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DRUG FORMULATIONS AND CLINICAL METHODS

Development and Validation of Spectrophotometric and
High-Performance Column Liquid Chromatographic Methods for
the Simultaneous Determination of Dienogest and Estradiol
Valerate in Pharmaceutical Preparations

MEHMET GOKHAN CAGLAYAN, ISMAIL MURAT PALABIYIK,I and FEvyyaz ONUR
University of Ankara, Faculty of Pharmacy, Department of Analytical Chemistry, Tandogan, Ankara, Turkey

Simultaneous determination of dienogest (DIE) and
estradiol valerate (EST) in sugar-coated tablets
was performed by using HPLC and
spectrophotometry. In HPLC, the separation was
achieved on an ACE C8 column using the mobile
phase acetonitrile-NH4sNO3 (0.03 M, pH 5.4; 70 + 30,
viv) at a flow rate of 2 mL/min. The detection
wavelength was 280 nm, and cyproterone acetate
was selected as an internal standard. The linearity
range was 3.0—45.0 ug/mL for DIE and

18.0-100.0 ug/mL for EST. As spectrophotometric
methods, two chemometric methods, principal
component regression and partial least-squares,
were developed. In the chemometric techniques,
the concentration data matrix was prepared by
using mixtures containing these drugs in
methanol-water (3 + 1, v/v). The absorbance data
matrix corresponding to the concentration data
matrix in these methods was obtained by the
measurement of absorbances in their zero-order
spectra; then, the calibration was obtained by
using the data matrix for the prediction of
unknown concentrations of DIE and EST in their
binary mixture. Working ranges were found as
2.0-24.0 ug/mL for DIE and 20.0-270.0 ng/mL EST
in the methods. These three developed methods
were validated and successfully applied to a
pharmaceutical preparation, a sugar-coated tablet,
and the results were compared with each other.

estradien-3-one (CAS No. 65928-58-7; Figure 1a), is

a novel progestin combining the typical
pharmacokinetic and pharmacodynamic properties of the
19-norprogestins with those of progesterone derivatives. It
exhibits high receptor selectivity, binding only to the
progesterone receptor with strong progestational activity (1,
2). Estradiol valerate (EST), 1,3,5(10)-estratriene-3,173-diol

D ienogest (DIE), 17a-cyanomethyl-1783-hydroxy-4,9-
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17-pentanote (CAS No. 979-32-8; Figure 1b), is used in
hormone replacement therapy for treatment of climacteric
complaints in menopause (2). The binary combination of DIE
and EST is widely used as an effective oral contraceptive.

Determination of the active ingredients in a pharmaceutical
preparation becomes more difficult because of the increasing number
of components and possible interference effects from excipients in
dosage forms. Chemometric techniques (multivariate calibration
techniques) in spectrophotometry, based on computer-aided
instrumentation and algorithms, are employed for the resolution of
mixtures of analytes with overlapped spectra in quantitative
determinations. There are a number of available calibration methods
using commercial software. Principal component regression (PCR)
and partial least-squares (PLS) have some advantages over other
multivariate calibration techniques, such as using the whole spectrum
for the simultaneous analysis of the mixture component to minimize
the effects of noise peaks. Furthermore, these methods, as in other
chemometric techniques, also provide shorter analysis time, lower
cost, and use of simple instrumentation in an analysis without the need
for chemical pretreatment.

A literature survey revealed that several methods were
used for the determination of DIE in pharmaceutical
preparations or in biological fluids, including HPLC (3),
radioimmunoassay (4, 5), and GC (6). Several methods have
also been described for the determination of EST, such as
GC (6), spectrophotometry (7-9), HPLC (10-13), TLC (14),
electrophoresis (15), and electrochemistry (16-18). Only a
GC method was reported for the simultaneous determination
of DIE and EST (6), and it was used for the analysis of these
drugs in biological fluids. To our knowledge, there have been
no reports of the simultaneous determination of DIE and EST
in pharmaceutical preparations.

The aim of this study was to develop spectrophotometric
methods using the chemometric techniques PCR and PLS and
an HPLC method that allow the simultaneous determination of
DIE and EST in pharmaceutical preparations.

