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Abstract

Background: Fulvestrant is a new estrogen receptor antagonist available in the market globally for the treatment
of hormone receptor-positive metastatic breast cancer in postmenopausal women.

Methods: The chromatographic separation of fulvestrant was carried out by using ACQUITY UPLC and a BEH Shield
RP18, 50 mm x 2.1 mm, id 1.7-um column with a prepared mobile phase consisting of water, acetonitrile, and
methanol in the ratio of 300:400:300 (v/v/v), respectively. 1.0 mL orthophosphoric acid was added to the prepared
mobile phase. The wavelength for detection was made at 220.0 nm using a PDA-UV detector with a flow rate of
03mLmin™ 1.

Results: The system suitability parameters were found within the limits. The coefficient of correlation was found not
less than 0.999. The percent recoveries of fulvestrant from 80, 100, to 120% levels are 100.1, 1004, and 99.7 respectively.
The LOD (0.51 ugmL™ " and LOQ (1.54 pug mL™ " values from the study demonstrate that the method is sensitive.

The samples were subjected to forced degradation conditions of acidic and alkaline hydrolysis, oxidation, photolysis,
metallic and thermal degradation in all conditions; peak was found pure (purity angle less than that of threshold).

Conclusion: A rapid, simple, stability-indicating, and validated RP-UPLC method was developed with 6 min of run time
for the quantification of fulvestrant in oil-based injection formulations. This is the first stability-indicating method with
the capability of resolving all the fulvestrant degradation impurities in the drug products. The method was validated for
system suitability, linearity, precision, accuracy, specificity, intermediate precision, ruggedness, robustness, and solution

stability.
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Background

Fulvestrant,
7-alpha-[9-(4,4,5,5,5-pentamfluoropentylsulphinyl)
nonyl]estra-1,3,5-(10)-triene-3,17-beta-diol (Howell et
al., 2000) is a new estrogen receptor antagonist available
on the market globally for treatment of hormone
receptor-positive metastatic breast cancer in postmeno-
pausal women. Fulvestrant, a novel estrogen receptor, has
proven to be a safe and effective treatment for advanced
breast cancer in women (Bowler, Lilley, Pittam, & Wakel-
ing, 1989; Morris, & Wakeling, 2002; Bundred, & Howell,
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2002). The drug is formulated as an oily matrix and is
administered as a long-acting intramuscular injection.

Fulvestrant is an estrogen receptor antagonist with no
known agonist effects; its mechanism of action works by
downregulating the estrogen receptor (Robertson et al.,
1996; Brunner et al, 1994). It has a unique mode of
action that offers the potential for continued hormonal
treatment in patients (Wakeling et al., 1993).

Currently, breast cancer is the most common cancer in
women across the globe. The majority of breast cancers are
estrogen receptor (ER) positive, and the frequency of
ER-positive tumors is highest among older women. Various
clinical studies have been published in the literature about
cancer treatment.
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Fulvestrant has poor solubility in the aqueous medium
and has been developed as an extended release drug. Ful-
vestrant injection prepared in an oil-based formulation is
recommended once monthly as an intramuscular injection.
Several research articles describing the pharmacology and
pharmacokinetics of fulvestrant have been published (Addo
et al,, 2002; Bogliolo et al., 2016; Bross et al., 2002; Buzdar
& Robertson et al, 2006; Di Leo et al, 2010; Dodwell &
Vergote et al, 2005; Harrison et al,, 2003), but very little
information regarding its analytical methodology is avail-
able (Osborne et al,, 2004; Robertson & Harrison et al,,
2004; Robertson et al,, 2003; Vergote & Abram et al., 2006;
Varanasi et al.,, 2010). High-performance liquid chromatog-
raphy and electrospray tandem mass spectrometry methods
for the determination of fulvestrant in rabbit plasma have
reported the sample preparation by liquid-liquid extraction;
neither the robustness study nor the impurity elution and
forced degradation (FD) conditions were reported. Further-
more, this method cannot be used for the finished product
analysis in the quality control lab. The proposed method is
a stability-indicating ultra-performance liquid chromatogra
phy-photodiode array detector (UPLC-PDA) method for
the determination of fulvestrant in oil-based injection for-
mulations in the quality control lab.

