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Abstract

Oral contraceptives are pharmaceutical formulations containing an estrogen in a small amount and a synthetic progestin in 5-30
times bigger amount. A sensitive, accurate and rapid method for determination of active compounds is required.

We have developed HPLC methods for determination of ethinylestradiol (EED) and levonorgestrel (LNG) in commercialy avail-
able tablets. Chromatographic separation was performed on a Purospher® STAR RP-18e reversed-phase column (150 X 4.0 mm I.D.;
particle size 5 um) in an isocratic mode with a mobile phase constituted of 47% acetonitrile: 53% water (V/V) for both methods. The
elution was carried out at a flow rate of 1.50 ml /min. All analyses were performed at room temperature (24 +/- 2°C). In the HPLC
method with UV detection (internal standard method) both compounds were detected at 215 nm. Drospirenone was used as an internal
standard. In HPLC method with UV/fluorescence detection (external standard method) LNG was monitored at 242 nm, while EED was
detected with fluorescence detector at 310 nm (excitation 285 nm).

The methods' performances were fully validated by a determination of linearity, reproducibility, accuracy and sensitivity. Both
methods were applied for determination of Uniformity of Dosage Units. The results obtained with both methods were highly compara-
ble. However, the HPL C method with UV/ fluorescence detection has showed superior sensitivity for EED indicated by 83 times lower
detection limit.

HPL C method with UV/ fluorescence detection could be recommended as a method of choice for determination of ethinylestradi-
ol, present at avery low dosage level in low-dose oral contraceptives, that also contain bigger amount of synthetic progestin.
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Oral contraceptives are pharmaceutical formulations estrogen female sex hormone and levonorgestrel (LNG) is
containing steroid hormonesin arelatively small amount. asynthetic steroid with an extremely potent progestational
The most commonly encountered estrogen is ethinylestra- action (1, 2, 3).

diol (Fig. 1), present at avery low dosage level (30-100 ug
per tablet), in combination with an orally active synthetic
progestin (one of the most commonly used is levonorges-
trel (Fig. 2)), present at alevel of 5 to 30 timesthat that of
the estrogen. Ethinylestradiol (EED) is a semi synthetic

S o Fig. 1. Structure Fig. 2. Structure
T o o o 522 3554 of ethinylestradiol (EED) of levonorgestrel (LNG)
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Therefore, the modern low-dose oral contraceptives
require a sensitive, accurate and rapid methods of quantita-
tive determination which is unaffected by the small amount
of the estrogen and the large excess of progestogen.

Thereare severa reports (4-13) on determination of EED
and LNG including the use of derivative spectrometry (4),
high performance liquid chromatography with fluorescence
detection (5), gas chromatography-mass spectrometry on the
pentafluorobenzoy! derivatives (6) and pentafluorobenzyl-
trimethylsilyl derivatives (7), solid phase extraction fol-
lowed by gas chromatography /MSMS after derivatization
with mixture of N-methyl-N-(trimethylsilyl)-trifluoroac-
etamide, trimethylsilylimidazole, and dithioerytrol (8), solid
phase extraction followed by liquid chromatography-diode
array detection-mass spectrometry (9, 10), affinity chro-
matography with tripeptide column (11), etc. Although the
listed methods give high sensitivity, they still have draw-
backs, including time consuming in extraction processwhen
solid phase extraction is performed. Furthermore, the target
analytes have to be derivatized if GS-MS is used which
makes these procedures unsuitable for routine analysis.
Additionally, spectrometry is susceptible to much interfer-
ence of excipients, degradation products, and impurities.

On the contrary, liquid chromatography (LC) has only
been employed in afew occasions (12, 13) regardless of its
advantages over the aready mentioned techniques. Thus,
unlike GC-MS, LC enables determination of steroid without
derivatization and it isnot limited by such factors as properties
of the substances (non volatile) and high molecular weight.

Theaim of thisresearch was standardization of HPLC
methods for quantitative determination of associations of
ethinylestradiol (ETE) - levonorgestrel (LNG) in commer-
cialy available oral contraceptives.

Experimental

HPLC instrumentation and conditions

HPL C analyses were performed using a Schimadzu L C-
2010 chromatographic system (Schimadzu, Kyoto, Japan)
consigting of aL.C-20AT Prominence liquid chromatograph
pump with DGU-20A5 Prominence degasser, a SPD-M20A
Prominence Diode Array Detector, RF 10AX| fluorescence
detector and a SIL-20 AC Prominence auto sampler. Data
andyses were done using Class VP 7.3 Software.

