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Abstract 

The purpose of this study was to separate the enantiomers of indapamide with the help of high performance liquid 
chromatography on an ovomucoid protein based chiral selector as stationary phase. Enantioseparation of indapamide was 
performed on an Agilent 1100 Series HPLC system (Agilent Technologies, USA) equipped with UV-VIS detector. An Ultron 
ES Ovomucoid, 150 x 4.6 mm, 5 µm (Shinwa Chemical Industries LTD, Agilent Technologies) column has been used for the 
separation of the two optical isomers. The detection was set at a value of 242 nm, chosen as a specific wavelength of 
indapamide. Under an isocratic elution with a mobile phase composed of phosphate buffer (Na2HPO4 10 mM) and 
acetonitrile as organic modifier, different experimental conditions (proportion of the organic modifier in the mobile phase, 
buffer pH, and column temperature) were approached in a univariate manner. The effect of the organic modifier under its 
structure properties, the buffer pHs and the column temperature, over the selectivity (α) and the resolution (Rs) were 
investigated. It was found that a pH = 3.1 of the mobile phase, under an isocratic elution (flow = 1 mL/min) with a mobile 
phase containing 10% organic modifier (acetonitrile) and 90% sodium diphosphate buffer and a column compartment 
temperature of 20°C were the optimum chromatographic conditions for the enantioseparation of this racemic mixture. The 
proposed HPLC method, due to its simplicity and high efficiency turned to be an ideal method for the chiral separation of 
racemic indapamide. 
 
Rezumat 

Scopul acestui studiu a fost separarea enantiomerilor indapamidei prin intermediul cromatografiei de lichide de înaltă 
performanță, folosind o coloană chirală cu conținut proteic, ovomucoid. Enantiosepararea indapamidei s-a realizat cu ajutorul 
unui sistem Agilent 1100 Series HPLC  (Agilent Technologies, USA) dotat cu detector UV-VIS. S-a utilizat o coloană chirală 
de tip Ultron ES Ovomucoid, 150 x 4,6 mm, 5 µm (Shinwa Chemical Industries LTD, Agilent Technologies). Detecția s-a 
realizat la 242 nm, lungimea de undă specifică indapamidei. Determinările cromatografice au fost efectuate folosind o fază 
mobilă compusă din tampon fosfat (Na2HPO4 10 mM) și acetonitril drept modificator organic, eluție izocratică, modificând 
univariat condiții experimentale ca: proporția modificatorului organic în compoziția fazei mobile, pH-ul fazei apoase, 
temperatura coloanei cromatografice. Au fost investigate: efectul naturii chimice a modificatorului organic, a pH-ului fazei 
apoase, cât și a temperaturii de cromatografiere asupra selectivității (α) și rezoluției de separare (Rs). Condițiile optime ale 
enantioseparării amestecului racemic analizat s-au dovedit a fi o fază mobilă formată din 10% acetonitril și 90% tampon 
fosfat (Na2HPO4 10 mM), pH = 3,1, eluție izocratică (debit 1 mL/min), 20°C temperatura de cromatografiere. Metoda HPLC 
propusă, datorită simplicității și a eficienței crescute, s-a dovedit a fi ideală pentru separarea chirală a amestecului racemic de 
indapamid. 
 
Keywords: indapamide, enantioseparation, chiral stationary phase, ovomucoid, HPLC 
 
Introduction 

Indapamide is a relatively new introduced molecule 
with diuretic effect (tiazid-like effect) used in many 
cardio-vascular pathologies [10]. Taking into 
consideration the importance of chemical structure 
focused on the chirality properties of the molecule, 
often the pharmacodynamic effect depends upon 
the optical isomer (R or S) [12, 13].  

 

 
Figure 1. 

