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Abstract

A stability-indicating liquid chromatographic method for the determination of degradation products and impurities in ¥agifem
estradiol vaginal tablets has been developed and validated. VAggertow dose preparation containing onlya$173-estradiol
in a tablet matrix of 80 mg (a drug to excipient ratio of 1:3200). This paper presents the rationale for the optimization of the
sample preparation in order to minimize placebo interference as well as validation data for linearity, accuracy, precision, rugged-
ness, specificity and limits of detection and quantification. Data shows that the method is suitable for routine analysis of minute
amounts of estradiol impurities.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction products. The excipients included in the composition
of the Vagifen® tablet are stated ifiable 1 Hydroxyl
Vagifen®, estradiol vaginal tablets, is a marketed propyl methyl cellulose, lactose and starch are the ma-
product for the relief of post-menopausal atrophic jor components.
vaginitis due to estrogen deficiency. A stability indicating method for determination
Vagifent® is a low dose preparation containing only of chromatographic degradation products/impurities
25p.g 173-estradiol EE?2) in a tablet matrix of 80mg  was originally developed and validated with satis-
and consequently the ratio of drug to excipient is very factory results. In this original sample procedure
low (equal to 1:3200) compared to most other tablet tablets were added to ethanol and extraction was
performed by means of magnetic stirring. The sus-
"+ Corresponding author. Tel+45-4443-4055: pension was centrifuged and fche supernata_mt was
fax: +45-4443-4028. evaporated to dryness. The residue was re-dissolved
E-mail addressiany@novonordisk.com (L. Nygaard). in ethanol and then centrifuged. The supernatant
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Table 1
Composition of Vagiferf and solubility characteristics
Compound Function Solubility characteristid®,11]

Water Ethanol
E2 Active ingredient Almost insoluble Freely soluble
Hydroxyl propyl methyl cellulose (HPMC) Binder Soluble (cold) Practically insoluble
Lactose Filler Freely soluble Practically insoluble
Starch Filler Practically insoluble Practically insoluble
Magnesium stearate Lubricant Practically insoluble Practically insoluble
Polyethylene glycol Coating Soluble Soluble
was the sample solution (E2 concentratien0.096 suitable method for routine analysis especially con-
mg/ml). cerning the concentration of the sample solution in

Ethanol was chosen as extraction solvent, becauseorder to achieve a satisfactory limit of quantification
E2 and E2 impurities are soluble in this solvent for the impurities as well as (and at the same time)
whereas the dominant excipients are practically in- minimizing the placebo interference.
soluble in ethanol. In spite of the expected selectivity = Data supporting linearity, accuracy, precision,
of ethanol, the chromatogram of placebo Fig. 1 ruggedness, specificity and limits of detection and
shows that complete removal of interference was not quantification are presented.
accomplished as the chromatogram contained several
peaks. The reason was probably that even though
only small amounts of excipients were dissolved, the 2. Experimental
heavy concentration of the sample (160 times) dur-
ing the extraction procedure meant that these minute 2.1. Equipment
amounts resulted in significant placebo peaks in the
chromatogram. For development and validation the following con-

However, as placebo interference in general is figuration was used. The HPLC instrument was from
undesired and in this specific case made the inter- Waters (Milford, MA, US) and consisted of Waters
pretation of the impurity profile of E2 in the tablets 717 autosampler, Waters 510 pumps or Waters 515
more difficult it was decided to optimize the sample pumps, Waters 2487 detector and Waters Millenium
preparation in order to minimize interference. software system. Cooling of the autosampler was used.