In the quality control department for pharmaceutical
products, the identification and quantification of a drug
substance and impurities in the drug product are very
important for quality, safety, and efficacy. The impurities
and possible potent degradation byproducts which may
be present in the pharmaceutical drug substance and
drug products may change their chemical, toxicological,
and pharmacological properties, affecting the stability.

Therefore, this paper describes a new UPLC stability-in-
dicating method for the determination of fulvestrant in
oil-based injections. The UPLC method was developed to
demonstrate the utility of UV-PDA (ultraviolet) detection
for the determination of fulvestrant with simple sample
preparation and reasonable analysis time with high preci-
sion. Moreover, the present work describes the possible
degradation pathways of fulvestrant under acidic, alkaline,
peroxide, thermal, humidity, metallic, and photostability
conditions. Also, the present work describes, for the first
time, the development and validation of a stability-indicat-
ing UPLC method for stability evaluation and quantitative
determination of fulvestrant in the presence of its degrad-
ation products. Stability-indicating methods are tradition-
ally developed using gradient elution, but the current
method was developed with isocratic elution, ensuring that
all possible degradants are well resolved from the
fulvestrant peak. The proposed method was developed and
validated by using the ultra-performance liquid chromatog-
raphy for the extraction and separation of the fulvestrant
from oil matrix and from the major impurities respectively
(Fig. 1), within 6 min of run time.
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Methods

Chemical and reagents

Fulvestrant standard was obtained from Aurex Labora-
tories LLC. Methanol (purity 99.9%) and acetonitrile
(99.9%) (HPLC grade) were procured from RANKEM,
RFCL limited, New Delhi, India. High-purity water was
taken from an Evoqua water purification system. Ortho-
phosphoric acid (OPA purity 85%), AR grade, was pro-
cured from Central Drug House (p) Limited, New Delhi,
India. Fulvestrant impurities were purchased from
Veeprho laboratories Pvt. Ltd., Talegaon Dabhade, Pune,
Maharashtra, India. Other chemicals used were of ana-
lytical or HPLC grade.

Analytical conditions

The Waters ACQUITY UPLC H-Class was used consist-
ing of a quaternary solvent manager, a sample manager,
and a photodiode array UV detector. The output signal
was monitored and processed using Empower 3 soft-
ware. The UPLC separation was carried out on an
ACQUITY UPLC; a BEH Shield RP18, 50 mm x 2.1 mm,
id 1.7-pm column was used as a stationary point main-
tained at ambient temperature with a flow rate of 0.3
mL min~'. The mobile phase consists of water, aceto-
nitrile, and methanol in the ratio of 300:400:300 (v/v/v),
respectively. 1.0 mL orthophosphoric acid solution was
added, then filtered through a 0.45-um PTEFE filter and
degassed in an ultrasonicator for about 15 min prior to
use. The wavelength for detection of compounds was
made at 220.0nm using PDA; injection volume was
3.0 puL.

Preparation of diluent

One hundred percent methanol was selected as a diluent
throughout the experiments. All the solutions and sol-
vents were sonicated and filtered through 0.45-pum mem-
brane filters prior to the analysis.

