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Estimation of linearity and precision of the HPLC-HILIC method for analysis of
estradiol hemihydrate
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The aim of the present study was the estimation of linearity and precision of an isocratic HPLC-HILIC method with
UV-detection for identification and determination of estradiol hemihydrate in pharmaceutical dosage forms. Linear
regression analysis was performed. The regression calibration curve was built. Linearity accordance between
concentration and peak area in the range: 3.10°° g/ml + 4.10° g/ml was proved by the regression equation: y = 2698.99 x
— 2307.98. The least squares regression yielded a correlation coefficient R? = 0.999. LOD = 8.107 g/ml, LOQ =
8.10°¢ g/ml. The results for the accuracy at P = 99 % (t = 4.03) were presented by the percent recovery R [%)] within the
confidence interval: RC: 97.16 % + 101.84 % (RSD = 1.42).

Precision was estimated by standard deviation, relative standard deviation and confidence interval. All data for the
obtained quantity of estradiol hemihydrate correspond to the confidence interval: 1.96 mg/100 ml + 2.02 mg/100 ml
(SD =0.03; RSD = 1.51).

The high selectivity and efficiency of separation by HPLC-HILIC with UV-detection at A = 230 nm in an Amino-
column and the elution of non-polar analytes before the polar ones (estradiol) shortens the time for analysis and leads to

high repeatability.
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INTRODUCTION

Osteoporosis is a widespread disease throughout
the world and is considered as a major risk factor
for public health [1]. In osteoporosis, the imbalance
between bone resorption and formation is due to the
increased life cycle of osteoclasts and shortened
cycle of osteoblasts [2].

Estrogens bound to the estrogen receptors in the
cells suppress the degradation of bone tissue and
inhibit bone resorption by regulation of the
expression of RANK-receptor activator of nuclear
factor kB and osteoprotegrin in osteoblasts [3].

In postmenopausal women bone resorption rate
is sharply increased. The low levels of estrogen at
menopause reduce the ability for absorption and
utilization of calcium in the bones, stimulate osteoclasts
and inhibit the function of osteoblasts [4].

Stimulators of apoptosis of osteoclasts are
bisphosphonates and calcitonin [5]. The mechanism
of action of bisphosphonates on bone is complex
and involves a decrease in the production and
activity of osteoclasts, increase of osteoclast

apoptosis, resulting in specific inhibition of farnesyl
pyrophosphate synthetase — an enzyme that regu-
lates biosynthesis of malonate, cholesterol and re-
gulatory proteins (rab, rho, rac), which mediate the
osteoclast activity. By affecting the osteoclasts, bis-
phosphonates inhibit bone resorption and decrease
vertebral and non-vertebral fracture risk [6].

Adverse effects of bisphosphonates are
esophageal cancer, nausea, vomiting [7] and atrial
fibrillation (zoledronate) [8].

The molecular mechanism of action of selective
estrogen receptor modulators (SERM) like
raloxifene [9] include selective binding to a and f
estrogen receptors.

Strontium ranelate inhibits osteoclastogenesis by
suppression of the differentiation and activity of
osteoclasts [10].

Hormonal therapy with estradiol [11] suppresses
bone resorption and reduces the loss of bone mass
[12]. Combined therapy leads to a greater reduction
of fractures than single agent. The administration of
bisphosphonate with raloxifene shows greater
improvement in body mass density [13].

Hydrophilic interaction chromatography
(HILIC-HPLC) has been described by Andrew

* To whom all correspondence should be sent: ) 2 o
E-mail: dobrinka30@mail.bg; dobrinka30@abv.bg Alpert in 1990 [14] as HPLC with hydrophilic
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stationary phase and reversed-phase type eluents
[15]. The HILIC mode of separation currently has
been successfully applied for separation of so-
me organic compounds and biomolecules [16]. It is
suitable for analysis of carbohydrates, peptides and
polar pharmaceuticals [17] and for quality assu-
rance of glycoproteins in biological products [18].

Through HPLC with hydrophilic interaction a
10-fold increase in sensitivity in comparison with
RP-HPLC is achieved [15].