Chromatographic separation was performed on a Puro-
spher® STAR RP-18ereversed-phase column (150 X 4.0 mm
I.D.; particle size 5 um), in an isocratic mode with amobile
phase constituted of 47% acetonitrile: 53% water (V/V).

Theeution wascarried out a aflow rate of 1.50 ml /min.
The injection volume was 10 ul. All analyses were per-
formed at room temperature (24 +/- 2 degrees C). Inthe UV

method the column effluent was quantified at a wave-
length of 215 nm with drospirenone used asan internal stan-
dard. In the method with UV / fluorescent detection, LNG
was quantified at awavelength of 242 nm, while EED was
quantified with fluorescent detection (excitation 285 nm/
emission 310 nm).

Preparation of solutions

Commercially available samples, coated tablets con-
taining 30 ug of EED and 150 nug of LNG were used inthis
research. Levonorgestrel, ethinylestradiol and internal
standard were supplied by Schering Deutschland GmbH
(Berlin, Germany). HPL C-grade acetonitrile was from Merck
(Darmstadt, Germany). Double-distilled water was used
to prepare mobile phase solutions.

A solvent was prepared by mixing 60 volumes of ace-
tonitrile and 40 volumes of water. Aninterna standard solu-
tion used in the HPL C method with UV detection was prepa-
red by dissolving an appropriate amount of drospirenonein
solvent in order to obtain final concentration of 50.0 ug/ml.

All solvents and solutions for HPLC analysis were
filtered through amembrane filter (0.45 um pore size) and
vacuum degassed before use.

Calibration curves

Stock solution of EED was prepared by dissolving
Ethinylestradiol standard substance (25 mg) with 100 ml sol-
vent in a 100-ml volumetric flask. Standard solutions were
prepared by dilution of EED stock solution with solvent to
obtain final concentrations ranging from 3.75 ug/ml — 15.0
ug/ml (in the method with UV detection) and 0.6 ug/ml —
3.0 ug/ml (in the method with UV / fluorescence detection).

Stock solution of LNG was prepared by dissolving
Levonorgestrel standard substance (65 mg) with 100 ml sol-
vent in a 100-ml volumetric flask. Standard solutions were
prepared by dilution of LNG stock solution with solvent to
obtain find concentrations ranging from 18.75 ug/ml — 75.0
ug/ml (in the method with UV detection) and 3.0 ug/ml —
15.0 ug/ml (in the method with UV / fluorescence detection).

Sample preparation

In the HPL C method with UV detection, interna stan-
dard method, each of 10 tablets was transferred in 5-ml
volumetric flask and 4 ml internal standard solution was
added. The solution was heated at 60°C in an ultrasonic
bath for 25 minutes, cooled and filtered through 0.45 um-
nylon syringe filter. 10 ul of the clear solution wasinjected
into chromatograph.

In the HPLC method with UV/ fluorescence detection,
external standard method, each of 10 tablets was transfer-
red in 25-ml volumetric flask and 20 ml solvent was added.
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The solution was heated at 60°C in an ultrasonic bath for
25 minutes, cooled, filled up with the solvent and filtered
through 0.045 um-nylon syringe filter. 10 ul of the clear
solution was injected into chromatograph.

Recovery tests

To study the accuracy of the proposed analytical meth-
ods, recovery testswere conducted using the standard addi-
tion method. To discover whether excipientsinterfered with
the analysis, known amounts of standard were added to
tablet formulation samples and the resulting mixtures were
analyzed by the proposed methods. The percent of recov-
ery was calculated using the calibration equation.

Results and discussion

HPLC method with UV detection, internal standard

method

In the preliminary research, the absorption spectra of
EED and LNG in solvent were studied. The UV spectrum
characterigtic of the EED presents two maxima, one at 215
nm and another at 280 nm, due to t—n* transitionsin the
aromatic ring (14). LNG shows a characteristic absorption
maximum at 242 nm which arises from n—n* transitions
(in this case in the conjugated o, B-unsaturated ketone
(C=C-C (0)-C) at position 3 (23). As both analyzed com-
pounds absorb amost equally at a wavelength of 215 nm,
this wavelength was chosen as the most adeguate for a
simultaneous detection of EED and LNG in amixture.