Preparation of standard

Standard solutions were prepared by dissolving the drug
in the diluent to get the desired concentration. Methanol
was used as a solvent system. Accurately weighed 50 mg
of fulvestrant (99.3%) was transferred into a 100-mL
volumetric flask and dissolved in the diluent. 5.0 mL of
stock solution was pipetted into a 25-mL volumetric
flask and diluted with a diluent to get a solution of
100 ug mL™ %,

Preparation of sample

The method was used for quantification of Faslodex 250
mg/mL PFs (pre-filled syringes). Two pre-filled syringes
were pooled into a beaker. About 1g (equivalent to 50
mg of fulvestrant) pooled sample was weighed and
transferred into a 100-mL volumetric flask. About 70 mL
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Impurity Molecular
S.No. IUPAC Name Structure
Name Weight
(7a,17P)-7-[9-[4,4,5,5,5- 0 oH
1 Fulvestrant | Pentafluoropentyl)sulfinyl]nonyl]estra- 606.77 ‘.'.‘\/\>|>(
1,3,5(10)-triene-3,17-diol '
A OH
Estra-1,3,5(10)-triene-6-one-3,17-
6-Keto
2 diol,7-[9-[(4,4,5,5,5-penta 620.75
Fulvestrant
fluoropentyl) sulfinyl]nonyl]-(7a,17p)
7_[9_[(4’4’5,555'
Delta (6,7)
3 Pentafluoropentyl)sulfinyl]nonyl]estra- 604.75
Fulvestrant
1,3,5(10),6-tetraene-3,17p-diol
Estra-1,3,5(10)-triene-3,17-diol,7-[9-
Fulvestrant
4 [(4,4,5,5,5-pentafluoropentyl)sulfonyl] 622.77
9-Sulfone
nonyl]-( 7a,17p)
7-[9-[[9-[(434353595'
s Fulvestrant | Pentafluoropentyl)sulfinyl]nonyl]sulfi 281,07
Extended | nyl]nonyl]estra-1,3,5(10)-triene-3,17p- '
diol
Fulvestrant
7,7'-Nonane-1,9-diylbis[estra-
6 Sterol 668.99
) 1,3,5(10)-triene-3,17B-diol]
Dimer
Fig. 1 Fulvestrant and its impurity names and chemical structure

diluent was added, and the solution was mixed and soni-
cated for 15 min. The sample is oily in nature; to get the
100% extraction, intermediate shaking is required while
sonicating. The volume was diluted with a diluent and
mixed well (concentration 500 pug mL"). 5.0 mL of the
above solution was pipetted into a 25-mL volumetric
flask and diluted to volume with the diluent and mixed
well (concentration 100 pg mL ™).

Forced degradation studies

Forced degradation (FD) study was performed under differ-
ent stress conditions to prove the stability-indicating cap-
ability of the optimized method. Moreover, it has given
information on routes of degradation and formation of deg-
radation byproducts. According to the ICH guidelines (ICH,
Stability testing of new drug substances and products 2005;
ICH 2003), stress testing performed with the addition of
drug substance and drug product can help identify the

likely degradation products, contributing to the definition
of the intrinsic stability of the product. FD conditions are
usually harsh than accelerated stability testing conditions
such as temperature, relative humidity (> 75%), hydrolysis at
high and low pH, and oxidation and photostability. When
doing a stress study, the minimum range of degradation of
the drug substance is 1-20%. In order to get degradation,
the stress condition is increased but not so intense that it
generates secondary degradation of products. The stress
samples were prepared to obtain a final concentration of
100 pg mL" of fulvestrant. Acid and alkali hydrolysis samples
were neutralized prior to the UPLC analysis. In some of the
degradation conditions, the peak area of fulvestrant and its
possible degradation products was formed. The FD sample
assay was performed against a qualified fulvestrant working
standard. The peak purity of the FD samples was verified by
a PDA-UV detector keeping auto threshold and 200- to
400-nm parameters in the Empower 3 software.
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Table 2 Stress conditions for fulvestrant

Nature of stress Condition % Assay of stressed test Purity angle Purity threshold Purity flag
Unstressed NA 1004 1.991 2948 NO

