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bstract

The electrochemical behavior of norethisterone at the mercury electrode was studied in the universal buffer of various pH values using dc-
olarography, cyclic voltammetry and controlled-potential electrolysis. Norethisterone was reduced at the mercury electrode via the consumption
f two electrons corresponding to reduction of the 3-keto-delta-4-group in the A-ring of the molecule. The pKa value (8.7) of norethisterone was
etermined from the polarographic and spectrophotometric measurements. A fully validated, simple, sensitive, precise and inexpensive square-
ave adsorptive cathodic stripping (SWAdCS) voltammetry procedure was described for trace quantification of bulk norethisterone. The stripping

oltammetry peak current of norethisterone in a universal buffer of pH 5 following its accumulation onto the hanging mercury drop electrode
HMDE) at −0.6 V (versus Ag/AgCl/KCls) for 130 s showed a linear response with the concentration over the range 5 × 10−9 to 3 × 10−7 M
orethisterone. Detection and quantitation limits of 1.5 × 10−9 and 5 × 10−9 M bulk norethisterone, respectively, were achieved. The proposed
rocedure was successfully applied for the assay of norethisterone in Steronate tablets without interference from excipients.

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

Norethisterone (17-alpha-ethinyl-17 beta-hydroxy-4-estren-
-on) is a synthetic progestagenic compound widely used in
ynecological practice for contraception and hormone replace-
ent therapy in postmenopausal women. It acts to inhibit the

ecretion of pituitary gonadotrophins that prevents follicular
aturation and ovulation [1].

(Structure of norethisterone molecule)

Various analytical methods have been described for assay

f norethisterone in bulk form, pharmaceuticals and biolog-
cal fluids. These mainly include: high-performance liquid
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hromatography [2–7], capillary gas chromatography [8–14],
adioimmunological and chromato-mass fragmentography [1],
rgentometry [15] and differential-pulse polarography [16–19].
dsorptive cathodic stripping voltammetry has been shown as

n efficient analytical technique for trace determination of a
ide range of drugs, which have an interfacial adsorptive char-

cter onto surface of the working electrode. However, to date
o stripping voltammetric procedure is reported in literature for
uantification of norethisterone.

The aim of this study was to clarify the electrochemical
ehavior of norethisterone at the mercury electrode and to
escribe a simple and sensitive square-wave adsorptive cathodic
tripping (SWAdCS) voltammetry procedure for its quantifi-
ation in bulk form and in the pharmaceutical formulation
Steronate tablets).

. Experimental
.1. Instrumentation

A polarograph (Model 4001 Sargent-Welch) was used for the
olarographic measurements. A polarographic cell with a drop-

mailto:mmghoneim@usa.net
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ing mercury electrode as a working electrode (m = 1.05 mg s−1,
= 3.3 s at mercury height = 60 cm) and a saturated calomel elec-
rode (SCE) as a reference electrode was used. A computer-
ontrolled Electrochemical Analyzers Models 263A and 394-
AR (Princeton Applied Research, Oak Ridge, TN, USA,)
ith the software package 270/250-PAR were used for the
oltammetric measurements. An electrode assembly (303A-
AR) incorporated with a micro-electrolysis cell and a three-
lectrode configuration system comprising of a hanging mer-
ury drop electrode (HMDE) as a working electrode (surface
rea = 0.026 cm2), an Ag/AgCl/KCls reference electrode and a
latinum wire auxiliary electrode was used. A magnetic stirrer
305-PAR) and a stirring bar were used to provide the convec-
ive transport of the analyte during its accumulation onto the

ercury electrode surface.
A potentiostat/galvanostat (Model 173-PAR) incorporated

ith a digital coulometer Model 179-PAR was used for
ontrolled-potential electrolysis. A micro-coulometric cell
ncorporated with a mercury pool as a working electrode, a sat-
rated calomel electrode as a reference electrode and a platinum
auze as a counter electrode was used. The potential applied
uring the potential-controlled electrolysis was adjusted to be
qual to the E1/2 of the polarographic wave of norethisterone at
he studied pH plus −0.1 V. The total charge (Q) passed dur-
ng the exhaustive electrolysis of norethisterone was obtained
y integrating the current electronically. Using Faraday’s equa-
ion: N = Q/nF (where N is the number of moles of substance
eing electrolyzed), the number of electrons (n) transferred per
orethisterone molecule was determined and was found to be
qual to two, which attributed to reduction of the 3-keto-delta-
-group in the A-ring of the analyte molecule.

