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Abstract

A stability-indicating high-performance thin-layer chromatography (HPTLC) method was developed and validated for simultaneous determina-
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ion of steroidal hormones levonorgestrel and ethinyloestradiol both in bulk drug and in low-dosage oral contraceptives. Optimization of conditions
or the spectrodensitometric procedure was reached by eluting HPTLC silica gel plates in a 10 cm × 10 cm horizontal chamber. The solvent system
onsisted of hexane–chloroform–methanol (1.0:3.0:0.25, v/v/v). This system was found to give compact, dense and typical peaks for both lev-
norgestrel (Rf = 0.65 ± 0.03) and ethinyloestradiol (Rf = 0.43 ± 0.02). Densitometric analysis of the drugs was carried out in the reflectance mode
t 225 nm by using a computer controlled densitometric scanner. The calibration curves of levonorgestrel and ethinyloestradiol were linear in the
ange of 200–800 and 40–160 ng per spot, respectively. The method was validated for precision, robustness and recovery. As the proposed method
an effectively separate the drugs from their degradation products, it can be employed as a stability-indicating method.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Levonorgestrel, (−)-13�-ethyl-17�-hydroxy-18,19-dinor-
7�-pregn-4-en-20-yn-3-one, is a synthetic progestogen
emale sex hormone and ethinyloestradiol, 19-nor-17�-pregna-
,3,5(10)-trien-20-yne-3,17�-diol, is a semi synthetic steroid
ith an estrogenic effect. Their structures are shown in Fig. 1.
ombination of levonorgestrel and ethinyloestradiol is used

n pregnancy prevention in humans. In commonly used low-
osage oral contraceptives ethinyloestradiol is present at a very
ow dosage level (0.03–1.0 mg per tablet) in combination with
evonorgestrel, which is present at a level of 5–30 times that of
he ethinyloestradiol.

The formulation of these steroids in tablets of low dosage,
.e. 0.03–0.25 mg per tablet, presented a challenging analytical
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problem. Thus, low-dose oral contraceptives require sensitive
and accurate analytical methods for simultaneous determina-
tion of the small amounts of the estrogen in the presence of
large amounts of progestogen. Some analytical methods such as
colorimetry [1–3], UV-spectrophotometry [4–6] and fluorimetry
[7,8] have been developed for quantitative determination of rela-
tively small amounts of steroid hormones in oral contraceptives.
However, most of these methods are sustainable to some inter-
ferences and are unable to determine the drugs in the presence
of their degradation products and related impurities.

Fluorimetry [7,8] does not allow simultaneous determination
of hormones and gas chromatographic methods always need a
derivatization step prior to separation [9,10]. Radio immunoas-
say methods do not have enough selectivity for the quantitative
determination of hormones [11,12]. Meanwhile, several tech-
niques including reverse phase high-performance liquid chro-
matography (RP-HPLC) [13,14], derivative spectrophotometry
[15,16], micellar electrokinetic chromatography (MEKC) [17],
liquid chromatography–mass spectrometry (LC–MS) [18–20],
and voltammetry [21] have been reported for the determination
003-2670/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
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Fig. 1. Structure of levonorgestrel (A) and ethinyloestradiol (B).

of levonorgestrel and ethinyloestradiol in oral contraceptives
used.

The advantage of quantitative thin-layer chromatography
(QTLC) methods over other techniques is that a large num-
ber of samples can be simultaneously analyzed at shorter time
periods. Unlike HPLC, this method utilizes fewer quantities of
solvents and, thus, lowering the cost of analysis. The popular-
ity of high-performance thin-layer chromatography (HPTLC) is
continuously increasing. The HPTLC plates are smaller in size
than conventional TLC plates, pre-coated with smaller size parti-
cle (2–7 �m), have narrow particle size distribution, and possess
smooth surfaces and thinner layers (0.2 mm). Other character-
istics of HPTLC compared with TLC include smaller sample
volume, economy, faster separation, more reproducible results
and lower detection limits. Thus, separation and quantification
can provide results that are either superior or comparable with
other analytical methods such as HPLC [22,23].

