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Abstract

The first flow-injection (FI) method for the determination of flutamide — a potent antiandrogen used for the treatment of prostate cancer — is
reported. The method is based on the direct measurement of the absorbance of the analyte at 310 nm under flow conditions. Parameters affecting the
determination such as detection wavelength, sample injection volume and flow rate were studied and optimized. The assay was validated (linearity,
limits of detection and quantitation, accuracy, repeatability, reproducibility and selectivity) for the dissolution studies of flutamide-containing
tablets during stability testing. The results were in good agreement with high performance liquid chromatography (HPLC) used as a reference

method.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Flutamide (chemical structure shown in Fig. 1) is a chemical
compound used to treat prostate cancer. It belongs to a class of
drugs known as antiandrogens. Its action is based on blocking
the effect of the male hormone, testosterone, which supplies are
essential for the growth of prostate cancers. As flutamide has a
structure similar to testosterone, it works by attaching itself to the
receptors on the surface of the cancer cells to block and prevent
the attachment of the male hormone. For some forms of prostate
cancer, radiation therapy is given along with the drug [1,2].

Treatment with flutamide may cause a variety of side-effects
that depend on the reaction of each organism to the medication.
Most common side-effects include diarrhea, tiredness, impo-
tence and breast fullness. A less common but more serious
side-effect is liver malfunction, since flutamide can sometimes
cause a change in the amount of particular chemicals produced
by the liver. Although in most cases liver function returns to nor-
mal after stopping the administration of the drug, in rare cases
death has been reported [1,2].
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A key demand of quality control in the pharmaceutical indus-
try is rapidity in analysis, without sacrificing accuracy, precision
and reliability of the results. This an especially important fea-
ture when a lot of samples have to be analyzed in the minimum
of time. A typical example is the analysis of the samples pro-
duced by dissolution control of pharmaceuticals during new
drug development or routine manufacturing processes. Dis-
solution both as an in-process control and as a test of the
finished product is very important since the in vitro dissolu-
tion behavior of a formulation may be related to the in vivo
performance of a drug product [3]. In order to create the disso-
lution profile of a formulation (e.g. at four time intervals) 6 or
12 tablets must be processed, producing 24—48 samples. High
performance liquid chromatography (HPLC) which is the most
widely used analytical technique in the QC of pharmaceuticals
requires two to three injections per sample. Forty-eight to 144
HPLC injections are, therefore, required to create the dissolution
profile of a formulation. Based on the fact that a typical separa-
tion/detection cycle in HPLC is completed in several minutes, a
more rapid but equally effective alternative analytical approach
is wanted. Flow-injection (FI) analysis is an interesting and
advantageous technique to the quality control of pharmaceutics.
Especially when combined to spectrophotometric detection, it
offers simplicity, rapidity, affordable and widely available instru-
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Fig. 1. Chemical structure of flutamide.
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mentation and precision and accuracy that compare favorably to
HPLC.

Methods reporting the determination of flutamide in pharma-
ceutical formulations include batch spectrophotometry [4—-10],
HPLC [11-13] and electroanalysis [13—15]. Batch spectropho-
tometric methods are generally simple and cost-effective, but
time-consuming as well. Regarding flutamide analysis, Zara-
pkar et al. [4] were the first to report a photometric assay
for flutamide based on the development of yellow color when
the drug is dissolved in HCI. However, the proposed method
requires heating, while key analytical data is missing (sensitivity,
selectivity, etc.). Nagaraja et al. [5] reported the use of N-(1-
naphthyl)ethylendiamine (NEDA) in neutral and resorcinol in
basic medium as chromogenic reagents for the determination
of flutamide. The method is unattractive to QC of pharmaceu-
tics since: (a) pre-reduction of the analyte using zinc in acidic
medium is required, (b) reaction development involves sev-
eral time-consuming steps and (c) the determination ranges are
narrow requiring 100-fold dilution of the dissolution samples
prior to analysis. Pre-reduction of both standards and samples
is also required in methods [6-8]. Especially in the procedure
proposed by Rangappa et al., apart from the chromogenic reac-
tion, two-step solvent extraction using chloroform is involved
prior to the final measurement. Additionally, the determination
range achieved does not allow direct analysis of the samples
[6]. Finally, an indirect method developed by Murthy et al. [9]
involves a time-consuming two-step process, including oxida-
tion of the analyte by potassium permanganate and subsequent
determination of its excess by fast green FCF. Electroanalytical
procedures based on direct current (DCP) [14] or differen-
tial pulse (DPP) polarography [13] are generally sensitive but
employ ethanolic solutions of samples and standards which
are not compatible to the aqueous dissolution medium. On the
other hand, the retention times of flutamide using HPLC range
between 8 and 10 min making this technique not attractive for
dissolution studies, where a lot of samples have to be pro-
cessed [11-13]. To the best of our knowledge no flow-injection
method has been reported so far for the determination of
flutamide.