A Shimadzu UV–vis recording Spectrophotometer (Model
60A) was used for the spectral study of norethisterone in
uffered solutions.

.2. Materials and solutions

.2.1. Norethisterone solutions
Authentic norethisterone was kindly supplied from Schering

G (Berlin, Germany). A stock standard solution of 1 × 10−3 M
ulk norethisterone was prepared in ethanol (Merck), and then
tored at 4 ◦C. Working solutions of norethisterone (10−6 to
0−4 M) were prepared daily by appropriate dilution with
thanol just before use.

.2.2. Tablet solutions
Twenty tablets of Steronate (Norethisterone acetate; NETA,

abeled as containing 5 mg NETA per tablet—HI Pharm., Cairo,
gypt) were weighed, and then the average mass per tablet was
etermined. The tablets were grounded to a homogeneous fine
owder. A quantity of the homogeneous powder of NETA equiv-
lent to the weight of two tablets was accurately transferred into a

00 ml volume calibrated flask contains 70 ml ethanol (Merck).
he content of the flask was sonicated for about 10 min and

hen made up to the volume with ethanol. The solution was
hen filtered through a 0.45 �m milli-pore filter (Gelman, Ger-
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any). The desired concentrations of the NETA were obtained
y accurate dilution with ethanol. The solution was directly ana-
yzed according to the general analytical procedure. A Mettler
alance (Toledo-AB104, Switzerland) was used for weighing
he solid materials.

.2.3. Supporting electrolyte
A series of the universal buffer of pH 2–11.5 as a supporting

lectrolyte was prepared [20]. A pH-meter (Crison, Barcelona,
pain) was used for the pH measurements. All the chemicals
sed (Merk) were of analytical-reagent grade and were used
ithout further purification. The de-ionized water was supplied

rom a Purite-Still Plus de-ionizer connected to an AquaMatic
ouble-distillation water system (Hamilton Laboratory Glass
td., Kent, UK).

.2.4. General analytical procedure
A known volume of the standard stock solution of norethis-

erone was pipetted into a 10 ml volume calibrated flask and
hen made up to the volume with the universal buffer of pH 5.
he solution was introduced into the electrolysis cell, and then
eoxygenated with pure nitrogen gas for about 10 min in the
rst cycle and for 30 s in each successive cycle, while the nitro-
en gas was kept over the solution during the measurements.
ccumulation of norethisterone onto the surface of HMDE was
erformed at −0.7 V (versus Ag/AgCl/KCls) for 130 s while
tirring the solution at 400 rpm. After an equilibrium time of
s allowed for the solution to become quiescent, the voltam-
ograms were recorded by scanning the potential towards the

egative direction using the square-wave waveform. A calibra-
ion graph was constructed under the optimized conditions of
he procedure.

. Results and discussion

.1. Dc-polarography

The dc-polarograms of 1.25 × 10−4 M bulk norethisterone
n the universal buffer of pH <7.7 showed a single 2-electron
rreversible cathodic wave which may be attributed to reduction
f the 3-keto-delta-4-group in the A-ring of the norethisterone
olecule. On the increase of pH of the medium this wave splits

nto two waves, the height of the second wave increased at
he expense of the first one until the latter disappeared com-
letely in solutions of the pH values ≥9.5 (Fig. 1) at which the
olarogram exhibited a single 2-electron wave at more negative
otentials. The cumulative il–pH curve for the single wave and
he first splitting one (Fig. 2, curve a) or that for the second
plitting wave and the single wave (Fig. 2, curve b) recalled dis-
ociation (Z-shaped) or association (S-shaped) curves, respec-
ively, which may be attributed to presence of norethisterone in
n acid–base equilibrium [21]. The two il–pH curves (Fig. 2,
urves a and b) intersected at a pH value equals to the pK′

a

f norethisterone (pH = pKa = 8.7) which agrees well with the
alue (pKa = 8.5) obtained from a preliminary spectrophotomet-
ic study of 3 × 10−5 M norethisterone in the universal buffer of
arious pH values (pH 3–10).
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ig. 1. Dc-polarograms for 1.25 × 10−4 M bulk norethisterone in the universal
uffer of various pH values: (a) 2.3; (b) 2.7; (c) 3.3; (d) 4.3; (e) 5.3; (f) 5.9; (g)
.7; (h) 7.7; (i) 8.5; (j) 8.8; (k) 9.2; (l) 10.0; (m) 10.5; and (n) pH 11.4.