Literature review reveals that for the
determination of 17f-estradiol alone or in
combinations with other drugs the most often
applied methods are UV-spectrophotometry [19],
derivative spectrophotometry [20], HPLC with
normal phases [21] and HPLC with reversed
phases and UV-detection [19], whereas for 17p-
estradiol and drospirenone: a Cig column, mobile
phase: acetonitrile : water = 70 : 30 v/v, A = 279
nm [20].

The aim of the present study was the validation
of the isocratic HPLC-HILIC method with UV-
detection in accordance with the International
Conference on Harmonization Guidelines [22] for
the analytical parameters: limearity, LOD, LOQ.

precision  (repeatability) and accuracy for
identification and determination of estradiol
hemihydrate in dosage preparation.

MATERIALS AND METHODS

Materials

I) Reference standard: estradiol hemihydrate:
D00 166536 with purity > 99 %.

II) Reagents with analytical grade quality:
acetonitrile for HPLC (Sigma Aldrich, N: SZBD
150 SV UN 1648), distilled water.

I11) Tablets

Trisequens tabl. (2 mg estradiol hemihydrate/1
mg norethisterone acetate) (DF 70298 Novo
Nordisk, Netherlands)

Climonorm tabl. (2 mg estradiol valerate/0.15
mg levonorgestrel) (WEKSBH Bayer, Germany)

Climen tabl. (2 mg estradiol valerate/10 mg
ciproterone acetate) (344418, Bayer, Germany).

Methods: HPLC-HILIC method
Instrumentation

HPLC 200 (Perkin Elmer, USA) with:
spectrophotometric detector LC-785A
(Bioanalytical systems, USA); thermostat (Perkin
Elmer, Waltham, MA, USA); ultrasonic bath
(Branson Wilmington, NC, USA); apparatus for
ultra pure water: "Milli-Q", "Milipore" (Bedford,

MA, USA) and " Elga" (VWR International,
Randor, PA, USA).

Chromatographic conditions: isocratic HPLC-
HILIC elution with: stationary phase: column
Spherisorb Amino (250 mm x 4.6 mm x 5 pm),
mobile phase: acetonitrile : water = 55 : 45 vlv,
flow rate: 2 ml/min and UV-detection at A = 230
nm.

Preparation of solutions of the reference substance
estradiol hemihydrate for validation of the HPLC-
HILIC-method for analytical parameter linearity.

Preparation of stock standard solution of estradiol
hemihydrate

An accurately weighed quantity (0.05 g) of the
reference substance estradiol hemihydrate was
dissolved in 15 ml of acetonitrile under sonication
in a ultrasonic bath. After dilution with acetonitrile
in a volumetric flask of 50.0 ml a solution with a
concentration of estradiol hemihydrate of 1.0
mg/ml was obtained.

Preparation of standard solutions of estradiol
hemihydrate

For the calibration curve for HPLC-HILIC-
method a series of standard solutions were prepared
by dilution of 30 pl, 50 pl, 100 pl, 200 wl, 300 ul
and 400 ul of the stock standard solution of
estradiol hemihydrate (1.0 mg/ml) in volumetric
flasks of 10.0 ml with the mobile phase acetonitrile
: water = 55 : 45 v/v. The resulting solutions were
with concentrations of estradiol hemihydrate:
3.10% g/ml, 5.10° g/ml, 1.10° g/ml, 2.10° g/ml,
3.10° g/ml and 4.10° g/ml, respectively. The
solutions were filtered through a membrane filter
0.45 um and analyzed by the described HPLC-
HILIC-method.

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 the
samples were sonicated for 5 min in an ultrasonic
bath under 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 in the dark place for
30 min for precipitation. An aliquot was filtered
through a membrane filter 0.45 um and analyzed by
the described HPLC-HILIC-method.

RESULTS AND DISCUSSION

In order to search for opportunities to shorten
the time of analysis, other options for
chromatographic separation were used. Due to the
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presence in the analyzed compounds of mainly less
polar components than estradiol hemihydrate and
estradiol valerate, the possibilities for their elution
in reversed order by HPLC-HILIC distribution
mechanism were tested.

