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Abstract

The cyclic voltammograms of levonorgestrel (LNG) in Britton–Robinson buffers of pH 2–11 at the hanging mercury drop electrode
showed a single two-electron irreversible cathodic peak over the whole pH range. This peak may be attributed to the reduction of the
3-keto-delta-4-group in the A-ring of the LNG molecule. The interfacial adsorptive character of levonorgestrel onto the surface of the hanging
mercury drop electrode was identified by means of both cyclic voltammetry and chronocoulometry techniques. A simple, sensitive, and
selective square-wave adsorptive cathodic stripping voltammetric procedure was developed for the quantitation of levonorgestrel. Under the
optimized operational conditions, the maximum developed stripping voltammetric peak current showed a linear response with concentration
of the bulk LNG substance. The achieved limits of detection (LOD) and quantitation (LOQ) were 6.7×10−10 and 2.2×10−9 M, or 4.8×10−10

and 1.6× 10−9 M, following accumulation onto the hanging mercury drop electrode for 90 s or 150 s, respectively. The developed procedure
was successfully applied to the determination of levonorgestrel in tablets, in spiked human serum, and in real plasma samples of healthy
female volunteers following an oral administration of a 30-�g LNG single dose. The pharmacokinetic parameters (Cmax = 1.05 ng ml−1,
tmax = 2.4 h and AUC0−t = 16.5 ng h ml−1) were estimated and favorably compared to those reported in literature for equivalent dose.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Levonorgestrel (LNG): (−)-13-ethyl-17-hydroxy-18,19-
dinor-17 alpha-pregn-4-en-20-yn-3-one, is a synthetic pro-
gestin used as a progestin-only emergency contraceptive,
and when administered at lower doses either alone or in
combination with an estrogen, as an oral contraceptive.

∗ Corresponding author. Tel.:+20-10-6632694; fax:+20-40-3350804.
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Levonorgestrel (LNG) has a strong antiestrogenic effect
that makes cervical mucus impenetrable to spermatozoa,
thus preventing fertilization[1,2]. LNG has also been the
progestogen of choice for inclusion in drug delivery systems
such as implants, intrauterine devices, and intravaginal rings.

Several analytical methods were described for deter-
mination of LNG in biological media or in pharmaceuti-
cal dosage forms including difference circular dichroism
spectroscopy[3], membrane inlet mass spectrometry and
desorption chemical ionization[4], first-derivative spec-
trophotometry[5], spectrophotometry with multivariate cal-
ibration technique[6], liquid chromatography-electrospray-
mass spectrometry[7–9], solid-phase extraction-liquid
chromatography-diode array-mass spectrometry[10–12],
solid-phase gas chromatography-mass spectrometry[13],
capillary liquid chromatography and capillary elctrochro-
matography[14], micellar electrokinetic capillary chro-
matography[15], and high-performance liquid chromatog-
raphy with UV-detection[16]. In addition, several methods
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were reported for assay of the similar steroidal hormone
gestodene including high-performance liquid chromatog-
raphy with UV-detection[16], miceller electrokinetic cap-
illary chromatography[17,18], partial least-squares and
principal component regression multivariate calibration
[19], colorimetry, densitometry and derivative spectropho-
tometry [20], and adsorptive voltammetry at a hanging
mercury drop electrode (HMDE)[21]. However, no attempt
was made to date to assay levonorgestrel itself using any
of the electroanalytical techniques. Most of the reported
methods required sample pretreatment and time-consuming
solid-phase extraction steps prior to the drug analysis,
expensive reagents and equipment, which mostly are not
economically feasible for routine use in pharmaceutical
analysis and pharmacokinetic studies.

The formulations of such a synthetic steroid with an
extremely potent porogestational steroid in tablets of low
dosage (e.g., 30–750�g per table) presents a challenging
analytical problem. A sensitive, accurate, and rapid proce-
dure is desired for determination of LNG and testing content
uniformity of its dosage form. The LNG structure has a
characteristic 3-keto-delta-4-group in the A-ring, which is
very promising electroactive center that can be used for the
electroanalytical trace determination of this drug in formu-
lations and human serum. In this paper, a direct square-wave
adsorptive cathodic stripping voltammetric procedure is de-
scribed for the trace quantitation of levonorgestrel in bulk
form, tablets, and human serum without the necessity for
sample pretreatment or time-consuming extraction steps
prior to analysis of the drug.