The half-wave potentials (E1/2), of the single wave recorded in
olutions of pH <7.7, and that of the first splitting wave recorded
n solutions of pH values 7.7–9.2 (Fig. 1), shifted toward more
egative values with the increase of pH. This behavior indicated
he involvement of protons in the rate-determining step and that
he proton transfer precedes the electron transfer reaction [21].
n the other hand, the E1/2 of both the second splitting wave (pH
.7–9.2) and the single wave (pH ≥ 9.5) were practically pH-
ndependent. The linear E1/2–pH plot for both the single wave at
H values <7.7 and the second splitting one at pH values 7.7–9.2
nd that of the single wave at pH values ≥9.5) intersected at a pH
alue equals to the pKa value of norethisterone (pH = pKa = 8.7)
hich agrees well with that value obtained from either the il–pH
r the absorbance—pH curves.

Thus, sequence of the electrode reaction of the 3-keto-delta-

-group in the A-ring of norethisterone molecule at the mercury
lectrode can be expressed as follows [21]:

(i) In acidic and neutral solutions (pH < 7.7) the sequence
s proton, electron, electron, proton; (ii) in alkaline solutions

ig. 2. il–pH plots for 1.25 × 10−4 M bulk norethisterone. (a) The single wave
pH < 7.7) and the first splitting wave (pH 7.7–9.2); (b) the second splitting wave
pH 7.7–9.2) and the single wave (pH ≥ 9.5); (c) total limiting current.
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ig. 3. Plots of log[(il − iHA)/iHA] and log[(il − i−A)/i−A] vs. pH for
.25 × 10−4 M bulk norethisterone: (a) first splitting wave; (b) second splitting
ave recorded in solutions of pH 7.7–9.2.

f pH values ≥9.5 the sequence is electron, electron, proton,
roton; and (iii) in solutions of intermediate pH values 7.7–9.2
orethisterone molecule is expected to present in an acid–base
quilibrium (pK′

a ≈ 8.7),

H
kd�
kr

A− + H+
(

K = kd

kr

)

oth the acidic (AH) and basic (A−) forms are electro-active.
hus, the reduction of norethisterone over the pH range 7.7–9.2

akes place via two steps, and the limiting current il of the sec-
nd step (reduction of A− form) increased at the expense of that
f the first one (reduction of AH form) on the increase of pH
ntil the latter one disappeared completely in solutions of pH
9.5 (Figs. 1 and 2). Thus, the electrode reaction of norethis-

erone over the pH range (7.7–9.2) was considered to consist of
ixed processes {(i) and (ii)}. According to Zuman [21], the

xistence of an electroactive compound in an acid–base equi-
ibrium leads to the variation of the reduction current with the
hange of hydrogen ion concentration [H+] as governed by the
quation:

iAH

il
= 0.886{(kr t1/K)[H+]}1/2

1 + 0.886{(kr t1/K)[H+]}1/2

hich was modified to the following forms [21,22]:

H = log 0.886

(
kr t1

K

)1/2

+ log

(
il − iAH

iAH

)

H = log 0.886

(
krt1

K

)1/2

+ log

(
il − i−A

i−A

)

here iAH and i−A are the reduction currents of the acidic
nd basic forms, respectively. Plots of [log(il − iAH)/iAH] or
log(il − i−A)/i−A] versus pH, respectively, for the first splitting
r the second splitting waves were straight lines (Fig. 3) which
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ndicated the validity of the previous equations and consequently
onfirmed the presence of norethisterone in an acid–base equi-
ibrium within the pH range 7.7–9.2. The pH value corresponds
o the intersection point of the two curves (Fig. 3, curves a and
) equals to the pK′

a of norethisterone (pH = pK′
a ≈ 8.7).