Indapamide chemical structure with its asymmetric 
carbon atom 
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Indapamide (4-chloro-N-(3 methyl-2,3-dihydro-
indol-1-yl)-3-sulfamoyle-benzamide) with a benz-
amide-sulfonamide-indole chemical structure has 
one asymmetric carbon atom in its chemical 
structure involving automatically two different 
optical isomers [5, 16]. 
Few studies concerning indapamide are scarce in 
revealing the differences between the pharma-
cological effects attributed to its two optical 
isomers. Fewer studies discuss the issues concerning 
the analytical techniques used for chiral separation 
[14, 15]. Thus, by referring to the present literature, 
there are HPLC (High performance liquid 
chromatography) developed methods, which focus, 
in one hand, on bioanalysis of indapamide optical 
isomers in pharmacokinetic studies [5], method that 
achives long retention times (more or less than 20 
minutes) and, on the other hand, hybride LC-
methods like capillary electrochromatography, 
achieving similar retention times [11] compared to 
those obtained by us, using the method presented in 
this article. HPLC is a versatile technique that can 
be used for many analytical procedures including 
chiral separation with the help of special chiral 
columns. These types of columns may contain 
different chiral selectors as stationary phases 
(cyclodextrines, proteins, antibiotics-macrolides 
etc.) [3, 4]. 
The aim of this study was to separate the 
indapamide’s enantiomers by changing and varying 
the main experimental parameters (mobile phases’s 
composition and pH, column separation 
temperature) using a special chiral column with 
ovomucoid as stationary phase. Self-imposed 
quality chromatographic parameters were: a 
retention time for each enantiomer tR < 10 min, the 
resolution Rs > 1.5, the selectivity α > 1.2 in order to 
achieve a good enantioseparation in a short run time. 
 
Materials and Methods 

Chemicals and Reagents 
Racemic indapamide purchased from Moehs 
Productos Quimicos-Barcelona-Spain was used as a 
reference substance. Other reagents have been used 
as follows: methanol-MeOH (LC Grade, Merck, 
Germany), acetonitrile-ACN (LC Grade, Merck, 
Germany), sodium hydroxide (Lach-Ner, Czech 
Republic), orto-phosphoric acid (Merck, Germany), 
disodium hydrogenphosphate (Merck, Germany), 
and ultrapure Millipore water. 

Instruments 
A Direct Q (Millipore France) water purifier 
dispensing system was used for supplying the 
purified water. The Terminal 740 (Inolab) pH-
meter, previously calibrated, was used for pH 
buffer adjustments. Mobile phases and other 
solutions were submitted to ultrasonication with the 

help of an ultrasonic bath T700H (Elma Transsonic). 
An Agilent 1100 Series LC system (Agilent 
Technologies USA) equipped with a quaternary 
pump, an autosampler, a thermostated column 
compartment and an UV-VIS detector helped to 
successfully develop the analytical method. An 
ULTRON ES OVM (150 x 4.6 mm, 5 µm, Shinwa 
Chemical Industries LTD., Agilent Technologies 
USA) column, containing an ovomucoid stationary 
phase was used as chiral selector. The UV-VIS 
spectrum of indapamide in methanol was recorded 
with the aid of a Specord 210 spectrophotometer 
(Analytik Jena). 

Preparation procedure of sample solution 
and mobile phase 

A stock solution was prepared dissolving a quantity 
of indapamide corresponding to a concentration of 
1 mg/mL in methanol in a volumetric flask. A 100 
µg/mL working solution was prepared and 5 µL 
were injected into the HPLC system. The 10 mM 
disodium hydrogenphosphate buffer, used as 
aqueous mobile phase component, was prepared by 
adding the necessary quantity of salt to the intended 
volume, after that being submitted to ultra-
sonication for 10 minutes. Overall the mobile phase 
for the LC separation was prepared by mixing 
different amounts of organic modifier (methanol 
and acetonitrile) with the variable amounts of 
aqueous buffer, after that the mobile phase being 
ultrasonicated for 15 minutes. 

Development of the HPLC method 
a. Invariable LC conditions  
The chiral separation was optimized under isocratic 
mobile phase composition (although the proportion 
of the mobile phase aqueous and organic solvents 
was varied between different runs). The flow rate 
was set at a value of 1 mL/min. The HPLC-UV-
VIS detector’s wavelength was set at a fixed value 
of 242 nm. 
b. Variations of experimental conditions 
For this study, a univariate approach method was 
undertaken, by varying the following parameters: 
the proportion of the organic modifier (methanol 
and acetonitrile) in mobile phase; pH of the buffer 
used as aqueous component for the mobile phase; 
column temperature. The method performance has 
been established with the help of chromatographic 
parameters such as: retention time-tR, capacity 
factor-k’, number of theoretical plates-N, 
resolution-Rs; selectivity-α. 
 
