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The aim of the current study is the evaluation of the separation of steroids from accompanying substances in drug
products as follows: estradiol hemihydrate from didrogesterone (in Femoston tabl.) and estradiol valerate from
levonorgestrel (in Climonorm tabl.) and ciproterone acetate (in Climen tabl.). Reversed phase (RP) HPLC with UV-
detection and gas chromatography were applied. For the RP HPLC method with UV-detection the following conditions
were used: a) column: Nova Pack Cg; isocratic elution with mobile phase: acetonitrile : methanol : water =40 : 5: 55
viviv; flow rate: 1 ml/min; UV-detection at A = 204 nm; b) column Nova Pack Cag; gradient elution with: 0-10 min:
acetonitrile : methanol : water = 35 : 5 : 60 v/v/v; 10-20 min; acetonitrile : methanol : water = 70 : 5 : 25 v/vlv, flow
rate: 1 ml/min, UV-detection at A = 230 nm.

Although RP-HPLC separation at isocratic conditions allows determination of estradiol hemihydrate with high
reproducibility with the highest sensitivity at A = 204 nm, the analysis in medicinal products requires additional time for
elution of components more non-polar than estradiol hemihydrate, which are present in the sample: in Femoston tabl.:
tr = 13.42 min for didrogesterone; tr = 4.85 min for estradiol hemihydrate. The experimental results showed that RP
HPLC separation with gradient elution is characterized by higher selectivity. It is found that the detection wavelength
A =230 nm is optimal for the achievement of high sensitivity and it is universal for the identification of other active
principles and for obtaning of a stable base line with gradient elution.

For the GC method: a column HP-35 (30 m x 0.25 mm % 0.25 um), temperature program from 100 °C to 330 °C and
mass detection were used. Degradation of analytes at high temperature, their different degree of ionization and the
different sensitivity of their detection lead to uncertainty in the GC/MS analysis, therefore, HPLC is the more suitable
method for analysis of steroid components.
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INTRODUCTION

Osteoporosis is a skeletal disease which is more

macrophage colony stimulating factor, which
mediate osteoclastogenesis [9]. Hormone therapy

common in women than men: 50 % of women [1]
and 25 % of men aged over 50 have fractures [2].
Osteoporosis in postmenopausal women is caused by
the reduced estrogen levels [3, 4] leading to an
imbalance between the activity of osteoblasts and
osteoclasts [5]. The imbalance between bone
resorption and formation is due to the extension of
the life cycle of osteoclasts and shortening the cycle
of osteoblasts [6]. In postmenopause, bone
resorption rate sharply increases. Estrogens bind to
estrogen receptors in the cells. Estrogens inhibit the
degradation of bone tissue and suppress bone
resorption by regulating the expression of RANK-
receptor activator of nuclear factor kB (NFkB) and
osteoprotegrin in osteoblasts [7].

Hormones reduce the production of interleukin
1, interleukin 6, tumor necrosis factor o [8] and
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reduces the estrogen deficiency [10], decreases the
risk of osteoporotic fractures, suppresses
biochemical markers of bone resorption, improves
bone mineral density [11] and reduces bone loss
[12]. Estrone stimulates the development of osteoblasts in
women and testosterone is the hormone responsible for
bone health in men [13]. Hormone therapy includes:
estradiol (Climara); danazol (Danocrine); medroxy-

progesterone  acetate  (Provera); nandrolone
(Retabolil); noresthisterone acetate (Primolut);
oxandrolone (Anavar); testosterone; tibolone

(Livial); stanozolol (Winstrol). Combination of
estrogens and bisphophonates alendronate [14],
risedronate [15] and zoledronate [16], has additive
effects on the reduction of bone resorption markers.
In  postmenopausal women the combination
estrogen/alendronate  increases bone  mineral
density [17].