.2. Cyclic voltammetry

Cyclic voltammograms of 1.25 × 10−4 M norethisterone at
he HMDE in the universal buffer of pH values 2–5 exhibit a
ingle 2-electron irreversible cathodic peak, which attributed to
he reduction of the 3-keto-delta-4-group in the A-ring of the
cidic form of norethisterone molecule. As the pH of the medium
ncreased, the peak current intensity decreased and a new irre-
ersible cathodic peak was observed at a more negative potential.
ts peak current increased at the expense of the first one until the
atter disappeared completely in solutions of the pH values ≥9.5.
he single 2-electron cathodic peak observed at the pH values
9.5 may be attributed to the reduction of the 3-keto-delta-4-

roup in the A-ring of the basic form of norethisterone molecule.
The interfacial adsorptive character of norethisterone was

dentified by recording the cyclic voltammograms of 1 × 10−6 M
n a universal buffer of pH 5 following accumulation of the drug
nto the HMDE at open circuit (Fig. 4, curve a) and at −0.6 V
or 60 s (Fig. 4, curve b) at scan rate 100 mV s−1. The sub-
tantial enhancement of the peak current intensity of the first
can (curve b) compared to that of the subsequent scan at the
ame mercury drop (curve c) or with that recorded following
ccumulation of the drug at open circuit (curve a) confirmed

he interfacial adsorptive character of norethisterone onto the

ercury electrode. The adsorptive character of norethisterone
as also identified by measuring the peak current (ip) at vari-
us scan rates ν (50 − 500 mV s−1) following accumulation onto

ig. 4. Cyclic voltammograms for 1 × 10−6 M bulk norethisterone in a univer-
al buffer (pH 5) at a scan rate = 100 mV s−1, following accumulation onto the
MDE: (a) at open circuit; (b) at Eacc. = −0.6 V for 60 s; and then the repetitive

ycle at the same mercury drop (c).
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he HMDE for 60 s at −0.6 V. A linear log ip versus log ν plot
ollowing the equation: log ip = 0.98, log ν–1.86, r = 0.999 was
btained. The slope value of 0.98 is close to the expected theo-
etical value 1.0 for an ideal reaction of surface species [23].

The electrode surface coverage Γ 0 (amount of reactant
dsorbed onto the mercury electrode surface, mol cm−2) was cal-
ulated using the equation: Γ 0 = Q/nFA, where Q is the amount
f charge consumed by the surface process as calculated by the
ntegration of the area under the peak of the cyclic voltammo-
ram of analyte corrected to residual current [24], n is the total
umber of electrons consumed in the reduction process (n = 2)
nd A is the mercury electrode surface area (0.026 cm2). On
ividing the number of coulombs transferred (1102 �C) by the
onversion factor nFA (5017.3 × 109 �C), a surface coverage of
.1964 × 10−10 mol cm−2 was obtained. Thus, each adsorbed
orethisterone molecule occupies an area of 0.7559 nm2.

.3. Square-wave stripping voltammetry

.3.1. Optimization of an analytical procedure
The influence of pH on square-wave adsorptive cathodic

tripping (SWAdCS) voltammetric response for 5 × 10−7 M
orethisterone was examined in the universal buffer of var-
ous pH values following accumulation onto the HMDE for
0 s at Eacc. = −0.7 V. The voltammograms exhibited a single
rreversible 2-electron cathodic peak, its intensity decreased

arkedly on the increase of pH of the medium. A well-defined
eak current was achieved at pH 5. Therefore, a universal buffer
f pH 5 was used as a supporting electrolyte in the rest of the
resent analytical studies.

The effect of instrumental conditions, e.g. frequency f
10–100 Hz), scan increment �Es (2–10 mV) and pulse-
mplitude a (10–50 mV) on the peak current intensity of
× 10−7 M norethisterone in the universal buffer (pH 5) fol-

owing accumulation onto the HMDE for 60 s at Eacc. = −0.7 V
as studied. The achieved optimal instrumental conditions were

