
Determination of inorganic anions in proton pump inhibitors using
ion chromatograph

Full Paper

INTRODUCTION

In the pharmaceutical industry, there is an ever in-
creasing trend to conduct small and rapid clinical stud-
ies to aid the selection of active pharmaceutical ingredi-
ents. Strategy commonly used to minimize the time re-
quired for method development and validation is to set
a universal experimental conditions that is used to de-
termine a range of analytes that are commonly encoun-
tered. Analysis of anions[1-6] in proton pump inhibitors
(PPI) are carried out to assess amounts of anionic im-
purities and the degradation products. IC plays a promi-
nent role in the characterization of pharmaceutically rel-
evant compounds, predominatly in the early stages of
research. This includes trace inorganic anion in the phar-
maceutical compounds for the regulatory bodies which
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specify the identification and quantification of impurities
in drug components before they are cleared. U.S. FDA
which protects the consumer by ensuring that the prod-
uct quality and safety are maintained,ensuring that the
drug has been manufactured according to approved pro-
cedures. It also requires that the pharmaceutical prod-
ucts to be tested for composition to verify their identity,
strength, quality, and purity, with increased attention to
inactive as well as active ingredients. The authenticity
can be determined by testing the final product; how-
ever, if a problem is present it then needs to be traced,
possibly even back to contaminants in the ingredients.

The methodologies for the determination of anions
typically found in pharmaceutical products[7-9], use a
number of different techniques which includes
potentiometic titrations, ion-selective electrodes,
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ABSTRACT

Ion chromatography (IC) was used to determine the inorganic anions
(fluoride, chloride, bromide, nitrate, sulphate and phosphate) in rabeprazole
sodium, pantaprazole sodium and omeprazole sodium (Proton Pump
Inhibitors). In the absence of matrix standards, the separation efficiency
has been investigated by spiking samples with varying amounts of anionic
standards, spike recoveries were between (102 to 120 %). It was observed
that the sample organic matrix strongly interferes and increases the
conductance of monovalent anions upto 20%.
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complexometric methods, capillary electrophoresis
methods and chromatographic methods with light-scat-
tering detection, and with suppressed and non-sup-
pressed conductivity detection.

Rabeprazole, pantoprazole and omeprazole sodium
compounds are a type of medicine known as PPI. Pro-
ton pumps are found on the cells that line the stomach,
and are used by the cells to produce stomach acid.
Normally the lining of the stomach and duodenum have
a protective layer that resists acid attack, if this layer is
damaged, it can lead to peptic ulcers. PPI works by
inhibiting the proton pumps; this stops the production
of acid in the stomach which is normal part of the di-
gestive process. The levels of common ions such as
fluoride, chloride, nitrate, bromide, sulfate and phos-
phate are now being monitored in PPI�s for rapid evalu-

ation of the quality, in the pharmaceutical industry which
requires development of fast and highly sensitive tech-
niques capable of determining the inorganic anion com-
position. The present work describes the development,
of a universal method for the determination of inorganic
anions in PPI�s using IC.

EXPERIMENTAL

Instrumentation and operating conditions

In this study, Metrohm IC 850 Proffesional IC
equipped with a electronic and chemical suppression

was used. It includes automatic sample and eluent de-
gassing, IC high-pressure pump with intelligent pump
head, pulsation dampener, six-way injection valve with
maltese-cross drive, column thermostat for cooling and
with a intelligent high-performance conductivity detec-
tor. For the analytical separation,an Metrosep Anion
Dual 1 (3 x 150 mm) analytical column was used. The
IC data was acquired using the MagIC NetTM soft-
ware. The parameters used in the method are given in
TABLE 1.

Reagents and samples

Sodium carbonate, sodium bicarbonate and
sulphuric acid were obtained from Merck India.
Ultrapure water (Millipore, USA) was used through-
out. Multielemental and individual standards were ob-
tained from Merck Germany. Rabeprazole sodium,
pantaprazole sodium and omeprazole sodium were pro-
cured from Metrochem API Pvt Ltd, Hyderabad, In-
dia. For the chemical suppression 50 mmol/L H

2
SO

4
,

was used.

Sample preparation

Approximately 0.25g of individual PPI samples was
weighed into a 25 ml volumetric flask and then diluted
to the volume with ultra pure water. The above solu-
tions were filtered through a 0.45 ìm membrane filter
before sample injection.

RESULTS AND DISCUSSION

Standard anionic mixture solution (50 ppb) was
eluted through the chromatographic column using 2.5
mmol/L Na

2
CO

3
 / 2.4 mmol/L NaHCO

3
 mobile phase

and the results reveal that all the anions contained in the
standard solution were well separated by the IC. The
chromatogram of the standard solution and the blank
are shown in Figure 1. The chromatogram of the blank
sample ie., ultrapure water did not detect any anions.
The retension times were evaluated for fluoride (5.47
min), chloride (8.49 min), bromide (12.88 min), nitrate
(14.86 min), phosphate (20.18 min) and sulphate
(23.58 min). The fluoride was eluted rapidly from the
column and was found close to the injection peak, due
to weak binding to the ion-exchangers and it was fol-
lowed by Cl-, Br- and the singly charged diatomic NO