2. Experimental

2.1. Apparatus and software

The cyclic and square-wave voltammetric measurements
were carried out using a PAR-Potentiostat/Galvanostat mod-
els 263 A or 394 interfaced with a personal computer loaded
with the software package 270/250 (PAR). The electrode as-
sembly 303 A (PAR), incorporated with a micro-electrolysis
cell consisting of a hanging mercury drop electrode as a
working electrode, an Ag/AgCl/KCls as a reference elec-
trode and a platinum wire as a counter electrode was used.
Stirring of the solution in the electrochemical cell was per-
formed using a magnetic stirrer (305-PAR) and a stirring bar
to provide the convective transport during the preconcentra-
tion step. The whole measurements were automated and con-
trolled through the programming capacity of the apparatus.

2.2. Reagents

Levonorgestrel was kindly supplied from Schering AG
(Berlin, Germany) and was used without further purification.
A standard stock solution of LNG (1×10−3 M) was prepared
by direct dissolution in methanol. The working standard so-

lutions of various concentrations (10−6 to 10−4 M LNG)
were prepared daily by appropriate dilution of the stock so-
lution with methanol. These solutions were protected from
light during preparations and measurements. A Mettler bal-
ance (Toledo-AB104-Switzerland) was used for weighing
the solid materials.

Britton–Robinson (B–R) buffer (pH 2–11) was prepared
[22] and used as a supporting electrolyte. An Orion SA 720
pH-Meter, with combined glass and calomel (sat. KCl) elec-
trodes, was used for the pH measurements. The deionized
water was supplied from a Purite-Still Plus deionizer con-
nected to a Hamilton-AquaMatic double-distillation water
system (UK). All the chemicals (Merck) were of analytical-
reagent grade and were used without further purification.

2.3. Procedures

2.3.1. Assay of pure levonorgestrel
A known volume of bulk LNG solution was pipetted into a

10-ml calibrated flask and then completed to the volume with
B–R buffer of a selected pH. The percentage of methanol
in the final solution was 1%. The solution was introduced
into a dark micro-electrolysis cell and then deoxygenated
with pure nitrogen for 10 min in the first cycle and for 30 s
in each successive cycle; while the nitrogen was then kept
over the solution during measurements. The preconcentra-
tion of LNG onto the hanging mercury drop electrode sur-
face was performed at−0.8 V (versus Ag/AgCl/KCls) for
a selected duration while stirring the solution at 400 rpm
with a magnetic stirrer. After an equilibrium time of 5 s al-
lowed for the solution to become quiescent, the voltammo-
grams were recorded by scanning the potential toward the
negative direction using the square-wave waveform under
the operational parameters of: pulse-amplitude= 30 mV;
frequency= 120 Hz; and scan increment= 10 mV.

2.3.2. Assay of levonorgestrel in tablets
Twenty tablets of Microlut® (Schering AG, Germany),

containing 30�g LNG per tablet, were crushed in a glass
mortar to a homogeneous powder. A portion of this powder
corresponding to a solution of 1×10−5 M LNG was quanti-
tatively weighed and transferred into a 25-ml calibrated flask
containing about 15 ml methanol, then sonicated for 10 min,
and then completed to the volume with methanol. The con-
tent of the flask was then sonicated again for about 10 min
to effect dissolution of the drug. Since there were some
non-dissolved excipients, the solution was filtered through
a 0.45-�m millipore filter. A portion of the clear solution
was diluted with the selected supporting electrolyte to the
desired concentration. Tablet solutions were analyzed using
the same procedure as used in analysis of pure LNG.