Experimental
Apparatus

A Shimadzu (Columbia, MD) 1601 PC double-beam
spectrophotometer with a fixed slit width (2 nm) connected to
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Figure 1. The structures of (a) DIE and (b) EST.

a computer loaded with Shimadzu UVPC software was used
for the spectrophotometric measurements. Standard quartz
cuvets (10 mm) were used for absorbance measurements.

An Agilent Technologies HP 1100 system (Wilmington,
DE), equipped with a G1379A degasser, G1311A quaternary
pump, 61313 A autoinjector, and G1315B diode array detector
was used. An ACE octylsilyl bonded (C8) column (Advance
Chromatography Technologies, Aberdeen, Scotland), 250 x
4.6 mm, 5 um particle size, was used. The chromatograms
were recorded and the peaks were quantified using an
automatic integrator.

In the chemometric procedures, Multivariate Analysis
Add-in for Excel v1.3 software (19) was used.

Materials and Reagents

DIE, EST, and cyproterone acetate internal standard
(IS) were kindly donated by Schering Alman Ila¢ ve Ecza

1,500

Tic. Ltd Sti (Istanbul, Turkey). Pharmaceutical preparation
containing DIE and EST (Climodien, Batch No. 71112 E),
2 mg DIE and 2 mg EST in a sugar-coated tablet was obtained
from local pharmacies. HPLC grade acetonitrile and methanol
were purchased from LabScan, Analytical Sciences
(Dublin, Ireland) and NH4NO; from Merck Inc. (Darmstadt,
Germany). Water for preparation of solutions was purified
by a Purelab-UHQ (Elga Labwater, Marlow, UK) water
purification system. The mobile phase and the injection
solution were degassed in an ultrasonic bath and filtered
through a 0.45 pum nylon membrane before use.

Standard Solutions

Solutions of DIE (200 pg/mL) and EST (500 pg/mL) were
prepared in methanol-water (3 + 1, v/v) for
spectrophotometric measurements. For HPLC, solutions of
DIE (100 pg/mL), EST (250 pg/mL), and cyproterone acetate
(50 pg/mL) IS solution were prepared in acetonitrile. Various
aliquots of standard solutions were then diluted to 25 mL with
methanol-water (3 + 1, v/v) for spectrophotometric
measurements and with acetonitrile for HPLC method to give
the final analyte concentrations desired.

Sample Preparation

(a) For spectrophotometry—The contents of six
sugar-coated tablets were accurately weighed and powdered
in a mortar. A weight equivalent to one sugar-coated tablet
was dissolved in 10 mL methanol-water (3 + 1, v/v) in a
25 mL volumetric flask and diluted to volume with the same
solvent. After 30 min of mechanical shaking, the solution was
filtered through 0.45 um Whatman No. 42 filter paper into a
25 mL volumetric flask. Then 6.25 mL of this filtrate was
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Figure 2. Zero-order absorption spectra of (a) 12 ng/mL solution of DIE, (b) 120 ug/mL solution of EST, and
(c) solution containing 12 ng/mL DIE and 120 ug/mL EST in methanol-water (3 + 1, v/v).
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Table 1. Training sets used in the PCR and PLS

methods for DIE and EST in their mixtures

diluted with methanol-water (3 + 1, v/v) to volume in a 25 mL
volumetric flask. The developed spectrophotometric methods
were applied to this final solution.