With the advent of International Conference on Harmo-
nization (ICH) guidelines, the requirement of establishment
of stability-indicating assay method (SIAM) has become more
clearly mandated [24]. The guidelines explicitly require conduct
of forced decomposition studies under a variety of conditions,
like pH, light, oxidation, etc. and separation of drug from degra-
dation products [25].

This work presents a new method for stability-indicating
determination of levonorgestrel and ethinyloestradiol both in
b
d
f
d

2

2

f
d
w
w
l
(

d
2
fl
t
t

dilution of the stock solution in methanol to reach concentration
ranges of 100–400 and 20–80 �g mL−1 for levonorgestrel and
ethinyloestradiol, respectively.

2.2. Apparatus

The standard and sample solutions were spotted with a con-
stant application rate of 0.1 �L s−1 in the form of bands (6 mm
width) with a Camag 100 �L micro syringe (Hamilton, Bonaduz,
Switzerland) on pre-coated HPTLC silica gel 60 F254 plates with
200 �m layer thickness (Merck, Darmstadt, Germany) using a
Camag Linomat 5 (Switzerland). The plates were pre-washed by
methanol and activated at 80 ◦C for 5 min prior to chromatogra-
phy.

The mobile phase consisted of hexane–chloroform–methanol
mixture (1.0:3.0:0.25, v/v/v), and 5 mL of this phase was used
per assay. Developments were carried out in a 10 cm × 10 cm
horizontal chamber (Camag, Muttenz, Switzerland). The cham-
ber saturation time for mobile phase was 15 min at room tem-
perature (25 ± 4 ◦C). The length of chromatogram run was 6 cm
in approximately 15 min. After the development, HPTLC plates
were dried in a current of air with the help of a hair drier.

Densitometric scanning was performed on Camag TLC scan-
ner 3 in the reflectance mode at 225 nm for all measurements
and operated by the winCATS software (V 1.2.2, Camag). The
source of radiation was a deuterium lamp emitting a continuous
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ulk drug and in low-dosage formulations using HPTLC-
ensitometry. The method is simple, relatively fast and suitable
or routine determination of two drugs in the presence of their
egradation products and related impurities.

. Experimental

.1. Chemicals

Pharmaceutical grade levonorgestrel (batch no.: J16095N
rom Gedeon Richter Ltd. with 99.0% purity) and ethinyloestra-
iol (batch no.: 83200468 from Schering Co. with 99.9% purity)
ere purchased from Iran Hormone Co. (Tehran, Iran) and used
ithout any further purification. HPLC-grade solvents and ana-

ytical reagent-grade chemicals were purchased from Merck
Darmstadt, Germany).

Stock standard solutions of levonorgestrel and ethinyloestra-
iol were prepared by dissolving 125.0 mg of levonorgestrel and
5.0 mg of ethinyloestradiol in methanol in 100 mL volumetric
aks and diluted to the mark with the solvent. The stock solu-

ions were protected from direct light while keeping at room
emperature. Working solutions were prepared by appropriate
V radiation. The slit dimension was kept at 5 mm × 0.45 mm
nd a scanning speed of 10 mm s−1 was employed. Concentra-
ions of the compounds were determined from the intensities of
iffusely reflected lights.

HPLC determinations were performed according to the
ritish Pharmacopeia procedure [26] using a Perkin-Elmer
eries 200 HPLC system equipped with a Spherisorb C18 col-
mn (220 mm × 4.6 mm, i.d.) containing a 4 �m packing. The
obile phase consisted of acetonitrile:water (49:51, v/v) and
as delivered at a flow rate of 1.5 mL min−1

.3. Assay of levonorgestrel and ethinyloestradiol in
ow-dosage tablets

Twenty-one contraceptive tablets from one batch were accu-
ately weighed, their mean weight determined and powdered in
glass mortar. An amount of the tablet mass equivalent to two

ablets content was dissolved in 6.0 mL diethyl ether followed
y sonication for 15 min.

