnetic resonance (Kim et al., 2001; Machida et al.,
2003; Servais et al., 2010; Molaabasi and Talebpour,
2011) etc. have been developed for chiral analysis.

Chiral discrimination of enantiomers using the
NMR technique requires an effective chiral additive to
combine with the analyte to form diastereomeric spe-
cies, which need to appear different in some of their
NMR signals. The chiral additive is divided into small

Correspondence to: Kyeong Ho Kim, College of Pharmacy,
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tion of sibutramine by CE and 1H-NMR. Using 1H-
NMR and 2D ROESY we are proposing an structure
of the inclusion complex of sibutramine. For 1H-NMR
study, solid sibutramine inclusion compelxes were
prepared by lyophilization method (Garg et al., 2010).
Possible correlation between 1H-NMR method and CE
method was studied to explain the chiral separation of
sibutramine by M-β-CD. Sibutramine and different
chiral selectors were evaluated in the CE study to find
out the appropriate chiral selector for sibutramine.
The optimization of the method was performed by
taking into account the influence of concentration of
CD, and temperature in the discrimination of sibu-
tramine enantiomers.

MATERIALS AND METHODS

Materials
Racemic sibutramine hydrochloride was acquired

from Hanmi Pharm Co, LTD (Korea). Sibutramine en-
antiomer standard were prepared in the laboratory
using semi-preparative HPLC system. β-cyclodextrin
hydrate (β-CD), (2-hydroxypropyl)-β-cyclodextrin (HP-
β-CD), heptakis-2,3,6-tri-O-methyl-β-cyclodextrin (TM-
β-CD), sulfated-β-cyclodextrin (S-β-CD), methyl-β-cy-
clodextrin (M-β-CD, the average degree of methylation
of 1.8 per glucose unit), acetyl-β-cyclodextrin (A-β-CD)
and carboxymethyl-β-cyclodextrin (CM-β-CD) were
from Wacker-Chemie GMBH (Burghausen, Germany).
HPLC reagent grade n-hexane and ethanol were from
Daejung Chemicals & metals Co. (Korea). Trifluoro-
acetic acid, triethanolamine, sodium hydroxide, phos-
phoric acid, sodium phosphate dibasic, and ammonium
phosphate mono- basic were from Sigma-Aldrich Co.,
Ltd (Japan). Sodium phosphate monobasic was from
Duksan Pure Chemical Co. (Korea). Deionized water
was prepared in the laboratory. D2O was purchased
from Aldrich company. 4,4-dimethyl-4-silapentane-1-
sulfonic acid (DSS, Internal standard for 1H-NMR)
was from Merck Co. All other chemicals were analyti-
cal reagent grade.

Preparation of sibutramine enantiomers
S-sibutramine and R-sibutramine were prepared by

semi-preparative HPLC using Chiralcel OD-H (10 mm
× 250 mm, 5 µm) and n-hexane-ethanol-trifluoroacetic
acid (95:5:0.001, v/v/v) as a mobile phase (flow rate: 1.5
mL/min) at the Department of Pharmacy, Kangwon
National University (Chuncheon, Korea). Pump was
LC-9A (Shimadzu). Detector was SPD-10A (Shimadzu).
Detector was set at 225 nm. Integrator CR-8A was
adopted. Operation was performed at ambient tem-
perature. Racemic sibutramine free base was dissolved

in n-hexane (7 mg/mL) and, 200 µL of it was injected.

Capillary electrophoresis
All experiments were performed on a HP3D-CE sys-

tem (Hewlett-Packard) equipped with an on-column
diode array detector (DAD). Instrument control and
data acquisition were performed with the HP3D-CE
ChemStation software. The capillary (Agilent Technol-
ogies) was fused-silica capillary of 50 µm I.D., 64.5 cm
(effective lenght 56 cm).

A new capillary was treated with 1 M sodium hydro-
xide for 10 min, 0.1 M sodium hydroxide for 20 min,
0.1 M phosphoric acid and water for 10 min each. At
the beginning of the day, the capillary was rinsed with
water, 0.1 M sodium hydroxide and 0.1 M phosphoric
acid for 5 min each followed by flushing with water for
10 min. Prior to the injections, the capillary was
washed subsequently with 0.1 M sodium hydroxide
and water for 2 min each followed by a rinse with the
background electrolyte for 5 min. At the end of the
day, the capillary was flushed with water for 2 min,
0.1 M sodium hydroxide for 10 min, water for 1 min,
0.1 M phosphoric acid for 5 min and water for 10 min.
Samples were introduced by hydrodynamic injection
at 50 mbar for 3 sec. Normalized peak areas were
used for quantitative determinations.