2.3.3. Assay of levonorgestrel spiked in human serum
Serum samples were collected from two healthy female

volunteers and, then stored frozen until assay. After gen-
tle thawing, aliquots of serum were introduced into seven
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centrifugation tubes, then successively spiked with different
concentrations of levonorgestrel and then 1.0 ml of methanol
(as a precipitating agent of proteins) was added and mixed
well. The tubes were vortexed for 3 min at 1500 rpm and
then centrifuged for 3 min at 14 000 rpm for separation of
the precipitated proteins. The clear supernatant layer was
then filtered through a 0.45-�m millipore filter. A 0.1 ml of
the supernatant liquor was transferred carefully into the dark
electrolysis cell containing 9.9 ml Britton–Robinson buffer
of pH 3 as a supporting electrolyte. Following preconcentra-
tion of LNG for 90–150 s, the square-wave voltammograms
were recorded as in the pure drug.

2.3.4. Pharmacokinetic study
The study was performed on two healthy female volun-

teers (aged 25–27 years ) at Ramadan Specialized Hospi-
tal, Tanta City, Egypt. The two volunteers were of regular
menstrual cycles and had negative tests for pregnancy. Vol-
unteers refrained from taking any medication including hor-
monal therapy, from 3 weeks before the study commenced
until study completion. Both volunteers fasted overnight for
8 h before dosing. The two volunteers gave their written in-
formed consent prior to participating in the study (no per-
mission is required from any ethical committee). Following
an oral administration of a 30-�g LNG single dose, 5 ml of
venous blood samples were aseptically aspirated from each
volunteer at different time periods over 36 h and collected in
appropriately labeled lithium-heparin tubes. The blood sam-
ples were centrifuged immediately at 2000 rpm for 10 min,
and the plasma fractions were rapidly separated and stored
in coded polypropylene tubes at−20◦C until assayed. Each
plasma sample was assayed in duplicate using the proposed
square-wave adsorptive cathodic stripping voltammetric pro-
cedure (tacc = 150 s at−0.8 V), and the mean of the two
values provides the plasma concentrations at the time period
of collection of the blood sample.

To study the reproducibility, accuracy and precision of the
results of the proposed procedure for analysis of LNG in
bulk substance, tablets and human serum or plasma samples,
recovery experiments were carried out by means of both the
calibration curve and standard addition methods.

3. Results and discussion

3.1. Cyclic voltammetry

The cyclic voltammograms of 1× 10−4 M LNG in
B–R buffers of pH 2–11 at the HMDE showed a single
two-electron irreversible cathodic peak over the whole pH
range. This peak may be attributed to the reduction of the
3-keto-delta-4-group in the A-ring of the LNG molecule.
No oxidation peak was observed in the anodic direction,
indicating the irreversible nature of the reduction process of
LNG. The peak potential shifted linearly to more negative
values with the increase of scan rate, which also confirmed

Fig. 1. Cyclic voltammograms of 1× 10−6 M LNG: (a) without pre-
concentration;tacc = 0 s, (b) following preconcentration for 30 s at
Eacc = −0.8 V, and (c) repetitive cycle of (b) at the same mercury drop;
scan rate= 200 mV/s.

the irreversible nature of the electrode reaction. Moreover,
the peak current increased with the increase of scan rate,
which is the behavior expected for the mass transport con-
trolled by adsorption[23]. A linear displacement of the peak
potential to more negative values with the pH of the medium
was obtained following the relationEp = 0.072 pH+ 1.14.
The slope value of 72 mV/pH indicates the involvement of
protons in the electrode reaction, and that the proton-transfer
reaction precedes the electrode process proper[24].

The interfacial adsorptive character of LNG at the hang-
ing mercury electrode surface was identified by the repetitive
cyclic voltammograms recorded before and following pre-
concentration of LNG for 30 s at−0.8 V (Fig. 1). The pre-
concentration of LNG onto the HMDE surface generated a
substantial enhancement of the cathodic peak (Fig. 1, curve
b) compared to that of the subsequent scan at the same mer-
cury drop (Fig. 1, curve c), thus indicating a rapid desorption
of drug species out of the mercury electrode surface.