The resulting mixture was filtered using a 0.45 �m Celtron
lter (Schleicher & Schüell, Dassel, Germany) into a 10.0 mL
olumetric flask. The residue was washed two times with 2 mL
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of the same solvent. The organic solvent was then evaporated
under a steam of nitrogen at room temperature until dryness.
Finally, the residue was dissolved in 2 mL methanol to prepare
sample solution. Two micro liters of this solution was applied
three times on the HPTLC plate followed by development and
scanning as described in Section 2.2.

2.4. Forced degradation of levonorgestrel and
ethinyloestradiol

The stock solutions described in Section 2.1 were used for
the forced degradation of the drugs to provide an indication of
the stability indicating property and specificity of the proposed
method. In all degradation studies, the average peak areas of
drugs after application of six replicates were obtained.

The drugs were subjected to forced degradation under acidic,
basic and peroxide conditions by adding 5 mL of 1 M HCl, 1 M
NaOH or 30.0% (w/v) of H2O2, separately, to 10 mL of methano-
lic stock solutions. The mixtures were refluxed at 80 ◦C for a
period of 4 h. The forced degradation in acidic, basic and per-
oxide media was performed in the dark, in order to exclude the
possible degradative effect of light on the drugs. The photo-
chemical stability of the drugs was also studied by exposing the
stock solutions to direct sunlight for 20 h. The resultant solutions
were diluted to obtain 125 and 25 �g mL−1 of levonorgestrel and
ethinyloestradiol, respectively. A 2 �L portion of the resultant
s
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Fig. 3. Densitogram obtained by the absorption measurement of levonorgestrel
(500 ng per spot), peak 1, and ethinyloestradiol (100 ng per spot), peak 2, at
225 nm after separation by the proposed mobile phase.

which can be chosen to match the concentration ratio of the
drugs present in the formulation.

Six different mobile phase compositions with hexane–chloro-
form–methanol v/v/v ratios of (0.8:2.8:0.25), (1.0:3.0:0.20),
(1.2:3.0:0.25), (1.0:3.0:0.3), (1.2:3.0:0.20) and (1.0:3.2:0.20)
were used, and the corresponding chromatograms were eval-
uated to achieve the optimum resolution between the two drugs
in their mixtures. The use of a ternary solvent system consisting
of hexane–chloroform–methanol with a respective composition
of 1.0:3.0:0.25 (v/v/v) resulted in dense, compact and well-
separated spots of the drugs from their mixtures with the Rf
values of 0.65 and 0.43 for levonorgestrel and ethinyloestradiol,
respectively (Fig. 3).

3.2. Analytical figures of merit

To construct the calibration graphs, 2 �L portions of each
standard solution was spotted on the HPTLC plate to obtain
final concentrations of 200–800 and 40–160 ng per spot for
levonorgestrel and ethinyloestradiol, respectively. Each con-
centration was spotted seven times on the plate. The plots of
peak areas versus the respective concentrations in the used
range of 200–800 and 40–160 ng per spot for levonorgestrel
and ethinyloestradiol, respectively, resulted in quite linear cal-
ibration curves. The linear regression for the calibration plots
s

a

olutions were applied on plates and the chromatograms were
un, as described in Section 2.2.

. Results and discussion

.1. Optimization of chromatographic conditions

The UV–vis spectra of levonorgestrel and ethinyloestradiol
re shown in Fig. 2. As is obvious, a wavelength of 225 nm
s a common wavelength, with the highest molar absorptivity,

ig. 2. UV–vis spectra of levonorgestrel (continuous line) and ethinyloestradiol
dashed line) measured from 200 to 700 nm.
howed good linear relationships by the equations:

YLEV = (2.34 ± 0.59) C + (36.19 ± 1.94),

r2 = 0.9991 ± 0.0003

nd

YETE = (0.95 ± 0.08) C + (15.30 ± 2.05),

r2 = 0.9987 ± 0.0007
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Table 1
Average results of levonorgestrel and ethinyloestradiol determinations by HPTLC and HPLC in assay of oral contraceptives (n = 3)