Results and Discussion 

Prior to HPLC method optimization, the 
indapamide spectrum in methanol has been 
recorded in order to select an optimum detection 
wavelength at 242 nm (Figure 2). 
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Figure 2. 

The UV spectrum of indapamide in methanol (10 
µg/mL) 

 
The optimization of the HPLC separation was 
performed taking into account the nature of the 
stationary phase and the physicochemical properties 
of indapamide. 
From a chemical point of view, the ovomucoid as 
chiral selector is a glycoprotein capable for the 
separation of different chiral compounds (neutral 
and positively or negatively charged compounds) 
[6, 9]. The recommended pH domain is between 3 
and 7.5; the maximum percentage in organic 
modifier suggested by the producer is 50% and the 
maximum recommended phosphate buffer 
concentration is 20 mM. A positively charged state 

of the stationary phase is generated at a pH < 4; a 
pH between 4 and 4.6 is responsible for a neutral 
charged state (the isoelectric point) and above a pH 
value of 4.6, the surface of the stationary phase is 
negatively charged [17]. 
These stationary phase properties were correlated 
with the pKa value of indapamide (pKa = 8.85) and 
the optimization of the HPLC separation was 
started by using methanol and a pH value of 7.1 [1, 
2]. Under these preliminary conditions the chiral 
separation was not achieved (Rs = 0.62) even at a 
very low percentage of methanol. 
Based upon these preliminary data, the organic 
modifier has been changed with acetonitrile. Using 
acetonitrile as organic modifier, experimental 
conditions were varied under the following order: 
influence of organic modifier proportion, mobile 
phase’s pH and column temperature. 

A. The influence of organic modifier proportion 
and pH of the aqueous phase 
Acetonitrile composition in the mobile phase was 
changed between 5% and 10% and the pH of the 
aqueous phase, between 3 and 7. The separation 
performances are presented in Tables I and II and 
the corresponding chromatograms, in Figures 3 and 4. 

Table I 
The influence of pH on chromatographic parameters of indapamide enantiomers (mobile phase: 95% Na2HPO4 

10 mM buffer, 5% ACN) 
pH buffer solution 
Na2HPO4 10 mM 

Separation parameters 
tR1 tR2 k’1 k’2 N1 N2 Rs α 

3.1 17.84 29.87 9.53 16.62 2531 2817 6.55 1.74 
5.2 17.94 29.44 9.58 16.37 2558 2756 6.27 1.70 
7.1 18.56 25.03 9.64 13.01 2579 2986 3.83 1.34 

 

 
Figure 3. 

Recorded chromatograms for the separation of the two enantiomers of indapamide (mobile phase: 95% Na2HPO4 
10 mM buffer, 5% ACN; different pH conditions; flow 1 mL/min; column temperature 25°C) 
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Table II 
The influence of pH on chromatographic parameters of indapamide enantiomers (mobile phase: 90% Na2HPO4 

10 mM buffer, 10% ACN) 
pH buffer solution 
Na2HPO4 10 mM 

Separation parameters 
tR1 tR2 k’1 k’2 N1 N2 Rs α 

3.1 5.14 6.45 2.03 2.81 2756 3012 3.03 1.38 
5.2 6.25 7.37 2.32 2.73 2867 3152 2.25 1.18 
6.1 6.82 7.76 3.02 3.59 2475 2705 1.66 1.17 
7.1 7.20 7.70 2.68 2.87 2670 2802 0.65 1.05 

 

 
Figure 4. 

Recorded chromatograms for the separation of the two enantiomers of indapamide (mobile phase: 90% Na2HPO4 

10 mM buffer, 10% ACN; different pH conditions; flow 1 mL/min; column temperature 25°C) 
 
B. Temperature influence 
After the choice of the optimal composition of 
mobile phase, 90% Na2HPO4 10 mM buffer pH 3.1, 
10% ACN, a further optimization was performed 

by varying the column temperature. The column 
temperature was varied between 20 and 35°C with 
an increment of 5 °C (Table III and Figure 5). 