Adsorptive stripping cycles carried out in B–R buffers
of pH 2–3 for increased values of scan rate (ν) gave rise
to a reduction peak current with intensity that showed a
linear increase with scan rate (25–500 mV s−1). The plot
of log ip versus. logν was a straight line following the
relation: logip(�A) = 0.97 logν−2.0 (r = 0.998); its slope
(0.97) is very close to 1.0, which is the expected value for
an ideal reaction of surface species[25]. The dependence
of the peak potential on the decimal logarithm of the scan
rate was also linear according to the equation:Ep(mV) =
−12.7 − 45.3 logν (mV s−1). From its slope, a value of
αna = 1.3 was obtained.

3.2. The electrode surface coverage

The electrode surface coverage (Γ0, mol cm−2) with
the drug species can be determined from the amount of
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charge (Q) consumed by the surface process as calculated
by the integration of the area under the peak of the cyclic
voltammogram corrected to residual current[26]. The sur-
face coverageΓ 0 (the amount of reactant adsorbed onto
the mercury electrode surface, mol cm−2) can be calculated
using the equationΓ0 = Q/nFA where n is the number
of electrons consumed in the reduction process (n= 2),
F is the Faraday’s constant (96487 C) andA is the elec-
trode surface area (0.026 cm2). On dividing the number of
coulombs transferred, 1.01× 10−6 C, by the conversion
factor nFA (5017.3 C), a monolayer surface coverage of
2.013× 10−10 mol cm−2 was obtained in B–R buffer of pH
3. Thus, each adsorbed LNG molecule therefore occupies
an area of 0.825 nm2.

Furthermore, the total charge (Qtotal) versus the square
root of time (t1/2) plots of the blank (B–R buffer of pH 3) and
5×10−5 M LNG following preconcentration of the drug onto
the HMDE for 30 s were recorded using chronocoulometric
measurements. The amount of reactant adsorbed onto the
mercury electrode surfaceΓ 0 (mol cm−2), was estimated on
applying the following relation[27]:

Qtotal =
∫ t

0
idt = 2nFACD1/2t1/2

�1/2
+ nFA�0 + Qdl

The measured total charge (Qtotal) represents contribution
from three possible sinks: (i) electrolysis of electroactive
species in solution at a rate that is controlled by diffusion
to the electrode (Qdiff = 2nFACD1/2t1/2/π1/2), (ii) elec-
trolysis of electroactive species that is adsorbed onto the
electrode surface (Qads= nFAΓ0), and (iii) charging of the
electrode–electrolyte (blank) double layer capacitance to the
new potential (Qdl), i.e.,

Qtotal = Qdiff + Qads+ Qdl

The charge (Qtotal) versust1/2 plot has an intercept equal
to (nFAΓ0 + Qdl). SinceQdl can be measured in a sepa-
rate experiment for the supporting electrolyte alone (blank),
the contribution of the adsorbed species can be determined
and Γ 0 can be calculated. In the present work, the dif-
ference between the intercepts of the charge–t1/2 plots for
Qtotal and Qdl was found to equal 1.022�C, which is the
amount of charge required to reduce the adsorbed reactant
species (Qads). So, the surface coverageΓ 0 was found to
equal 2.036× 10−10 mol cm−2. Thus, each adsorbed LNG
molecule therefore occupies an area of 0.815 nm2, which
agrees well with that obtained by means of cyclic voltam-
metric measurements under the same experimental condi-
tions. The diffusion coefficient (D◦) of LNG in B–R buffer
of pH 3 was also estimated from the slope value of theQtotal
versus.t1/2 plot and was found to equal 1.3×10−8 cm2 s−1.

