Abdelwahab et al. Chemistry Central Journal (2018) 12:4
https://doi.org/10.1186/513065-018-0372-y

® Chemistry Central Journal

RESEARCH ARTICLE Open Access

Determination of flutamide and two

® CrossMark

major metabolites using HPLC-DAD and HPTLC

methods

Nada S. Abdelwahab'?", Heba A. H. Elshemy? and Nehal F. Farid’

Abstract

compared at p value of 0.05%.

Flutamide is a potential antineoplastic drug classified as an anti-androgen. It is a therapy for men with advanced
prostate cancer, administered orally after which it undergoes extensively first pass metabolism in the liver with the
production of several metabolites. These metabolites are predominantly excreted in urine. One of the important
metabolites in plasma is 4-nitro-3-(trifluoromethyl)phenylamine (Flu-1), while the main metabolite in urine is 2-amino-
5-nitro-4-(trifluoromethyl)phenol (Flu-3). In this work the two metabolites, Flu-1 and Flu-3, have been synthesized,
and then structural confirmation has been carried out by HNMR analysis. Efforts were exerted to develop chromato-
graphic methods for resolving Flutamide and its metabolites with the use of acceptable solvents without affecting
the efficiency of the methods. The drug along with its metabolites were quantitatively analyzed in pure form, human
urine, and plasma samples using two chromatographic methods, HPTLC and HPLC-DAD methods. FDA guidelines
for bio-analytical method validation were followed and USP recommendations were used for analytical method
validation. Interference from excipients has been tested by application of the methods to pharmaceutical tablets. No
significant difference was found between the proposed methods and the official one when they were statistically
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Introduction

Flutamide has chemical structure of 2-methyl-N[4-
nitro-3-(trifluoromethyl)phenyl]propanamide [1]. It is
an acetanilide, non-steroidal orally active anti-androgen
[2] used clinically for the management of metastatic
carcinoma [3]. Patients treated with Flutamide devel-
oped severe hepatotoxicity that is thought to be as a
result of its toxic metabolites [4]. Metabolism of Fluta-
mide occurs by human liver microsomes after 1 h from
oral administration with the production of many toxic
metabolites. 4-nitro-3-(trifluoromethyl)phenylamine
[Flu-1] is reported to be one of the important Flutamide
plasma metabolites [5] and also one of its impurities and
related substances according to BP [6] and USP [7]. Flu-1
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is proved to cause severe hepatic dysfunction [5] and
is found to be the major hydrolytic degradation prod-
uct of the anticancer Flutamide [8]. On the other hand,
2-amino-5-nitro-4-(trifluoromethyl)phenol (Flu-3) is an
inactive metabolite and the main one in urine that repre-
sents from 50 to 90% of urinary excretion [4].

Flutamide is a pharmacopoeial drug reported in BP
[6] and USP [7]. In BP [6] Flutamide was determined by
a spectrophotometric method, while in USP [7] it was
measured in both pure form and capsules by a RP-HPLC
method using C18 column.

Other methods were published for determination of
Flutamide including electrochemical [2, 9, 10], differ-
ent spectrophotometric [2, 8, 11-14], spectrofluorimet-
ric [15], and different chromatographic methods [2, 3,
16-20].

Solvents in any developed analytical method are of
great importance, most solvents are organic with haz-
ardous and toxic properties causing environmental and
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health problems [21]. Chromatographic methods are
widely used for qualitative and quantitative analysis. It is
used for resolving complex mixtures [22], during stability
studies [23], determination of drugs and their impurities
[24], and determination of drugs in biological fluids [24].

Synthesis of the metabolites has been successfully car-
ried out in our laboratory and structural confirmation
has been performed. In addition, in this work we were
concerned with the development and validation of two
highly sensitive and selective chromatographic methods,
HPTLC and HPLC-DAD methods, using developing sys-
tems with the least hazardous solvents and the maximum
chromatographic resolution. The developed methods
were applied for determination of Flutamide in raw mate-
rial and marketed tablets. Moreover, application of the
methods was extended for determination of the drug and
its metabolites in human plasma and urine samples. The
developed HPTLC method is the first one reported for
separation and quantitation of Flutamide and its metabo-
lites, while the HPLC-DAD method has high selectivity,
precision, and short analysis time (< 10 min). Moreover,
the developed methods have advantages of lower cost
comparing to previously reported LC—-MS methods [4,
5]. Additionally, the facilities required for the methods
developed in this article are mostly available in all labo-
ratories, allowing them to be commonly applied for drug
monitoring. The methods developed below are the only
ones concerned with quantification of the drug along
with its metabolites.

