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Abstract

A new derivative UV spectroscopic method was developed for the analysis of omeprazole in borate buffer (pH 10.0;
0.1 M). Second derivative spectra were generated between 200–400 nm at N=9, Dl=31.5. The linearity range for
values obtained from second derivative spectra was 0.2–40.0 mg ml−1. The developed method was applied to five
different commercial preparations of hard gelatin capsules containing enteric coated granules. The relative standard
deviations were found to be 2.24% (brand A), 1.87% (brand B), 2.80% (brand C), 4.55% (brand D) and 1.09% (brand
E). The data were compared with ones obtained from the polarographic method given in the literature and no
difference was found statistically. © 1997 Elsevier Science B.V.
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1. Introduction

Omeprazole, 5-methoxy-2-[[(4-methoxy-3,5-di-
methyl-2-pyridinyl)methyl]sulfinyl]-1H-benzimid-
azole (Fig. 1), is a substituted benzimidazole that
effectively suppresses gastric acid secretion by in-
hibiting the gastric proton pump (H+, K+-AT-
Pase) [1–3]. It has been reported to have
improved clinical efficacy in the control of both
peptic ulcer [4,5] and reflux oesophagitis [6]. It is
also effective in the treatment of Zollinger–El-
lison Syndrome [7]. Omeprazole can be deter-

mined by high performance liquid chromatogra-
phy (HPLC) [8,9], high performance thin layer
chromatography (HPTLC) [10], polarography [11]
and spectrophotometry [12]. No derivative spec-
troscopic studies on omeprazole have been found
in the literature.

Fig. 1. Chemical structure of omeprazole.
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This paper describes a method using second
derivative UV spectroscopy for the determination
of omeprazole. The method was applied to phar-
maceutical preparations that were produced by
five different companies. The data were compared
with those obtained by the polarographic method
given in the literature [11].

2. Experimental

2.1. Apparatus

A Shimadzu UV-160 recording double beam
UV-Visible spectrophotometer with data process-
ing capacity was used. UV spectra of reference
and test solutions were recorded in 1 cm quartz
cells at a scan speed of 50 nm min−1 and fixed slit
width of 3 nm. The second order derivative curves
were generated over the 200 to 400 nm range
(N=9, Dl=31.5).

The polarographic experiments were performed
using a PAR Model 174 A polarograph with a
PAR Model 303 A static mercury drop electrode
in the DPP mode [13]. Modified PAR glass polar-
ographic cells were used.

2.2. Reagents and solutions

The omeprazole standard was obtained from
the Central Institute of Hygiene of Turkey. This
substance was tested for purity by controlling its
melting point, UV and IR spectra and no impuri-
ties were found.

In order to prepare omeprazole stock solution
(1000 mg ml−1), 1.00 g omeprazole was accurately
weighed, dissolved in 100 ml ethanol, and ad-
justed to 1000 ml with borate buffer (pH 10.0; 0.1
M). Standard solutions over the range of desired
concentrations were prepared by appropriate dilu-
tions of the stock solution in borate buffer.

Borate buffer was prepared by dissolving 6.18 g
boric acid in 1000 ml 0.1 M KCl solution. pH was
adjusted to desired value with 0.1 M NaOH.

All solutions were prepared with distilled water
and analytical grade chemicals, supplied by
Merck.

2.3. Procedure

The average mass of the contents of ten hard
gelatin capsules was determined. The capsule con-
tents were powdered and an amount correspond-
ing to one capsule content was weighed in to a
100 ml volumetric flask, 10 ml ethanol was added
and the flask was sonicated for 15 min. The flask
was filled to volume with the borate buffer. Ap-
propriate dilutions were made in the range of
0.2–40.0 mg ml−1. The second order derivative
UV spectra were recorded against borate buffer as
reference solution.

The omeprazole content per hard gelatin cap-
sule, was calculated by referring to a calibration
curve obtained by using standard solutions of
omeprazole at concentrations of 0.2–40.0 mg ml−1

in borate buffer (pH 10).
Polarographic studies were performed as de-

scribed previously [11].