In combined drug products for the treatment of
menopausal symptoms in postmenopause are
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applied: 1) estradiol  hemihydrate  with
didrogesterone 10 mg (Femoston tabl.) and
norethisterone acetate 1 mg (Trisequense tabl.);
2) estradiol valerate with: ciproterone acetate 1 mg
(Climen tabl.) [18]; dienogest 2 mg (Climodien
tabl.) [19] and Levonorgestrel 0.15 mg (Climonorm
tabl.) [20].

For the determination of 17B-estradiol and
estradiol valerate in combination with other
components in the tablets the following methods
have been developed: 1) RP HPLC with UV-
detection: 1) 17p-estradiol/estriol/estrone: column
Cis micro Bondapak (250 mm x 4.6 mm X 10 pm)
in isocratic mode, mobile phase: acetonitrile : water
= 50 : 50 v/v, flow rate: 1 ml/min, column
temperature: 30 °C, A = 205 nm [21]; 2) 17B-
estradiol/drospirenone: column Waters Symmetry
Cis 250mm x 4.6 mm X 5um), mobile phase:
acetonitrile : water = 70 : 30 v/v, A = 279 nm [22];
3) estradiol valerate/dienogest: column ACE Cg
250mm x 4.6mm X 5um), mobile phase:
ammonium nitrate : acetonitrile = 30 : 70 v/v, flow
rate: 2 ml/min, A = 280 nm, internal standard
cyproterone acetate [23]; 1) gas chromatography
with mass detection (GC/MS): 17p-estradiol [24]
and estradiol valerate/medroxyprogesterone acetate
[25].

The advantage of these methods is good
selectivity, obtained by using columns with length
250 mm and diameter size of particles 5-10 pm.

The aim of the current study is the estimation of
the influence of lower column length (150 mm) and
lower diameter size of particles (3.5-4 um) on the
isocratic and gradient RP-HPLC separation of
steroids from accompanying substances in drug
products.

MATERIALS AND METHODS

Materials

1) Reference substances:

Estradiol hemihydrate N: D00 166 536, purity >
99 %

Estradiol valerate, purity > 99 %

Didrogesterone, purity > 99 %

Levonorgestrel, purity > 99 %

Ciproterone acetate, purity > 99 %

2) Solvents with pharmacopoeial purity:
acetonitrile for HPLC (Sigma Aldrich, N: SZBD
150 SV UN 1648); methanol (Sigma Aldrich,
N: SZBD 063 AV UN 1230); ultra pure water.

3) drug products: Femoston tabl. (estradiol
hemihydrate 2 mg/didrogesterone 10 mg)
(N: 341141 Abbott, Netherland); Climonorm tabl.
estradiol valerate 2 mg/levonorgestrel 0.15 mg
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(N: WEKSBH Bayer (Germany); Climen tabl.:
estradiol valerate 2 mg/ciproterone acetate 1 mg
(N: 344418, Bayer (Germany).

Methods

. Instrumentation.

1) HPLC 200 chromatograph (Perkin Elmer,
USA) with: spectrophotometric detector LC-785A
(Bioanalytical systems, USA); autosampler 200
series; thermostat (Perkin Elmer, Waltham, MA,
USA); columns: Nova Pack Cis (150 mm x 4.6 mm
x 4 um) (Waters USA WAT 044375); Li Chrospher
Cis (125 mm x 4 mm x 4 um) (Phenomenex, USA,
00E-3043-D0); Zorbax Eclipse XDB Cg (150 mm x
4.6 mm x 3.5 um) (Agilent, USA, 993967-906).

2) Gas chromatograph "Trace" with mass
spectral detector TSQ ("Thermo Fisher Scientific",
Waltham, MA, USA); "split/splitless” injector;
capillary column HP-35 (30 m x 0.25 mm x 0.25
um) ("Agilent", Santa Clara, CA, USA).

3) Ultrasonic bath (Branson Wilmington, NC,
USA).

4) Apparatus for ultra pure water "Milli-Q",
"Millipore" (Bedford, MA, USA) and "Elga"
(VWR International, Randor, PA, USA).

I1. Chromatographic conditions.