Experimental

Instruments

For HPTLC method

Samples were applied by CAMAG Linomat 5, auto-
sampler (Switzerland) using CAMAG micro-syringe,
100 pL (Switzerland) on HPTLC aluminum plates, pre-
coated with silica gel 60 F254 (20 x 20 cm) (Merck,
Germany), 200 pm thickness and 5 pm particle size.
Chromatographic development was performed in glass
chamber (Macherey—Nagel, Germany). In the initial
trials and during method optimization, detection of the
drug and the metabolites was done using UV Lamp-
short wavelength 254 nm. Finally, scanning was carried
out using CAMAG TLC densitometric Scanner 3S/N
130319 with WINCATS software (CAMAG, Muttens,
Switzerland).

For HPLC method

Chromatographic separation was carried out on HPLC
instrument (Agilent 1260 Infinity, Germany) equipped
with a G1361A pump, G1316A thermo-stated column
compartment, and G2260A auto-sampler. The detec-
tor used was G131SD diode array detector VL, while the
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stationary phase was ZORBAX Eclipse Plus CN column
(150 x 4.6 mm i.d, 5 um particle size) (USA).

Materials

Pure samples

Flutamide (Sigma-Aldrich chemie GmbH., Germany)
with a purity of 99.25% according to the official method
(6].

Pharmaceutical formulation

Cytomed-250® tablets, was manufactured by CIPLA
LTD. INDIA. It was labeled to contain 250 mg Flutamide
per tablet.

Biological samples

Blank human plasma and urine samples were supplied by
Dr./Khaled Nagy Laboratory, Beni-suef, Egypt and they
were obtained from healthy volunteers.

Chemicals and reagents

For synthesis

Methanol, chloroform, HCI, glacial acetic acid, dichlo-
romethane, iodine mono chloride, sodium bicarbonate,
sodium hydroxide, and magnesium sulphate (El-Nasr
Pharmaceutical Chemicals Co., Abu-Zabaal, Cairo, Egypt).

For analysis
Toluene (ElI-Nasr Pharmaceutical Chemicals Co., Abu-
Zabaal, Cairo, Egypt).

Tetrahydrofuran, methanol, and acetonitrile (HPLC
grade, [(Tedia, USA), (Fisher Scientific, UK)].

Deionized water (SEDICO Pharmaceuticals Co., Cairo,

Egypt).

Solutions

Stock solutions of Flutamide, Flu-1 and Flu-3: (1 mg/
mL) They were prepared by accurately weighing 0.1 gm
of each in three separate 100 mL volumetric flasks and
dissolving in either methanol (for HPTLC) or acetonitrile
(for HPLC-DAD).

Working solutions of Flutamide, Flu-1 (0.2 mg/mL)
and Flu-3 (0.5 mg/mL) [for HPLC-DAD] They were pre-
pared by transferring either 20 mL (for Flutamide and Flu-
1) or 50 mL (for Flu-3) from their respective stock solu-
tions (1 mg/mL) into three separate 100 mL calibrated
flasks, the volume of each flask was completed with the
mobile phase, acetonitrile—water (40:60, v/v).

Synthesis of flutamide metabolites

Synthesis  of  4-nitro-3-(trifluoromethyl)phenylamine
[Flu-1] Method developed by Farid and Abdelwahab [8]
has been followed during preparation of Flu-1.
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Synthesis of 2-amino-5-nitro-4-(trifluoromethyl)phenol
(Flu-3) Synthesis of Flu-3 was carried out according to
the synthetic pathway depicted in Fig. 1.

General method for preparation of 2-iodo-4-nitro-5-trif-
luoromethyl-phenylamine (Intermediate A)

A solution of iodine monochloride (0.017 M) in glacial
acetic acid (35 mL) was added drop wise over 10 min at
25 °C to a solution of Flu-1 (0.013 M) in glacial acetic acid
(35 mL). The mixture was stirred at 25 °C for a further
1.5 h and excess glacial acetic acid was then removed
by vacuum evaporation. The residue was partitioned
between aqueous sodium bicarbonate-dichloromethane
and the separated organic layer was washed with water
(2 x 60 mL), dried (MgSO,), and re-crystallized from
methanol to afford intermediate A.

