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Abstract

The electroreduction of ethinylestradiol at the hanging mercury drop electrode in the Britton—Robinson universal buffer of pH 2-11
was studied and its interfacial adsorptive character onto the mercury electrode surface was identified. A validated simple, rapid, sensitive,
specific, precise and inexpensive square-wave voltammetric procedure is described for the determination of ethinylestradiol following its
accumulation onto a hanging mercury drop electrode in a Britton—Robinson universal buffer of pH 7. The optimal procedural conditions were:
accumulation potentidi,..= —0.7 V versus Ag/AgCI/KCJ, accumulation duration =60 s, pulse-amplitude =70 mV, scan increment=10mV
and frequency =120 Hz. Limits of detection (LOD) and quantification (LOQ) ofx&19°M and 1.9x 10-°M bulk ethinylestradiol,
respectively, were achieved. The proposed procedure was successfully applied to the quantification of ethinylestradiol in pharmaceutical
formulation (Ethinyl-oestradi6l tablets) and in human serum and plasma without the necessity for sample pretreatments and/or time-
consuming extraction or evaporation steps prior to the analysis. LOD of 807:°M and 3x 10°M and LOQ of 2.9x 10°M and
1 x 108 M of ethinylestradiol were achieved in human serum and plasma, respectively.
© 2005 Published by Elsevier B.V.
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1. Introduction Several analytical methods have been reported for
the determination of ETE in surface water, underground
Ethinylestradiol (ETE) is a semisynthetic estrogen female water, waste water, pharmaceutical formulations and bio-
sex hormone which is used as a contraceptive. Oral contra-logical fluids, including spectrophotometi2—6], liquid
ceptives have had an enormous positive impact on publicchromatography[7-10], gas chromatography{11-20}
health for the past three decades and, overall, there has beehigh-performance liquid chromatograph20-26]} thin-
a remarkably low incidence of troublesome side-effét}s layer chromatographj27], micellar electrokinetic capillary
chromatography[28-30] isotope dilution mass spec-
trometry [31], electrophoresis[32], radioimmunoassay
[33,34], biosensor-immunoassajg5], argentometry[36]
and amperometr{87]. Most of the above reported methods
for the quantification of ETE require sample pretreatment
and/or time-consuming extraction steps prior to analysis of
the drug. However, no attempts were made to date to assay
ETE using any of the electroanalytical techniques.
The formulations of such a semisynthetic estrogen, present
* Corresponding author. Tel.: +2 10 6632694; a2 403350804. at an extremely low concentration, presents a challenging
E-mail address: enass@hotmail.co.uk (E.M. Ghoneim). analytical problem. Therefore, a rapid, sensitive, accurate
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and low cost analytical procedure is desired for determi- and a platinum wire auxiliary electrode, was used in the
nation of ETE and testing content uniformity of its dosage voltammetric measurements. Stirring of the solution in the
form. Since the ETE molecule has a characteristic 17-ethinyl electrochemical cell was performed using a magnetic stirrer
group C=CH) which is a promising electroactive center, (305-PAR) and a stirring bar to provide the convective
which might be successfully used for its trace determination transport during the accumulation step. The measurements
in formulations and human serum and plasma by means ofwere automated and controlled through the programming
the stripping voltammetric technique. Adsorptive stripping capacity of the apparatus.
voltammetry is an extremely sensitive technique that utilizes A potentiostat/galvanostat model 173-PAR incorporating
a bulk electrolyte to accumulate the analyte from the samplea digital coulometer model 179-PAR was used for the
solution onto the working electrode surface. The accumula- controlled-potential electrolysis of ETE. A coulometric
tion process can be viewed as an effective electrochemicalcell of a mercury pool as a working electrode, a saturated
extraction step in which the analyte is accumulated onto calomel electrode as a reference electrode and a platinum
the working electrode surface to a much higher level than gauze immersed in a bridge tube as a counter electrode was
it exists in solution. The combination of an accumulation used. The potential selected was adjusted to a value equal to
step with advanced voltammetric measurement generates théhe E, + 0.1V of the cyclic voltammogram of ETE recorded
extremely favorable signal-to-background ratio that charac- at 100 mV/s scan rate. The char@e(Coulombs) passed
terizes stripping analysif88]. We describe here a square- during the exhaustive electrolysis of ETE was obtained by
wave adsorptive stripping voltammetric procedure for the integrating the current electronically. The number of elec-
determination of ETE in bulk form, pharmaceutical formu- trons @) transferred per reactant molecule was determined
lation, human serum and in real human plasma samples.  using Faraday'’s relatioiv=Q/nF (whereN is the number
of moles of ETE substance being electrolyzed) and found
to equal two electrons per ETE molecule, which attributed
2. Experimental to reduction of the 17-ethinyl group-C=CH), probably
yielding 17-vinyl-estradiol {CH=CH,).
2.1. Material and solutions
2.4. Procedures for analysis
Ethinylestradiol sample was kindly supplied from Scher-
ing AG (Berlin, Germany) and was used without further 2.4.1. Analysis of bulk ETE
purification. A standard stock solution of<110~3M ETE A known volume of standard ETE solution was pipetted
was prepared by dissolution in methanol and stored atinto a 10ml calibrating flask, and then made to the vol-
4°C. A Mettler balance (Toledo-AB 104, Switzerland) was ume with the pH 7 B—R universal buffer. The percentage
used for weighing the solid material. Working solutions of methanol in the final solution was 1%. The solution was
(10-°-10"* METE) were prepared daily by appropriate dilu-  transferred into the electrolysis cell, and then deoxygenated