1) RP HPLC - columns: Nova Pack Cis, Li
Chrospher Cig, Zorbax Eclipse XDB Cg, isocratic
elution with mobile phase: acetonitrile : methanol :
water = 40 : 5 : 55 v/vlv, flow rate: 1 ml/min, UV-
detection at an analytical wavelength A = 204 nm.

2) RP HPLC - columns: Nova Pack Cis, Li
Chrospher Cis, Zorbax Eclipse XDB Cg, gradient
elution with: 0-10 min: acetonitrile : methanol :
water = 35 : 5 : 60 v/v/v; 10-20 min: acetonitrile :
methanol : water = 70 : 5 : 25 v/v/v, flow rate: 1
ml/min, UV-detection at A = 230 nm.

3) GC: column HP-35 (30 m x 0.25 mm x 0.25
um), split/splitless injection at 260 °C, temperature
program from 100 °C to 330 °C and mass detection
by electron impact ionisation mode and monitoring
of positive ions.

I1l. Preparation of stock standard solution of
estradiol hemihydrate and estradiol valerate.

Accurately weighed quantities (0.05 g) of the
reference substances estradiol hemihydrate and
estradiol valerate were separately dissolved in 15
ml acetonitrile under sonication in ultrasonic bath.
After dilution with acetonitrile in a volumetric flask
of 50.0 ml solutions with a concentration of steroids
1.0 mg/ml were obtained.

IV. Preparation of standard solution of estradiol
hemihydrate for RP HPLC.

Standard solution was prepared by dilution of
200 pl of the stock standard solution of estradiol
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hemihydrate (1.0 mg/ml) in a volumetric flask of
10.0 ml with acetonitrile. The resulting solution
was with concentration of estradiol hemihydrate
2.10° g/ml (20 pg/ml). The solution was filtered
through a membrane filter 0.45 um and analyzed by
the described RP HPLC method.

V. Preparation of standard solution of estradiol
hemihydrate for GC/MS.

The standard solution was prepared by dilution
of 1 ml of the stock standard solution of estradiol
hemihydrate (1.0 mg/ml) in a volumetric flask of
10.0 ml with acetonitrile. The resulting solution
was with concentration of estradiol hemihydrate:
1.10* g/ml (100 pg/ml). The solution was filtered
through a membrane filter 0.45 um and analyzed by
the described RP HPLC method.

V1. Preparation of solutions from tablets.

From the stirred tablet mass an amount
equivalent to 2 mg estradiol hemihydrate was
weighed, 10 ml of acetonitrile were added and
samples were sonicated for 5 min in an ultrasonic
bath with periodical stirring. The resulting
suspension was diluted in a volumetric flask of
100.0 ml with acetonitrile, sonicated for 10 min in
an ultrasonic bath, and placed for 30 min in the
dark place for precipitation. An aliquot part was
filtered through a membrane filter 0.45 um and
analyzed by the described RP HPLC method.

RESULTS AND DISCUSSION

I, Analysis of estradiol hemihydrate and
estradiol valerate by RP-HPLC with UV-detection.

HPLC with UV-detection was carried out in
order to find out the more suitable stationary phase
for separation of estradiol hemihydrate and
estradiol valerate from potential related ingredients
in: Femoston tabl. (esteradiol hemihydrate/didro-
gesterone), Climonorm tabl. (estradiol
valerate/levonorgestrel) and Climen tabl. (estradiol
valerate/ciproterone acetate).

Columms Nova Pack Cis (150 mm x 4.6 mm x
4 um), Li Chrospher Cig (125 mm % 4 mm x 4 pm)
and Zorbax HDB Cg (150 mm x 4.6 mm x 3.6 um)
were investigated. The evaluation of the various
columns operating in reversed mode shows that
Nova Pack Cis (150 mm x 4.6 mm x 4 um)
displays the highest parameters (efficiency and
selectivity) for estradiol hemihydrate and estradiol
valerate and accompanying substances in Femoston
tabl., Climonorm tabl. and Climen tabl. In isocratic
RP-HPLC with columm Nova Pack Cis in
Femoston tabl. for didrogesterone tr = 13.42 min
was obtained in comparison with didrogesterone
tr = 8.5 min obtained with Li Chrospher Cas.