General method for preparation of 2-amino-5-nitro-4-tri-
Sfluoromethyl-phenol (Flu-3)

A solution of intermediate A (0.01 M) in aqueous sodium
hydroxide solution 15% (25 mL) was heated under reflux
for 24 h. After cooling, the reaction mixture was acidified
with hydrochloric acid and the formed solid was filtered,
washed with water, dried and re-crystallized from metha-
nol: chloroform (1:1) to afford Flu-3.
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Pharmaceutical formulation sample

Ten cytomed-250® tablets were grinded and then accu-
rately weighed. An amount of the powdered tablets
equivalent to 200 mg Flutamide was transferred into
100 mL volumetric flask, 75 mL of either methanol (for
HPTLC) or acetonitrile (for HPLC-DAD) was added and
the solution was ultra-sonicated for 30 min. The solution
was filtered and then the appropriate solvent was added
till adjusting the volume to prepare sample stock solution
of (2 mg/mL). Working solution (0.2 mg/mL) [for HPLC-
DAD] was then prepared in the mobile phase mixture of
acetonitrile—water (40:60, v/v).

Procedure

Linearity

Pure samples For HPTLC

Different concentrations of Flutamide, Flu-1, and Flu-3
in the range of 10-350 pg/mL were prepared in metha-
nol from their corresponding stock solutions. 10 yL were
applied in triplicates from each concentration to HPTLC
plates. They were applied as bands of 6 mm width using
a micro-syringe, the bands were spaced by a distance of
8.9 mm. Scanning speed was set at 20 mm/s and the slit
dimension was adjusted to 6.0 x 0.3 um. A glass chamber
saturated with the mobile phase consisting of toluene:

OoN
O OoN
a
CHs
_—
F3C N
H FsC NH,
Flutamide CHs FLU-1
b
OoN OH OoN
C
-
F3C NH, F3C NH,
FLU-3 Intermediate A
Fig. 1 Scheme for preparation of Flu-3. Reagents and conditions: (a) NaOH, methanol, reflux, 3 h, (b) ICl, acetic acid, RT, 1.5 h; (c) aqueous NaOH,
reflux, 24 h
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tetrahydrofuran: glacial acetic acid (8:2:0.2, by volume)
for half an hour was prepared and the chromatographic
development was left until the mobile phase migrated to
8 cm. UV scanning was done at 370 nm. The results were
recorded as peak areas which together with the corre-
sponding concentrations were then used to calculate the
regression equations of each component.

For HPLC

Different samples of Flutamide, Flu-1, and Flu-3 were
prepared from their respective working solutions in the
concentration ranges of 2-50, 1-50, and 5-200 pg/mL
for Flutamide, Flu-1 and Flu-3, respectively. Separation
was done on CN column using a mobile phase consisting
of acetonitrile: water (40:60, v/v) with a flow rate of 1 mL/
min at ambient temperature. The detector was adjusted
at 220, the injection volume was 20 pL and the run time
was adjusted at 10 min. The peak areas were recorded
and used for construction of their calibration curves.
Spiked human plasma samples For HPTLC method
Into three separate sets of 5 mL volumetric flasks, differ-
ent concentrations of Flutamide, Flu-1, and Flu-3 sam-
ples in the range of 30-300 pug/mL were prepared, 0.5 mL
plasma was added to each flask and 1 mL methanol was
then used to precipitate plasma protein. The volume was
completed with methanol.

For HPLC method

Samples in the range of 2-50 pg/mL for both Flutamide
and Flu-1 and in the range of 15-200 pg/mL for Flu-3
were separately transferred from their previously pre-
pared working solutions into three separate sets of 5 mL
volumetric flasks. 0.5 mL plasma was added to each
flask, then 1 mL acetonitrile was added to precipitate the
plasma protein and volume was then completed with the
mobile phase.

The prepared solutions were then vortexed for 1 min.
To remove the precipitated plasma protein, samples were
placed in a cooling centrifuge for 5 min at 5000 rpm and
then samples were filtered through 0.45 pm rated Acro-
disc MS syringe filter (PN MS-3201). Procedure under
linearity for each method has been followed, peak areas
were then recorded, and regression equations have been
computed.

Spiked human urine samples
HPLC methods

Solutions of different concentrations in the range of
30-400 pg/mL for Flutamide and Flu-3 and 30-250 pg/
mL for Flu-1 (for HPTLC), in the range of 2-50 pg/
mL for both Flutamide and Flu-1, and in the range of
15-200 pg/mL for Flu-3 (for HPLC) were prepared
in separate sets of 5 mL calibrated flasks. 0.5 mL urine
was added to each concentration and the volume was

For both HPTLC and
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adjusted by the appropriate solvent for each method.
Samples were than filtered using 0.45 pm rated Acro-
disc MS syringe filter (PN MS-3201). Instructions given
under linearity for each method have been followed and
calibration curves were then plotted.