British Pharmacopoeia (BP) (15) separation method for
Ethinylestradiol and Levonorgestrel Tablets, two active com-
ponents in contraceptive tablets, uses a reversed-phase col-
umn (15 cm x 4.6 mm) packed with octadecyl silicage (par-
ticle size 5 um) and a mobile phase consisting of 49% ace-
tonitrile and 51% water, with aflow rate of 1.5 ml per minute
and a detection wavelength of 215 nm. 2-hydroxybiphenyl
was recommended as an internal standard. As 2-hydroxybi-
phenyl was not available at the time of performing the
andysis, we have modified the proposed method by choos-
ing another substance as an internal standard.

There are afew substances cited in the literature asin-
ternal standardsin the determination of EED and LNG, such
as. buthyl-hydroxytoluene (16), hydrocortisone (17) and dros-
pirenone (13). However, the results we have obtained with
buthyl-hydroxytoluene and hydrocortisone were not satis-
factory. Namely, the elution of hydrocortisone was too fast,
and buthyl-hydroxytoluene showed low absorptivity at the
wavelength of 215 nm. Finally, drospirenone has fulfilled
al conditionsto be used as an interna standard.

Chromatograms that represent the separation of EED
and LNG (with drospirenone as an internal standard) in

Maken. hapm. 6mnt., 52 (1,2) 9-16 (2006)

mixed standard solution and sample solution with UV de-
tection at wavelength of 215 nm are shown in Fig. 3. and
Fig. 4, respectively.

System suitability test is an integral part of the liquid
chromatographic method. System repestability was estima:
ted by 10 repeated injections of mixed standard solution at
100% of test concentration (7.5 ug/ml EED, 37.5 ug/ml LNG
50.0 ug/ml 1S). The variation in retention times among 10
replicate injections was very low with RSD values. 0.21%
for EED, 0.22% for internal standard, and 0.23% for LNG.
Thevariationin pesk areasamong 10 replicateinjectionswas
asolow with RSD values: 0.39% for EED, 0.19% for inter-
nal standard, and 0.20% for LNG. These results are in accor-
dance with European Pharmacopoeia (2). The data obtained
from system suitability test are presented in Table 1.

Thelinearity of EED and LNG were established from a
series of standard solutionsfor both EED and LNG separa-
tely, with concentrations ranging from 50% to 250% of the
test concentration. Good linearity was observed for both
analyzed compounds (2 = 0,9999 for both EED and LNG).
The limit of detection (LOD) and the limit of quantifica-
tion (LOQ) were calculated according to ICH Guideline
(18). LOD for EED was 0.0538 pg/ml, while LOQ for

v

Fig. 3. A typica chromatogram of mixed standard solution
(7.5 pg/ml EED, 37.5 pg/ml LNG, and 50.0 pg/ml internal
standard) detected by UV detector at awavelength of 215 nm

v

Fig. 4. A typica chromatogram of a sample solution detected by
UV detector at awavelength of 215 nm
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Table 1. System suitability test parameters, comparative data between two methods

2

Method UV detection* UV [/ fluorescence detection
Par ameter EED IS LNG EED LNG
Capacity factor (k) 4.349 6.392 7.487 4.147 7.027
Sel ectivity factor ()® Q41 =1.470 aqp=1171 o ‘on = 1.694
Theoretica plates 3835 5607 6108 4175 6654
Resolution® Ry = 5.517 Ry = 2.640 R, = 8.087
Symmetry factor 1.10 0.95 1.07 1.09 111

1 HPLC method with UV detection at wavelength of 215 nm (for both levonorgestrel and ethinylestradiol), internal standard method
2 HPLC method with UV detection at wavel ength of 242 nm (for levonorgestrel) and fluorescence detection at 310 nm (excitation at 285 nm) (for ethinylestradiol), external standard method
3 oy selectivity factor between EED peak and IS (internal standard) pesk; oi3/5; selectivity factor between IS (internal standard) pesk and LNG pesk; or'y/1; selectivity factor between EED

peak and LNG peak;
4 Roy1: resolution between EED peak and IS (internal standard) peak; Rz»: resolution between IS (internal standard) peak and LNG peak; R'p/q: resolution between EED peak and LNG pesk