The effects on the chiral separation of sibutramine
enantiomers of working parameters such as type and
concentration of β-CD derivatives, type and concentra-
tion of the background electrolyte, the applied voltage
and the capillary temperature were systematically
investigated. The effect of type of β-CD derivatives and
type of the background electrolyte was investi- gated
using 20 mg/mL of seven β-CD derivatives in three
kinds of buffer (triethyl amine phosphate buffer (50
mM, pH 5.0), sodium phosphate buffer (50 mM, pH 3),
borate buffer (50 mM, pH 9.2) with applied voltage set
at 20 kV and capillary temperature set at 20oC.

1H-NMR spectra
1H-NMR spectra were taken in D2O on Brucker

Avance-600 FT-NMR spectrometer operating at 600
MHz in the 2H lock mode. Chemical shifts were re-
ported in parts per million (ppm) relative to 4,4-
dimethyl-4-silapentane-1-sulfonic acid (DSS). Spinning
tubes of 5 mm i.d. containing 650 µL of a solution
were employed. Experimental data was obtained in
the following conditions: Typical acquisition parameters:
SWH (sweep width) of 12335 Hz; digital resolution of
0.3765 Hz/Point. Typical processing parameters: WDW
(windowtype) of EM (exponential multiplication); SSB
(sine bell shift) of 0; LB (line broadening) of 0.30 Hz;
GB (gaussian broadening) of 0. Conventional 1H-NMR
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Abstract

A capillary electrophoresis method using cyclodextrins as the chiral selectors was developed for the determination
of carvedilol enantiomers in serum. Several types of cyclodextrins were evaluated. The effect of cyclodextrin
concentration on enantiomer resolution was investigated. Best results were obtained using 10 mM hydroxypropyl-b-
cyclodextrin in the run buffer. The effect of voltage on efficiency was assessed. Other electrophoretic conditions were
optimized. The method was validated for carvedilol enantiomers in serum. Linearity of detection was assessed over
the concentration range of 50–4000 ng/ml of each enantiomer in serum. Intra- and inter-assay variability obtained
were under 8% for both enantiomers. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: Carvedilol; Capillary electrophoresis; Analysis enantiomers stereoselective

www.elsevier.com/locate/jpba

1. Introduction

Carvedilol, 1-(4-carbazolyloxy)-3-[2-(2-
methoxy)ethylamino]-2-propanol (Fig. 1), is a new
antihypertensive drug recently introduced in the
market. It is a non-selective b-adrenergic receptor
antagonist and an a1-adrenoceptor blocker [1–3].
The b1-blockade produces a decrease in heart rate
and in the force of contraction of the cardiac

muscle. The a1-antagonism results in relaxation of
the smooth muscle in the blood vessels causing a
decrease in peripheral vascular resistance [1,4]. At
higher concentrations (\1 mM) carvedilol also
exhibits calcium channel antagonist activity [2].
Although this effect occurs at doses higher than
the typical clinical dose, it is possible that it
contributes to the vasodilatory action of
carvedilol, at least in cutaneous and renal vascular
beds [5,6]. It has also been reported that
carvedilol exhibits cardioprotective effects, with a
marked reduction of infarct size observed in ani-
mal models of acute myocardial infarction [7].

* Corresponding author. Tel.: +1-604-8224451; fax: +1-
604-822-3035.

1 Nortran Pharmaceuticals Inc., 3650 Wesbrook Mall, Van-
couver, BC, Canada V6S 2L2.

0731-7085/01/$ - see front matter © 2001 Elsevier Science B.V. All rights reserved.
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2.2. Equipment

Capillary electrophoresis was performed on a
P/ACE System 5000 instrument (Beckman In-
struments, Fullerton, CA) equipped with a UV
detector with four filters. Data were collected
and analyzed on a 486/66 Hz computer (Dell
Computer Corporation, Austin, TX) equipped
with System Gold Chromatography Software,
version 8.10 (Beckman Instruments).