The chromatograms from the isocratic HPLC-
HILIC elution of the components of tablets are
illustrated  for:  trisequens tabl.  (estradiol
hemihydrate/norethisterone  acetate) (Fig. 1.);
climonorm tabl. (estradiol valerate/levonorgestrel)
(Fig. 2) and climen tabl. (estradiol
valerate/ciproterone  acetate) (Fig. 3.). The
optimized conditions were: column Spherisorb
Amino (250 mm x 4.6 mm x 5 um), mobile phase:
acetonitrile : water = 55 : 45: v/v, flow rate: 2
ml/min, UV-detection at A = 230 nm.

Fig. 1. Chromatogram of trisequens tabl. (estradiol
hemihydrate/norethisterone acetate) at isocratic HPLC-
HILIC, flow rate: 2 ml/min, UV-detection at L = 230 nm.

T T Resoworecpes

Fig. 2. Chromatogram of climonorm tabl. (estradiol
valerate/levonorgestrel) at isocratic HPLC-HILIC, flow
rate: 2 ml/min, UV-detection at A = 230 nm.

— Clinven tabl.
Estradiol valerste

Cipraterene acetate Y|

Fig. 3. Chromatogram of climen tabl. (estradiol
valerate/ciproterone acetate) at isocratic HPLC-HILIC,
flow rate: 2 ml/min, UV-detection at A = 230 nm.

From Fig. 1, Fig. 2 and Fig. 3. it is obvious that
the components of trisequens tabl., climonorm tabl.
and climen tabl. are separated by HPLC-HILIC
mechanism using Amino column in less than 4 min.
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Validation of the isocratic HPLC-HILIC-method
with UV-detection for analysis of estradiol
hemihydrate

HPLC-HILIC-analytical method for estradiol
hemihydrate was validated in terms of the
analytical parameters: selectivity, linearity, limit of
detection (LOD), limit of quantification (LOQ),
precision (repeatability) and accuracy.

Selectivity

Placebo solution, containing starch as a
supplement, without the active substance estradiol
hemihydrate was prepared. The selectivity of the
applied method was confirmed by the fact that on
the chromatogram with placebo preparation there
was no peak with tg, corresponding to tr of
estradiol hemihydrate (tz = 2.87) in standard
solution. This fact confirms the lack of interference
from the excipient starch commonly present in
tablets [22].

Study of the analytical parameter linearity

For estimation of the linearity, the HPLC-
HILIC-method was applied under chromatographic
conditions: column Spherisorb Amino (250 mm x
4.6 mm x 5 um), mobile phase acetonitrile : water
=55 : 45 v/v, flow rate: 2 ml min, UV-detection at
A =230 nm.

Data for the concentration (C) and the peak area
(A) for solutions with estradiol hemihydrate are
presented in Table 1.

Table 1. Concentration (C) and peak area (A) for
linearity for estradiol hemihydrate.

N: C [g/ml] A
L. 3.10° 5904.8

2. 5.10° 9872.6

3. 1.10° 22932.9
4, 2.10° 51561.5
5, 3.10° 79069.4
6. 4.10° 105994.0

The dependence of chromatographic peak area
on the concentration of estradiol hemihydrate was
evaluated by obtaining the chromatograms of
standard solutions with concentrations: 3.10° g/ml,
5.10% g/ml, 1.10° g/ml, 2.10° g/ml, 3.10° g/ml,
4.10° g/ml. The experimental results for the peak
areas obtained for solutions with increasing
concentration, were subjected to linear regression
analysis to obtain the regression equation: y = ax +
b (a-slope, b — interept).

Linearity accordance between concentration and
peak area in the range: 3.10° g/ml = 4.10° g/ml was
proved by the regression equation: y = 2698.99.x —
2307.98, with calculated correlation coefficient R2
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=0.9999. The linear relationship between peak area
(A) and concentration (C) [g/ml] is shown in Fig. 4.

5 30.00 151 151 1 = S
6 40.030D00 40126828 -0.126826 -0.316 105994009815 105651702 342308 0524
Standard groph for Estradiol

Peak Areaq

143 214 286 357
Concentration [ug/ml]

Fig. 4. Linearity for estradiol hemihydrate of the
HPLC-HILIC-method with UV-detection at A = 230 nm
and flow rate 2 ml/min

Study of the analytical parameters LOD and LOQ.