3. Results and discussion

The results of the stability studies of omepra-
zole showed that it could be stored at pH 7.5–
10.0 for 4 days at room temperature without any
degradation [14]. For this reason omeprazole so-
lutions were prepared in borate and phosphate
buffers (pH 8.0, 9.0 and 10.0). Among the three
buffer systems tested the best-defined spectra were
observed in borate buffer (pH 10.0). As shown in
Fig. 2a, the original (zero order derivative) UV
spectrum of omeprazole has broad absorption
bands between 250–350 nm. In contrast second
order derivative UV spectrum (Fig. 2b) has
sharper and better-defined peaks than the origi-
nal.

Derivative spectroscopy offers a simple alterna-
tive approach for the enhancement of sensitivity
and specificity in the analysis of pharmaceuticals.
In derivative spectroscopy, fine structural features
are sharpened to give improved resolution of
overlapping and potentially greater sensitivity
[15].

As shown in Fig. 2b, the second derivative
spectrum offers a new method for determination
of omeprazole. Owing to the extent of the noise
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Fig. 2. (a) Zero order spectrum of 10.0 mg ml−1 omeprazole;
(b) second order derivative spectrum of 1.0 mg ml−1 omepra-
zole; (c) zero order spectrum of 1.0 mg ml−1 omeprazole in
borate buffer (pH 10.0; 0.1 M).

values were tested, optimum results were obtained
in the measuring wavelength range of 200–400
nm and N=9 (Dl=31.5 nm) (Fig. 3). Quantita-
tions were carried out by preparing calibration
curve from standard solutions of omeprazole in
borate buffer (pH 10.0).

The regression equation was y=5.02×
10−2x+9.90×10−3 where x is the concentration
in mg ml−1 and y is absorbance value of peak to
peak measurements between wavelengths 303 and
310 nm of the second order derivative spectra of
each of ten solutions (n=10). Standard errors of
slope and intercept were 6.56×10−4 and 4.94×

Fig. 3. Second derivative spectrums of 10.0 mg ml−1 omepra-
zole in borate buffer (pH 10.0, 0.1 M); (a) N=3 (Dl=10.5
nm), (b) N=5 (Dl=17.5 nm), (c) N=9 (Dl=31.5 nm).

levels observed in the second derivative spectrum
a smoothing function was used. The derivative
wavelength difference (Dl) depends on the mea-
suring wavelength range and the key entry N (a
kind of smoothing factor). Generally the noise
decreases with an increase of Dl, thus decreasing
the fluctuation in a derivative spectrum. However
an excessive value of Dl deteriorates the spectral
resolution. Therefore, the optimum value of Dl

should be determined in consideration of the
noise and resolution according to the spectral
pattern and the sample concentration. Various N
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Table 1
The results of analysis of pharmaceutical preparations containing omeprazole by using second derivative UV spectroscopic methoda

Omeprazole found (mg capsule−1)Sample number

Brand B Brand C Brand D Brand EBrand A

20.08 21.061 19.11 19.7620.08
20.78 19.7621.0619.762 19.11

19.11 20.783 19.11 20.41 19.76
21.06 22.814 20.08 20.41 20.41

22.8120.74 20.4121.065 18.54
20.08 22.536 18.94 19.76 20.08

22.53 20.087 18.94 20.08 20.08
20.41 22.818 18.54 20.08 20.08
20.41 20.78 20.0820.089 18.94
20.41 20.7810 18.94 20.0820.08
X : 20.3490.18 X : 21.7790.31X : 19.0390.14 X : 20.1890.12 X : 19.9890.06

S.D.: 0.99S.D.: 0.57 S.D.: 0.22S.D.: 0.38S.D.: 0.43
V : % 2.80 V : % 4.55V : % 2.24 V : % 1.09V : % 1.87

X, mean; S.D., standard deviation; V, relative standard deviation.
a Results are means of 10 separate measurements and each capsule contains, theoretically, 20 mg of omeprazole.

10−4, respectively. The correlation coefficient of
the calibration curve was 0.9999. The concentra-
tion range for compliance with Beer’s Law was
0.2− -40.0 mg l−1. The signal to noise ratio was
found as 8.1 in 0.2 mg ml−1 omeprazole solution.

Developed second derivative UV spectroscopic
method was applied to five different commercial
hard gelatin capsule preparations, containing en-
teric coated granules. Second derivative spec-
troscopy presents an advantage over
spectrophotometry in the determination of ome-
prazole in formulations, because pharmaceutical
preparations yielded turbid solutions. In the pro-
posed method there was no need for centrifuga-
tion to make the solution clear. A summary of the
results is shown in Table 1. When the results were
compared with those obtained by the polaro-
graphic method no difference was found statisti-
cally (Table 2).