A number of especially HPLC methods describing A photo diode array (PDA) detector, Waters 996, was
the analytical testing of steroids have been published. used to collect spectral data of E2 and E2 impurities.
These papers focus on the determination of the assay The analytical column was a symmetry C18.15,
[1-3] and of the impurity profile of various steroids, 250 mmx 4.6 mm (i.d.) from Waters.
several including structural characterization of indi-
vidual impurities[4—8]. In [9], it is demonstrated that  2.2. Materials
TLC is capable to monitor the impurity and degrada-
tion profile of tablets containing E2. E2, USP Reference Standard, Lot No. K was used

However, the aim of this paper is to attract atten- throughout the study as reference material.
tion on the optimization of the sample preparation  The following impurities were obtained from
procedure of a low dose tablet formulation and the si- Steraloid Inc (Wilton, NH, US): &-hydroxy-E2,
multaneous development and validation of a stability 63-hydroxy-E2, 6-keto-E2, 16-keto-E2, 6-keto-estrone,
indicating HPLC method which is capable of deter- B-equilenol, 6-dehydro-E2 and 4-methyl-E2. The
mining degradation products/impurities of synthesis impurities a-E2 and estrone were obtained from
of E2. The low drug to excipient ratio has represented Diosynth (Oss, NL). The structure of E2 and the
some unique challenges for the development of a impurities is shown inTable 2
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Fig. 1. Chromatogram of a placebo solution before optimization of sample preparation showing multiple placebo interference.
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Table 2
Structure of E2 and E2 impurities
Name of compound Structure
cHy OH
HO
cH, OH
6a-Hydroxy-E2 /CKSji&
HO -
OH
cH, OH
6B-Hydroxy-E2
HO
OH
CH OH
6-Keto-E2
HO
o
CH3 £
16-Keto-E2 /@igjéio
HO

6-Keto-estrone
HO
o

Table 2 Continued

Name of compound Structure
CH; OH
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HO
CH OH
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HO !

4-Methyl-E2
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Acetonitrile, acetone, chloroform, ethanol, hexane, 1. Solid-liquid extraction
methyl ethyl ketone, methylene chloride and toluene
were HPLC or analytical grade obtained from Rath-
burn or Merck. Milli-Q water (Millipore) was used.

The sample material (for both method development 2 Addition of a liquid—liquid extraction step
and validation) consisted of stability tablet batches as
well as samples containing a synthetic mixture of 12 ® The solid-liquid extraction of 12 tablets in

e Substitution of ethanol in the solid—liquid extrac-
tion of 12 tablets by different organic solvents.

placebo tablets, E2 (corresponding to the amount of 50.00 ml of ethanol was maintained in order to

E2 in Vagifen) and the mentioned E2 related sub- obtain adequate recovery of E2 and E2 impu-

stances. rities and to have a solvent which was easy to
The impurities represent a broad range of polarity in concentrate by evaporation.

which the hydroxy compounds are the most polar im-  ® After centrifugation an aliquot of 10.00 ml of

purities, 4-methyl-E2 being the least. 6-Keto-E2 and the ethanol sample solution was evaporated to

6-dehydro-E2 are dominating degradation products of dryness using nitrogen.

Vagifen, 6a-hydroxy-E2 and B-hydroxy-E2 rep- e An additional liquid-liquid extraction step on the

resents less abundant degradation products, whereas  residue from the evaporation of the aliquot of

16-keto-E2, 6-keto-estrongg-equilenol and estrone 10.00 ml of ethanol was introduced by partition-

are potential degradation products. The last two com- ing the sample between two immiscible phases,

pounds as well as-E2 and 4-methyl-E2 are also typ- an aqueous and an organic phase.

ical impurities of synthesis. e The analyte was recovered by evaporation of the

organic phase. The residue was redissolved in

2.3. Chromatographic conditions 450ul ethanol and used as sample solution.

Mobile phase A was filtered and degassed Milli-Q
water. Mobile phase B was filtered and degassed 80%
(v/v) acetonitrile. E2 and E2 related substances was
eluted by a linear gradient from 20% B to 85% B at
35min. Hold for 14 min, return in 1.0 min to initial
conditions and equilibrate for 10 min before nextinjec-
tion. Flow rate was 1.0 ml/min. Injection volume was
25ul for standards and samples. The detection wave-
length was 220 nm (PDA: scan from 190 to 400 nm).