On Fig. 1. are illustrated: chromatogram of
standard solution of estradiol hemihydrate and
chromatogram of 10 pl of solution of Femoston
tabl. in 100 ml of acetonitrile.

The chromatograms are obtained under
conditions of the isocratic mode, column Nova
Pack Cis, mobile phase: acetonitrile : methanol :
water = 40 : 5 : 55 v/vlv, flow rate: 1 ml/min and
UV-detection at A = 204 nm.

Esiradiol
hemihydrate

Estradiol
hemihydrate

Didrogesterone

Fig. 1. Chromatograms of 20 pl of 20 pg/ml standard
solution of estradiol hemihydrate and of Femoston tabl:
isocratic RP-HPLC, flow rate: 1 ml/min, A =204 nm.

Identification of estradiol hemihydrate in
Femoston tabl. is proven by the equal data for the
chromatographic parameter retention time (tr =
4.86 min) in the tablets and in the standard of
estradiol hemihydrate. The equal results for tr =
13.42 min in the tabl. and in the standard confirm
the identification of didrogesterone in Femoston
tabl.

RP HPLC separation in isocratic conditions
allows determination of estradiol hemihydrate with
high reproducibility. Sensitivity is highest at A =
204 nm. Inspite of this benefit, the disadvantage is
that the determination under isocratic conditions in
medicinal products requires additional time for
elution of components more non-polar than
estradiol hemihydrate present in the sample: in
Femoston tabl.: t = 13.42 min for didrogesterone;
tr = 4.85 min for estradiol hemihydrate.

In order to optimize the conditions for RP HPLC
analysis of estradiol hemihydrate in the presence of
related components the RP HPLC with gradient
elution was applied for analysis in tablets in the
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column: Nova Pack Cis. After isocratic elution the
time for cleaning of the column take more time
(1.5 h) than after gradient elution (1 h), which is the
reason for using the gradient mode of analysis.

Chromatograms are illustrated on Fig. 2.
(Femoston tabl.), Fig. 3. (Climonorm tabl.) and Fig.
4. (Climen tabl.).

The equal data for tz = 4.86 min in the tabl. and
in the standard of estradiol hemihydrate prove the
identification of estradiol hemihydrate in Femoston
tabl. ldentification of didrogesterone in Femoston
tabl. is confirmed by the equal results for tr = 8.5
min in the tablets and in the standard of
didrogesterone.

Identification of estradiol valerate in Climonorm
tabl. and Climen tabl. is proven by the equal values
of tr = 11.46 min in tabl. and in standard of
estradiol valerate. The equal results for tx = 8 min
in Climonorm tabl. and in the respective standard
confirm the identification of levonorgestrel in tabl.
In Climen tabl. ciproterone acetate is identified by
the equal data for tr = 8.29 min in the tablets and in
the standard of ciproterone acetate.

In gradient RP-HPLC analysis of estradiol
hemihydrate in the presence of related components,

the gradient elution with detection at A = 230 nm is
optimal for the achievement of high sensitivity and
is universal for the identification of other active
principles and for obtaining of stable base line.
From Figs. 2, 3 and 4 it is obvious that in RP
gradient elution the active principles of the
examined products were separated for 10 min, but
the presence of other non-polar ingredients requires
additional 10 min for elution and this leads to
increasing of the time of analysis to about 20 min.
The methods can be used for the routine analysis of
estradiol hemihydrate and estradiol valerate in
combined pharmaceutical products.

Il. ldentification of estradiol hemihydrate and
estradiol valerate by gas chromatography with mass
spectral detection.

On Fig. 5. a chromatogram of the standard
solution  of  estradiol  hemihydrate  with
concentration of 100 ug/ml and the mass spectrum
of the peak with a retention time of tr = 6.2 min,
obtained by electron impact ionisation mode and
monitoring of positive ions are illustrated.