Recovery studies in this method were per-
formed on the synthetic mixture prepared by
adding accurately weighed amounts of omepra-
zole to the excipient mixture. Mean recovery and
relative standard deviation were found to be
100.7% and 2.96%.

In order to detect interactions of the excipients
in this method, the standard addition technique

was applied to the same preparations which ana-
lyzed by the calibration curve. In the standard
addition method, increasing amounts of omepra-
zole were added to five different tubes, containing
the same amount of sample. The second deriva-
tive spectrum of each tube was recorded. Ab-
sorbance values of peak to peak measurements
were plotted against the omeprazole concentra-
tions added to the samples. The amount of ome-
prazole in the sample was calculated from the
intercept. As shown in Table 3, there is no differ-
ence between the relative standard deviations of
two techniques. The regression equation of stan-
dard addition curve was found as y=5.01
×10−2x+5.16×10−2. Since the slopes of the
standard and standard addition curves were iden-
tical, it has been concluded that there was no
spectral interaction in the analysis of pharmaceu-
tical preparations.

Comparision of the original and second deriva-
tive spectra of omeprazole in standard (Fig. 2a, b)
and drug formulation (Fig. 4a, b) solutions
showed that the wavelength of maximum ab-
sorbance did not change. Therefore it has been
decided that excipients did not interfere with the
quantitation of omeprazole (The original spectra
were taken after centrifugation).
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Chromatographic analysis of omeprazole in
pharmaceuticals includes a time consuming ex-
traction step to eliminate the excipients.

Polarographic analysis takes time to reach equi-
librium between supporting electrolyte and elec-
trodes, and deoxygenation of supporting
electrolyte. Besides, using standard addition
method to calculate omeprazole in pharmaceuti-
cals also extends the analysis time.

Since there is no need to eliminate the excipi-
ents and to use time consuming procedures such
as standard addition method, the proposed
method may be preferred to chromatography and
polarography.

The linearity range in the spectrophotometric
method reported in the literature [12] (6.0–25.0 mg
ml−1), was narrower than that of developed
method (0.2–40.0 mg ml−1).

The regression equation of the calibration
curve, which was obtained by using original spec-
trum on the same instrument, was found as y=

Table 3
The results of analysis of pharmaceutical capsule preparations,
containing omperazole, obtained from standard addition and
calibration curve methods

Results of standard deviation methodSample number
(mg capsule−1)

1 21.66
2 20.78

21.533 X : 21.1290.19
4 20.78 S.D.: 0.51
5 V : % 2.4320.78

21.786
20.537

Results of calibration graph method (mg
capsule−1)

21.631
2 20.76

21.60 X : 21.0990.193
20.704 S.D.: 0.51
20.665 V : % 2.43

6 21.68
7 20.60

Table 2
The results of omeprazole-containing commercial capsules
analysed by derivative UV spectroscopy and differential pulse
polarography (for Brand C)

Sample number Derivative UV spectrophotometry

20.081
2 20.78 X : 20.5290.17

20.74 S.D.: 0.463
4 20.81 S2 :0.2116

19.765 V : % 2.25
20.416
21.067

Differential pulse polarography

1 20.11
20.80 X : 20.5190.172
20.463 S.D.: 0.43

4 S2: 0.194920.84
19.945 V : % 2.10

6 20.28
7 21.15

TC=3.0 TT=1.94(p

=0.05)

n, number of the sample; X, mean; S.D., standard deviation;
S2, variance; V, relative standard deviation.
TC, TCalculated; TT, TTabulated.

Fig. 4. (a) Zero order spectrum; (b) second order derivative
spectrum of omeprazole in pharmaceutical preparation.
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3.24×10−2x+5.04×10−3. The correlation co-
efficient and the linearity range were found as
0.9986 and 0.8–40.0 mg ml−1, respectively.The
slope of this curve is lower than that of second
derivative spectroscopic method (5.02×10−2 ).
The original and the second derivative spectra of
1.0 mg ml−1 omeprazole solutions are shown in
Fig. 2c and b. Consequently the proposed method
is seemed to be more sensitive than conventional
spectrophotometric method.

It has been concluded that, developed second
derivative UV spectroscopic method is simple,
rapid, sensitive, accurate, precise and reproducible
for the determination of omeprazole in capsules,
containing enteric-coated granules.
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