The present study reports the first FI method for the deter-
mination of flutamide. The method is based on the direct
measurement of the absorbance of the analyte at 310 nm under

flow conditions. Optimization of parameters affecting the deter-
mination such as detection wavelength, sample injection volume
and flow rate was carried out, while the method was validated
thoroughly in terms of linearity, limits of detection and quan-
titation, accuracy, repeatability, reproducibility and selectivity.
Compared to previously reported methods for the determi-
nation of flutamide, the developed FI procedure offers low
cost, rapidity and no complicated procedures prior to analy-
sis. The proposed assay was applied to the dissolution studies
of flutamide-containing tablets during stability testing. Samples
from dissolution experiments were analyzed directly, without
any additional pretreatment. The results were compared to an
in-house validated HPLC reference method and were found to
be in good agreement.

2. Experimental
2.1. Reagents and chemicals

Flutamide working standard was provided by Sigma. A
standard stock solution (400 mg L~") was prepared by dissolv-
ing 40.0 mg of the working standard in a 2% (w/v) aqueous
sodium lauryl sulfate (SLS) solution. Working standard solu-
tions (100-400 mg L~ 1) were prepared by dilution of the stock in
the same medium. All standard solutions were kept refrigerated
(at 4 °C) and protected from light when not in use.

SLS was also provided by Sigma. A 2% (w/v) stock SLS
solution was prepared by dissolution of the appropriate amount
of the reagent in HPLC grade water (Merck). This solution was
filtered through 0.45 wm nylon membrane filters (Whatman) and
degassed ultrasonically for 30 min prior to use.

The pharmaceutical excipients used in the selectivity and
accuracy studies (microcrystalline cellulose, maize starch,
lactose monohydrate, sodium lauryl sulfate, silica colloidal
anhydrous and magnesium stearate) were provided by domestic
suppliers. The composition of the placebo mixture (all excipients
except for the active ingredient) was: 200mg g~! microcrys-
talline cellulose, 320 mg g~! maize starch, 440mg g~ lactose
monohydrate, 30 mg g~! sodium lauryl sulfate, 2mg g~! silica
colloidal anhydrous and 8 mg g~! magnesium stearate.

The dissolution medium consisted of a2% (w/v) SLS aqueous
solution. Doubly de-ionized water (x < 3.6 .S) was used for this
purpose. The dissolution medium was degassed under vacuum
prior to use and kept at 35 °C to avoid re-aeration.

2.2. Instrumentation

The single-channeled FIA setup is depicted in Fig. 2. The
hardware (pump, injection valve, autosampler and detector)
of an HP1100 instrument (Agilent Technologies) was used
throughout the experiments. In FI experiments the injection
valve of the instrument was connected directly to the DAD detec-
tor via a 10-cm long/0.28 mm i.d. PTFE mixing coil, while a
Hypersil BDS Cig column (250 mm x 4 mm/5 pm) was used
instead for HPLC measurements. Data acquisition (peak height
and/or peak area, signal-to-noise ratios, etc.) was performed via
Chem Station® software.
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Fig. 2. Flow-injection manifold for the determination of flutamide.

Dissolution experiments were carried out using a Distek Pre-
miere 5100 system equipped with a programmable autosampler.

A vacuum filtration system (Schleicher and Schuell) and
0.45 pm nylon membrane filters (Whatman) were used for the
filtration of the carrier stream (FI) and the mobile phase (HPLC).
A model 19H ultrasonic bath (Ney-ultrasonics) and a model
HI190M magnetic stirrer (Hanna Instruments) equipped with
Teflon coated magnets (20 mm x 3 mm) were used throughout
this study.

2.3. FI procedure for aqueous solutions

Ten microliters of flutamide standards (100400 mg L YHor
samples from dissolution experiments were injected via the
autosampler of the HP1100 instrument to the carrier stream
(2% (w/v) SLS in water). The sample zone was propelled at
a flow rate of 0.5mL min~! through a 10-cm long mixing coil
towards the diode-array photometric detector (Apmax =310 nm).
Peak area was used for quantitative measurements, while each
standard/sample was injected in triplicate. Sharp peaks and sta-
ble base-line were observed in all cases. The sampling rate was
30h~ L.

2.4. Dissolution of flutamide-containing tablets

In each dissolution experiment, 12 flutamide-containing
tablets were weighed and introduced to the dissolution appara-
tus in batches of six. The dissolution profile of the formulation
was recorded via automated sampling at 10, 20, 30 and 60 min.
The temperature was kept constant at 37.0 0.5 °C and the vol-
ume of the dissolution medium was 1000 mL in all cases. The
rotation speed of the paddles was 100 rpm, while the withdrawn
aliquots were filtered in-line using 45 pwm PTFE disc filters. The
resulting samples were analyzed by the proposed FI procedure
mentioned above without any additional pretreatment.