tion. with pure nitrogen for 10 min in the first cycle and 30 s for
each successive cycle; the nitrogen was then kept over the
2.2. Supporting electrolyte solution during measurements. Then ETE was accumulated

onto the HMDE for 60s at-0.8V while stirring the solu-

A series of Britton—Robinson (B—R) universal buffers of tion at 400 rpm. After an equilibrium duration of 5s was
pH 2—11 as supporting electrolyts was prepdB89]. A pH- allowed for the solution to become quiescent, the voltammo-
meter (Crison, Barcelona, Spain) was used for the pH mea-grams were recorded by scanning the potential towards the
surements. Deionized water was supplied from a Purite-Still negative direction using the square-wave waveform under the
Plus Deionizer connected to AguaMatic bidistillation water following instrumental parameters: pulse amplitude =70 mV;
system (Hamilton, UK). All the chemicals used (Merck) were frequency =120 Hz and scan increment=10 mV.
of analytical-reagent grade and were used without further

purification. 2.4.2. Analysis of ETE in tablets
Twenty-five tablets of Ethinyl-oestrad®l (Kahira
2.3. Electrochemical apparatus and software Pharm. & Chem. Ind. Co., Egypt) labeled to containus0

ETE per tablet were powdered. An adequate amount of the
The votammetric measurements were carried out usinghomogenous powder, corresponding toc 1074 M, was

computer-controlled Electrochemical Analyzers Models accurately weighed and transferred into a calibrated flask
394 and 263A-PAR (Princeton Applied Research, Princeton, and then dissolved in 25 ml of methanol by sonication for
NJ, USA), using 270/250 software. An electrode assembly 10 min, followed by mechanical shaking for 10 min and
(303A-PAR) of a micro-electrolysis cell incorporating a lastly centrifuged for 5min at 14,000 rpm. A portion of the
three electrode configuration system consisting of a hangingclear solution was diluted with the supporting electrolyte to
mercury drop electrode (HMDE) as a working electrode achieve the desired concentration. Then ETE was quantified
(area=0.026 cA), an Ag/AgCI/KCk reference electrode by means of the proposed stripping voltammetric procedure.
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2.4.3. Analysis of ETE in spiked human serum and
plasma