2.3. Electrophoretic conditions

The electrophoretic analyses were performed
using a 75 mm I.D. fused silica capillary, 57 cm
(50 cm to the detector) in length. The back-
ground electrolyte consisted of phosphate buffer,
pH 2.5, and cyclodextrins as the chiral selectors.
Samples were injected into the capillary by pres-
sure, for 4 s. The electrophoresis was carried
out by applying high voltage to the capillary,
with the cathode being at the detector end. The
capillary was washed between runs with a se-
quence of rinses: 0.1 M sodium hydroxide (1
min), water (0.5 min), 0.1 M hydrochloric acid
(0.5 min), and water (0.5 min), to ensure repro-
ducibility of the assay. Before sample injection,
the capillary was rinsed with the run buffer for
1 min. Detection was by UV at 200 nm.
Buffer ionic strength, pH, type and concentra-
tion of cyclodextrin, as well as applied voltage
were optimized. The appropriate UV filter was
selected and the optimum cartridge temperature
determined. The migration order of the enan-
tiomers was determined by injecting a solution
of the racemate enriched with each enantiomer
separately. The first peak to pass the detector
window was determined to be (+ )-(R)-
carvedilol, followed by (− )-(S)-carvedilol. Cor-
rected peak area (area/migration time) ratios of
drug/internal standard were used for
quantitations.

2.4. Choice of chiral selector

Several types of cyclodextrins (native and
derivatized forms) in different concentrations,
were tested in order to obtain separation of

carvedilol enantiomers. A stock solution of
racemic carvedilol (10 mg/ml) in ethanol was in-
jected into the capillary. The cyclodextrins and
concentrations examined were: g-cyclodextrin, at
10 and 50 mM, b-cyclodextrin, at 3 and 15
mM, dimethyl-b-cyclodextrin, at 5 and 20 mM,
trimethyl-b-cyclodextrin, at 10 mM, and hydrox-
ypropyl-b-cyclodextrin, at 10 and 50 mM.

2.5. Effect of cyclodextrin concentration on
resolution

Resolution of the enantiomers was compared
using various concentrations of cyclodextrin in
the run buffer. Phosphate buffers containing 5,
10, 20, and 50 mM of hydroxypropyl-b-cy-
clodextrin were prepared, and capillary elec-
trophoresis of racemic carvedilol in ethanol (10
mg/ml) was performed. Resolution factors (Rs)
for the enantiomers were calculated and the op-
timal cyclodextrin concentration for the analysis
determined.

2.6. Effect of 6oltage on efficiency

The effect of the applied voltage on the effi-
ciency of separation of carvedilol enantiomers
by capillary electrophoresis was examined over
the 10–22 kV range. A solution of racemic
carvedilol in ethanol (10 mg/ml) was used for the
injections. Efficiency of the assay, expressed as
the number of theoretical plates (N) for the
peak corresponding to (R)-(+ )-carvedilol
(first enantiomer detected), was calculated
using the formula N=16 (l/w)2, where N=
number of theoretical plates, l=migration dis-
tance and w=peak width. A plot of N versus
voltage was constructed and the optimum
voltage identified.

2.7. Effect of buffer ionic strength on efficiency

The effect of buffer concentration on the sep-
aration efficiency of carvedilol enantiomers was
assessed by performing the electrophoretic sepa-
ration using phosphate buffer, pH 2.5, at 10, 15,
20, 25, and 50 mM, with 10 mM hydrox-
ypropyl-b-cyclodextrin as the chiral selector.
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Abstract

Carvedilol is administered as a racemic mixture of the R(+)- and S(-)-enantiomers, although 
it was demonstrated that the two enantiomers exhibit different pharmacological effects and 
stereoselective pharmacokinetics. The aim of this study was the evaluation of several native 
and derivatized cyclodextrines as chiral selectors for the separation of carvedilol enantiomers. 
Stereoselective interactions were observed with four cyclodextrines (β-CD, hydroxypropyl-β-
CD, randomly methylated β-CD and sulfobuthyl ether- β-CD). The effects of CD concentration, 
pH value and composition of the background electrolyte, capillary temperature, running voltage 
and injection parameters have been investigated. The method was validated for precision of 
peak-area response, linearity range and limits of detection and quantification. An efficient 
stereoselective capillary zone electrophoretic method was developed for the determination of 
carvedilol enantiomers using a simple 25 mM phosphate buffer at a pH = 2.5 and 10 mM β-CD 
as chiral selector, resulting in baseline separation of the two enantiomers with sharp peaks and 
relatively short analysis time. Highly satisfactory results were obtained from the analysis of 
carvedilol from tablets, indicating that the method is suitable for routine analysis of carvedilol 
in pharmaceutical products.

