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INTRODUCTION

Dexamethasone (1) is an artificial derivative of glucocorticoid
of steroid drugs that has anti-inflammatory and immunosup-
ressive activities, being used on the treatment of arthritis, asthma,
eye inflammations and illness of collagen, as well as on the
protection of undesirable immune reaction. Based on the WHO's
list of essential medicines, dexamethasone is of the most impor-
tant medications that has an ancient story of use in a basic health
system [1]. It is assigned chemically as an artificial adreno-
cortical steroid, is a white, odourless, crystalline powder and
insoluble in water.

Many analytical methods such as UV-spectrophotometry
[2], differential UV spectrophotometry [3] and reverse-phase
HPLC [4-6] and TLC [7,8] have been utilized to assay dexame-
thasone. Spectral analysis of mixtures containing multi-compo-
nent is one of the main challenges of analytical chemistry. On
the other hand, some of the other spectral analysis problems
are the correction of spectral baseline and the elimination of
noise. In addition, in complex samples the main signal of analyte
can interfere with a noise peak.
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The UV absorption spectra were processed by using the continuous wavelet transform for the determination of dexamethasone in tablets. |
In order to get optimal wavelet transform, some wavelet families were tested to transform the UV-absorption spectra of the related drug in |
the spectral region of 210.0-312.3 nm. In the test procedure of wavelet families, it was observed that Mexican hat function-continuous
wavelet transform (mexh-CWT) and Daubechies 8-continuous wavelet transform (db8-CWT) were appropriate for the UV spectra for the |
quantitative estimation of dexamethasone. The validity of proposed continuous wavelet transform signal analysis methods were performed |
by using the analysis results of the solutions for validation samples. In the method validation studies, the percent recoveries and their |
relative standard deviations were found as 100.7 % and 0.78 for mexh-CWT procedure and 100.2 % and 1.28 for db8-CWT procedure. It |
was concluded that both mexh-CWT and db8-CWT methods were useful approaches for the determination of dexamethasone in tablets. |
|
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Chemical structure of dexamethasone (1), [UPAC: 9-fluoro-11f3,17,21-
trihydroxy-160o-methylpregna-1,4-diene-3,20-dione; m.f.: C,HOsF; m.w.
392.47 g/mol)

Various classical graphical and numerical methods have
been used to overcome the above analytical drawbacks. In all
cases, these classical techniques may not give expected analysis
results. However, wavelet transform (WT) is an efficient mathe-
matical tool for the resolution of the above mentioned inconve-
nient problems. Today, continuous wavelet transforms is one
of the most frequently used techniques for the spectral analysis
of drugs in commercial pharmaceutical dosage forms [9-11].
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In this study, a new method based on one dimensional conti-
nuous wavelet transform was improved for the spectrophoto-
metric quantitative analysis of dexamethasone in commercial
tablets. Various wavelet families were verified to get the ideal
wavelet transform of spectra. Then, Mexican hat function-
continuous wavelet transform (mexh-CWT) and Daubechies
8-continuous wavelet transform (db8-CWT) were studied out
to be appropriate for the spectral quantification of the dexame-
thasone. The use of wavelet transform methods does not require
any chemical pre-separation process for compounds in case
of interfering spectral bands the related compounds. After vali-
dation procedure, mexh-CWT and db8-CWT, signal analysis
methods were effectively employed to the analysis of commer-
cial pharmaceutical tablets.

EXPERIMENTAL

A Shimadzu 1601 double beam spectrophotometer with
arranged slit width (2 nm) linked to a computer filled with Shimadzu
UVPC program was utilized to record the zero-order spectra
of calibration set, validation and commercial pharmaceutical
tablet samples. The spectral data treatments, statistical calcul-
ations and spectral transformation procedure were carried out
by using an unique algorithm created in Matlab and Microsoft
Excel software.

Pharmaceutical tablet formulation: A commercial tablet
formulation (produced by Emessa Lab.) contains 0.75 mg/
tablet. Active compound, dexamethasone, was received from
National Pharm. Industry Firms, Turkey.