Serum and plasma samples obtained from a healthy vol-
unteer were stored frozen until the assay. Into each of seven -
centrifugation tubes, 1 ml of spiked human serum or plasma,
containing various concentrations of ETE, was transferred
and then mixed well with 4 ml of methanol to precipitate the
proteins. The precipitated proteins were separated by cen-
trifugation for 5min at 14,000 rpm. The clear supernatant
layer was filtered through 0.46m Milli-pore filter. A 0.1 ml L
volume of the supernatant liquor was transferred into the
voltammetric cell then completed to a 10 ml volume with 0.0 —
a pH 7.0 B-R universal buffer. Then ETE was quantified by .

means of the proposed stripping voltammetric procedure. 0.8 1.0 12 1.4 1.6
-E, VI(Ag/AgCl)

0.3 —

i/ pA

0.1

2.4.4. Analysis of real plasma samples Fig. 1. Cvalic volt for  10-5 M ETE in pH 7 B_R uni |
ig. 1. Cyclic voltammograms for inp —R universa
Two volunteers (aged 30-33 years) of regular menstrual buffer (a) at open circuit, (b) following accumulation for 60 £gt.= —0.8 V

.Cydes and with negative tests for pregnancy were involved and (c) the repetitive cycle at the same mercury drop; scan rate = 200 mV/s.
in the present study under the medical care of Ramadan

Specialized Hospital, Tanta City, Egypt. Volunteers refrained 200 mV/s at open circuitFig. 1, curve a), following accu-
from taking any medication including hormonal therapy, mulation onto the HMDE for 60 s at0.8 V (Fig. 1, curve b),
from 2 weeks before the study commenced until study and the second cycle at the same mercury drig @, curve
completion. Both volunteers fasted overnight for 8 h before c). As shown irFig. 1, accumulation of ETE onto the HMDE
dosing. The two volunteers gave their written informed gave a substantial enhancement of the cathodic peak signal
consent prior to participating in the study (no more per- (first scan, curve b) compared with that of the second cycle
mission is required from any ethical committee). Following at the same mercury drop (curve c), indicating a rapid des-
an oral administration of a single dose of 5@ ETE orption of ETE species from the mercury surface. Increased
(Ethinyl-oestrodid? tablet), venous blood samples (5ml) scan rate (25-500 mV s1) showed increased peak current
were aseptically aspirated from each volunteer at different intensity. A linear plot of logp versus log following the
time periods over 5h (1, 1.5, 2.5, 3.5 and 5 h) and collected equation: logp (uwA)=0.853logv—2.2 (r=0.997) was
in appropriately labeled lithium-heparin tubes. The blood obtained; its slope value (0.853) is very close to one which
samples were centrifuged immediately at 15,000 rpm for is the expected value for an ideal reaction of surface species
10 min and the plasma fractions were rapidly separated and[40]. The dependence of the peak potentiBp)(on the
stored in coded polypropylene tubes&0°C until assayed.  decimal logarithm of scan rate was linear according to the
The plasma samples of the two volunteers were analyzedequation: E, (mV)=-11.9-42.3log (mV/s), its slope
in parallel by means of the proposed stripping voltammetric value corresponds to a value afi;=1.39. A symmetry
procedure and a reported HPLC mettjad]. coefficienta value of 0.69 was obtained wheg= 2.
Quantifications of ETE in the different analyte samples  The electrode surface coverage®(mol cm~2) was cal-
were performed by means of both the calibration curve and culated using the relatiod=® = Q/nFA, whereQ (Coulombs)
standard addition methods. is the amount of charge consumed by the surface process as
calculated by the integration of the area under the peak of
the cyclic voltammogram corrected to residual curiéd,