Analysis of cytomed-250® tablets

Samples equivalent to 1 pg/band and 15 pg/mL Fluta-
mide were prepared from cytomed-250® tablets solu-
tion and were analyzed by HPTLC and HPLC methods,
respectively. Each sample was analyzed 5 times follow-
ing the conditions illustrated under linearity of each
method. The concentrations of the drug were calculated
from the corresponding computed regression equations.
To test the accuracy of the methods, standard addition
technique was carried out by spiking the pre-analyzed
cytomed-250® samples with extra amounts of standard
flutamide.

Statistical comparison

Data analysis was performed by comparing the results of
each of the developed methods with those obtained by
the reported BP [6] spectrophotometric method using
student’s t and F tests.

Results and discussion

Flutamide is an effective drug used in the treatment of
prostatic carcinoma, it is rapidly metabolized in the body
giving many metabolites including the toxic metabo-
lite, Flu-1, which is one of the important metabolites
in plasma, and Flu-3 which is the main urine inactive
metabolite [4]. Lacking of analytical methods for deter-
mination of Flutamide and its metabolites inspired us for
development of selective, sensitive, and accurate meth-
ods for quantitation of Flutamide, Flu-1, and Flu-3. The
methods were extended for determination of the active
drug and the studied metabolites in biological fluids
including human plasma and urine. Nowadays, chro-
matographic methods became the analytical methods of
choice for qualitative and quantitative pharmaceutical
analysis [23-26].

In this work trials were done to develop HPTLC and
HPLC methods which were able to separate and quan-
tify the drug and its metabolites in short analysis time
with high sensitivity and selectivity. Also, efforts were
attempted to use less hazardous solvents. Organic sol-
vents were classified into three categories according to
their harmful environmental effects: desirable, accept-
able, and undesirable [27]. Several trials were done to use
desirable solvents, unfortunately all trials failed to sepa-
rate all the studied components. Hence, acceptable sol-
vents like cyclohexane, tetrahydrofurne, heptane, toluene
(for HPTLC), and acetonitrile (for HPLC) were tried and
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the optimum ones were chosen. For the development of
these analytical methods, Flu-1 and Flu-3 had to be syn-
thesized in an adequate amount.

Preparation of flutamide metabolites and structural
elucidation
Synthesis of Flu-1 has been carried out following our
method that was previously published [8]. Flu-3 prepara-
tion was carried out according to the synthetic pathway
illustrated in Fig. 1.

Structural confirmation of the prepared metabolites
has been performed by NMR analysis.

For Flu-1

The yield was 74%; it was a yellow powder; 'H NMR
(CDCl,) 8 4.97 (br. s, 2H, NH,, D,O exchangeable), 7.03
(s, 1H, phenyl H-6), 8.46 (s, 1H, phenyl H-3) Fig. 2a.

For Flu-3

The yield was 82%; and it was a yellow powder; mp 197-
199 °C; 'H NMR (DMSO-d6) & 3.16 (br. s, 3H, NH, and
OH, D,0 exchangeable), 6.35 (s, 1H, phenyl H-6), 8.46 (s,
1H, phenyl H-3) Fig. 2b.

Method development and optimization

In order to achieve the chromatographic separation of
the drug, its metabolites, and blind plasma or urine peaks
and to improve symmetry of the peaks, various param-
eters such as the choice of mobile phase, its composi-
tion, and detection wavelength were considered during
method optimization.

HPTLC method

Trials were made to choose a proper mobile phase to
obtain maximum resolution and peak symmetry. Initially
ethyl acetate together with several solvents including
acetone, tetrahydrofurane, and toluene in different ratios
were tried. All the trials gave bad resolution. Combina-
tion between tetrahydrofuran and toluene in different
ratios were then tested, this resulted in slight improve-
ment in chromatographic separation. In a trial to
improve the separation between Flu-1 and Flu-3, mobile
phase pH was changed by either using triethyl amine or
glacial acetic acid. Using basic pH resulted in good sepa-
ration but with tailed peak for Flu-3. Significant improve-
ment was observed on using glacial acetic acid. Finally,
the used mobile phase was toluene: tetrahydrofuran:
glacial acetic acid (8:2:0.2, by volume). Saturation time
did not significantly affect the method and so saturation
time of 15 min was sufficient for good separation. Sev-
eral scanning wavelengths were tested (220, 254, 300,
and 370 nm). Detection at 220 nm resulted in high base
line noise while 254 and 300 nm gave lower sensitivity.
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Detection at 370 nm was chosen that gave optimum sig-
nal to noise ratio for all the three components. In all tri-
als plasma and urine peaks were almost retained on the
stationary phase and did not interfere with the chromato-
graphic separation.