= 70 Hz, �Es = 10 mV and, a = 25 mV.
The effect of accumulation potential (Eacc.) on SWAdCS

oltammetry peak current intensity of 5 × 10−7 M norethis-
erone was examined over the range −0.3 to −0.9 V following
ccumulation onto the HMDE for 60 s. The peak current inten-
ity was practically independent of the accumulation potential up
o −0.6 V then decreased. Also effect of accumulation duration
tacc.) at −0.6 V on the peak current intensity of various concen-
rations of bulk norethisterone (5 × 10−7, 3 × 10−7, 1 × 10−7,
× 10−8 and 3 × 10−8 M) in the universal buffer of pH 5 was
valuated. As shown in Fig. 5, the response was linear up to 90 s
or 5 × 10−7 M norethisterone solution and to 130 s for 3 × 10−7

nd 1 × 10−7 M solutions, then leveled off (curves a, b and c).
hile for 5 × 10−8 and 3 × 10−8 M norethisterone solutions,

s accumulation duration increases, linearity is prevailed over
he tested accumulation durations (curves d and e). This means
hat the lower the concentration of the analyte, the longer of

he accumulation duration is. Accordingly, the optimal accu-

ulation conditions were Eacc. = −0.6 V, and tacc. ≤130 s. The
nfluence of the rest time was also considered and a time period
f 5 s was chosen.



M.M. Ghoneim et al. / Journal of Pharmaceutical and Biomedical Analysis 43 (2007) 499–505 503

Fig. 5. Effect of accumulation duration (tacc.), on the SWAdCS voltammetry
peak current intensity for: (a) 5 × 10−7; (b) 3 × 10−7; (c) 1 × 10−7; (d) 5 × 10−8;
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Fig. 6. SWAdCS voltammograms in a universal buffer of pH 5 for various con-
centrations of bulk norethisterone: the dotted line represents the background
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cedure could be considered robust. Moreover, the intermediate
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nd (e) 3 × 10−8 M norethisterone in a universal buffer (pH 5); Eacc. = −0.6 V;
= 70 Hz, �Es = 10 mV and a = 25 mV.

.3.2. Procedure validation
Validation of the proposed procedure for assay of bulk

orethisterone was examined via evaluation of limit of detection
LOD), limit of quantitation (LOQ), repeatability, reproducibil-
ty, precision, selectivity, robustness and intermediate precision
25]. As shown in Fig. 6, the stripping voltammetry peak current
ncreased with concentration of norethisterone. Linear calibra-
ion graphs over various concentration ranges between 5 × 10−9

nd 8 × 10−7 M bulk norethisterone, at various accumulation
uration (40–130 s) were obtained. Characteristics of these cal-
bration graphs are reported in Table 1. The LOD and LOQ of
orethisterone were estimated at different accumulation dura-
ions, using the relation k S.D./b [26], where k = 3 for LOD and
0 for LOQ, S.D. is the standard deviation of the blank (or the
ntercept of the calibration curve) and b is the slope of the cal-
bration graph. The results reported in Table 1, indicated the
eliability of the proposed SWAdCS voltammetric procedure for
he trace assay of bulk norethisterone.

The repeatability, reproducibility, precision and accuracy
25] of analysis using the proposed procedure were identified
y performing three replicate measurements for 1 × 10−7 and

× 10−7 M bulk norethisterone (tacc. = 130 s and Eacc. = −0.6 V)
ver one day (Intra-day assay) and for three days over a period of
ne week (inter-day assay). Satisfactory mean percentage recov-

p
b
e

able 1
haracteristics of the calibration curves of SWAdCS voltammetric determination of b

acc. (s) Linearity range (M) Regression equation ip (�A) = bC (�

40 2 × 10−8 to 8 × 10−7 ip = 2.820 C + 0.063
90 8 × 10−9 to 5 × 10−7 ip = 5.144 C + 0.175
30 5 × 10−9 to 3 × 10−7 ip = 6.831 C + 0.297
a) 3 × 10−8; (b) 5 × 10−8; (c) 7 × 10−8; (d) 1 × 10−7; (e) 2 × 10−7; and (f)
× 10−7 M; Eacc. = −0.6 V, tacc. = 130 s, f = 70 Hz, �Es = 10 mV and a = 25 mV.

ries (% R) and relative standard deviations (R.S.D.%) were
chieved (Table 2).

The selectivity [25] of the optimized procedure was tested
y analysis of a 1 × 10−7 M bulk norethisterone and a standard
ablet solution containing 1 × 10−7 M norethisterone, follow-
ng accumulation onto the HMDE for 130 s in both cases. No
ignificant differences in the recoveries or the relative standard
eviations were observed in the absence (100.20 ± 0.84) and
resence (101.11 ± 1.32) of excipients. Thus, the proposed pro-
edure can be considered selective.