3. Results and discussion n the number of electrons consumed in the reduction pro-
cess f=2), andA is the electrode surface area (0.026Fm
3.1. Cyclic voltammetry On dividing the number of coulombs transferred, 0.325

by the conversion factonfA) yielded a monolayer surface

Cyclic voltammetric behavior of ETE showed a single coverage of 6.4& 10~1'molcnm 2. Each adsorbed ETE
2-electron irreversible cathodic peak in B—R universal molecule therefore occupies an area of 0.256.nm
buffers of pH 4-11 which was attributed to reduction of
17-ethinyl group £C=CH), probably yielding 17-vinyl- 3.2. Square-wave stripping voltammetry
estradiol £CH=CHy,). The peak potential shifted linearly
to more negative values with increasing scan rate, which 3.2.1. pH of the medium
indicated the irreversible nature of the reduction process of ~ Square-wave voltammograms o&5.0~’ M ETE in the
ETE. The interfacial adsorptive character of ETE onto the B—R universal buffer of pH 4-11 showed a single cathodic
HMDE was identified by recording cyclic voltammograms peak. The response preceding by accumulation increases
for 1x 10-5M ETE in a B-R universal buffer of pH 7 at  extensively and a maximum peak current intensity was
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Fig. 2. Effect of accumulation potentiak4.) on SWAdCS voltammet-
ric peak currentif) of 5x 10-"M ETE in pH 7 B-R universal buffer,
tace=30S,f=120Hz, AE=10mV, a=25mV, stirring rate =400 rpm and
rest periadd=5s.

achieved in a B—-R universal buffer of pH 7, which was chosen
for determination of ETE.

3.2.2. Accumulation potential and duration

The dependence of the stripping voltammetric peak cur-
rent (p) of 5 x 10~ M ETE in pH 7 B-R universal buffer on
the accumulation potentiakg) was evaluated over the range
—0.3V to—-1.1V following accumulation onto the HMDE
for 30 s. A potential o~0.8V was chosen as the accumu-
lation potential which gives a well-defined peak and a more
developed peak currerfig. 2). The effect of accumulation
duration ¢ac0 on the peak current following accumulation
at —0.8V was studied for various concentrations of ETE:
5x1078M, 1 x 10-'M and 5x 10~/ M. The peak current
was found to increase linearly with the accumulation duration
up to 60-70 sKig. 3). An accumulation duration of 60—-70s
was found reasonable for the present analytical study.

3.2.3. Instrumental parameters

The peak current for % 10~'M ETE in pH 7 B-R
universal buffer following accumulation for 60s a0.8V
was optimized by changing the pulse-amplitude scan
incrementAEs and frequency over the range 10-100 mV,
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Fig. 3. Effect of accumulation timegf€c) on SWAdCS voltammetric peak
current of various concentrations of ETE: (ax308M, (b) 1x 10’ M
and (c) 5x 107 M in a B-R universal buffer of pH 7 aEycc=—0.8V,
a=70mV. Other operational parameters were as those indicatéd.i2.

on the peak current was also considered and a value of
5s was chosen. Accordingly, the established conditions of
the square-wave adsorptive cathodic stripping (SWAdCS)
voltammetric procedure weré&acc=—0.8V, t5cc=60-70s,
AEs=10mV, a=70mV, f=120Hz (effective scan rate,
AE¢=1.2Vs 1), HMDE area=0.026 cArest perid =5 s,

and a B-R universal buffer of pH 7 as a supporting
electrolyte.

3.2.4. Validation of the procedure

In the present work, quantification of ETE was based
on the extent of the dependence of the peak current upon
its concentration in the analyzed solution under the opti-
mal procedural conditions. Validation of the present proposed
SWACS voltammetric procedure for trace assay of ETE was
examined via linearity, limit of detection, limit of quantifica-
tion, reproducibility, repeatability, specificity, robustness and
ruggedness.

The calibration curve for bulk ETE was established using
the proposed SWAdCS voltammetric procedure after its accu-
mulation onto the HMDE for 60 s at0.8 V. Variation of the
peak currentif) with the concentration of bulk ETE gave
a straight line following the equatiori; (n.A)=0.10197C

2-10mV, and 10-120 Hz, respectively. The dependence of(nM) +0.24 ¢=0.997 n=15). The linearity was shown over

peak currentig) on the frequencyf) was linear according
to the equationi, (wA)=0.044 (Hz)—-0.32 (=0.996).
A pulse-amplitude of 70mV was chosen which gives a

well-defined peak and a more developed peak current.