3. Results and discussion
3.1. Solid-liquid extraction

Instead of introducing an additional step of ex-
traction a simpler approach was to optimize the first
solid—liquid extraction of the 12 tablets in 50.00 ml
of ethanol. Attempts were done in which ethanol
was replaced by chloroform, acetone, toluene, methyl
ethyl ketone or mixtures of water and the mentioned

2.4. Method development solvents. In all cases the placebo interference was sig-
o nificantly greater compared to the two-step procedure
2.4.1. Original sample procedure presented below. Taking the complex tablet matrix, as

Twelve tablets were added to 50 ml of the extraction \ye|| as the rather huge requirement for concentration
solvent of ethanol and extraction was performed by of the sample during sample treatment into consid-
was centrifuged and 8.00 ml of the supernatant was procedure representing two different extraction prin-

evaporated to dryness. The residue was re-dissolvedgiples and application of solvents with a broad range
in 500ul of ethanol and then centrifuged and used as of polarity was more effective.

sample solution.

3.2. Liquid-liquid extraction
2.4.2. Optimization of sample procedure
The following extraction procedures were investi- The rationale for optimization of the sample prepa-
gated: ration using liquid—liquid extraction was based on the
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fact that most of the excipients are soluble in water,
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toluene phase. This was confirmed by analyzing the

whereas E2 (and E2 related substances as impuritiesaqueous phase. By replacing toluene with the more
of synthesis and degradation products) are practically polar solvent methylene chloride the recovery of

insoluble in this solvent indicating that the partition-

6a-hydroxy-E2 and B-hydroxy-E2 was increased to

ing of the sample between an aqueous and an organic70-75% (the recovery of E2 and the other E2 impu-

phase might improve the selectivity of the extraction
procedure.

Liquid—liquid extraction was investigated in the
following way. The residue from the evaporation of
10.00ml of ethanol sample solution was extracted
using a mixture consisting of 1.00 or 2.00 ml of water
and typical 5.00 ml of one of the following organic
solvents, all immiscible with water: methylene chlo-

ride, chloroform, toluene and hexane (ranked after de-

rities was >90%). Even though the use of methylene
chloride is undesirable from a toxicological point of
view the experiment indicated that an increase of the
polarity of the organic phase lead to an increase of
the recovery for the most polar impurities.

The increase of polarity was instead achieved by
adding acetone to the organic phase. This solvent has
a polarity close to methylene chloride but are much
more toxicological acceptable. Recovery experiments

creasing polarity). The first screening showed that the showed that a mixture of 1.00 ml of water2.00 mi
placebo interference was significantly reduced using of acetonet 5.00 ml of toluene gave satisfactory re-

all four solvents due to the transfer of the water sol-

sults for all impurities Table 3, as well as significant

uble excipients to the aqueous phase during the stepreduction in placebo interference. This mixture was

of liquid-liquid extraction. Toluene was selected for
further experiments as the most significant reduction

chosen as the final solvent for liquid-liquid extrac-
tion. Figs. 2 and 3show typical chromatograms for

in placebo interference was achieved by this solvent a placebo and sample solution. A few peaks still re-
and because of the much less toxicity compared to main in the placebo chromatogram. These are due to

the other solvents.

Liquid—liquid extraction on a sample consisting of
placebo, E2 and 10 E2 impurities using a mixture
of 1.00ml of water and 5.00ml of toluene gave a
recovery for &-hydroxy-E2 and B-hydroxy-E2 of
approximately 5% and 60—-100% for E2 and the other
E2 impurities, respectively. The very low recovery
of the two most polar impurities, c6hydroxy-E2
and @-hydroxy-E2, indicated that these compounds

chromatographic and UV active impurities originating
from excipients soluble as well as insoluble in ethanol.
However, the reduced placebo interference compared
to the original sample procedurEi¢. 1) is evident.