Evaluating the influence of small variations in some of the
ost important procedural conditions, including pH (5–5.5),

ccumulation potential Eacc.(−0.5 to −0.6 V) and accumulation
uration tacc. (120–130 s) on the recovery of the drug, exam-
ned the robustness [25] of the procedure. The results showed
hat none of these variables significantly affect the recovery of
orethisterone and provide an indication of the reliability of
he proposed procedure for its assay. Thus, the proposed pro-
recision [25] of the measurements was examined by assay of
ulk norethisterone using two electrochemical analyzers mod-
ls, 263 A-PAR, Lab. (1) and 394-PAR, Lab. (2) under the same

ulk norethisterone; pH 5, Eacc. = −0.6 V, f = 70 Hz, �Es = 10 mV and a = 25 mV

M) + a SB (r) LOD (M) LOQ (M)

5.64 × 10−3 0.996 6.0 × 10−9 2.0 × 10−8

3.99 × 10−3 0.999 2.3 × 10−9 7.7 × 10−9

3.42 × 10−3 0.996 1.5 × 10−9 5.0 × 10−9
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Table 2
Precision and accuracy of assay of norethisterone by the proposed SWAdCS voltammetry procedure (n = 3); tacc. = 130 s

Conc. (taken) (M) ×107 Conc. (found) (M) ×107 R (%) S.D. Accuracy bias (%) Precision % R.S.D.

Intra-day
1 1.002 100.20 0.008 0.2 0.84
3 3.012 100.40 0.055 0.4 1.84

Inter-day
1 1.014 101.4 0.016 1.40 1.60
3 3.037 101.23

Table 3
Assay of Steronate tablets by proposed SWAdCS voltammetry procedure
(tacc. = 70 s, n = 4) and a reported HPLC method [4]

Claimed (mg/tablet) 5.0
Recovery by the proposed method (R% ± R.S.D.)

(calibration curve method)
100.15 ± 1.42

Recovery by the proposed method (R% ± R.S.D.)
(standard addition method)

100.40 ± 1.59

Recovery by the reported HPLC method (R% ± R.S.D.)
(calibration curve method)

100.60 ± 1.85

F-value 1.697
t-test 0.386
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he theoretical values of F- and t-test at 95% confidence limit (for n1 = 4 and

2 = 4) are 9.28 and 2.776, respectively.

rocedural conditions at different elapsed times by two different
nalysts. The mean percentage recoveries obtained due to Lab.
1) to Lab. (2) and even day to day were found reproducible,
ince there is no significant difference between the recovery or
elative standard deviation values.

.3.3. Analysis of Steronate tablets
The proposed SWAdCS voltammetric procedure was suc-

essfully applied to assay of norethisterone in Steronate
ablets without the necessity for samples pretreatment or time-
onsuming extraction steps prior to the analysis. The obtained
esults using calibration curve and standard addition [27] meth-
ds demonstrated the validity of the proposed procedure for
ssay of norethisterone in Steronate tablets (Table 3). The anal-
sis exhibited satisfactory results, which were statistically com-
ared with those obtained by a reported HPLC method [4]. Since
he calculated F-value (Table 3) did not exceed the theoretical
ne, there was no significant difference between the proposed
nd reported methods with respect to reproducibility [28]. Also,
o significant difference was noticed between the two meth-
ds regarding accuracy and precision as revealed by t-test [28],
able 3.

. Conclusion

The electrochemical behavior of norethisterone at the
ercury electrode was studied and discussed. Its pKa was
stimated from the polarographic and spectrophotometric
easurements. A validated square-wave adsorptive cathodic

tripping voltammetry procedure was described for trace quan-
ification of norethisterone in its pharmaceutical formulation

[
[

[

0.069 1.23 2.87

Steronate tablets) The procedure is simple, selective, and
recise.

cknowledgements

The authors express their deep thanks to Dr. Michael Harre,
hemical Development, Schering AG, Berlin, Germany for sup-
lying the bulk norethisterone sample used in the present study.
he authors express their gratitude also to the Alexander von
umboldt Foundation (Bonn, Germany) for donating the Elec-

rochemical Analyzer (263A-PAR) and the personal computer
sed in the present study to M.M. Ghoneim.

eferences

[1] L.E. Golubovskaia, E.N. Korenchuk, K.K. Pivnitskii, N.A. Kuzovkova,
N.D. Fanchenko, Probl. Endokrinol. 31 (1985) 72–75.