Table 2. Linearity, comparative data between two methods

EED LNG
UV detection® UVd/eftIeoCrt?gr:gwce UV detection® Uvd/;gt? jf}?‘ce
Concentration range (i g/ml) 3.75-18.75 0.6-3.0 18.75-93.75 3.0-150
Slope 4.4489 2213460 2.1364 21504
Intercept 0.0276 9795 0.0113 1299.2
Correl ation coefficient (r2) 0.9999 1 0.9999 0.9998
Limit of detection (pg/ml) 5.38x 102 6.5x 10* 7.84x 102 3.81x 102
Limit of quantification (ug/ml) 0.1629 1.97x10° 0.2378 0.1156

1 HPLC method with UV det ection at wavelength of 215 nm (for both levonorgestrel and ethinylestradiol), internal standard method
2 PLC method with UV detection at wavelength of 242 nm (for levonorgestrel) and fluorescence detection at 310 nm (excitation at 285 nm) (for ethinylestradiol),

external standard method

Table 3. Precision, comparative data between two methods

UV detection® UV / fluorescence detecti on’
EED (i g/tabl.) % of label clam EED (i g/tabl.) % of labd claim
X 28.7372 95.79 28.9262 96.42
SD 0.4643 1.5477 0.2588 0.8626
RSD (%) 1.62 0.89
Coidoveinen 95 rirting g i gt
LNG (i g/tabl.) % of label clam LNG (i g/tabl.) % of labd claim
X 143.2109 95.47 141.3786 94.25
SD 1.1562 0.7708 1.2835 0.8556
RSD (%) 0.81 091
oo iona G0 2000 420 gt g s gt

1 HPLC method with UV detection at wavel ength of 215 nm (for both levonorgestrel and ethinylestradiol)
2 HPLC method with UV detection at wavel ength of 242 nm (for levonorgestrel) and fluorescence detection at 310 nm (excitation at 285 nm)
(for ethinylestradiol)
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Table 4. Accuracy, comparative data between two methods

UV detection® UV / fluorescence detecti on?
Added amount  Found amount® Recovery (%) Added amount  Found amount® Recovery (%)
(ug/ml) (ug/ml) (ug/ml) (ug/ml)
EED 1.84 1.79 97.37 0.308 0.307 99.93
3.69 3.73 101.19 0.615 0.608 98.82
553 5.60 101.25 0.923 0.925 100.20
7.37 7.38 100.10 1.231 1.237 100.53
9.21 9.13 99.08 1.539 1.536 99.85
11.06 10.88 98.43 1.846 1.842 99.78
X +D 99.57 +1.55 99.85 + 0.57
RSD (%) 156 0.58
LNG 9.54 9.21 97.14 1.522 1.576 103.52
19.08 19.43 100.48 3.044 2.989 98.19
28.61 28.67 99.01 4,566 4,556 99.77
38.15 38.00 98.68 6.088 6.058 99.51
47.69 47.99 98.98 7.610 7.641 100.41
57.23 56.97 99.96 9.132 9.138 100.06
X +D 98.86 +1.19 100.24 + 1.78
RSD (%) 1.20 177

1 HPLC method with UV detection at wavelength of 215 nm (for both levonorgestrel and ethinylestradiol)
2 HPLC method with UV detection at wavel ength of 242 nm (for levonorgestrel) and fluorescence detection at 310 nm (excitation at 285 nm)

(for ethinylestradiol)
3 Average of three determinations

EED was 0.1629 pug/ml. LOD for LNG was 0.0784 pg/ml,
and LOQ for LNG was 0.2378 pg/ml (Table 2.).

The precision of the analytical method was assessed
using 6 determinations at 100% of test concentration that
were done on the same day, by the same analyst and using
the same equipment. Intermediate precision was estab-
lished by repeating the procedure in two different days by
the same analyst. The relative standard deviations (< 2%)
confirmed precision of the method. The statistical data are
shownin Table 3.

The recovery tests were performed according to the
recommendation of ICH Guideline (17). Satisfactory
recoveries were observed for both EED and LNG (99.57%
1 1.55%, and 98.86 % + 1.19%, for EED and LNG respect-
ively). The results obtained are shown in Table 5 and they
confirmed the accuracy of the method.

The proposed method was applied to analyze the para-
meter Uniformity of Dosage Units in the commercially
available samples (coated tablets containing 30 ug of ETE
and 150 pg of LNG). The obtained results were in good
agreement with the certified values and were in accordance
with European Pharmacopoeia requirements. The results
obtained are shown in Table 5.