The sensitivity of the HPLC-HILIC-method
using chromatographic conditions was defined as
LOD (concentration, at which the obtained ratio of
signal to noise is 3:1) and LOQ (concentration, at
which the obtained ratio of signal to noise is 10:1).
From the chromatogram of 10 pl standard estradiol

hemihydrate solution (C = 3.10° g/ml) were
calculated: LOD =8.107 g/ml; LOQ = 8.10 g/ml.

Estimation of the analytical parameters
accuracy and precision (repeatability) of the
HPLC-HILIC-method.

For the estimation of analytical parameters
accuracy and precision (repeatability), the descibed
HPLC-HILIC-method was applied to 6 standard
solutions containing known amounts of estradiol
hemihydrate: 100 % (2 mg/100 ml).

On Fig. 5. the chromatogram of a standard
solution of estradiol hemihydrate is presented.

The quantity of drug was calculated by the
method of calibration curve using the regression
equation. In Table 2. are summarized data for: N —
number of individual measurements (N = 6); A —
peak area; UA — Chauvenet criterion for peak area;
C — quantity of estradiol hemihydrate obtained by
the method of calibration curve; UC — Chauvenet
criterion for obtained content; RC - degree of

recovery [%];7— arithmetical mean; SD -
standard deviation; RSD [%] - relative standard

deviation; S X - mean guadratic error; P —
confidence possibility [%]; t — coefficient of

Student;Y.—- t.S X — confidence interval; E -
relative error [%].

Table 2. Validation of the HPLC-HILIC method for accuracy and precision (repeatability) of estradiol hemihydrate.

N: A UA C uc RC
[mg/100 ml] [%6]
1. 50287 1.38 1.95 1.33 97.5
2. 50522 1.09 1.96 1.0 98
3. 51688 0.36 2.00 0.33 100
4, 51697 0.37 2.00 0.33 100
5. 51899 0.62 2.01 0.67 100.5
6. 52312 1.13 2.02 1.0 101
_ 51401 + 1.99 +
X £sD 808 0.03
_ 99.5+
R [%] + 1.42
RSD [%]
SD 808 0.03 1.41
RSD [%] 157 1.51 1.42
_ 0.01 0.58
S X
P [%] 95.0 99.0
t 2.57 4.03
_ 0.03 2.34
t.S X
_ _ 1.96 + 2.02 97.16 + 101.84
+tS X
E [%] 0.5 0.58
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Rasult Fils ;
Sequence Fie : C:\PenExe\TeNSNam 3 1 Examples BugmiSIHILIC_soctratdmiming3nm-2015082 1073735 520

Tise k]

REPORT OF ANALYSIS

Paak Time rea Component .
£ S [rmirn]  [uvW*sec] Name
1 2871 50328 .64 Estradiol

50328.54

Fig. 5. Chromatogram of a standard solution of
estradiol hemihydrate: HPLC-HILIC-method with UV-
detection at A =230 nm and flow rate 2 ml/min.

For the assessment of accuracy and precision the
sample standard deviation (SD) was calculated by
applying Bessel’s correction, in which the
denominator N — 1 (degrees of freedom) is used
instead of N and in this case (S)? is an unbiased
estimator for (SD) [22].

For the estimation of precision (repeatability)
the uncertainty of the result was used, which is
determined by: standard deviation (SD), relative
standard deviation (RSD) and confidence range.
Repeatability is expressed by SD and RSD for 6
standard solutions with added content of estradiol
hemihydrate: 2 mg/100 ml. All data for the
obtained concentration of estradiol hemihydrate
correspond to the confidence interval: 1.96 mg/
100 ml + 2.02 mg/100 ml (SD = 0.03; RSD = 1.51).

The results for the accuracy at P = 99 %
(t = 4.03), expressed by the percent recovery R [%]
+ RSD [%] are within the respective confidence
interval RC: 97.16 + 101.84 % (RSD = 1.42).