Mixture No. DIE, ng/mL EST, pg/mL
(b) For HPLC.—The contents of six sugar-coated tablets
were accurately weighed and powdered in a mortar. A weight
1 16.0 120.0 . . .
equivalent to one sugar-coated tablet was dissolved in 10 mL
2 20 120.0 acetonitrile in a 25 mL volumetric flask, and after addition of
3 20 200 0.625 mL cyproterone acetate standard solution, diluted to
4 24.0 20.0 volume with the same solvent. After 30 min of mechanical
5 8.0 270.0 shaking, the solution was filtered through 0.45 um Whatman
6 240 600 No. 42 filter paper into a 25 mL volumetric flask. Then 10 mL
. 16.0 270.0 of this filtrate was diluted with acetonitrile to Vqlume in a
25 mL volumetric flask. This final solution was injected into
8 8.0 1200 the chromatographic system.
9 8.0 60.0
10 20.0 60.0 Results and Discussion
1 24.0 2000 PCR and PLS Spectrophotometric Methods
12 20.0 270.0
13 16.0 200.0 The zero-order absorption spectra for DIE and EST in
14 24.0 1200 methanol-water (3 + 1, v/v) are illustrated in Figure 2. The
spectra of the two components were overlapped in the range
15 24.0 2700 200-300 nm. Therefore, it was not possible to simultaneously
16 20 270.0 determine DIE and EST in their binary mixtures in this
17 20.0 20.0 spectral range using classical spectrophotometry. PCR and
18 2.0 200.0 PLS techniques were employed for the
19 16.0 20.0 simultaneous determination of these components in their
20 20.0 120.0 binary combination using the zero-order absorption spectra of
their mixture without any prior separation technique. For
21 200 2000 these methods, a training set was established first with 25
22 8.0 200.0 mixture solutions in methanol containing different
23 2.0 60.0 concentrations of these active ingredients (Table 1). Then,
24 8.0 20.0 optimal conditions for this technique were investigated, and
25 16.0 60.0 the absorbance data matrix corresponding to the training set
mentioned above was obtained by the absorbance values
measured at 51 wavelengths with AL = 1 nm between
e L Py
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Figure 3. Typical chromatogram of a solution containing (a) 8 ng/mL DIE, (b) 1 ung/mL cyproterone acetate (IS), and

(c) 64 ug/mL EST in acetonitrile.
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Table 2. Linearity parameters and system suitability test results for DIE and EST in the HPLC method

Parameter DIE EST
Linearity range, ng/mL 3.0-45.0 18.0-100.0
Slope of the calibration curve + SE? 0.794 £ 0.0010 0.1413 £ 0.0003
Intercept of the calibration curve + SE? —0.0052 £ 0.014 0.0774 £ 0.025
r 0.999 0.999
Separation factor (o) 6.178 6.178
Resolution (R) 11.54 19.64
Asymmetry (Ag) 1.00 1.01
Theoretical plates (N) 5487 14175

@ SE = Standard error.

300-351 nm for DIE and at 41 wavelengths with AL =1 nm
between 260-300 nm for EST in their binary mixtures.
We observed that good results were obtained by using
mean-centered data for these drugs in calculation
procedures. Working ranges were found to be 2.0-24.0 pg/mL
for DIE and 20.0-270.0 pg/mL for EST. The LOD was found
to be 0.2 pg/mL for DIE and 2.5 pg/mL for EST; the LOQ
was 2.0 pg/mL for DIE and 20.0 pg/mL for EST in both of
the methods.

To select the number of components for modeling the
system without overfitting the concentration data in the PCR
and PLS algorithm, a cross-validation method, leaving out
one sample at a time, was employed using training data sets.
For DIE, two principal components in PCR and one principal
component in PLS were found to be optimal for the
determination while five principal components in PCR and
three principal components in PLS were suitable for the
determination of EST. In these conditions, we observed
that the root mean squares value was minimum. Multivariate
Analysis Add-in for Excel v1.3 software was used for all of
the calculations described above (19).

Liquid Chromatographic Method

A pharmacopeia survey revealed that there is one official
method for determination of EST by HPLC (20), and method
development and optimization studies were realized based on
this method. During method development and optimization
studies, the effect of the NH4NOj; solution’s pH in the mobile
phase from 4.8 to 6.0 was investigated, and NH,NO;, NH,Cl,
and CH;COO NHy solution in mobile phase systems were
tested to achieve optimum separation conditions. The
NH4NOs—acetonitrile system was selected. Following this,
concentration and pH of NH4NO; and percentage of
acetonitrile in the mobile phase were optimized for the
separation on an ACE C8 column, and acetonitrile—NH4;NO;
(0.03 M, pH =5.4; 70 + 30, v/v) was found to be the optimal
mobile phase for good separation. The flow rate, column
temperature, and injection volume were optimized as
2.0 mL/min, 25°C, and 20 pL, respectively. Cyproterone
acetate could be successfully separated from the other

compounds, so it was used as the IS in this study. The
detection wavelength was selected as 280 nm.