Acid 2N HCl@ RT, 18 h 104.0 2.255 3.206 NO

Base 2N NaOH@ RT, for 18 h 100.5 1.809 2658 NO
Peroxide 30% H,0,@ 70°C, for 18 h 1024 2028 3.170 NO
Water 70°C for 18 h 913 2119 3.098 NO
Photolytic 1200 W/m? 200 million lux hours 101.6 0.134 5329 NO
Thermal 70°Cfor 18 h 97.0 2.060 2.985 NO
Humidity 90% RH for 7 days 102.8 0.143 5336 NO
Metallic ion 0.05M CuSo4 @ 10 min 99.0 0475 8427 NO

Acid and alkali forced degradation (hydrolytic conditions)
The sample was treated individually with 5mL of 20N
HCI, 2.0N NaOH, and water then kept on a heating
water bath at 70°C for about 18 h. After the stipulated
time, the samples were withdrawn and kept on the
bench top to attain room temperature. The solution was
neutralized by adjusting the pH to 7.0 and then diluted
to volume with the diluent to obtain a final concentra-
tion of 100 pg mL ™.

Hydrogen peroxide-forced degradation (oxidizing
conditions)

The sample was transferred to a 100-mL volumetric
flask and 5 mL of 30% H202 was added, then kept on
the heating water bath at 70 °C for about 18 h. The sam-
ples were withdrawn and kept on the bench top to attain
room temperature. The samples were withdrawn and
subjected to a UPLC analysis soon after suitable dilution
(concentration 100 ug mL™ ).

Thermal degradation

The sample (direct exposure) was placed in an oven at
70°C for 18 h. The heat-exposed sample was transferred
to a 100-mL volumetric flask, and the volume was made
up to the mark with the diluent and was diluted to
volume with the diluent to obtain a final concentration
of 100 ug mL ™.

Photolytic degradation

The photolytic stability of the sample was studied by
exposing the sample liquid directly to the ultraviolet
(UV) and cool white fluorescence (VIS) lamps for 10
days. The overall illumination used was not less than
1.2 million lux hours (VIS) and 200 watt h/m? (UV).
The exposed sample was transferred to a 100-mL
volumetric flask, and the volume was made up to the
mark with the diluent and was diluted to volume with
the diluent to obtain a final concentration of
100 ug mL™ .

Metallic degradation

The metallic stability of the sample was studied by ex-
posing the sample directly to 0.05M CuSO, for about
10 min. The exposed sample was transferred to a
100-mL volumetric flask, and the volume was made up
to the mark with the diluent and was diluted to volume
with the diluent to obtain a final concentration of
100 ug mL™ .

Procedure for method validation

The optimized chromatographic method was validated
by the evaluating system suitability, specificity, linearity,
precision, accuracy, limit of detection (LOD), limit of
quantification (LOQ), and robustness as per the ICH
validation guidelines.

Table 1 Optimization mobile phase and column in method development

Trail no. Mobile phase composition Column Observation Inference
1 Monobasic sodium phosphate: ACQUITY UPLC HSST3 100  Delta (6,7) fulvestrant impurity not separated from Method
acetonitrile (60:40 v/v) mmx T mm 1.8 um fulvestrant rejected
2 0.1% v/v TEA: acetonitrile (60:40 v/v) ACQUITY UPLC HSST3 100  Impurities are not separated from fulvestrant peak Method
mmXx 1 mm 1.8 um rejected
3 0.1% v/v OPA: methanol (600:400 v/v/v) ACQUITY UPLC Phenyl 150 Impurities are separated from fulvestrant. But sulfone Method
mm x 2.1 mm 1.7 um impurity was eluted very late rejected
4 0.1% v/v OPA: acetonitrile: methanol ACQUITY UPLC Phenyl 150 Impurities are not well separated from fulvestrant Method
(300:400:300 v/v/v) mm X 2.1 mm 1.7 yum rejected

5 0.1% v/v OPA: acetonitrile and BEH shield RP18, 50 mm x  Impurities are well separated from fulvestrant with  Approved

methanol (300;400;300 v/v/v) 2.1 mm 1.7 um

good peak shape and less run time
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System suitability

The system suitability test was performed before starting
every validation parameter by injecting the 100 ug mL™"
of fulvestrant solution for estimation of the assay
methods Fig. 2 a Overlaid chromatogram of fulvestrant
standard and sample.