Commercial
formulation

Levonorgestrel Ethinyloestradiol

Amount (mg per tablet) Relative differences (%) Amount (mg per tablet) Relative differences (%)

HPTLC HPLC HPTLC HPLC

Type I 0.2455 0.2403 +2.20 0.0498 0.0509 −2.16
Type II 0.1547 0.1530 +1.10 0.0300 0.0311 −3.50
Type III 0.2502 0.2512 −0.40 0.0310 0.0301 +3.00
Type IV 0.1243 0.1230 +1.06 0.0299 0.0310 −3.55

where YLEV and YETE represent the peak areas of levonorgestrel
and ethinyloestradiol, respectively, and C is the corresponding
drug concentration (ng per spot).

The HPTLC precision was determined by six replicate spot-
tings and six times densitometric determinations of the sepa-
rated peak areas of levonorgestrel and ethinyloestradiol. This
parameter was expressed in terms of relative standard devia-
tion (%R.S.D.) and found to be 1.10, 1.38 and 0.33, 0.49 for
levonorgestrel and ethinyloestradiol, respectively.

The method precision was obtained from R.S.D. values by
performing six successive determinations of levonorgestrel and
ethinyloestradiol in contraceptive tablets over 1 day (intra-day
precision) and over a week (inter-day precision). The precisions
for determinations were determined at three different concentra-
tion levels, namely, 250, 375, 500 ng per spot and 50, 75, 100 ng
per spot for levonorgestrel and ethinyloestradiol, respectively.
The respective intra-day and inter-day %R.S.D. values were
determined and found to be 1.12 and 1.39 for levonorgestrel
and 1.59 and 1.76 for ethinyloestradiol.

In order to examine the method robustness, some important
procedural conditions including composition of mobile phase,
amount of mobile phase, temperature, time from spotting to
chromatography and time from chromatography to scanning
were varied, by a one at the time method, for six repeated anal-
yses and their influence on the determination of levonorgestrel
and ethinyloestradiol was determined. In each case, the %R.S.D.
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3.3. Recovery studies

The proposed method when used for the determination
of the drugs combination from pharmaceutical dosage forms,
after spiking with 50, 100 and 150% of the additional drugs,
afforded quantitative recoveries in the range of 985–101%, with
%R.S.D.s in the range of 1.09–1.83 (n = 5).

3.4. Determination of levonorgestrel and ethinyloestradiol
in commercial low-dosage contraceptives

The Iranian pharmacological industry has at present four
different types of commercial low-dosage oral contraceptives
containing levonorgestrel and ethinyloestradiol: type I (label
claim: 0.25 mg levonorgestrel and 0.05 mg ethinyloestradiol),
type II (label claim: 0.15 mg levonorgestrel and 0.03 mg ethiny-
loestradiol), type III (label claim: 0.25 mg levonorgestrel and
0.03 mg ethinyloestradiol) and type IV (label claim: 0.125 mg
levonorgestrel and 0.03 mg ethinyloestradiol). The drug content
of all formulations were analyzed by the proposed method and
were compared with the corresponding results obtained from the
reference HPLC method [26], and the results are summarized in
Table 1. The data given in Table 1 clearly revealed that the results
obtained for the determination of levonorgestrel and ethiny-
loestradiol mixtures in commercial low-dosage pharmaceuticals
by the proposed HPTLC method are in good agreements with
t
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as calculated for six repeated determinations at three concen-
ration levels (i.e. 250, 375, 500 ng per spot for levonorgestrel
nd 50, 75, 100 ng per spot for ethinyloestradiol). The low R.S.D.
alues associated with each procedural condition (in the range
f 1.10–1.98%) clearly indicated the robustness of the proposed
ethod.
The LOD and LOQ based on the respective signal to noise

atios of 3 and 10 [27] were determined and found to be 18 and
2 ng per spot and 10 and 37 ng per spot for levonorgestrel and
thinyloestradiol, respectively.

able 2

f values for degradation products of levonorgestrel and ethinyloestradiol unde

egradation conditions Time (h) Levonorgestr

Drug
recovery (%)

cid, 1 M HCl, refluxed at 80 ◦C 4 59.4
ase, 1 M NaOH, refluxed at 80 ◦C 4 59.0
xidation, 30% (w/v) H2O2, refluxed at 80 ◦C 4 66.3
aylight 24 99.9
he results of the reference HPLC method. The indicated values
re the mean of three replicate analyses of the same commercial
atch.