Standard solution: Standard stock solution 10 mg/100 mL
was prepared by dissolving 10 mg of dexamethasone in 100 mL
calibrated flash with methanol. Calibration solutions of dexame-
thasone in the concentration range of 5-50 pg/mL were prepared
by using the standard stock solution. For validation of method,
standard addition samples of dexamethasone in three different
concentration levels 5.0,10.0 and 20.0 ug/mL were prepared
from stock solution of dexamethasone.

RESULTS AND DISCUSSION

In this study, new signal processing methods, continuous
wavelet transforms, were applied to the absorption spectra for
the analysis of dexamethasone in test samples and tablets. Comp-
ared to classical spectrophotometry and derivative spectropho-
tometry, continuous wavelet transforms provide successful
analysis results with higher precision, higher accuracy and
high signal-to-noise ratio.

In preliminary experiments, some wavelet families were
tested to get optimal transformation of the absorption spectra
for giving desirable analysis results. Two families of wavelets,
named as Mexican hat function-continuous wavelet transform,
(mexh-CWT) and Daubechies 8-continuous wavelet transform
(db8-CWT), were found to be appropriate. Fig. 1b-c shows
the Mexh-CWT and db8-CWT spectra gained from original
absorption spectra of dexamethasone in the working range of
5-50 pg/mL.

The absorption spectra of dexamethasone's calibration
solutions were noted between 200-320 nm in the concentration
range of 5-50 ug/mL (Fig. 1a). In same way, the spectra of
validation and commercial samples were plotted. Mexh-CWT
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Fig. 2. Zero-order spectra (a), mexh-CWT spectra (b), db8-CWT spectra
(c) and first derivative of UV Spectra of dexamethasone in the
concentration range of 5.0-50.0 ug/mL

and db8-CWT methods were applied for the conversion of the
absorption spectra. Linear regression equations were attained
by using least squares calculations depending upon the correl-
ation among concentration and wavelet signals at 241.0 nm
for Mexh-CWT and 277.3 nm for db8-CWT, respectively. Statis-
tical results of least squares calculations were presented in
Table-1.

TABLE-1
LINEAR REGRESSION ANALYSIS AND
ITS STATISTICAL RESULTS
Spectro- mexh- db8-

Parameter ph(l))tome iry CWT CWT DS1

A (nm) 240 241 277.3 245

m 0.03692 0.1032 0.2055 0.0081
n 0.01451 -0.0341 0.0363 0.0026
r 0.9989 0.9995 0.9992 0.9990
SD (r) 2.76x107 7.14x10% 151 x10"  6.00 x10°
SD (m) 6.86 x10* 1.77 x10°  3.76 x10®  1.49 x10*
SD (n) 1.81 x10* 5.01 x10%  1.06 x10"  4.20 x10°
LOD 1.38 1.07 1.06 1.47
LOQ 4.89 3.85 4.16 5.21

m = Slope of the linear regression equation; n = Intercept of the linear
regression equation; r = Correlation coefficient of the linear regression
equation; SD (m) = Standard deviation of slope; SD (n) = Standard
deviation of intercept; SD (r) = Standard deviation of correlation; LOD
= Limit of detection (ug/mL); LOQ =Limit of quantitation (ug/mL)