Under these chromatographic conditions, DIE,
cyproterone acetate (IS), and EST peaks were well-resolved,
and their retention times were found to be 1.852, 3.006, and
5.953 min, respectively. A typical chromatogram of the drugs
and IS is illustrated in Figure 3. System suitability tests
including separation factor, resolution, asymmetry, and
theoretical plates were carried out; the results are shown in
Table 2.

The calibration curves were established with different
concentrations in the range of 3.0-45.0 pg/mL for DIE and
18.0-100.0 pg/mL for EST. Each solution was injected three
times, and the areas of peaks, measured at 280 nm, were
integrated. The ratios of the peak areas of the investigated
substances to that of the IS peak area were calculated for each
injection. Regression equations were established by plotting
the ratio of peak areas versus the concentration of each
substance. The linearity was evaluated by linear regression
analysis, which was calculated by least-squares regression.
The results were shown in Table 2.

LOQ values were calculated (21) as 0.18 pg/mL for DIE
and 1.76 pg/mL for EST, according to the equation:

LOQ = 10(SD/m)

where SD = standard deviation of the intercept and m = slope
of the calibration curve. LOD values were calculated as
0.06 pg/mL for DIE and 0.58 ug/mL EST, according to the
equation:

LOD = 3.3(SD/m)

Accuracy and Precision

Accuracy and precision were studied using three different
solutions containing 8.0, 12.0, and 20.0 pug/mL for DIE and
90.0, 120.0, and 150.0 pg/mL for EST in PCR and PLS, and
8.0, 16.0, and 32.0 pg/mL for DIE and 24.0, 48.0, and
72.0 pg/mL for EST in HPLC. These solutions were analyzed
on the same day (intraday) and on 3 consecutive days
(interday). Table 3 shows the results obtained for intraday and
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Table 3. Accuracy and precision data for DIE and EST

Intraday Interday
Added, Found, Precision Accuracy Found, Precision Accuracy
pg/mL pg/mL@ (RSD, %) (bias, %)° pg/mL2@ (RSD, %) (bias, %)°
PCR
DIE
8.00 8.04 £ 0.00 0.03 0.47 8.04 £ 0.02 0.64 0.51
12.00 11.90 £ 0.01 0.19 -0.86 11.91 £ 0.01 0.27 0.79
20.00 20.01 £ 0.03 0.28 0.03 20.02 £ 0.02 0.22 0.11
EST
90.00 87.77 £0.17 0.33 -2.48 88.15+0.14 0.49 -2.05
120.00 121.09 £ 0.35 0.51 0.91 121.37£0.18 0.45 1.13
150.00 152.65 £ 0.11 0.12 1.77 152.54 £ 0.21 0.42 1.69
PLS
DIE
8.00 8.01£0.03 0.66 0.16 8.00 £ 0.02 0.76 -0.01
12.00 11.88 £ 0.01 0.14 -1.00 11.91 £ 0.01 0.36 -0.76
20.00 19.94 £ 0.02 0.13 -0.32 20.03 £ 0.02 0.30 0.14
EST
90.00 87.78 £ 0.08 0.15 —2.46 87.94 £0.12 0.42 -2.28
120.00 121.34 £ 0.18 0.26 1.1 121.63+0.14 0.42 1.36
150.00 152.33 £ 0.17 0.19 1.56 152.59 + 0.19 0.36 1.73
LC
DIE
8.00 8.09 £0.03 0.73 1.09 8.18 £ 0.03 0.90 219
16.00 16.23 £ 0.02 0.20 1.43 16.37 £ 0.04 0.73 2.34
32.00 32.25+0.05 0.25 0.77 32.50 £ 0.07 0.64 1.55
EST
24.00 24.37 +0.19 1.35 1.52 24.15+0.08 1.05 0.61
48.00 47.82+0.13 0.47 —-0.38 48.09 + 0.11 0.67 0.19
72.00 71.88 £0.19 0.46 -0.17 71.90 £ 0.07 0.31 -0.14

@ Mean * standard error.
b Bias, % = [(found — added)/added] x 100.

interday accuracy and precision. The low RSD values and
high recovery values indicate good precision and accuracy of
the method, respectively.