Specificity

The specificity of the method was determined by the
preparation of blank, placebo solution and individual
impurities of fulvestrant at the known concentration,
then subjected to the UPLC-PDA analysis. In addition to
the conducted FD studies (“Forced degradation” sec-
tion), placebo was also evaluated under the same condi-
tions. Peak purity verified for the fulvestrant by using
the Empower 3 software. Impurity chromatograms are
shown in Fig. 3.

Precision
The precision of the test method was performed by in-
jection of six independent preparations of the fulvestrant

12 Page 7 of 12

sample at a concentration of 100 ug mL™ " and evaluated
against the working standard. The % RSD of the assay
method was calculated. The ruggedness of the method
was evaluated using two different analysts and two dif-
ferent UPLC systems on two different days.

Linearity

The linearity of the developed method of fulvestrant was
established by analyzing a series of five known concen-
tration levels ranging from 80 to 120 ugmL™'. The cali-
bration curves were prepared by plotting the peak areas
of the fulvestrant against their respective concentrations.
The correlation coefficients (%), slopes, and y-intercepts
of fulvestrant were calculated from their respective
calibration plots.

Detection limit (LOD) and quantification limit (LOQ)

The LOD and LOQ values for fulvestrant assay were
determined by the calibration curve method. LOD and
LOQ were calculated by using the following formula.
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3.3 x SD of y-intercept

LOD =
Slope of a calibration curve
LOQ = 10 x SD of‘ y-inFercept
Slope of a calibration curve
Accuracy

The accuracy of the method was determined in triplicate
at three concentration levels (50, 100, and 150 pug mL™ ")
by adding the standard to the placebo solutions. The
percentage of the recovered amounts was calculated.

Robustness

To determine the robustness of the developed method,
chromatographic conditions were deliberately altered and
the USP tailing factor, plate count, and % RSD were
assessed.

The flow rate of the mobile phase was changed to 0.24
and 0.36 mL/min, the column temperature was verified
at 30°C, and the effect of the % organic strength was
studied by altering acetonitrile and methanol. Only one
parameter was changed while the other conditions kept
constant.

Results

Optimization of chromatographic conditions

The main aim of the chromatographic method was to
develop a stability-indicating UPLC method for the de-
termination of fulvestrant from its degradation products
and placebo peaks in the sample (Fasalodex 250 mg 5
mL™!) with a short run time between 5 and 6 min. The
fulvestrant injection has more than 70% of castor oil;
hence, extraction of fulvestrant and separation from pla-
cebo peaks and impurities are the major challenges. The
mobile phase and column stationary phases have an im-
portant role on peak shape, symmetry (tailing), and reso-
lution from the degradation products. To obtain an
optimum resolution, symmetrical peak shape, theoretical
plates, and peak purity different chromatographic condi-
tions were verified and optimized for the determination
of fulvestrant in the oil phase (refer to Table 1). The mo-
bile phase was tested (sodium phosphate buffer,

Table 3 System suitability results

S. No. Name of the parameter Observed
value
1 The USP tailing factor of fulvestrant, peak from 1.0
standard chromatogram
2 % RSD for peak area of fulvestrant for five replicate 0.2
injections
3 The USP theoretical plates of fulvestrant peak from 4786

standard chromatogram

(2019) 10:12
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Table 4 Precision and intermediate precision results
Component  Sample % Mean %  95% % RSD of
no. Assay % RSD confidence 12
assay interval preparations
Fulvestrant 1 1004 1000 03 992 and 04
g?;i(ger]cjlate ) 1000 100.2
3 99.8
4 99.7
5 100.2
6 99.8
Fulvestrant 1 99.6 99.7 05 993 and
(precision) 5 999 100.1
3 989
4 99.6
5 1004
6 100.0

triethylamine 0.1% (v/v), orthophosphoric acid 0.1% (v/v)
buffer, acetonitrile, and methanol). Different stationary
phases were tested for chromatographic separation, such
as ACQUITY UPLC HSST3, ACQUITY Phenyl, and
ACQUITY BEH shield RP18. In these studies, the deci-
sion was based on the optimum resolution between the