Estradiol
hemihydrate

7 Didroge-
sterone

Resporse =\

L L L L L LR Laaaooasaanana
AL LU ALA) A L L ALY LA L A L) ) L A ) W L L

e [rren)

Fig. 2. Chromatogram of Femoston tabl. obtained by gradient RP-HPLC with UV-detection at A = 230 nm.
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Fig. 3. Chromatogram of Climonorm tabl. obtained by gradient RP-HPLC with UV-detection at A = 230 nm.
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Fig. 4. Chromatogram of Climen tabl. obtained by gradient RP-HPLC with UV-detection at A = 230 nm.
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Fig. 5. Chromatogram of a standard solution of estradiol hemihydrate and mass spectrum of the peak at tr = 6.2 min.
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Fig. 6. Total ion chromatogram of a mixed acetonitrile solution of Femoston tabl., Climonorm tabl. and Climen tabl.
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A mixed solution of Femoston tabl., Climonorm
tabl. and Climen tabl. was filtered and analysed by
gas chromatography. Fig. 6. shows: a)
chromatogram of a mixed solution of Femoston
tabl., Climonorm tabl. and Climen tabl. in
acetonitrile and mass spectra of. b) estradiol
valerate: tg = 7.86 min; ¢) levonorgestrel: tr = 6.58
min; d) didrogesterone: with tr = 7.45 min.

From Fig. 6. it is obvious that the use of gas
chromatography allows to analyze Femoston tabl.,
Climonorm tabl. and Climen tabl. and to identify
their active principles. Mass spectral identification
using specific mass spectral libraries is particularly
convenient in the qualitative analysis. Steroids are
very sensitive to contamination of the liner in the
injector when introducing the sample at high
temperature, which leads to degradation of the
analytes. The electronic ionization with positive ion
monitoring is the most popular variant of mass
spectral detection in gas chromatography, but leads
to a very different degree of ionization of the
various analytes, and thus achieves a different
sensitivity for detection thereof. For this reason, as
shown in Fig. 7., although the concentrations of
estradiol hemihydrate and didrogesterone are equal,
the magnitude of their signals is clearly different
and cyproterone acetate in Climen tabl. is not
registered on the chromatogram. For quantitative
analysis of the active ingredients in the tablets
GC/MS requires the use of clean liners and a
suitable internal standard.

CONCLUSION

Insipite of the fact, that RP HPLC separation
with isocratic elution and UV-detection is
characterized with the highest sensitivity at A = 204
nm, the disadvantage for analysis of estradiol
hemihydrate in medicinal products is that it requires
additional time for elution of the more non-polar
components. On the other hand, the degradation of
analytes at a high temperature, their different
degree of ionization and the different sensitivity of
the detection lead to uncertainty of the GC/MS
analysis. Due to this two reasons and because of
higher selectivity, the RP HPLC method with
gradient elution and UV-detection at A = 230 nm is
the most appropriate option for analysis of steroid
components such as estradiol hemihydrate and
estradiol valerate in dosage combined preparations.
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OLIEHKA HA PA3JIEJIIHETO HA CTEPO/IM B KOMBMHUPAHU ®OPMU YPE3 RP HPLC
C UV-IAETEKIUA U TTABOBA XPOMATOI'PA®UA

J. Lserkopal*, JI. O6pemkosa®?, C. Usanosa'?, b. Xamxuena®

Kameopa ~Papmayeemuuna xumus”’ ,Meduyuncku ynusepcumem-Cogus, Papmayeemuyen paxyimem,
ya. ynas N : 2, Coghus 1000, FBJITAPHUA
2Kameopa ~Dapmaroznosus u gpapmayesmuyna xumus’ Meouyuncku ynusepcumem-Ilnoeous, @axyimem no
dapmayus, yn. Bacun Anpunos N: 154, ITnosous 4002, FBJITAPUA
SMeouyuncku ynusepcumem-ITnosous, Meduyuncku xonesxc, yn. Bacun Anpunos N: 154, ITnoeous 4002, BBJITAPHA