The accuracy of the proposed methods was also tested by
recovery experiments. According to official validation
guidelines (21) in cases where it is impossible to obtain
samples of all drug product components, it may be acceptable
to add known quantities of the analyte to the drug product for
determining recovery. For this reason, in order to know
whether the excipients in the pharmaceutical preparation
showed any interference with the analysis, the recovery test
was done by the standard addition method. The recoveries
obtained after three repeated experiments are summarized
in Table 4. Recovery values were close to 100%, indicating

that there was no interference from the excipients in the
sugar-coated tablet.

Analysis of Pharmaceutical Preparations

Sample solutions were prepared according to the Sample
Preparation method above, and the developed methods were
applied for the simultaneous determination of DIE and EST in
pharmaceutical preparations. Results that were found to be in
agreement with the label claims were obtained for each
compound (Table 5). The results obtained by the methods
described above were compared with each other statistically,
and no significant difference was observed for the amount
of drugs using Student’s #-test and the Fisher F-test at
the P = 0.05 level in the commercial formulations (Table 5).
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Table 4. Recovery results for DIE and EST

DIE EST
Parameter PCR PLS HPLC PCR PLS HPLC
Mean + SE? 103.17 £ 0.49 102.98 £ 0.49 100.71 £ 0.38 102.18 £ 0.50 102.05 + 0.51 99.97 +0.58
RSD 1.51 1.50 1.19 1.54 1.58 1.85

2 SE = Standard error.

Table 5. Assay results for commercial preparations (Climodien sugar-coated tablet containing 2 mg DIE and 2 mg

EST)
DIE EST
Parameter PCR PLS LC PCR PLS LC
Mean + SE 2.06 £ 0.00 2.06 £ 0.01 2.05+0.01 2.01+£0.02 2.00 £0.02 1.91+0.01
RSD, % 0.50 0.60 0.60 0.70 0.08 1.35
Bias, % 3.16 3.17 0.74 2.31 3.09 -1.67
DIE EST
Test PCR-PLS HPLC-PCR HPLC-PLS PCR-PLS HPLC-PCR HPLC-PLS
t-Test? 0.02 0.10 2.11 0.48 2.16 1.72
F-test’ 1.42 2.12 1.49 1.23 3.08 2.50

2 Theoretical value for t at P = 0.05 level = 2.26.
b Theoretical value for F at P = 0.05 level = 5.05.

Conclusions

In this study, an HPLC method and PCR and PLS methods
as chemometric techniques in spectrophotometry could be
applied with great success for the simultaneous determination
of DIE and EST in binary mixtures and in a sugar-coated
tablet pharmaceutical formulation. Spectrophotometric
methods described in this work do not require any
prior separation procedure. Satisfactory results were
obtained by these methods, but the PCR and PLS methods
need software for mathematical calculations. Using only
zero-order spectra in the procedures, without any other
graphical mode, such as derivative and ratio spectra
derivative, is one of the advantages of the chemometric
methods. Without any time-consuming sample preparation
procedures and using only methanol-water (3 + 1, v/v) as the
solvent, the spectrophotometric methods proposed in this
article are easier and cheaper when compared with the
HPLC method. Shorter running time (about 6 min) for the
simultaneous determination of DIE and EST is the advantage
of the HPLC method. All of the statistical values were within
acceptable limits. Statistically, no significant difference was
observed for the amount of drugs found with the three
methods when compared to each other by the #-test and F-test

at the P = 0.05 level for the commercial formulation. These
developed methods were proven to be sensitive, accurate, and
precise for application in routine analysis of these drugs in
pharmaceutical formulations.
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