2.5. HPLC analysis

The results obtained by the proposed FI method were com-
pared to an in-house-validated HPLC assay for the determination
of flutamide. The mobile phase consisted of a mixture of
ACN and HPLC grade water (50:50v/v). The flow rate was
1.5mL min~!, the sample injection volume 20 pL, the column
temperature 25°C and the detection wavelength 295nm. A

Hypersil BDS Cig column (250 mm x 4 mm/5 pm) was used
throughout the experiments. Under the above-mentioned con-
ditions, the retention time of the analyte was 8.8 min and the
duration of the separation/detection cycle 12 min. Aliquots of
the samples collected from the dissolution apparatus were ana-
lyzed by HPLC without any further pretreatment. Peak area was
used for quantitative measurements, while each standard/sample
was injected in triplicate.

3. Results and discussion
3.1. Preliminary studies

Preliminary experiments had two objectives. The first was
to determine the optimal detection wavelength and the second
to examine the most effective way for signal processing (peak
area versus peak high). It should also be mentioned that a carrier
stream identical to the dissolution medium (2% (w/v) SLS aque-
ous solution) was used throughout this study in order to avoid
potential matrix effects.

Flutamide spectra were recorded on line by the diode
array detector and a typical example can be seen in Fig. 3
(400 mg L~! flutamide, V=10 pL, Q=1.0mL min~!). A wave-
length of 310 nm was selected for further studies.

Signals processing using peak area proved to be advantageous
over peak height in terms or repeatability. Under the experimen-
tal conditions mentioned above, the relative standard deviations
were 0.5% for peak area and 4.2% for peak height evaluation
(n=12 in both cases). For this reason peak area was selected as
the preferred approach for signals evaluation.

3.2. Study of FI variables

FI variables studied were the sample injection volume and
the flow rate of the carrier stream. The starting values of these
variables were those mentioned in the previous section. The
study was carried out at three flutamide mass concentrations,
namely 100, 240 and 400 mg L1,

3.2.1. Effect of sample injection volume

Sample injection volume is a critical parameter when opti-
mizing a Fl method. As it is inversely proportional to dispersion,
it affects the sensitivity, linearity and even the sampling rate
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Fig. 3. UV-spectrum of flutamide under flow conditions (see text for experi-
mental details).



P.D. Tzanavaras, D.G. Themelis / Journal of Pharmaceutical and Biomedical Analysis 43 (2007) 1820—-1824 1823

of a determination by FI. As expected, variation of the sample
injection volume in the range of 5-20 L resulted in increase
of the sensitivity. However, better linearity was obtained at an
injection volume of 10 L. At this value repeatability was also
slightly better compared to 5 pL (R.S.D. of 0.45% versus 1.1%
at 240mgL~!, n=12). In all cases the sampling frequency was
not affected by the sample injection volume, as it was determined
by the operating characteristics of the autosampler (30h~1). A
value of 10 L was selected for further studies.

3.2.2. Effect of the flow rate

The flow rate of the carrier stream is not expected to have
great impact on sample dispersion in single-channeled FI man-
ifolds. This was confirmed experimentally, since variation of
the flow rate in the range of 0.5-1.5 mL min~! resulted in only
slight decrease of the signals, while linearity and repeatabil-
ity remained unaffected. Although flow rate has usually great
impact on sampling rate, for the reasons mentioned in the previ-
ous section the latter was not affected. A value of 0.5 mL min~!
was selected as optimal in terms of minimum waste generation.

3.3. Validation of the FI method

The developed FI method was validated for linearity, limits
of detection (LOD) and quantitation (LOQ), precision (repeata-
bility and reproducibility), selectivity and accuracy.

3.3.1. Linearity, LOD and LOQ

The theoretically “expected” concentration of flutamide after
the dissolution experiments is ca. 250mgL~!' (250mg flu-
tamide per tablet in 1000 mL dissolution medium assuming
quantitative dissolution). In order to bracket effectively the
above-mentioned concentration, linearity was validated in the
range of 100-400mgL~! (40-160% of the target concentra-
tion, n=6). Peak area versus analyte mass concentration was
found to obey the linear regression equation (r° >0.9999):

A = 8.61 (£0.06) x y(flutamide) + 43.57(£14.99)

Validation of the regression line was performed by the
response factor (r.f.) test [16]. The deviation of the r.f. of each
point of the calibration curve from the experimental slope must
be within 3% and is given by the equation:

¢ peak area — intercept
rf. =

y[flutamide]

The experimental results conformed to the above mentioned
limit (£3%), since the deviations of all points of the calibration
curve from the slope of the corresponding regression equation
were <£2.0%.