[2] N.F. Swynnerton, J.B. Fischer, J. Liq. Chromatogr. 3 (1980) 1195–
1204.

[3] J.C. Loo, R. Brien, J. Liq. Chromatogr. 4 (1981) 871–877.
[4] J.A. Gluck, E. Shek, J. Chromatogr. Sci. 18 (1980) 631–636.
[5] R. Gonzalo-Lumbreras, R. Izquierdo-Hornillos, J. Chromatogr. B: Biomed.

Sci. Appl. 742 (2000) 1–11.
[6] G.M. Sundaresan, T.J. Goehl, V.K. Prasad, J. Pharm. Sci. 70 (1981)

702–704.
[7] Z. Wu, C. Zhang, C. Yang, X. Zhang, E. Wu, Analyst 125 (2000)

2201–2205.
[8] B.L. Sahlberg, B.M. Landgren, M. Axelson, J. Steroid Biochem. 26 (1987)

609–617.
[9] F.Z. Stanczy, S. Roy, Contraception 42 (1990) 67–96.
10] W.E. Braselton, T.J. Lin, J.O. Ellegood, T.M. Mills, V.B. Mahesh, Am. J.

Obstet. Gynecol. 133 (1979) 154–160.
11] F. Pommier, A. Sioufi, J. Godbillon, J. Chromatogr. B: Biomed. Appl. 674

(1995) 155–165.
12] F. Pommier, A. Sioufi, J. Godbillon, J. Chromatogr. A 750 (1996)

75–81.
13] W.E. Braselton, T.J. Lin, T.M. Mills, J.O. Ellegood, V.B. Mahesh, J. Steroid

Biochem. 1 (1977) 9–18.
14] M.S. Rizk, N.A. Zakhari, M.I. Walash, S.S. Toubar, C.J. Brooks, R. Ander-

son, Acta Pharm. Nord. (1991) 205–210.
15] F.I. Khattab, F.M. Ashour, M.M. Amer, J. Pharm. Belg. 38 (1983) 147–

155.
16] L.N. Opheim, Anal. Chim. Acta 89 (1977) 225–229.
17] L.G. Chatten, R.N. Yadav, S. Binnington, R.E. Moskalyk, Analyst 102

(1977) 323–327.
18] D. Cantin, J. Alary, A. Coeur, J. Pharm. Belg. 32 (1977) 255–263.

19] R.N. Yadav, F.W. Teare, J. Pharm. Sci. 67 (1978) 436–438.
20] H.T.S. Britton, Hydrogen Ions, fourth ed., Chapman and Hall, 1952,

pp.113–114.
21] P. Zuman, The Elucidation of Organic Electrode Processes, Academic

Press, New York, 1969, pp. 20–51.



tical a

[

[

[
[

[
Howood, New York, 1984, p. 115.
M.M. Ghoneim et al. / Journal of Pharmaceu

22] T.M. Salem, R.M. Issa, A.M. Hindawey, Ann. Chim. (Rome) 64 (1974)
735–746.
23] E. Laviron, L. Roullier, C. Degrand, J. Electroanal. Chem. 112 (1980)
11–23.

24] A. Webber, J. Osteryoung, Anal. Chem. Acta 157 (1984) 17–29.
25] The USA Pharmacopoeia, The National Formulary, Convention Inc., USP

26, 2003, p. 2446.

[

[

nd Biomedical Analysis 43 (2007) 499–505 505

26] J.C. Miller, J.N. Miller, Statistics for Analytical Chemistry, fourth ed., Ellis-
27] G.W. Ewing, Instrumental Methods of Chemical Analysis, fifth ed.,
Lippincott-Raven, Philadelphia, 1995, p. 464.

28] G.D. Christian, Analytical Chemistry, fifth ed., John Wiley & Sons Inc.,
USA, 1994, p. 36.


	Voltammetry and quantification of the contraceptive drug norethisterone in bulk form and pharmaceutical formulation
	Introduction
	Experimental
	Instrumentation
	Materials and solutions
	Norethisterone solutions
	Tablet solutions
	Supporting electrolyte
	General analytical procedure


	Results and discussion
	Dc-polarography
	Cyclic voltammetry
	Square-wave stripping voltammetry
	Optimization of an analytical procedure
	Procedure validation
	Analysis of Steronate tablets


	Conclusion
	Acknowledgements
	References