ITocTpnuna Ha 7 ronu, 2016 r., . kKopurupana Ha.4 aBryct 2016 r.
(Pesrome)

IenTa Ha HACTOSIOTO M3CIEIBaHE € OLEHKATa Ha Pa3[eIHETO HA CTEPOUAN OT NPUAPY)KaBaIM BEIECTBA B
JIeKapcTBeHH MpoaykTH: Ectpammon xemuxuapar ot duaporecrepoH BeB Femoston tabn. u Ecrpaagnon Banepar or
Jlesonoprectpen (B Climonorm ta6n.) u Iunporepon anerar (8 Climen ta6n.). Ipunoxenun ca HPLC wmerton c
oO0bpHatH ¢usn u YB-nerexkuns u razosa xpomarorpadus. HPLC ¢ YB-zgerexuus e npoBeaeH NpH CIEJHUTE YCIOBUS:
a) konona: Nova Pack Cig, H30KpaTHYHO ellyupaHe ¢ MOABMXKHA (ha3a: aleTOHUTPUI : MeTaHou : Boja = 40 : 5 : 55
00/00/00, ckopocT Ha noToka: 1 mi/muH, YB-nerekuus npu aHaMTH4HA ABJDKMHA HA BhiHata A = 204 nm; 6) konoHa
Nova Pack Cig, rpamuenTro enyupane: 0-10 MUH: alleTOHUTPHI : METaHOI : Bojxa = 35 : 5: 60 06/06/06; 10-20 mumu:
AlCTOHUTPIII : MeTaHouI : Boga = 70 : 5 : 25 06/06/00, ckopocT Ha moToka: 1 mu/muH, YB-gerekiust mpu A = 230 mn.

Brmpexkn we, RP-HPLC pasnmensHeTo mpu W30KpaTHYHH YCJIOBHS TO3BOJSABA ompeaensHe Ha Ectpammon
XEeMHUXHIPAT C BUCOKA BBH3IMPOM3BOAMMOCT C Haif-BUCOKA WYBCTBHUTEIHOCT MpH A = 204 NM, aHAIM3BT Ha JICKAPCTBCHH
NPOAYKTH H3UCKBA IOIBJIHHUTEIIHO BpEME 3a elyHpaHe Ha MO-HEeNMOoJApHU OoT EcTpaanon XeMuxuuapaT KOMIIOHEHTH,
KOWTO NPHUCHCTBAT B Ipobara: BbB Femoston tabum.: tr = 13.42 mun 3a Junporecrepon u tr = 4.85 mun 3a Ectpaguon
xemuxunapar. Excniepumenranaure pesynratu nokassat, 4e HPLC MeToxbT ¢ TpajueHTHO elyrpaHe ce XapakTepusupa
C IO-BHCOKA CEJIEKTUBHOCT M, Y€ JbDKMHATa Ha BhJHata A = 230 NM e onTHMasiHa 3a MOCTUTaHETO Ha BHCOKA
YYBCTBUTEIHOCT U € YHHBEpCalHa 32 MACHTH(UIMPAHETO Ha APYTM aKTUBHM CHCTABKHU U 3a IOJy4aBaHe Ha CTaOMIIHA
0a3oBa JIMHUS IPU TPAJAUSHTHO eyUpaHe.

Ipu razosata xpomarorpadus ca usnonssanu: komoHa HP-35 (30 m x 0.25 mm x 0.25 pum), TemnepaTypHa
nporpama oT 100 °C no 330 °C u mac-metexnus. PasrpaxnaHeTo Ha aHAJUTUTE IPU BUCOKAa TeMIlEpaTypa, TAXHaTa
pa3iiMyHa CTETeH Ha HOHM3alus M pa3IMYHaTa YyBCTBUTEIHOCTTA P JETEKIMATa UM ca IIPHYMHA 32 HECUT'YPHOCT NPH
rasz-xpomartorpackus aHanus, nopaau koero, HPLC e mo-moaxomsi METOHI 3a aHajiu3 Ha CTEPOMIHH
KOMIIOHEHTH.
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