Keywords: Carvedilol; Capillary electrophoresis; Chirality; Cyclodextrines; Enantiomer 
separation.
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Introduction

Carvedilol is a non-cardioselective β-blocker, 
which also exhibit α-blocking activity. It has 
vasodilating properties, attributed mainly to its 
blocking activity on α receptors; but at higher 
doses calcium-channel blocking activity may 
contribute also. Carvedilol is reported to have 
no intrinsic sympathomimetic activity and only 

have weak membrane-stabilizing activity (1).
Carvedilol is used not only in the management 

of hypertension and angina pectoris, but also in 
the therapy of symptomatic heart failure. This 
later indication is unique amongst available 
β-blockers, for which this condition is normally 
a contraindication. Carvedilol utility in 
congestive heart failure can be explained due to 
the combination of decreased vascular resistance 
(α-adrenergic antagonism) and lack of reflex 
tachycardia (b-adrenergic antagonism) (1).

Like all other β-blockers that are currently 
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three consecutive days, six times a day (Table 3).
A concentration of 10 µgmL-1 was used to 

evaluate precision as degree of repeatability by 
performing six replicate analyses and calculating 
the coefficient of variation, the RSD values were 
1.35% for R(+) carvedilol and 1.36% for S(-) 
carvedilol, respectively; these results showing 
that the method is sufficiently precise.

The method was applied to pharmaceutical 
tablets containing 25 mg active substance. The 
peaks obtained from the tablets were similar to 
those obtained from standard solutions and there 
was no visible interference from the matrix. The 
content of a tablet was found to be 24.25 ± 0.85 
mg (mean ±  SD, n = 6).

Conclusions
In general, the enantiomers of the β-adrenergic 

antagonists share similarities with respect to 
pharmacologic effects, with the S(–)-enantiomer 
usually possessing a substantially higher ability 
to bind to β-adrenergic receptors. In the case 
of carvedilol the enantiomers may posses also 
other useful pharmacological qualities that 
add to the β-blocking properties of the drug. 
Therefore, maybe the time has arrived that the 
optically pure enantiomers should be recognized 
as distinct drugs; hence the racemates can no 
longer be regarded as optimal for patients on 
β-blocker therapy, as R(+)-enantiomers that 
make up 50% of every racemic β-blocker may 
contribute to an increase of side effects as well 
as to drug interactions.

CD type and concentration, pH value of the 
BGE had a strong influence on the efficiency 
of the chiral separation. The changes in the 

concentration of the CDs and in the pH of the 
BGE showed uneven effect on the resolution of 
the optical isomers.

The faster migration of the R(+) carvedilol 
indicates that this enantiomer have weaker 
interaction with the CDs, while the interaction 
of S(-) carvedilol has a stronger one. Previous 
studies involving other β-blockers reported the 
faster migration of the S enantiomers, but in the 
case of carvedilol the changing in the migration 
order of the enantiomers only reflects the 
particularities in its chemical structure (10).

Among the analyzed CDs, β-CD, HP-β-CD 
and RAMEB showed baseline separation of the 
two enantiomers, while the use of SBE-β-CD led 
only to partial separation. The best results were 
obtained using a 25 mM phosphate buffer at a 
pH = 2.5 and 10 mM β-CD as chiral selector.

In conclusion, an efficient stereoselective CE 
method was developed for the determination of 
carvedilol enantiomers using a simple phosphate 
buffer and CDs as chiral selectors, resulting in 
baseline separation of the two enantiomers with 
sharp peaks and relatively short analysis time.
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(1)

(2)

(3)

(4)

Enantiomer Regression equation Correlation coefficient LOD/µgmL-1 LOQ/µgmL-1

R(+) carvedilol y = 0.4625x + 0.8491 0.992 1.13 3.43

S(-) carvedilol y = 0.4465x + 0.8177 0.997 1.18 3.57

Table 2. Calibration data and LOD/LOQ values for carvedilol chiral separation (calibration range: 2.5 - 50 µg mL-1).