The optimum conditions for separation of the three
studied components along with plasma or urine peaks
were observed on using a mobile phase of toluene: tet-
rahydrofuran: glacial acetic acid (8:2:0.2, by volume), sat-
uration time of 15 min and scanning at 370 nm, Fig. 3.

HPLC method

Initial trial was made following USP [7] reported HPLC
method at which acetonitrile was the organic modi-
fier and water was the aqueous solvent (45:55, v/v), flow
rate = 1 mL/min with UV detection at 240 nm using C18
column as a stationary phase. Unfortunately, Flu-3 was
highly retained (eluted after more than 15 min) and with
very low sensitivity. Percentage of acetonitrile was then
increased (up to 70%) but bad resolution was observed.
Other trials were made by changing the mobile phase pH
(3-9) using phosphoric acid, glacial acetic acid or triethyl
amine, however, in vain. The stationary phase was then
exchanged with C8 and CN columns. It was found that
C8 gave the same results as C18 while CN column gave
better results; Modification in the mobile phase strength
was a must for complete resolution among Flu-1 and Flu-
3. The ratio (40:60, v/v), acetonitrile: water gave complete
resolution between the eluted peaks with appropriate
analysis time. In order to increase sensitivity, different
detection wavelengths were examined (220, 254, 300, and
370 nm). By observing UV spectra of the three compo-
nents and after HPLC trials, one can conclude that wave-
length 220 nm was suitable for detection of Flutamide,
Flu-1, and Flu-3.

The studied components were completely resolved
from each other and from either the plasma or urine
peaks on using a CN column, mobile phase consisting of
acetonitrile: water (40:60, v/v) with a flow rate of 1 mL/
min and UV scanning at 220, Fig. 4.

Method validation

Bio-analytical method validation

Instructions given by FDA [28] guidelines for Bio-analyti-
cal method validation was followed.

Linearity and limit of quantitation On applying the
developed methods to spiked human plasma and urine
samples and then plotting the obtained peak areas of Flu-
tamide, Flu-1, and Flu-3 against the corresponding con-
centrations, linear relations were obtained in different
ranges and results are shown in Table 1. The lower limit
of quantitation (LLOQ) was chosen according to FDA



Abdelwahab et al. Chemistry Central Journal (2018) 12:4

Page 6 of 15

HEBA-N2
PROTON_BSU CDC13 (C:\data) nmr 18
325 83 55
s 35 &8 -8
@ ~r~ o~ << Current Data Parameters
v NAME  Feb 23-2016 nmr
O.N | EXPNO 70
2 PROCNO 1
F2 - Acquisition Parameters
Date_ 20160223
Time 53
INSTRUM ct
PROBHD 5 mm PABBO BB/
PULPROG 2930
F.C NH., oivent cbeis
3 2 S 1
. DS 2
Intermediate A SWH 8012.820 Hz
FIDERS 0122266 Hz
AQ 4.0894465 sec
RG 147.93
DW 62400 usec
DE G 50 usec
TE 1k
D1 1. oooooooo sec
TDO
======== CHANNEL f1 ========
SFO1 400.1324710 MHz
NUC ]
P1 0 usec
PLN1 16.00000000 W
glz - Processing parameters
SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.10 HZ
ge 0 1.00
L] 1 L] I ) L L) 1 ) L) I
10 9 8 7 6 5 4 3 2 1 ppm
o™
& HE &l
a
HEBA -N3
PROTON_BSU DMSO (C:\data) nmr 18 M
5 3 grpe3ssssys BRUKER
3 3 ThbhBBIBBeEN
© «© CNNNNNT - -
| | S i T T R
PROCNO 2
FZ Acqul-lllon Plumolov‘
B il o' ZB,
mm
O2N OH PULPROG “ “
SOLVENT
NS 16
Ds
WH 8012.i 820 Hz
FIDERS 0355268 He
AQ 4.0894465 sec
RG 47.93
F3C NH; oF SZ5180 moc
TE 293.1
TD:)O 1 .0000000(1) seoc
FLU-3
........ CHANNEL #1 s
SFO1 400.1324710 MHz
NucC1
1 0 usec
PLN1 16.4 OONDOOO w
F2 - Processing parameters
Si 534
J I J u SF 400.1300000 MHz
wbw EM
ss8 o
L8 0.10 HZ
GB o
PC 1.00
13 12 11 10 9 6 3 Ppm
3 o)
o 1= s|8 ]
rﬂ] H Iafﬁ fz
Fig. 2 H-NMR of (a) intermediate (A) and b of Flu-3