3.3. Square-wave voltammetry

The square-wave voltammograms of 5× 10−7 M LNG in
B–R buffers (pH 2–11) were recorded without preconcen-
tration and following preconcentration for 30 s. Following

Fig. 2. Dependence of square-wave peak current upon pH, for 5×10−7 M
LNG. (a) tacc = 0 s, (b)tacc = 30 s;Eacc = −0.8 V, frequencyf = 120 Hz,
scan increment�E = 10 mV, pulse amplitudea = 30 mV, stirring
rate= 400 rpm, and rest period= 5 s.

preconcentration onto the HMDE a well-defined single peak
was observed over the pH range 2–7. Theip versus. pH
plots (Fig. 2) indicated that the response preceded by pre-
concentration increased extensively, and a much more de-
veloped peak current intensity was observed at pH 3. So, a
B–R buffer of pH 3 was chosen as a supporting electrolyte
throughout the present analytical study. The dependence of
the peak current of 1× 10−7 M LNG on the accumulation
potential was also evaluated over the range−0.3 to−1.2 V
in B–R of pH 3 following preconcentration for 90 s. At a
potential of−0.8 V, a much more developed peak current
was achieved.

Fig. 3. Effect of accumulation time (tacc) on SWAdCS voltammetric peak
current of: (a) 5×10−8 M and (b) 1×10−7 M LNG in B–R buffer of pH
3, Eacc = −0.8 V. Other operational parameters are as those indicated in
Fig. 2.
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Table 1
Characteristics of the calibration plots of bulk levonorgestrel under the operational conditions of the proposed SWAdCS voltammetric procedure following
different preconcentration time periods

tacc (s) Regression equationip
(�A) = bC (nM) + a

Linearity range Correlation
coefficient (r)

LOD (M) LOQ (M)

10 ip = 0.018C − 0.17 1× 10−8 to 2 × 10−7 0.998 2.1 × 10−9 7.0 × 10−9

30 ip = 0.032C − 0.23 9× 10−9 to 2 × 10−7 0.997 1.3 × 10−9 4.3 × 10−9

90 ip = 0.067C − 0.26 5× 10−9 to 1 × 10−7 0.996 6.7 × 10−10 2.2 × 10−9

150 ip = 0.093C − 0.29 1× 10−9 to 1 × 10−7 0.997 4.8 × 10−10 1.6 × 10−9

The effect of accumulation time on the peak current of
5× 10−8 and 1× 10−7 M LNG was studied at−0.8 V. The
peak current increased linearly with the increase of accu-
mulation time over the period 10–150 s (Fig. 3). Thus, the
accumulation time of choice will be dictated by the sensi-
tivity needed to assay LNG in different samples. The plot of
peak current (ip) versus the square root of time (t1\2) gave
a straight line with slope of 0.37; this behavior is expected
for mass transport controlled by adsorption[28].

The stripping peak current of 1× 10−7 M LNG in B–R
buffer of pH 3 (tacc = 90 s andEacc = −0.8 V) was opti-
mized by changing the pulse-amplitudea (10–100 mV), scan
increment�E (2–10 mV), and frequencyf (10–120 Hz). The
dependence of the peak current (ip) on the square wave fre-
quency (f) was linear. The peak current increased also with
the increase of pulse-amplitude. However, a pulse-amplitude
of 30 mV was applied throughout the present study, at which
a much sharper peak with smaller width was observed.
Also, the stripping peak current increased linearly as the
scan increment (�E) increased. A scan increment of 10 mV
was chosen in the present study. Thus, the optimal opera-
tional conditions of the developed square-wave adsorptive
cathodic stripping (SWAdCS) voltammetric procedure were:
B–R buffer of pH 3, accumulation potential= −0.8 V, ac-
cumulation time= 10 − 150 s, frequency= 120 Hz, scan
increment= 10 mV, and pulse-amplitude= 30 mV using
an HMDE of area= 0.026 cm2.

3.4. Calibration curves and validation of the procedure

The calibration curves for LNG determination follow-
ing preconcentration for different time periods were estab-
lished applying the developed procedure. The slope values of

Table 2
Analytical precision and accuracy of assay of bulk levonorgestrel by the proposed voltammetric procedure, following preconcentration for 90 s

Concentration
(Taken ng ml−1)

Intradaya Interdayb

Concentration
(found ng ml−1)

R (%) Bias (%) R.S.D. (%) Concentration
(found ng ml−1)

R (%) Bias (%) R.S.D. (%)