The detection (LOD) and quantitation limits (LOQ) of the
assay were determined based on the S/N criteria. The respective
values were found to be 0.12mgL~! (S/N=3) and 0.4 mgL~!
(S/N =10), respectively.

3.3.2. Repeatability and intermediate precision
The repeatability (within-day precision) of the proposed FI
method was validated by calculation of the relative standard

deviations (R.S.D.s) of the peak areas from 12 consecutive
injections at three flutamide standard solutions (100, 250 and
400 mg L") at the beginning, middle and end of a working day.
The calculated R.S.D.s were <0.7% in all cases.

The intermediate precision of the FI method (day-to-day
precision) was validated by constructing six calibration curves
(100-400 mg L~! flutamide x 6 concentration levels) within a
period of 30 days. The experimental results verified the day-to-
day precision of the assay, since the R.S.D. of the slopes of the
calibration curves was 3.9% (n=06).

3.3.3. Selectivity and accuracy

The selectivity of the proposed FI against the pharmaceutical
excipients used for the manufacturing of the flutamide-
containing tablets was evaluated using a placebo mixture (i.e.
all excipients except for the active ingredient). The composi-
tion of the placebo is described in detail in Section 2.1. The
experiments were carried out by adding suitable amounts of
the placebo to flutamide standard solutions (250 mgL~"). The
resulting suspensions were ultrasonicated for 15 min and filtered
through 0.45 pm disposable syringe filters prior to analyses. Up
to 1000 mg L~! of the placebo (maximum concentration tested)
could be tolerated by the proposed method. The criterion for
interference was a relative error of >3% at the flutamide mass
concentration level mentioned above. It should be noted that the
above-mentioned tolerated placebo concentration is very sat-
isfactory, since the theoretical concentration of the excipients
during dissolution experiments is ca. 500 mgL~!.

The accuracy of the procedure was validated by analyzing
synthetic samples — containing 1000 mg L ™! of placebo — spiked
with different amounts of flutamide (final flutamide mass con-
centrations of 100, 250 and 400 mg L_l). The above-described
ultrasonication—filtration procedure was followed prior to each
synthetic sample analysis. The experimental results are shown
in Table 1. The percent recoveries were satisfactory in all cases,
ranging between 98.9 and 100.7%.

3.4. Analytical applications

The proposed FI method was applied to the analyses of
filtrates from dissolution experiments of flutamide-containing
tablets during production and stability quality control. A typical
dissolution profile is depicted in Fig. 4. The experimental results
covering a period of 9 months are presented in Table 2. All results
were within the specifications of the finished product (percent

Table 1

Accuracy of the FI method

Synthetic Placebo added Flutamide added Recovery
sample (mg L1 (mg Lh (£S.D.) (%)
FL1 1000 100.0 99.7 (£0.6)
FL2 1000 100.0 98.9 (+0.5)
FL3 1000 250.0 100.1 (£0.8)
FL4 1000 250.0 100.7 (£0.8)
FL5 1000 400.0 99.1 (£0.7)
FL6 1000 400.0 99.3 (+0.6)
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Fig. 4. Typical dissolution profile of flutamide-containing tablets (see text for
experimental details).

Table 2
Dissolution stability of flutamide-containing tablets

Batch Percent dissolution (30 min)?*
FIA HPLC

003 (production) 95.6 (£2.9) 94.6 (£1.9)
003 (3 months LTSP) 94.2 (£3.5) 94.8 (£2.5)
003 (3 months ACS®) 96.2 (£2.4) 95.2 (£2.2)
003 (6 months LTS) 95.3 (£2.7) 96.4 (£3.0)
003 (6 months ACS) 94.8 (£2.0) 93.9 (£2.3)
003 (9 months LTS) 94.6 (£1.8) 95.8 (£2.9)

2 Mean percent dissolution (£S.D.) of 12 tablets per batch or test.
b Long term stability (at T=25.0 °C and RH=60%).
¢ Accelerated stability (at 7=40.0°C and RH=75%).

dissolution of >80% after 30 min) and in good agreement with
HPLC based on the #-test.

4. Conclusions
The present study reports the first flow-injection method

for the determination of the active pharmaceutical compound
flutamide. The developed procedure is simple and effective,

offering significant advantages over previously reported meth-
ods for the determination of the analyte. Thorough validation
of the method yielded excellent results in terms of in all key
parameters such as linearity, precision, selectivity and accu-
racy. Compared to an HPLC assay previously used in-house
for the same purpose, the FI procedure is 6 times faster (sam-
pling rate of 30h™! versus Sh™!) and generates 18 times less
wastes per injection (1 mL versus 18 mL, respectively). Addi-
tionally, no organic solvents are employed. The results obtained
from the application of the FI method to the dissolution stud-
ies of flutamide-containing tablets were in good agreement with
HPLC.
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