.5. Stability-indicating properties

The Rf values for the acid and base degraded products and
he oxidized products of levonorgestrel and ethinyloestradiol are
isted in Table 2. The densitograms of the acid degraded drugs
evealed three degraded peaks at Rf values of 0.03, 0.05 and 0.09

rent experimental conditions

Ethinyloestradiol

Rf values of
degradation products

Drug
recovery (%)

Rf values of
degradation products

0.03, 0.05, 0.09 68.7 0.03, 0.05, 0.09
0.04, 0.07, 0.37, 0.43, 0.70, 0.75 48.9 0.05, 0.09, 0.60
0.10, 0.32 43.2 0.20, 0.33
Not detected 100.0 Not detected
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Fig. 4. Densitogram of levonorgestrel (12,500 ng per spot) and its unknown
impurities: peaks 1, 2, 3, and 4 are for impurities and peak 5 is for levonorgestrel.

for levonorgestrel, and three degraded peaks at Rf values of 0.03,
0.05 and 0.09 for ethinyloestradiol. While, the densitograms of
the base degraded drugs contained six degraded peaks at Rf val-
ues of 0.04, 0.07, 0.37, 0.43, 0.70 and 0.75 for levonorgestrel,
and three degraded peaks at Rf values of 0.05, 0.09 and 0.60 for
ethinyloestradiol.

The levonorgestrel degraded with hydrogen peroxide showed
an asymmetrical peak at Rf 0.10 and another peak at Rf 0.32.
While the hydrogen peroxide degraded product of ethinyloestra-
diol possessed two peaks at Rf values of 0.20 and 0.33. As is
obvious, the HPTLC method proposed can nicely separate the
degradation products from the parent compounds.

The chromatogram of the photochemically degraded samples
for both levonorgestrel and ethinyloestradiol showed only one
spot for the pure drugs. This indicates that both drugs do not
undergo degradation under sunlight conditions.

3.6. Detection of the related impurities

Higher concentrations of the drugs were spotted on the
HPTLC system in order to be able to detect any related impurity.
By spotting 10 �L portions of the stock solutions of the drugs
on the HPTLC plates, the levonorgestrel and ethinyloestradiol
drugs and their impurities were well-resolved as it is seen from
Figs. 4 and 5. The Rf values of the impurities were found to be
0
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Fig. 5. Densitogram of ethinyloestradiol (2500 ng per spot) and its unknown
impurities: peaks 1 and 2 are for impurities and peak 3 is for ethinyloestradiol.

may undergo oxidation or hydrolysis, although at a very low
extent.

4. Conclusion

The proposed high-performance thin-layer chromatographic
method (HPTLC) can be widely used as a standard technique
for stability-indicating, rapid and accurate quantitative determi-
nation of levonorgestrel and ethinyloestradiol in the bulk drug
and in pharmaceutical dosage forms. Running time and cost per
sample analysis are relatively low in comparison with HPLC as
a standard method. The analytical performance of the proposed
HPTLC method was established and the method was validated in
terms of precision, accuracy, robustness, detection and quantifi-
cation limits. Moreover, it was compared with a reference HPLC
method, recommended by the British Pharmacopeia considered
to be a reference technique in drug analysis [26]. The method can
be used to determine the purity of the drugs available from var-
ious sources by detecting the related impurities. As the method
could effectively separate the drugs from their degradation prod-
ucts, it can be employed as a stability-indicating one.
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