It should be mentioned that acetone is not immisci-
ble with water, i.e. the basic principle for liquid—liquid
extraction by separating analytes from interference
by partitioning the sample between two immiscible
phases is no longer fully obtained. However, examina-

preferred the aqueous phase instead of the non-polartion of the above-mentioned mixture still showed two

Table 3
Effect of Acetone on recovery of individual impurities
Extraction solvent 20C (W/AIT: 20°C (W/AIT: 20°C (W/AT: 30°C (W/AIT:
1.0/2.0/5.0) 1.0/1.5/5.5) 1.0/2.5/4.5) 1.0/2.0/5.0)
6a-Hydroxy-E2 93.4 78.8 78.1 83.4
6B-Hydroxy-E2 97.0 78.4 86.1 89.2
6-Keto-E2 102.3 95.4 96.1 110.8
16-Keto-E2 98.7 93.0 84.0 76.0
6-Keto-estrone 110.2 98.8 104.0 97.6
B-Equilenol 103.0 93.0 94.7 95.4
6-Dehydro-E2 103.9 93.0 94.9 102.3
a-E2 104.6 94.1 100.7 95.9
Estrone 105.5 94.5 97.8 94.7
4-Methyl-E2 99.6 90.6 95.4 94.6

W/A/T: water/acetone/toluene.
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Fig. 2. Chromatogram of a placebo solution of the optimized method showing reduced interference.
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Fig. 3. Chromatogram of a stability sample solution.

distinct phases and only small changes in the volume other. Another well-known impurity of synthesis,
of the aqueous phase and the organic phase, respec9(11)-dehydro-E2, elutes close to 6-dehydro-E2. Like
tively. the other impurities of synthesis, 9(11)-dehydro-E2 is
The effect of variation of the volume of acetone and controlled by the analysis of the E2 raw material.
toluene was investigated by analyzing the 10 potential  Even though a significant decrease in placebo inter-
impurities added to a placebo batch. As can be seenference was obtained it was not possible to achieve a
from Table 3small changes in the extraction solvent complete removal of placebo interference; therefore,
do not affect the final results. a run of a placebo batch is included in the testing pro-
The same table also shows that extraction é&tG30  cedure in order to make it possible to discriminate be-
means no significant difference compared to the pre- tween peaks originating from impurities and from ex-

vious results obtained at room temperature. cipients. Some of the placebo peaks co-elute or elute
closely to some of the impurities (e.g-E2 and es-
3.3. Specificity trone). This may result in overestimating the content

of impurities of E2, especially when the content of the
The specificity of the method regarding placebo individual impurities is low, i.e. close to the limit of
interference has already been discussed. Separaquantitation. However, as discussed later satisfactory
tion of E2 from impurities of synthesis and po- results for accuracy and precision were obtained dur-
tential degradation products was demonstrated by ing the validation of the method. Further, a placebo
injections of an E2 solution spiked with the fol- peak can be observed co-eluting with E2g( 2), but
lowing impurities: @&-hydroxy-E2, @-hydroxy-E2, the area of this placebo contributes with less of 0.6%

6-keto-E2, 16-keto-E2, 6-keto-estron@;equilenol, of total area in the E2 peak, therefore, correction is
6-dehydro-E2, 4-methyl-E2-E2 and estrone. Ascan  not needed.
been seen irfrig. 4, all the relevant impurities were The homogeneity of the peak of E2 was investi-

well separated from the E2 peak as well as from each gated by analysis of a tablet batch by means of a PDA
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Fig. 4. Placebo solution spiked with estradiol and impurities. The solution containegi@8E?2, 1.05.g/ml 6a-hydroxy-E2, 1.05.g/ml 63-hydroxy-E2, 0.52wg/ml 6-keto-E2,
1.05pg/ml 16-keto-E2, 0,525.g/ml 6-keto-estrone, 0,5380/ml B-equilenol, 0,52%.g/ml 6-dehydro-E2, 1.0pg/ml a-E2, 1.05.9/ml estrone, 1.0p.g/ml 4-methyl-E2.
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detector. UV spectra in the range of 190-400 NM was are lower. The high peak area @fE2 is due to the
obtained during the elution of the E2 peak and subse- fact that the E2 reference material in the LOQ solu-
guent calculations using Millenium software demon- tions contained 0.2% of this impurity. The LOD was
strated peak homogeneity. It should be mentioned that estimated to approximately 0.1% (results not shown).
this approach does not account for impurities having  The ICH Guideline[12] recommends 0.1% as a

a UV-spectra identical to E2. general reporting limit for individual impurities. How-

Identification of E2 peak in a sample solution was ever, 0.3% is considered as an acceptable value taken

confirmed by spectral comparison with an E2 refer- into consideration that Vagifet25ug is a low dose

ence standard solution. preparation having a very low drug to excipient ra-
tio. Compared to the original method the optimization
3.4. LOD and LOQ means an improvement of LOQ (and LOD) by 40%.