Table 5 Linearity of detector response of fulvestrant

% Level Concentration Area Average %
(ppm) area RSD

80%-1 79.8540 657,899 659,836 0.2

80%-2 79.8540 660,890

80%-3 79.8540 659,817

90%-1 89.8357 742,007 741,004 0.1

90%-2 89.8357 740,886

90%-3 89.8357 740,119

100%-1 99.8175 824,818 824416 0.1

100%-2 99.8175 824,942

100%-3 99.8175 823,487

110%-1 109.7992 910,473 909,937 0.1

110%-2 109.7992 910,860

110%-3 109.7992 908,479

120%-1 119.7810 992,290 993,041 03

120%-2 119.7810 990,134

120%-3 119.7810 996,701

Correlation 0.9999

coefficient

Intercept —9696.0344

Slope 8368.7029

Bias at 100% -1.18

Standard error 1291356784
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fulvestrant, its known impurities, and all possible forced
degradation peaks generated during different FD condi-
tions. The optimum resolution between the all known
peaks and forced degradation products within the short
run time was obtained using the BEH shield RP18, 50
mm x 2.1 mm, 1.7-um column. Other columns showed
inadequate separation in the forced degradation samples.
Particularly, the HSST3 column in the oxidative degrad-
ation fulvestrant sulfone impurity was not well separated
from the main peak. In the phenyl column, the elution
of some of the impurities is very long due to the polarity
nature that resulted in a long run time. Several mobile
phase mixtures were verified using various proportions
of different aqueous phases and organic phases. The best
chromatographic separation was obtained using an iso-
cratic elution of the mobile phase which contains 0.1%
w/v orthophosphoric acid, methanol, and acetonitrile.
During the optimization trials, methanol was used as an
organic modifier to separate the fulvestrant impurities
(beta isomer and sterol dimer).

(2019) 10:12
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A solvent mixture of purified water, acetonitrile, and
methanol in the ratio of 300:400:300 then 0.1% w/v ortho-
phosphoric acid to the solvent mixture was used as a final
composition. It resulted in chromatograms with optimum
resolution, and good peak shape was shown for the fulves-
trant. The DAD detector offers the advantage of measur-
ing the maximum wavelength of each peak in addition to
peak purity of stressed samples. The PDA detector en-
hances the power of UPLC, and it is an effective tool to
assess the specificity by the quantification of recorded
chromatograms during the elution of peaks. Fulvestrant
has a short UV region (below 225), i.e, 220 nm, and an
optimum UV region (above 254), i.e., 280 nm. Fulvestrant
has stronger UV absorption at 220nm; hence, the
wavelength of 220 nm was selected for recording the chro-
matograms. The optimized chromatographic conditions
have shown symmetric peaks and good resolution be-
tween the peaks in the stressed samples. System suitability
parameters were calculated for the fulvestrant standard
peak and were found satisfactory.
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Fig. 6 a Linearity graph of fulvestrant from 80 ug mL™' to 120 ug mL-1. b Residuals for of detector response of fulvestrant
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Stability-indicating assessment

FD experiments were performed on fulvestrant injection
sample to produce the possible relevant degradation
products in the presence of placebo and to test their
chromatographic nature using the developed method.
The percent of degradation depends upon the concen-
tration of reagents, time of stress, and exposed tempera-
tures. Generally, the percent of degradation of drug
product between 5 and 20% has been accepted. There-
fore, the sample was exposed to optimum conditions to
achieve the target concentration (refer “Preparation of
standard” section for FD conditions). All the experi-
ments were conducted, and the chromatograms were
recorded and were compared with those obtained from
standard untreated solutions.