Since the peak current intensity increased linearly with

the concentration range 1910 %6 x 10’ M ETE. Lim-
its of detection (LOD) and quantification (LOQ) of bulk
ETE were estimated from the following equatiop®]:
LOD =3S.D.lnand LOQ =10S.Du#: (where S.D. is the stan-
dard deviation of the blank or intercept amds the slope of

the increase of scan increment a scan increment of 10 mVcalibration curve) and were found to equal 590-1°M
was considered a reasonable condition for the presentand 1.9x 10~°M for bulk ETE, respectively.

analytical study. As expected, an increase of the area of the

HMDE yields an increase in the stripping voltammetric peak
current, so a large HMDE area (0.0269mwas considered
suitable in the present work. The influence of the rest time

Performing five successive measurements for three dif-
ferent concentrations of bulk ETE demonstrated the repro-
ducibility of the results obtained by the proposed procedure.
For intra-assay precision, recoveries were calculated from
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Table 1 Table 2
Analytical precision and accuracy of bulk ethinylestradiol determination by Assay of ethinylestradiol by the proposed stripping voltammetric procedure
the proposed method;.c=60s;n=5 and a reported spectrophotometric metiwidusing calibration curve (A)
[Taken] (M) Intra-day Inter-day and standard addition (B) methodg,=60s;n=5
S s . S - . Claimed {.g/tablet) 50

R%  Bias% RS.D.% R%  Bias% RSD%  prhosed methodkps+ R.S.D.) (A) 99.7+ 0.87
5x 1079 99.0 -1.0 158 101.4 14 21 Proposed methok@s+ R.S.D.) (B) 101.3+ 1.4
2x 108 1004 40 235 985 -15 20 Reported method’% + R.S.D.) (B) 100.4+ 1.2

8
4x10 102.5 2.5 1.97 100.7 0.70 15 Calculatedr-value =5.15. and-test=0.48. The theoreticalvalue and-

test at 95% confidence limit are 6.39 and 2.30, respectively.

repeated analysis during 1 day and for inter-assay precision'samples.pretreatme_nt or any tlme-c.onsummg extraction or
evaporation steps prior to the analysis.

recoveries were calculated from repeated analysis for 5 days ) . . .
P y 4 The results obtained using both calibration curve and stan-

over a period of 1 weekTable 1. Accuracy of the results
v pert W eble 3 dracy . dard addition methodsTéble 9 are favorably compared to

expressed as bias% (biass(soncentration found- con- those obtained by means of a reported spectrophotometric
centration taken) 100/(concentration takep)within and :
X ( h) method[4]. The calculated’-value and-test did not exceed

between days were less than 5% at low and high concen- . . o )
trations [Table 9. the theoretical values (95% confidence limits for five degrees

of freedom), which verified the accuracy of the proposed pro-

The specificity of the proposed procedure was tested b
pecificlly brop P ure w ycedure for assay of ETE in tablets.

analysis of 5< 10~/ M bulk ETE and a standard tablet solu-
tion containing 5< 10~ M ETE, following accumulation
onto the HMDE for 60 s at-0.8 V. No significant differences ~ 3-2.6. Application to spiked human serum and plasma
in the main percentage recoveri&®4) or the relative stan- The possibility of applying the proposed procedure for the
dard deviation (R.S.D.%) of the two solutions were observed, determination of ETE in spiked human serukig( 4) and
indicating the absence of interference from excipients. Thus, Plasma was tested. Linear calibration plots were obtained
the proposed procedure can be considered Sp@@ﬁjc over the concentration ranges of %40 °-5x10'M