In the presence of E2 and placebo the LOD and 35, Ljnearity
LOQ for 10 chromatographic impurities, defined as a

signal to noise ratio of approximately 3 /(8 = 3) The linearity for E2 and the 10 potential impurities
and 10 (S/N), respectively, have been determined by was determined. Linearity of E2 was determined at
appropriate dilution of impurities in a solution con-  gjx |evels 1, 2, 5, 10, 50 and 100%, where 100% cor-
taining 98.9/ml estradiol and placebo. responds to 98.g/ml of E2. Three injections of each

In Table 4are presented the results of six repetitive ¢gncentration level were performed.
injections of the LOQ solution. The mean peak area  ysp recommends calculations of impurities based
and the R.S.D. of the injections were calculated. The o g diluted reference solution, e.g. 2%. Thisis only a
relative content of impurities had been calculated (%) negotiable procedure, if sample extraction is complete.
using E2 in equivalent amounts of a true sample con- However, relating to the content of impurities to the
centration. Based on these results a LOQ of 0.3% is g2 peak in the sample solution makes the quantitation
considered as a representative value. For 6-keto-E2,|ess dependent of extraction efficiency. Since linearity
6-dehydro-E2 ang-equilenol the chromophore has  has been shown, a calculation based on either the E2
been significantly changed compared to E2 due to the peak area of a diluted reference solution or the E2 area
presence of double bonds conjugated to the aromaticof an actual sample is direct interchangeable.
system. This means that the UV-response is higher |ndividual impurities were spiked to a placebo batch
for these impurities and consequently the LOQ values ang linearity was determined at five concentrations

correspondingto 4L OQ, 2xLOQ, 4xLOQ, 8xLOQ

Table 4
Limit of quantification
Compound LOQ Peak area Table 5
Linearity of estradiol and estradiol related impurities
wg/mi Percentage Mean R.S.D.
of E2 (n=6) Compound Y =aX + g2 R2
6a-Hydroxy-E2 0.303 0.31 10119 1.9 6a-Hydroxy-E2 Y =9161X — 214 0.9879
6B-Hydroxy-E2 0.288 0.29 8700 0.8 6B-Hydroxy-E2 Y = 7535 + 235 0.9887
6-Keto-E2 0.110 0.11 10766 1.0 6-Keto-E2 Y = 9358 — 672 0.9948
16-Keto-E2 0.289 0.29 11013 1.6 16-Keto-E2 Y = 8473 + 556 0.9980
6-Keto-estrone 0.115 0.12 10750 1.2 6-Keto-estrone Y =9934X + 706 0.9966
B-Equilenol 0.057 0.06 10316 0.9 B-Equilenol Y = 8856X — 560 0.9945
6-Dehydro-E2 0.082 0.08 12165 0.5 6-Dehydro-E2 Y =9572X — 495 0.9954
a-E2 0.274 0.28 19610 0.8 a-E2 Y =9863X — 672 0.9965
Estrone 0.283 0.29 12682 1.0 Estrone Y =10345% + 11 0.9965
4-Methyl-E2 0.342 0.35 10131 11 4-Methyl-E2 Y =10221X — 1283 0.9943
Estradiol 3748646 0.5 E2 Y = 3673 — 271 0.9999

Percentage of E2 calculated corresponding to an estradiol sampleY: peak areaX: concentrationy: slope;: intercept.
concentration of 98.g/ml. a Concentration inug/ml.
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Accuracy and recovery of impurities
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Compound

Recovery in % (cofg.