Enantiomer Day 1 n=6
Repeatability

day 2 n=6
RSD / %

Day 3 n=6 Intermediate
precission n=6, k=3

R(+) carvedilol 1.14 1.68 1.96 1.98

S(-) carvedilol 1.18 1.88 2.04 2.02

Table 3. Intra and inter-day repeatability of carvedilol to IS peak-area ratio (n-number of experiments; k-day of experiment; RSD / % 
-relative standard deviation; sample, IS concentration - 10 µgmL-1).
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ABSTRACT: 
In the current study we developed a micellar electrokinetic capillary chromatography method for the 
simultaneous determination of the most frequently used tuberculostatics isoniazid and rifampicin. The 
influence of pH, buffer concentration, surfactant concentrations, applied voltage, system temperature, 
injection parameters over the separation were studied as experimental variables. The optimal separation was 
carried out at 20°C and 25 kV, using a 25 mM borate buffer and 50 mM sodium dodecyl sulfate SDS at pH of 
9.30. Under these conditions, the analysis was accomplished in about 3 minutes, the order of migration 
being isoniazid followed by rifampicin. 
Keywords: isoniazid, rifampicin, tuberculostatics, capillary electrophoresis, micellar electrokinetic 

chromatography  

 
INTRODUCTION: 

Tuberculosis (TB) is an infectious disease caused 

by the bacterium Mycobacterium tuberculosis, which 

usually affect the lungs but can affect also other 

organs. TB occurs in every part of the world, but the 

largest numbers of new TB cases are signaled in the 

South-East Asia and Africa, as TB remains a disease of 

poverty that is inextricably associated with 

overcrowding and undernutrition; but today TB is 

curable and preventable (Gradmann, 2006). 

There are more than twenty drugs that are currently 

used for the treatment of TB, but what is alarming is 

that almost all of them were developed some years ago. 

The drugs are used in differing combinations in 

different circumstances. Drug-resistant TB is a serious 

public health issue, and is often associated with 

inadequate treatment protocols, lack of compliance or 

using low-quality medication (Caminero et al., 2010). 

Of the approved drugs, isoniazid (INH) and 

rifampicin (RIF) are probably the most efficient and 

the most frequently used in combinations for the 

treatment of TB, being considered first-line anti-TB 

drugs and form the core of standard treatment regimens 

(Somasundaram et al., 2014). 

Isoniazid (INH), is a hydrazide of isonicotinic acid, 

which functions by blocking the production of mycolic 

acid, an essential cell wall component in 

Mycobacterium tuberculosis; it is a prodrug activated 

via a bacterial catalase-peroxidase enzyme 

(Somasundaram et al., 2014). 

Rifampicin (RIF) is a broad-spectrum antibiotic, 

inhibits bacterial RNA synthesis by binding to the β 

subunit of DNA-dependent RNA polymerase, thus 

blocking RNA transcription (Somasundaram et al., 

2014) 

The chemical structures of the two drugs are 

presented in Figure 1. 

 
Fig. 1 Chemical structures of INH and RIF 
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Taking in consideration the great prevalence of 

INH and RIF use in modern treatment protocols of TB, 

the development of new analytical methods for the 

simultaneous determination of the two analytes is a 

necessity but also a challenge for the analysts. 

Literature survey revealed that several methods can 

be used for the simultaneous determination of INH and 

RIF, consisting of UV spectrophotometric (Benetton et 

al., 1998; Goicoechea et al., 1999; Sadeghi et al., 2006; 

Barsoum et al., 2008; Stets et al., 2013, Shah et al., 

2014), voltammetric (Hammam et al., 2004) or RP-

HPLC (Shah et al., 2014) methods. 

Capillary electrophoresis (CE) encompasses a 

family of electrodriven techniques with distinct 

separation mechanisms and selectivities, which has 

gained ground and momentum in the analysis of 

pharmaceutical substances being considered today as 

an alternative and a complementary method to the 

more frequently used chromatographic techniques 

(Suntornsuk, 2007). 