The robustness, is a measure of the capacity of the pro-and 1x 108-9x 1078 M ETE following an accumulation
posed analytical procedure to remain unaffected by small butduration of 60s at-0.8V. The intra-day and the inter-day
deliberate variations in procedural parameters and providesPrecisions were evaluated by five replicate measurements
an indication of its reliability during normal usag43]. A for human serum and plasma samples spiked with vari-
study of the effect of small variation of some of the proce- Ous concentrations of bulk ETE. The accuracy of the pro-
dural operational conditions such as pH (7—8), accumulation Posed procedure was determined as biaséble 3. LOD
potential, Eace (—0.7 V to —0.8 V) and accumulation dura- 0f8.7x 107*°Mand 3x 10-9Mand LOQ 0f 2.9x 1079M
tion, racc (60—70's) on the recovery and standard deviation of and 1x 10~ M ETE were achieved in spiked human serum
5x 10~’ M bulk ETE was carried out. The obtained mean and plasma, respectively.
percentage recoverieR%) and relative standard deviations
(R.S.D.%) were not significantly affected within the studied 5.0
ranges of variations in the procedural operational conditions,
and consequently the proposed procedure can be considered
robust[43]. -

Ruggedness is the degree of reproducibility of results r
obtained by the analysis of the same samples under a variety

3.0
" . . ) <
of conditions, such as different laboratories, different ana- A
lysts, different elapsed assay time and different instruments
2.0

[43]. This was examined by the assaying concentrations of
5x 10~ ' M ETE using the PAR-Potentiostats models 263 A -
(Lab. 1) and 394 (Lab. 2) under the same operational condi- Lok
tions. The mean percentage recoveries obtained due to Lab.
(1) and Lab. (2) were found to be reproducible, since there

were no significant differences between the recoveries or the 0008 : 1z 18 20
standard deviations obtained in both laboratories. -E, VI(Ag/AgCl)
3.2.5. Application to tablets Fig. 4. Representative SWAdCS voltammograms for various concentra-

. tions of ETE spiked in human serum: (1) background; (%) B) 8 M;
The proposed SWAJCS voltammetric procedure was suc- (3) 1x 107 M: (4) 2 x 107 M: (5) 3x 10-7 M and (6) 4x 10~ M ETE:

CeSSfU“Y applieq for assay.Of E_TE in its pharmajceUtical facc=60's, pulse height= 70 mV. Other operational parameters were as those
formulation (Ethinyl-oestradi8l) without the necessity for indicated inFig. 2
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Table 3
Analytical precision and accuracy of Ethinylestradiol determination in spiked human: (A) serum and (B) plash&0 s;n=5
[ETE] (M) Intra-day Inter-day
R% Bias% R.S.D.% R% Bias% R.S.D.%
A B A B A B A B A B A B
2x10°8 99.0 98.0 -1.0 -2.0 1.7 2.2 98.0 97.5 -2.0 -25 2.0 2.3
4x10°8 101.3 98.7 1.3 -1.3 2.6 1.9 98.2 98.4 -1.8 -1.6 2.6 2.1
6x10°8 98.2 101.6 -1.8 1.6 2.2 2.4 90.2 98.9 -1.0 -1.1 1.5 2.0
Table 4 collections and treatments of blood samples required for the

Average results for the analysis of real plasma samples of the two volunteerspresent analysis.
(after administration of a 5@g single dose of Ethinyl-oestradi8) obtained
by the proposed SWAdCSV voltammetric procedure and a reported HPLC

method[22]
Time (h) Average plasma concentratiqrg(ETE/ml)
References

SWAdCSV HPLC
1.0 1.31 1.25 [1] T.A. Ternes, M. Stumpf, J. Mueller, K. Haberer, R.D. Wilken, M.
15 1.50 1.43 Servos, Sci. Total Environ. 228 (1999) 87-98.
25 1.71 1.63 [2] 3.J. Berzas, J. Rodrigues, G. Gastaneda, Anal. Sci. 13 (1997)
35 161 1.54 1029-1032.
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