Recovery in % (cong)

Recovery in % (coné)

6a-Hydroxy-estradiol
6B-Hydroxy-estradiol
6-Keto-estradiol
16-Keto-estradiol
6-Keto-estrone
B-Equilenol
6-Dehydro-estradiol
a-Estradiol

Estrone
4-Methyl-estradiol

98.0k 2.3 (0.30)
103.% 1.4 (0.28)
118.% 3.6 (0.11)
103.3 3.6 (0.28)
124.% 3.0 (0.11)
122.9+ 3.0 (0.06)
141.2 4.0 (0.08)
191.74+ 2.5 (0.27)
125.2+ 2.5 (0.28)
107.1 3.3 (0.34)

98.6+ 9.4 (1.19)
98.74+ 9.7 (1.13)
114.4+ 9.4 (0.43)
102.8¢ 7.0 (1.13)
114.7+ 9.3 (0.45)
120.5+ 8.9 (0.22)
1245+ 9.2 (0.32)
138.1+ 9.2 (1.07)
119.3+ 9.3 (1.11)
111.3+ 9.0 (1.34)

83.5+ 4.1 (2.38)
82.5+ 3.8 (2.26)
100.8¢ 4.2 (0.86)
91.9+ 3.9 (2.26)
102.2+ 3.2 (0.90)
105.1+ 3.6 (0.45)
105.8¢ 3.2 (0.65)
1125+ 3.3 (2.15)
104.0 3.4 (2.22)
99.74 3.6 (2.67)

@ Concentration inug/ml.

and 10x LOQ. Three injections of each concentra- were spiked in triplicate at three different levels corre-
tion level were performed. All linearity parameters are sponding to a content of impurities of approximately
given inTable 5 Satisfactory linearity is shown forall 1 x LOQ, 4 x LOQ and 8x LOQ. The actual con-
impurities in the tested interval. centrations ¢g/ml) and the recovery of the individual
components are presentedTiable 6 For calculation
of the recovery three standard solutions covering the
three levels of spiking were injected. It is seen that re-
The accuracy of the method with respect to E2 and covery is satisfactory and except for theE2 at the
the 10 possible impurities was determined. A solution 1 x LOQ level in the range of 80-140%. The higher
containing the impurities and the active substance was results fora-E2 is due to the content of low levels
added to 12 placebo tablets after which sample ex- of a-E2 in the E2 reference solution as already men-
traction proceeded. The placebo sample preparationstioned.

3.6. Accuracy

Table 7
Precision of stability samples

Area (%) Total R.S.D. (%) Between R.S.D. (%) Intra R.S.D. (%)
Batch 1 6-Keto-E2 1.08 6.0 55 25
6-Dehydro-E2 0.58 111 7.6 8.1
%Sum 1.69 8.7 8.3 2.8
Batch 2 6-Keto-E2 151 3.6 3.0 2.0
6-Dehydro-E2 0.80 8.3 5.1 6.5
%Sum 2.36 6.5 6.2 2.0
Batch 3 6-Keto-E2 0.63 7.0 5.4 4.4
6-Dehydro-E2 0.47 7.0 25 6.6
%Sum 1.38 20.7 9.1 18.6
Batch 4 6-Keto-E2 0.63 3.9 3.8 11
6-Dehydro-E2 0.46 5.6 3.4 4.5
%Sum 1.35 25.4 16.6 19.2
Batch 5 6-Keto-E2 0.67 4.3 3.9 17
6-Dehydro-E2 0.55 7.3 34 6.5
%Sum 1.48 21.1 8.1 195

Calculation of precision is based on analysis of variance, but given as R.S.D. (%)=TOtalzeween+ Valinra) /2. Between: between
days. Intra: between duplicates.
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3.7. Precision References

The precision study included six tablet batches rep-
resenting a various degree of degradation which were
analyzed at five individual days using two different
HPLC systems. All sample preparations were made in
duplicate—although the final method uses one sample
preparation. Repeatability, reproducibility and inter-
mediary precision of the method were investigated as
a combined study. Statistic calculations were carried
out by means of analysis of variance (i.e. ANOVA)
and corresponding R.S.D. values were calculated.
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