Capillary zone electrophoresis (CZE) with direct 

UV detection has been used for simultaneous analysis 

of ethambutol, isoniazid, rifampicin and pyrazinamide 

in pharmaceutical formulations using a complex buffer 

system consisting of 50 mM of acetic acid/sodium 

acetate buffer, 12.5 mM of CuSO4 and standard and 

sample solutions prepared in 2 mM Brij 35 and 12.5 

mM CuSO4 (Faria et al., 2010). 

Micellar electrokinetic capillary chromatography 

(MEKC) with UV detection has been described for the 

determination of isoniazid, pyrazinamide and 

rifampicin in pharmaceutical products using a buffer 

containing 40 mM borate buffer and 100 mM sodium 

dodecylsulphate adjusted to pH 8.5 (Acedo-Valenzuela 

et al., 2002) 

The objective of this work is the development of a 

new alternative CE analytical method to be applied for 

quantitative determination of INH and RIF in 

combinations. 

 
MATERIALS AND METHODS: 

Chemicals and Reagents 
Pharmaceutical grade Isoniazid (Merck, Germany) 

and Rifampicin (Antibiotice Iași, Romania) were used 

in the experiment. All reagents were of analytical grade 

quality: phosphoric acid (Chimopar Bucharest, 

Romania), methanol, sodium hydroxide (LachNer, 

Czech Republic), sodium tetraborate, disodium 

hydrogenophosphate, sodium didydrogenophosphate, 

sodium dodecyl sulfate - SDS (Merck, Germany). 

Deionised water was produced using a Milli-Q system 

(Millipore, USA). 

Apparatus 
Determinations were conducted on Agilent 1600 

CE (Germany) system equipped with diode-array 

detector (DAD). Uncoated fused-silica capillary 38.5 

cm length (30 cm effective length) x 50 µm ID 

(Agilent, Germany) was used in the separations. 

Electropherograms were recorded and processed by use 

of Chemstation 7.01 software (Agilent, Germany). 

Buffer solution pH was determined with a Terminal 

740 pH-meter (Inolab, Germany). 

Sample preparations 
Sample stock solutions were prepared by dissolving 

the analytes in methanol in a concentration of 1 mg/mL 

and later diluted with the same solvent to the 

appropriate concentration. All samples and buffers 

were filtered through a 0.45 μm syringe filter and 

sonicated for 5 minutes before use. The samples were 

introduced in the system at the anodic end of the 

capillary by hydrodynamic injection. 

Electrophoretic conditions 
New capillaries were conditioned by flushing with 

0.1N NaOH for 30 minutes, 10 minutes with water and 

10 minutes with buffer electrolyte. Between injections, 

the capillary was preconditioned with 0.1 N NaOH, 

and then purified water, followed by the buffer 

electrolye, each for 2 minutes, between the runs. 

In the preliminary analysis we applied some 

“standard” electrophoretic conditions for a CE 

analysis: temperature 25˚C, appliedvoltage+ 20 kV, 

injection pressure/time 50 mbar/1 sec, sample 

concentration 100 µg/mL. 

 

RESULTS AND DISCUSSION: 
Preliminary analysis 
The first step in the development of the CE method 

for the simultaneous determination of INH and RIF 

was the selection of the optimal buffer pH, which 

determines the extent of ionization and mobility of 

each analyte. In order to characterize the 

electrophoretic behavior of the two analytes 

preliminary determinations were made using different 

buffer compositions (phosphate, borate) over a pH 

range between 2.5 – 11.0. 

RIF is a zwitterion and has two pKa values, 1.7 

related to the hydroxy group and 7,9 related to 3-

piperazine nitrogen (Stets et al., 2013) and 

consequently is ionized over a large pH range and can 

be detected over the entire studied pH range.  

INH has three pKa values, 1.8 based on hydrazine 

nitrogen, 3.5 based on pyridine nitrogen and 10.8 based 

on acidic group (Stets et al., 2013), has very low or 

even no own electrophoretic mobility and will migrate 

together with the electroosmotic flow (EOF) at a pH 

above 5.  

In an acidic medium the migration times of INH 

and RIF were very high, above 10 minutes; while in 

neutral and basic environment INH migrated together 

with the EOF. Consequently capillary zone 

electrophoresis (CZE), where separation is based on 

the differences between the electrophoretic mobilities 

of the analytes, is not an ideal alternative. An 

electropherogram of the simultaneous determination of 

INH and RIF by CZE at pH 9.30 is presented in Figure 

2. 
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