Maken. hapm. 6mnt., 52 (1,2) 9-16 (2006)

HPLC method with UV / fluorescence detection, external

standard method

During the development of the analytical method for
quantification of the active compound in Levonorgestrel
and Ethinylestradiol tablet we have been faced with two
inherent problems. They were: a) the low ultraviolet molar
absorptivity of EED; and b) the low proportion of EED
compared to LNG in the pharmaceutical formulation.
Fortunately, the molecule of EED has ability to fluores-
cence (emit higher wavelength radiation) after excitation
by shorter wavelength energy, which allowed usto measure
the concentration of EED with fluorescence detector. On
the contrary, levonorgestrel has no natural fluorescence.
Because of that, we have chosen to measure the UV absor-
bance of levonorgestrdl at 242 nm and the fluorescence of
EED at 310 nm (excitation at 285 nm) using a DAD de-
tector connected in series with a fluorescence detector.

Asthe fluorescence detector is much more sendtive than
UV detector (10-1000 times more sengitive, depending on the
compound being measured), we had to dilute the sample solu-
tion to obtain the optimal test concentration. Preliminary tests
were performed in order to definethe concentration interval in
which the intensity of the detector responseis proportiond to
the concentration of the analyzed substance. Standard solu-
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tions of EED concentration ranging from 0.12 ug/mi-12.0
ug/ml were measured and the linearity was proven through
the range 0.12 ug/ml — 4.8 ug/ml. Therefore, the concentra-
tion of 1.2 ug/ml was chosen as optima test concentration.

A chromatogram that represents the separation of EED
and LNG in mixed standard solution and sample with UV/
fluorescence detection is shown in Fig. 4. and Fig. 5., res-
pectively.

System repeatability was estimated by 10 repeated
injections of mixed standard solution at 100% of test con-
centration (1.2 pg/ml EED, 6.0 ug/ml LNG). The variation
in retention timesamong 10 replicate injections was very low
with RSD values: 0.37% for EED and 0.41% for LNG. The
variation in peak areas among 10 replicate injections was
aso low with RSD values: 0.25% for EED and 0.23% for
LNG. These results are in accordance with European
Pharmacopoeia (2). The data obtained from system suita
bility test are presented in Table 1.

An excellent linearity was observed for both analyzed
compounds (r2 = 1 for EED and 0.9998 for LNG). The limit
of detection (LOD) for EED was 0.00065 png/ml and the
limit of quantification (LOQ) for EED was 0.00197 ug/ml.
LOD for LNG was 0.0381 ug/ml (Table 2.).

It is obvious that HPLC method with fluorescence
detection, external standard method, is about 83 times
more sensitive for EED determination than HPL C method
with UV detection, internal standard method (LODg ;o =
0.00065 g/ml vs. LODy,y, = 0.0538 g/ml). Moreover, the
use of wavelength of maximum absorbance for LNG de-
tection (242nm) in the HPLC method with UV /fluores-
cence detection, external standard method, aso enhances
the sengitivity for LNG determination in comparison to the
HPL C method with UV detection, internal standard method,
where a wavelength of 215 nm is used (LODygonm =
0.0381 pug/ml vs. LODyy5 nm = 0.0785 ug/ml).

Fig. 5. A typica chromatogram of mixed standard solution
(1.2 mg/ml EED and 6.0 9 ptg/ml LNG) detected by UV
detector at awavelength of 242 nm (for LNG) and
fluorescence detector at awavelength of 310 nm
(excitation at 285 nm) (for EED)

Fig. 6. A typical chromatogram of a sample solution detected by
UV detector at awavelength of 242 nm (for LNG) and
fluorescence detector at awavelength of 310 nm
(excitation at 285 nm) (for EED)

The precision of the method was validated by perform-
ing 6 determinations at 100% of test concentration that were
done on the same day, by the same analyst and using the same
equipment. Intermediate precision was established by repe-

Table 5. Uniformity of dosage units, comparative data between two methods

UV detection’ UV / fluorescence detecti on’
EED (i g/tabl.) %of label daim  EED (ightabl) % of label claim
X 28.5813 28.9087 96.36
SD 1.94
AV 6.78
LNG (i g/tabl ) %of label daim  LNG (i gftabl) % of label claim
X 145.2815 145.7140 97.14
SD 2.39
AV 7.10

1 HPLC method with UV detection at wavelength of 215 nm (for both levonorgestrel and ethinylestradiol)
2 HPLC method with UV detection at wavelength of 242 nm (for levonorgestrel) and fluorescence detection at 310 nm (excitation at 285 nm)

(for ethinylestradiol)
3 Average of three determinations
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ating the procedure in two different days by the same ana-
lyst. The variation in results obtained among 6 determina-
tionswasvery low (< 2%), which confirmed precision of the
method. The statistical data are shown in Table 3.