3 2.97 99.0 −1.0 1.7 2.92 97.3 −2.7 1.0
9 9.11 101.2 1.2 1.1 9.04 100.4 0.4 0.9

21 21.09 100.4 0.4 0.8 21.02 100.1 0.1 0.5

For intradayF-value= 2.97 andt-value= 1.36. For interdayF-value= 1.48 andt-value= 2.05
a Average of seven measurements over a day.
b Average of seven measurements over a week.

the calibration curves over different concentration ranges of
LNG can be different because the peak heights are affected
by the kinetics of the reaction, which may be changed with
the augmentation of analyte concentration and the precon-
centration time. The characteristics of the calibration curves
are reported inTable 1. Limits of detection (LOD) and quan-
titation (LOQ) of bulk LNG following different preconcen-
tration time periods were estimated (Table 1) using the fol-
lowing equations[29]:

LOD = 3s

m
(1)

LOQ = 10s

m
(2)

wheres is the standard deviation of the intercept andm is
the slope of the calibration curve.

The reproducibility, precision, and accuracy of measure-
ments by means of the proposed procedure were identified
by performing seven successive determinations of three dif-
ferent concentrations of bulk LNG over one day (intraday
assay) and over a week (inter-day assay), and the results
obtained are reported inTable 2.

Evaluating the influence of small variation in some of the
most important procedural conditions, including pH (−2.5
to 3.5) and preconcentration potential (7–9 V), examined the
robustness[30] of the procedure. The results showed that
none of these variables significantly affect the recovery of
LNG and provide an indication of the reliability of the pro-
posed procedure for its assay. Thus, the proposed proce-
dure could be considered robust. Moreover, the ruggedness
[30] of the measurements was examined by applying the
optimized procedure to assay bulk LNG using two electro-
chemical analyzers models 263A and 394-PAR under the
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Table 3
Assay of Microlut® tablets by the proposed SWAdCS voltammetric pro-
cedure following preconcentration for 30 s; using the standard addition
method

Concentration
(taken ng ml−1)

Concentration
(founda ng ml−1)

R (%) R.S.D.
(%)

Bias
(%)

6.25 6.42 102.78 1.32 2.72
12.50 12.67 101.36 0.96 1.36
18.75 18.97 101.17 1.29 1.17

F -value= 3.35 andt-value= 1.27.
a Average of five measurements.

same optimized experimental conditions at different elapsed
time. The recoveries obtained because of lab-to-lab and even
day-to-day variations were found reproducible, since there
was no significant difference in the recovery and standard
deviation results.

3.5. Application to tablets

In order to identify the extent of interference from ex-
cipients present in Microlut® tablets, recovery tests were
evaluated after addition of known amounts of pure LNG to
various preanalyzed solutions of LNG formulation. The re-
sults indicated that the proposed procedure can be applied to
assay of LNG in tablets with a great success without inter-
ference from excipients, following its preconcentration onto
the HMDE for 10–30 s. At longer preconcentration time pe-
riods, interference from excipients was observed. The re-
sults of analysis of tablets (Table 3) are favorably compared
to those achieved by a reported method[5]. The mean re-
coveries (R%) based on the average of seven replicate mea-
surements on the same batch of sample following precon-
centration for 10 or 30 s were calculated with regard to the
claimed value of the manufacturer. The results showed that
the calculatedF- and t-values[24] did not exceed the the-
oretical values (95% confidence limits for five degree of
freedom), from which it can be concluded that precision of
the proposed procedure did not differ significantly from the
reported method[5]. However, the proposed stripping pro-
cedure is less costly, faster, and no sample pretreatment or
time-consuming extraction or evaporation steps are required
prior to assay of the drug.