recommendations [28] at which LLOQ was accepted to
be the lowest concentration on the calibration curve pro-
vided that the peak of the analyte was identifiable, repro-
ducible, and had accuracy within 20% of the true concen-
tration. LLOQ was 0.3 pug/b and for Flutamide, Flu-1, and
Flu-3 in both spiked plasma and urine samples by HPTLC

method, 2 pg/mL for Flutamide and Flu-1 and 15 pg/
mL for FLu-3 in both spiked plasma and urine samples
by HPLC method. The calculated value for each concen-
tration was considered to be accepted when their devia-
tion was £ 15% of the true ones except for LLOQ which
was % 20%.
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Selectivity Chromatograms in Figs. 3 and 4 showed that
there was no interference from endogenous components
in plasma and urine matrices and no additional interfer-
ing peaks were observed. Blank plasma and urine samples
were obtained from six healthy volunteers.

Precision and accuracy Repeatability and intermedi-
ate precision expressed as relative standard deviation
(RSD) were tested by analyzing four different samples, 5
times each (including LLOQ and other three quality con-
trol samples). All results in Table 2 did not exceed the
acceptance criteria which were < 15% (for quality con-
trol samples) and 20% for LLOQ. Additionally, accuracy
was tested by the same way as precision and was calcu-
lated as percentage recovery. The mean values of each
component in each of the developed methods did not
exceed £ 15% (for quality control samples) and 20% (for
LLOQ), Table 2.

Recovery It was calculated as % recovery and obtained
by comparing the peak areas of analytes in plasma (after
removal of plasma protein) with those of pure samples
of the same concentrations. Recovery was performed at
three concentration levels (low, medium, and high). The

recovery ranged from 94.56 to 97.96%, 94.53 to 96.94%
and 92.02 to 98.18% for Flutamide, Flue 1, and Flu-3,
respectively (for HPTLC method). While for HPLC, it was
in the range of 94.87-99.47%, 94.78-98.83%, and 93.50—
96.91%, respectively.

Sample stability Freeze and thaw cycle

To test samples stability in both plasma and urine, human
plasma and urine were spiked with definite concentra-
tions of Flutamide, Flu-1, and Flu-3. Samples were stored
at — 20 °C and subjected to three freeze—thaw cycles. The
recovery percentages were calculated for each concen-
tration for which the corresponding standard deviations
(SD) were calculated. Sample stability was confirmed
when a change of less than 15% of the analyte concen-
tration was observed [29]. Satisfactory results were
obtained, verifying no significant loss of the analytes con-
centrations during the repeated freezing and thawing as
shown in Table 3.

Short term temperature stability

Analysis of quality control samples left for 24 h at room
temperature was carried out and results are shown in
Table 3 which proved stability of all samples under work-
ing conditions.
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Analytical method validation
USP [7] instructions for method validation have been fol-
lowed during method validation step.

Linearity, accuracy, precision, LOD and LOQ were
evaluated and the results are summarized in Table 4.

Selectivity of the method Was proved by the complete
separation of the drug and the metabolites under the
applied chromatographic conditions, Figs. 3 and 4. Speci-
ficity was also examined by analyzing the commercial
tablets, results in Table 5 proved that excipients did not
interfere.

Robustness Was studied and all the obtained values
were < 3 indicating that the proposed methods were
not affected by the small variations made in the studied
parameters, Table 6.

System suitability testing parameters

System suitability was performed by calculating differ-
ent chromatographic parameters. Results presented in
Table 7 showed that the values of selectivity and resolu-
tion factors are within the accepted limits [30] indicating
good chromatographic separation.

Application of the method

After optimization and validation of the methods, they
were further tested by application to cytomed-250® tab-
lets, the % recoveries were found to be 101.75 + 0.975
and 102.02 + 1.002 for HPTLC and HPLC methods,
respectively indicating that tablets common excipients
did not interfere. Standard addition technique has been
carried out to further access accuracy of the methods
where the obtained results, Table 5, proved the accuracy
of the proposed methods.