3
-

TABLE 1 : Experimental parameters of Ion Chromatography

Instrument 
Metrohm IC 850 Proffesional Ion 

Chromatograph 

Column 
6.1006.020 Metrosep Anion Dual 

1 (3 x 150 mm) 
Software MagIC NetTM software 

Eluent 
2.5 mmol/L Na2CO3 / 2.4 

mmol/L NaHCO3 
Flow 0.5 mL/min 

Pressure 3 MPa 

Analysis time 28 min 

Loop 20 µL 
Conductivity after 

chemical 
suppression 

17µS/cm 

Suppressor 
Regenerating agent: 50 mmol/L 

H2SO4, ultrapure water Autostep 
with Fill 

Polarity Positive 
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The PPI samples were analysed similar to the stan-
dard solution and the presence of anions in the sample
were confirmed by comparing their retension times with
those of standard.The chromatogram of the PPI�s are

shown in Figure 2. The chromatogram of rabeprazole

.The divalent and trivalent anions requires stronger elu-
ents than monovalent ions as they can form more bonds

with the stationary phase and therefore enter into strong
interaction with it hence they elute latter.

Figure 1 : Chromatogram of blank watera and anionic mixture solution (50 ppb)b

a b

sodium reveal only two anions ie., F- at a concentration
of 15ppb and Cl- at 2.5 ppb, and pantaprazole sodium
with F- at 4ppb and Cl- at 9 ppb respectively. The chro-
matogram of omeprazole sodium had no detectable
anions present in it.

a

b

c

Figure 2 : Chromatograms of Rabeprazole sodiuma, Pantaprazole sodiumb and Omeprazole sodiumc

A recovery study was undertaken to confirm the above results by spiking two different concentration of
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the standards (10 & 25 ppb) into the three PPI samples
and compared with that of standard solution. It was
found that monovalent anions (F-, Cl-, Br -,NO

3
-) in

rabeprazole sodium showed 10 to 20% increase fol-
lowed by trivalent ion PO

4
-3 at 8% and the divalent

SO
4
-2 at 2%. The results of pantaprazole sodium

showed an increase of 5% for monovalent ions and
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there was almost no increase in the recovery for PO
4
-3

and SO
4

-2. Omeprazole sodium recovery had an in-
crease of 11% for monovalent ions- and and a similar
recovery matching to pantaprazole sodium was found
for PO

4
-3 and SO

4
-2. The percent standard deviation

for the recovery studies was around 5% the results are
given in TABLE 2.

TABLE 2 : Concentration of spike recoveries of anions in PPI�s

 Fluoride Chloride Bromide Nitrate Phosphate Sulphate 

 a b c a b c a b c a b c a b c a b c 

Spiked 10 ppb & Found 11.1 10.6 11.1 11.8 10.8 10.7 11.6 10.5 10.9 12.1 10.8 11.0 10.8 10.1 10.3 10.3 10.2 10.2 

Recovery (%) 111 106 111 118 108 107 116 105 109 121 108 110 108 101 103 103 102 102 

RSD (%) 1.63 2.16 2.30 1.82 1.90 1.60 2.35 2.85 2.10 1.77 2.45 3.28 4.30 5.42 3.65 5.12 5.18 4.45 

Matrix Enhancement (%) 11.1 6.0 11.1 11.8 8.0 7.0 11.6 5.0 9.0 12.1 8.0 11.0 8.0 1.0 3.0 3.0 2.0 2.0 

Spiked 25 ppb & Found 27.55 26.45 27.60 29.41 26.85 26.6 28.85 26.30 27.20 30.30 27.10 27.55 27.05 25.30 25.70 25.60 25.40 25.35 

Recovery (%) 110.2 105.80 110.4 117.6 107.40 106.4 115.4 105.2 108.8 121.2 108.40 110.2 108.2 101.20 102.80 102.4 101.6 101.40 

RSD (%) 2.45 3.27 3.12 2.10 3.45 2.78 3.26 4.10 3.67 3.85 4.85 4.25 3.90 5.71 4.98 4.56 5.25 5.79 

Matrix Enhancement (%) 11.02 5.8 11.04 11.76 7.4 10.64 11.54 5.2 10.88 12.12 8.4 11.02 10.82 1.2 2.8 10.24 1.6 1.40 

 aRabeprazole sodium, bPantaprazole sodium and cOmeprazole sodium

The matrix enhancement factor was calculated for
each anions and the corrections were applied to the
analysed results of PPI�s there by the results of F-

changed from 15 ppb to 13.3 ppb and Cl- value
changed from 2.5 to 2.2 ppb for rabeprazole sodium
and for pantaprazole sodium F-changed from 4 ppb to
3.75 ppb and Cl- from 9 ppb to 8.25 ppb respectively.

CONCLUSIONS

IC has proved itself to be a technique with many
applications for the pharmacecutical research. The de-
veloped method is a simple and effective protocol for
analyzing various inorganic anions in the PPI com-
pounds. The method produces a clear separation of
anions which is a rapid, reliable and accurate. The pre-
cision of analytical results is excellent, an average of
5% relative standard deviation was obtained. It was
also important to observe that organic matrix enhanced
the results for monovalent anions upto 20%, and these
matrix correction need to be applied to these anions for
a accurate analysis.