Table III 
The influence of temperature on chromatographic parameters of indapamide enantiomers (mobile phase: 90% 

Na2HPO4 10 mM buffer pH 3.1, 10% ACN) 
Column 

temperature 
Separation parameters for Indapamide 

tR1 tR2 N1 N2 Rs α 
20°C 5.50 7.09 3706 3019 3.83 1.28 
25°C 5.14 6.45 3852 3145 3.51 1.25 
30°C 4.86 5.94 3964 3425 3.03 1.22 
35°C 4.54 5.40 4125 3625 2.82 1.18 

 

 
Figure 5. 

Recorded chromatograms for the separation of the two enantiomers of indapamide (mobile phase: 90% Na2HPO4 
10 mM buffer pH 3.1; 10% ACN; flow 1 mL/min; different column temperature) 
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As mentioned above, methanol as organic modifier 
was not able to separate the two optical isomers. 
The retention time (tR = 1.44) obtained with the 
help of methanol at a minimum composition in 
mobile phase did not allow stereospecific 
interactions between the indapamide enantiomers 
and glycoprotein used as chiral selector. For this 
reason, acetonitrile as organic modifier was 
selected due to its reduced eluotropic power, 
relative to methanol (Table I and Table II) [7, 8]. 
By using acetonitrile, as organic modifier, with a 
value of 5 % in the mobile phase composition the 
enantioseparation of the analyte has been achieved 
but with long retention times (between 17 and 30 
min) and large peak widths at the baseline. A pH 
value of 7.1 turned to improve chromarographic 
parameters such as resolution and peak baseline 
separation, but, on the other hand, long retention 
times were generated (Table I). 
For this reason, the percentage of the organic 
modifier was increased at 10%, for a shorter 
analysis time (Table II). Although chromatographic 
parameters such as Rs, α, N, decreased in value, 
they are still corresponding to the imposed values. 
As can be seen in Figure 4, the initial chosen pH 
value of 7.1 (when ACN = 5%), turned into an 
unreliable separation condition when ACN = 10%. 
Based upon the retention times obtained with a 
10% acetonitrile in mobile phase as organic 
modifier, and taking into consideration the optimal 
values of chromatographic parameters, a pH = 3.1 
was selected as an optimal pH. 
The final optimization experiments consisted in 
varying the column temperature, at an optimum 
mobile phase composition of 90% sodium 
diphosphate buffer (initially 10 mM sodium 
diphosphate, increasing after that, the concentration 
in phosphate ions by adding orto-phosphoric acid 
10% thus, adjusting the pH, at a value of 3.1) and 
10% acetonitrile under a flow rate of 1 mL/min. 
The column temperature of 20°C or 25°C 
determined good values for the qualitative 
chromatographic parameters such as Rs, α, N 
(Table III), the method being reliable on an HPLC 
system with no thermostated column compartment, 
operated at room temperature. 
 
Conclusions 

A novel analytical method was developed for the 
indapamide enantiomer separation that can easily 
be applied for a quality control check, if in the near 
future will be proved the fact that the diuretic 
pharmacological effect is assigned to one of the two 
(R or S) enantiomers. As disadvantages for this 
method can be perceived the high cost of the chiral 
chromatographic column and also the univariate 
approach which is not always suited to reveal the 

interaction of the critical factors that generate the 
performance of the method. 
Considering the obtained chromatographic parameters - 
tR1 = 5.5; tR2 = 7.09; Rs = 3.83; α = 1.28 - chosen as 
optimum results; using ovomucoid glycoprotein as 
stationary phase (ULTRON ES OVM, Agilent 
Technologies), under an isocratic elution (flow = 1 
mL/min) with a mobile phase containing 10% as 
organic modifier and 90% sodium diphosphate 
buffer (10 mM, pH = 3.1 adjusted with a solution of 
orto-phosphoric acid 10%) and a column 
temperature of 20°C, a good separation of  
indapamide’s optical isomers has been achieved. 
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