Statistical comparison

One-way analysis of variance (ANOVA) is applied to test
the significant difference between the means of three or
more unrelated groups. This test was used here to com-
pare the results obtained by applying the suggested meth-
ods to available pharmaceutical formulation and those
gained by applying the official method [6]. The results
showed that the value of F ,cyateq) [3-069] was lower than
F critical) [3-885] and p value = 0.084 indicating no signifi-
cant difference between the three methods. Additionally,
student’s t test was used to test the significance among
each of the developed methods and the official one [6].
The calculated t value was found to be 1.847 and 2.216
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Table 2 Intra and inter assay precision and accuracy
Component Concentration Intraday Interday
(ng/band)®
Recovery % Bias %" RSD% Recovery % Bias% RSD%
a. For HPTLC method
In plasma
Flu 0.3 (LLOQ) 93.98 —6.02 6.526 93.97 —6.03 8.169
0.5 (LQC) 97.88 —212 3.183 98.79 —1.21 433
1.6 (MQQ) 103.54 3.54 3.063 105.353 553 4.538
2.5 (HQQ) 98.61 —139 242 104.63 463 597
Flu-1 0.3 (LLOQ) 103.69 3.69 6.191 106.49 6.49 7.954
0.5 (LQC) 103.61 3361 3.703 104.95 495 4.085
1.6 (MQQ) 98.11 —1.89 4 97.99 — 201 4614
2.5 (HQQO) 97.87 —213 3.053 96.84 —3.16 4917
Flu-3 0.3 (LLOQ) 105.34 534 7934 96.19 —381 9.088
0.5 (LQC) 102.36 2.36 4.129 104.76 4.76 5.688
1.6 (MQQ) 102.93 293 461 104.38 4338 5.699
2.5 (HQC) 97.338 — 262 4.645 98.61 1.39 6.788
In urine
Flu 0.3 (LLOQ) 101.13 113 4978 104.84 4.84 8.015
0.5 (LQO) 95.78 —4.22 3.193 101.73 1.73 7.778
1.6 (MQQC) 98.75 —125 2.051 99.82 —0.18 2.797
3 (HQQ) 98.31 —1.69 2446 98.99 —1.01 3.597
Flu-1 0.3 (LLOQ) 97.14 — 286 744 107.87 7.87 7.694
0.5 (LQQ) 98.93 —1.07 3.282 98.2 —-18 4157
1.6 (MQQC) 103.29 3.29 2.679 98.06 —1.94 2.985
2 (HOO) 99.23 —0.77 2.771 97.89 — 21 4175
Flu-3 0.3 (LLOQ) 103.82 3.82 8481 106.31 6.31 9.175
0.5 (LQQ) 102.7 2.7 3.223 104.1 4.1 3.801
1.6 (MQC) 97.82 —2.18 2.685 101.96 1.96 3.698
3 (HQO) 98.67 —133 2428 97.94 —2.06 5.032
Component Concentration Intraday Interday
(ng/band)? - b -
Recovery % Bias % RSD% Recovery % Bias % RSD%
b. For HPLC method
In plasma
Flu 2 (LLOQ) 102.04 2.04 4.389 10941 941 8.903
5(LQO) 97.98 —202 3.368 102.63 2.63 5329
20 (MQQ) 98.97 —1.03 2319 97.82 —218 3572
45 (HQQ) 98.56 — 144 3404 99.28 - 072 4.138
Flu-1 2 (LLOQ) 96 —4 5.657 10432 432 10.386
5(LQ0) 98.29 —1.71 3.282 98.57 —143 5.77
20 (MQQ) 98.98 —1.02 1.982 99.83 —-0.17 2317
45 (HQQ) 97.52 — 248 2271 98.86 —1.14 2.321
Flu-3 15 (LLOQ) 100.98 0.98 3.894 104.4 44 6.945
30 (LQQO) 98.6 —14 3.075 101.44 1.44 58
100 (MQC) 100.54 0.54 3494 103.25 325 6.2
170 (HQQ) 98.54 — 146 3.92 95.79 —4.21 6.116
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Table 2 continued
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Component Concentration Intraday Interday
(ug/band)?
Recovery % Bias %P RSD% Recovery % Bias % RSD%
In urine
Flu 2 (LLOQ) 101.91 191 4.298 98.84 —1.16 7.831
5(LQQ) 97.71 —229 401 97.27 —273 4.968
20 (MQQ) 103.16 3.16 3415 101.29 1.29 6.772
45 (HQQ) 101.59 1.59 3353 1044 44 492
Flu-1 2 (LLOQ) 98.82 —1.18 3.734 96.8 —-32 8483
5(LQO) 99.57 — 043 2.051 97.99 — 201 3.594
20 (MQQ) 99.29 — 071 2.144 104.29 4.29 4.705
45 (HQQ) 101.19 1.19 1.652 105.15 5.15 4.46
Flu-3 15 (LLOQ) 10231 231 5014 103.94 3.94 5014
30 (LQO) 99.17 — 083 2228 102.31 2.31 4.49
100(MQC) 100.55 0.55 1.79 102.45 245 3.994
170 (HQQ) 100.32 032 1.335 101.37 137 2.533
2 Average of 5 experiments
b 9% of deviation from true value
Table 3 Results of freezing-thawing and short term stability study
Spiked human plasma Spiked urine
Flutamide Flu-1 Flu-3 Flutamide Flu-1 Flu-3
Freezing thaw cycle
HPTLC method
SD? 3.143 1.725 2901 2.524 1.301 3.083
HPLC method
SD? 2.028 1.75 1.730 221 2402 1.980
Short term stability
HPTLC method
sp? 244 2.86 3.18 2.60 3.01 3.08
HPLC method
Sb? 2.00 1.54 3.04 243 264 352