Peak purity was verified for all the stressed sample
chromatograms by using the PDA detector. Peak pur-
ity of the stressed samples was verified by using the
empower 3 software. It is the weighted average of all
spectral contrast angle calculated by comparing the
spectra from all data points in the integrated peak
against the peak apex spectrum. The peak that shows
the purity angle less than the purity threshold can be
considered as peak purity passed, i.e., no other peaks
co-eluted with that peak. If the purity angle is greater
than the purity threshold, there is something within
the peak so that we can consider the peak is not
pure. The obtained purity angle and purity threshold
limits confirm that peaks are pure and homogenous
in all stressed conditions. Data are shown in Table 2
and Figs. 4 and 5.

Table 6 Accuracy

S. Spike “mg” ‘mg” % Average % %
No. level added found recovery recovery RSD
1 80%-1 4001 40.0900 1002 100.1 03
2 80%-2  40.00 40.0400 1001

3 80%-3 40.00 40.2000  100.5

4 80%-4  40.06 402202 1004

5 80%-5 3999 398300 996

6 80%-6  40.03 40.0700  100.1

7 100%-1  49.86 499597  100.2 1004 0.2
8 100%-2  49.82 500691  100.5

9 100%-3  49.83 50.0293 1004

10 120%-1  60.69 60.6293  99.9 99.7 0.2
11 120%-2 6074 606185 998

12 120%-3  60.71 604065  99.5

13 120%-4  60.70 604572 99.6

14 120%-5 60.73 603049 993

15 120%-6  60.63 60.5694  99.9
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Table 7 Results of effect of variation in flow rate

S.No. Name of the parameter 03mL 024mL 036mL
min”" min”'" min'

1 Tailing factor for fulvestrant peak 0.94 0.93 0.97

2 % RSD of fulvestrant peak areas for 0.1 0.1 0.1
five replicate injections of standard

3 USP plate count for fulvestrant 4013 4054 3970
peak

4 % Assay 99.3 1014 99.5

System suitability

System suitability is used to asses that the UPLC system
and columns were giving the adequate reproducibility,
tailing factor, theoretical plates, RT (retention time), and re-
peatability as % RSD of the peak area of six replicate injec-
tions of fulvestrant standard solution 100 pgmL™'. The
tailing factor showed less than 1.5, and the theoretical
plates were more than 2500. The % RSD of the peak area
was 0.2.

Data are shown in Table 3.

Precision

The repeatability of the test method was determined by
preparing six determinations of the concentration
100 uyg mL~ " (representing 100%). The ruggedness of the
method was carried out by the different system, column,
and day. The % RSD of fulvestrant during the repeatabil-
ity and intermediate precision (ruggedness) was 0.5%
and 0.3%, respectively.

Data are shown in Table 4.

Linearity

The linearity for the PDA detector was determined in
the concentration range 80—-120 pgmL™~ " for fulvestrant.
The calibration curve was established with concentration
against the peak area. The regression equitation for the
calibration curve was found to be y=8368.7029 x +
9696.0344, and the r* of 0.9999 was obtained.

Data are shown in Table 5 and Fig. 6.

Detection limit (LOD) and quantification limit (LOQ)

The limit of detection (LOD) and limit of quantification
(LOQ) of fulvestrant were established by the slope
method. Results were found to be 0.51 pgmL~' and
1.54 ug mL™ Y, respectively.