CONCLUSIONS

The HPLC-HILIC-method is validated in terms
of the analytical parameters specificity, linearity:
y = 2698.99 x - 2307.98, LOD = 8.107 g/ml, LOQ
= 8.10° g/ml, repeatability. The higher selectivity
and efficiency of separation by HPLC-HILIC with
UV-detection at A = 230 nm in an Amino-column
and elution of the less polar analytes before the
more polar ones (estradiol) shortens the time for
analysis and leads to better repeatability.
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OLIEHKA HA JIMHETHOCTTA U TOUHOCTTA HA HPLC-HILIC-METO/1 3A AHAJIU3 HA
ECTPAJINOJ XEMUXUIPAT

J1. Lpetkopa'™*, Cr. A. MiBanosa'?, JI. Caco®, JI. O6pemxosa?, M. Jlumurpos*

Kameopa ~Dapmayeemuuna xumus”’, Meouyuncxu ynusepcumem-Cogus, Papmayesmuuen paxyimemn,
ya. [fynag N : 2, Coghus 1000, Bvreapus
2Kameopa ~Dapmaroznosus u gpapmayesmuyna xumus~ Meouyuncku ynusepcumem-Ilnoeous, @axyimem no
papmayus, yn. Bacun Anpunos N: 154, I1nosous 4002, bvieapus
SKameopa no @usuonoeus u papmaronozus "Vittorio Erspamer”, Yuusepcumem Canvernya-Pum, Pum, Mmanus
“Kameopa no Texnonozus na nexapcmeama u buogapmayus, Meouyurcku ynusepcumem - Cogous,
Dapmayesmuuer axynmem, yu. [ynas N : 2, Coghus 1000, Bvreapus

[Mocrpnuna Ha.28 mapT 2016 r.;. Kopurupana Ha.21 nexemspu 2016 .
(Pestome)

IenTa Ha HACTOSIIIOTO M3CIICNBAHE € OIICHKATA HA JIMHEHHOCTTA U Tmper3HocTTa Ha m3okpatnyeH HPLC-HILIC merton ¢
VB-nerexips 3a HACHTHULMPAHE 1 ONPECSIHE HA eCTPAIHOI XeMUXHIPAT BbB (hapMaLeBTHYHH 103UpaHu (opmu. V3ebpiieH e
JIMHEeEeH perpecroHeH ananms. [locTpoeHa e KarOpalroHHa npasa. JInHeHHaTa 3aBUCHMOCT MEXKTy KOHLICHTPALMSTA U TUIOLITA Ha
nmKoBeTe B quarasona: 3.10-6 g/ml + 4.10-5 g/ml ce mokasea ot perpecHoHHOTO ypaBHerwe: Y = 2698.99 x - 2307.98. Perpecusira
Ha Hall-MaJIKuTe KBaJpaTH Jiasa Koe(uimeHT Ha kopenarms R? = 0.999. LOD = 8.107 g/ml, LOQ = 8.10° g/ml. Pesysrarure 3a
toutoctTa rpu P = 99 % (t = 4.03) ca npe/craBenn upe3 aHanmuTranus 106uB R [%] u otroBapsit Ha noBepurentus uatepeart: RC:
97.16 + 101.84% (RSD = 1.42).

Ipemm3HOCTTa € MpEACTAaBeHA Ype3 CTAHIAPTHO OTKIOHEHHE, OTHOCHTEIHO CTAH/IAPTHO OTKIIOHEHHME W JIOBEpHUTEJICH
MHTEpBAL. BCHYKM JaHHU 32 TONYY4eHOTO KOJMYECTBO €CTPAIMONI XEMUXHIPAT ChOTBETCTBAT HA JIOBEPHUTEIHUS HWHTCPBAIL
1.96 mg/100 ml + 2.02 mg/100 ml (SD =0.03, RSD =1.51).

Brucokara cenektuBHOCT U edekTrBHOCT Ha pasnensHeto upe3 HPLC-HILIC-verona ¢ UV-nerexims ipu A = 230 nm mpu
VBII0NI3BaHE HA AMHHO-KOJIOHA ¥ €TyHMPaHeTO Ha HETIOJSIPHUTE aHATIMTH TIPSAH MOJSPHUTE (ECTPAIHON), ChKpAIiaBa BPEMETO 3a
AHAITM3 U BOJIH JI0 BUCOKA MOBTOPSIEMOCT.
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