Sdtisfactory recoverieswere observed for both EED and
LNG (99.85% + 0.57% and 100.24% + 1.78%, for EED and
LNG respectively). Theresultsare shown in Table 5.

The HPLC method with UV/ fluorescence detection,
external standard method, was applied to analyze the para-
meter Uniformity of Dosage Units in the commercially
available samples (coated tablets containing 30 pg of ETE
and 150 pg of LNG). The results were in good agreement
with the declared values and in accordance with European
Pharmacopoeiarequirements. The results obtained are shown
inTable5.

Conclusion

Both of the proposed HPL C method enables simple,
accurate, precise and rapid determination of EED and LNG
in pharmaceutical dosage forms without interference from
excipients and could, therefore, be easily adopted in routine
quality control analysis. The methods' performances were
fully validated by determination of linearity, reproducibili-
ty, accuracy and sensitivity. The methods were applied for
determination of Uniformity of Dosage Units. The results
obtained with both proposed methods were highly compa-
rable. However, in the case of sensitivity, the HPL C method
with UV/ fluorescence detection, externa standard method,
showed superior sensitivity, which was indicated by lower
detection limit for EED and LNG. By applying fluorescen-
cedetection a 310 nm (excitation at 285 nm) LOD for EED
was about 83 times lower than with UV detection at 215
nm (LODFLUO =0.00065 Mg/ml / LODUV =0.0538 ug/ml)
Furthermore, we have aso obtained a better sensitivity for
LNG using awavelength of maximum absorbance for LNG
(242 nm) instead of a wavelength of 215 nm (LOD,4onm
=0.0381 pug/ml / LODyy5 nm = 0.0785 ug/ml).

The sengitivity of HPLC method with UV/ fluorescence
detection isits main advantage and it could be recommend-
ed as the method of choice for determination of ethinyl-
estradiol, present at avery low dosage level in low-dose
oral contraceptives.

Makep. papm. 6unT., 52, (1,2) 9-16 (2006)

References

1. T.M. Dando and M.P. Curran, Drugs. 65, 2299-2306, (2005)

2. European Pharmacopoeia, 5t Edition 2004, Council of
Europe, Strasbourg, 2004, pp 1550-1551, 1911-1912

3. The Merck Index, Thirteenth Edition, Merck Co Inc, 2001,
pp 666, 609.

4. JJ. Berzas, J.J. Rodriguez and G. Castaneda, Analyst. 122,
41-44 (1997)

5. R. Gatti, R. Gotti, M. G Gioiaand V. Cavrini,
J Pharm Biomed Anal. 17, 337-347 (1998)

6. X.Y. Xiao, D.V. McCalley and J. McEvoy, J Chromatogr A.
923, 195-204 (2001)

7. S. Nakamura, T.H. Sian and S. Daishima, J Chromatogr A.
919, 275-282 (2001)

8. T.A. Ternes, M. Stumpf, J. Mudller, K. Haberer, R.D. Wilken
and M. Servos, Sci Total Environ. 225, 81-90 (1999)

9. L. Nygaard, H. Drohse Kilde, S.G Andersen, L. Henriksen
and V. Overby, J Pharm Biomed Anal. 34, 265-276, (2004)

10. T. Isobe, H. Shiraishi, M. Yasuda, A. Shinoda, H. Suzuki
and M. Morita, J Chromatogr A. 984, 195-202 (2003)

11. C. Tozzi, L. Anfoss, G Giraudi, C. Giovannoli, C. Baggiani
and A. Vanni, J Chromatogr A. 966, 71-79, (2002)

12. S. H. Strusiak, J.G Hoogerheide and M.S. Gardner,

J Pharm Sci. 71, 636-640, (1982)

13. PA. Lane, D.O. Mayberry and R.W.Young, J Pharm Sci. 76,
44-47, (1987)

14. M.J. Lopezde Aldaand D. Barcelo, J Chromatogr A. 938,
145-153 (2001)

15. British Pharmacopoeia. London, UK: Constable & Co Ltd.,
2003, p. 2067-8, 2198-9

16. L. Havlikova, L. Novakova, L. Matysova, J. Sicha
and P. Solich, J Chromatogr A. 143-149, (2006)

17. L. Novakova, L. Matysova, D. Solichova, M.A. Koupparis
and P. Solich, J Chromatogr B Analyt Technol Biomed Life
Sci. 813, 191-197, (2004)