Table 8 Results of effect of variation in column temperature

S. No. Name of the parameter 25°C 30°C

1 Tailing factor for fulvestrant peak 093 094

2 % RSD of fulvestrant peak areas for 0.1 0.1
five replicate injections of standard

3 USP plate count for fulvestrant peak 4013 3980

4 % Assay 99.3 99.8
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Table 9 Results of effect of variation in organic (methanol) variation
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S. No. Name of the parameter Water ACN:MeOH Water ACN:MeOH Water:ACN:MeOH
(300:400:300) (300:400:270) (300:400:330)
1 Tailing factor for fulvestrant peak 0.95 0.95 0.95
2 % RSD of fulvestrant peak areas for five replicate injections 0.1 0.0 0.1
of standard
3 USP plate count for fulvestrant peak 4223 4288 3796
4 % Assay 98.0 976 97.6

Accuracy
The accuracy of the method was verified by performing
the recovery study, addition of standard to the placebo
at three different concentration levels (80%, 100%, and
120%). The percent recoveries for fulvestrant were found
to be 100.1, 100.4, and 99.7 respectively.

Data are shown in Table 6.

Robustness

To determine the robustness of the developed method,
chromatographic conditions were deliberately altered, and
in all the varied chromatographic conditions (flow rate, col-
umn temperature, and compositions of organic solvents),
no significant changes were observed in the system suitabil-
ity parameters. Data are shown in Tables 7, 8, 9, and 10.

Stabilities

Stability of the drug substance and drug product was
conducted at different conditions for quality control
(QQC) of samples. The assay is compared with freshly an-
alyzed QC samples; no difference was found in percent
of assay. So, no degradation of the product was observed
while performing the analysis.

Discussion

The UPLC procedure was carried out to develop a
stability-indicating method for quantification of fulves-
trant. The major challenges faced in the current study
were as follows: the resolution between the impurities
and fulvestrant peak with less run time, selection of an
appropriate mobile phase composition with an isocratic
method to obtain optimum resolution between the

impurity peaks, optimization of the test concentration to
get the desired LOQ levels for the fulvestrant, and the
low LOD and LOQ values indicating the method sensi-
tivity. In addition, the UPLC method can be considered
specific, where it can be used for drug substance separ-
ation and quantification of drug product from its
degradation products and placebo peaks.

Method validation was performed as per the ICH
guidelines. The linearity of the proposed UPLC method
was performed. Linear relationships between concentra-
tion and high regression coefficients were obtained.
Intra-day and inter-day precision was also evaluated. In
addition, good results in terms of LOD, LOQ, robust-
ness, and selectivity were obtained.

Conclusion

The current paper shows an accurate, specific, and re-
producible stability-indicating RP-UPLC assay method
developed and validated for the quantification of fulves-
trant in oil-based injection formulations according to the
ICH and USP guidelines. To our best knowledge, no at-
tempts have been made yet to develop a stability-indicating
UPLC assay method for the fulvestrant injection. This work
shows the stability of the fulvestrant at different stressed
conditions. The UPLC method shows good performance
with linearity, accuracy, precision, specificity, and robust-
ness. The method has high sensitivity for the fulvestrant,
and high-percentage recoveries were obtained by this
method. This is the first stability-indicating method devel-
oped which has the capability to resolve all the fulvestrant
degradation products from the drug substance and drug
products.

Table 10 Results of effect of variation in organic (acetonitrile) variation

S.No. Name of the parameter Water: ACN:MeOH Water ACN:MeOH Water ACN:MeOH
(300:400:300) (300:360:300) (300:440:300)
1 Tailing factor for fulvestrant peak 0.94 0.94 0.95
2 % RSD of fulvestrant peak areas for five replicate injections 0.2 0.1 03
of standard
3 USP plate count for fulvestrant peak 4229 4263 4002
4 % Assay 1014 100.7 100.7




Dongala et al. Journal of Analytical Science and Technology

Abbreviations

FD: Forced degradation; LOD: Limit of detection; LOQ: Limit of quantification;
PDA: Photodiode array detector; Pfs: Pre-filled syringe; UPLC: Ultra-
performance liquid chromatography
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