For a comparison, classical spectrophotometry and first
derivative spectrophotometry were subjected to the determi-
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TABLE-2
ANALYSIS RESULTS OF STANDARD ADDITION SAMPLES
Spectrophotometry mexh-CWT db8-CWT DS1
Exp Added Found Recovery Found Recovery Found Recovery Found Recovery
(pg/mL) (pg/mL) (%) (ng/mL) (%) (ng/mL) (%) (ng/mL) (%)
1 5 5.1 102.0 5.05 101.0 4.94 98.8 4.94 98.8
2 10 9.7 97.0 10.04 100.4 10.12 101.2 10.34 103.4
3 20 19.47 97.4 20.11 100.6 19.89 99.5 19.8 99.0
Mean 98.8 100.7 99.8 100.4
SD 2.79 0.31 1.24 2.60
RSD 2.83 0.31 1.24 2.59
TABLE-3
ANALYSIS RESULTS OF TEST SAMPLES
Spectrophotometry mexh-CWT db8-CWT DS1
Exp Added Found Recovery Found Recovery Found Recovery Found Recovery
(ng/mL) (pg/mL) (%) (ng/mL) (%) (ng/mL) (%) (ng/mL) (%)
1 5 5.02 97.4 4.98 99.6 5.04 100.8 5.29 105.7
2 15 15.07 100.4 15.08 100.5 15.06 100.4 15.53 103.5
3 25 25.2 100.8 25.36 101.4 25.25 101.0 25.13 100.5
4 40 39.14 96.8 39.19 98.0 40.34 100.9 39.15 97.9
5 50 51.08 102.2 50.07 100.1 48.95 97.9 51.1 102.2
Mean 99.5 99.9 100.2 102
SD 2.32 1.29 1.30 2.98
RSD 2.33 1.29 1.30 2.92
nation of dexamethasone in test samples and tablets. In Table-1, TABLE-4
the statistical analysis and results for calibration equations based AL RIS LUEHILLS O GOl Bl L e BT
on the absorbance measurements at 240.0 nm and dA/dA measu- mg/tablet
rements at 245 nm was listed for classical spectrophotometry 152 Zero = mexh- db8-CWT bl
and first derivative spectrophotometry (DS1). First derivative eI pect (St
of the absorption spectra of dexamethasone in the concen- ! Lo 5L S L
. . . . 2 14.57 14.96 15.10 14.67
tration range 5-50 ug/mL was obtained by using an interval of 3 14.94 15.18 14.94 15.13
AA =8 nm with smoothing function, in the wavelength region 4 1470 14.90 1473 14.77
of 200-320 nm. Fig. 1d indicates the first derivative spectra of 5 15.27 15.55 15.34 15.54
dexamethasone. Mean 14.89 15.14 15.04 15.05
This calibration curves were used for the quantification SD 0.27 0.26 0.22 0.35
RSD 1.82 1.70 1.48 2.30

of dexamethasone in validation samples and commercial tablets.
In the validation of the proposed Mexh-CWT and db8-CWT,
artificial test samples and standard addition samples were
analyzed and then recovery results with standard deviations
and relative standard deviations are given in Table-2. Results
indicated that both methods gave successful results. Similarly,
the results obtained by applying classical spectrophotometry
and first derivative spectrophotometry are presented. When
the methods were compared to each other, wavelet signal proce-
ssing methods (Mexh-CWT and db8-CWT) were more precise
and accurate than classical spectrophotometry and first deriva-
tive spectrophotometry (Tables 2 and 3). After validating proced-
ures, all of the proposed methods were applied to analyze the
quantity of dexamethasone in commercial samples. Quanti-
tative determination results of dexamethasone in tablet are
presented in Table-4.

Conclusion

In this study, new analytical methods, Mexican hat function-
continuous wavelet transform (mexh-CWT) and Daubechies
8-continuous wavelet transform (db8-CWT), were utilized to
the quantification of dexamethasone in validation samples and
pharmaceutical tablet formulation without any effect of exci-
pients on the analysis of active compound. The results provided

by applying mexh-CWT and db§-CWT methods were compared
with those obtained by classical spectrophotometry and first
derivative spectrophotometry. It was observed that standard
deviations and relative standard deviation for mexh-CWT and
db8-CWT were lower than that of zero-order and first-order
derivative spectrophotometric methods. This indicated that
wavelet signal processing methods were more precise and more
accurate than conventional methods. It was concluded that mexh-
CWT and db8-CWT methods were very suitable for the quality
control and quantitative analysis of pharmaceutical tablet formu-
lation containing dexamethasone.
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