18. International Conference on Harmonisation of Technical
Requrements for Registration of Pharmaceuticals for Human
Use. ICH Harmonised Tripartite Guideline: Validation of
Analytica Procedures: Text and Methodology Q2 (R2) (2005)



16 Zorica Arsova-Sarafinovska, Liljana Ugrinova, Katerina Starkoska, Dragan Djordjev, Aneta Dimitrovska

Pe3nme

OmnpenenyBame Ha eTHHWICCTPAANOJI H JIEBOHOPrecTpes BO NepOpPaTHH
KOHTpanenTupnu tadaeru co HPLC meronu co UV
n UV/jayopecuenTna gereknuja

Kayunu 360poeu: etununectpaguol, resonoprecrpen, HPLC, mepopanHu KOHTpalenTUBH

Huckono3upanure nepopaiHy KOHTPAUEITHBY CONP3KAT IBE aKTHBHI KOMIIOHEHTH: €CTPOTeH XOPMOH (IIPHCYTEH BO MHO-
Ty Majia KOJMYMHA) ¥ CHHTETCKH IPOTeCTOreH (MpucyTeH Bo 5-30 maTw moronemMa KONWYWHA). 3apagyd BaKBUOT COOTHOC,
noTpebeH € CeH3UTHBEH, TOYEeH U Op3 METOJI 32 HICTOBPEMEHO OIpefieNyBathe Ha IBeTe aKTUBHU KOMIIOHEHTH.

PasBuenu ce HPLC MeTonum 3a onpefienyBambe Ha etunmiectpaguon (EEJ) u nesonoperectpen (JTIHI') Bo KoHTparern-
THBHE TabieTn. Pa3nojyBameTo Ha KOMIIOHCHTHTE BO IBETE METONN Oellre M3BeIeHO Ha peBep3HO (ha3Ha KomoHa Purospher
STAR RP-18e (150 X 4.0 mm 1.D.; 5 um), co moGmitHa ha3a cocTaBeHa o1 47 % aunetorutpwi u 53% Bona (V/V), m30KpaTHO, cO
6p3una Ha potok — 1,50 ml /mun. Bo HPLC metonor co UV gereknuja (MeTOR Ha BHATPEIICH CTaHAap/) IETeKIHjaTa Ha
IBeTe KOMIIOHEHTH Oetiie n3BefieHa Ha 215 nm. Kako uaTepen crangapy 6eie ynorpedeH fpocnupeHoH. Bo HPLC meTopoT co
UV/dnyopecuenTHa aetekija (MeTo Ha HagBopeleH crangapy), JIHI ce gerektupa Ha 242 nm, a EE]] co ¢yopeciien-
TeH fgetekTop Ha 310 nm (ekcuuranyja Ha 285 nm).

MeTtoauTte 6ea KOMIUIETHO BalMUPAHU NPEKY ONpEieNyBalke Ha TUHEAPHOCT, PENPOAYIUOUIHOCT, TOYHOCT U CEH3U-
TUBHOCT. [IBaTa MeTofa Oea MPUMEHETH 3a ONpefielyBalke Ha MapaMeTapoT “BOEIHAUEHOCT Ha JO3MpaHU eIUHULU", IPU
mITo ce fobueHu cnopenusu pesyirati. Ho, HPLC meTonoT co UV/ayopecueHTHa AeTeKIja € MHOTY TIOCEH3UTUBEH 32 OIpe-
nenyBawe Ha EE]L, mTo ce moTBpAyBa co 83 maTu NOHKWCKATa BPEHOCT Ha JTUMHT Ha fieTekuuja 3a EE]L.

Ha HPLC meTopot co UV/dmyopecuenTHa geTeknuja My ce jaBa IIPeTHOCT KaKo METOJ Off M300p IPpH KOHTPOJIa Ha KBa-
JUTETOT Ha HUCKOJO3MpaHu NepopaiHu KouTpauentusu co EE]] Bo KomMOMHaIHMja cO IPOrecTOreH! ak TUBHU KOMIIOHEHTH,
MIPUCYTHH BO IOBUCOKH KOHLEHTPALUH.
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