3.6. Application to human serum

The proposed SWAdCS voltammetric procedure was also
successfully applied for the quantitation of LNG spiked in

Table 4
Characteristics of the calibration plots of levonorgestrel spiked in human serum under the operational conditions of the proposed SWAdCS voltammetric
procedure following different preconcentration time periods

tacc (s) Regression equation
ip(�A) = bC (nM) + a

r Linearity range LOD (M) LOQ (M)

30 ip = 0.0297C − 0.51 0.996 5× 10−8 to 2 × 10−7 1.5 × 10−9 5.0 × 10−9

90 ip = 0.0639C − 0.63 0.998 1× 10−8 to 1 × 10−7 7.0 × 10−10 2.3 × 10−9

150 ip = 0.0795C − 0.32 0.996 1× 10−9 to 9 × 10−8 5.7 × 10−10 1.9 × 10−9
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Fig. 4. Representative SWAdCS voltammograms for different concentra-
tions of LNG spiked in human serum: (1) background; (2) 2× 10−9; (3)
8×10−9; (4) 2×10−8; (5) 4×10−8; and (6) 6×10−8 M LNG following
preconcentration for 150 s Operational parameters are as those indicated
in Fig. 2.

human serum (representative voltammograms are shown in
Fig. 4) without the necessity for sample pretreatment or
time-consuming extraction or evaporation steps prior to the
analysis, other than the centrifugal separation of proteins
precipitated by methanol from the serum (or plasma) sam-
ples. The characteristics of calibration plots for assay of the
spiked serum samples at different accumulation duration are
reported inTable 4. The estimated lower LOD and LOQ of
LNG in spiked human serum were found to be 7× 10−10

and 2.3× 10−9 M, or 5.7× 10−9 and 1.9× 10−9 M follow-
ing preconcentration onto the hanging mercury drop elec-
trode for 90 or 150 s, respectively. The intraday and interday
precision was evaluated by seven replicate measurements of
serum samples spiked with LNG (Table 5).

3.7. Pharmacokinetic study

The developed procedure was applied to determination
of the drug in real human plasma samples following pre-
concentration onto the HMDE for 150 s. The time course
of LNG concentrations was studied in plasma samples, col-
lected from two female volunteers at specified intervals, fol-
lowing an oral administration of a 30-�g LNG single dose
(Microlut® tablet). The obtained plasma concentration–time
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Table 5
Recovery, precision and accuracy of assay of levonorgestrel spiked in
human serum by the proposed procedure following preconcentration for
90 s

Conccentration
(taken ng ml−1)

R (%) Intradaya Interdayb

Bias
(%)

R.S.D.
(%)

Bias
(%)

R.S.D.
(%)

6 96.18 −3.12 1.14 −2.88 1.33
12 97.56 2.32 0.94 1.52 1.69
25 98.64 0.64 0.72 1.56 0.95

a Average of seven measurements over a day.
b Average of seven measurements over a week.
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Fig. 5. Plasma concentration–time profile for two healthy female vol-
unteers (1 and 2) after an oral administration of a 30-�g LNG single
dose. Analysis of the drug was carried out by the proposed SWAdCS
voltammetric procedure (B–R buffer of pH 3, preconcentration for 150
at −0.8 V). Other operational parameters are as those indicated inFig. 2.

profiles (Fig. 5) of the two volunteers were used for es-
timation of the pharmacokinetic parameters of LNG drug
which are: the maximum plasma concentration (Cmax), the
time (tmax) to reachCmax, and the area under the plasma
concentration–time profile (AUC0-t) calculated from time 0
until the last time point t. The estimated mean pharmacoki-
netic parameters were found to equal:Cmax = 1.05 ng ml−1,
tmax = 2.4 h, and AUC0-t = 16.5 ng h ml−1. The obtained
results were favorably compared to those reported in litera-
ture for equivalent LNG single dose[31,32]. These results
supplied an evidence for the reliability of the proposed pro-
cedure for assay of levonorgestrel drug in real blood sam-
ples.

4. Conclusion

The high sensitivity of adsorptive stripping voltammetry
technique makes it possible to work with very diluted sam-

ples with a corresponding decrease in possible interference
in the analysis. A sensitive and practical square-wave adsorp-
tive stripping voltammetric procedure for determination of
levonorgestrel at ng ml−1 level is described. The procedure
is successfully applied to assay of levonorgestrel in tablets
and human blood. Furthermore, the analysis time was short
and the procedure had adequate precision and accuracy, and
consequently is strongly recommended for analysis of LNG
in clinical and quality control laboratories.
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