@ Average of 3 determinations

for each of the HPTLC and HPLC methods, respectively
while the tabulated t at p = 0.05 was 2.306 which meant
that there was no significant difference between each
of the two methods and the official one with 95% confi-
dence limit. The developed methods had advantages over
the official one of being more selective and able to resolve
the drug even in presence of plasma and urine matrices.
In addition, chromatographic methods are known to be
of higher sensitivity than spectrophotometric methods,

hence the developed methods were used to quantify the
drug along with its metabolites.

In the same way, the developed HPLC method was
compared with all the published HPLC methods [3,
7, 16-20] regarding the used chromatographic condi-
tions and the resulted retention time. Comparison items
and results are given in Table 8. The results of this com-
parison showed that the method is the unique one that
determined the drug and the metabolites in single run
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Table 4 Assay and method validation parameters for the determination of flutamide and its metabolites in pure samples
by the proposed methods

Parameters HPTLC method HPLC method
Pure samples Pure samples
Flutamide Flu-1 Flu-3 Flutamide Flu-1 Flu-3
Range? 0.1-3 03-25 0.3-35 2-50 1-50 5-200
Slope — 64507° — 2070.03° —101.45° 436020 34.9780 64161
4902.40° 131214 825601
Intercept 464.92 2938.80 1275.60 — 17.9250 — 51212 54658
Correlation (r) 0.9998 0.9998 0.9999 0.9998 0.9999 0.9998
Accuracy Precision (sp) 99.98 100.99 100.67 99.86 9945 99.57
Repeatability® f 1.12 035 247 0.863 1.224 1016
Intermediateprecision® ¢ 1.59 1.37 2.86 1.144 1334 1.027
Lop" 0.03 0.09 0.09 0.45 0.31 1.65
LoQ 0.09 0.28 0.27 135 093 495

2 Range: for HPTLC, it is measured by pug/band and for HPLC method in pg/mL

The linearity was achieved using the polynomial regression equation: A = aX? 4 bX + C
b Coefficient 1, < Coefficient 2 X = concentration pg/band C = intercept

4" Accuracy:  Mean of 9 concentrations of each component

¢ Average of three experiments

f Standard deviation of 3 concentrations of each component (0.5, 1.5 and 2 pg/band) for HPTLC method and 10, 20 and 30 pg/band (for flutamide and Flu-1), 50, 100
and 150 pg/mL (for Flu-3) for HPLC method on the same day

9 Standard deviation of 3 concentrations of each component (0.5, 1.5 and 2 pg/band) for HPTLC method and 10, 20 and 30 pg/band (for flutamide and Flu-1), 50, 100
and 150 pg/mL (for Flu-3) for HPLC method on three successive days

P LOD = (3.3 X SD)/slope (SD of the intercept using the lower part of the calibration graph, the slope of the calibration curve)
I L0Q = (10X SD)/slope (SD of the intercept using the lower part of the calibration graph, the slope of the calibration curve)

Table 5 Determination of Flutamide in its pharmaceutical formulation by the proposed methods, application of standard
addition technique

Pharmaceu- HPTLC method HPLC method

tical formu-

lation Taken Found®%+%  Added Recovery® %  Taken Found?® % %+ %RSD Added  Recovery® %

(ng/band) RSD (ng/band) (ng/mL) (ng/mL)

Cytomed® 1.00 101.75 £ 0.975 0.60 100.63 15.00 102.02 4+ 1.002 10.00 100.90
tablets 1.00 97.00 1200 10047
labeled to
contain 1.50 99.0 15.00 98.13
250 mg Mean #+ SD 9882+ 1818 Mean =+ SD 99.52 +1.385
flutamide/
tablet

o

Average of 5 determinations

o

Average of 3 determinations
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Table 6 Robustness and ruggedness studies of the developed method

HPTLC method
Robustness (SD)?
Factor Flu-1 Flutamide Flu-3
1-Amount of acetic acid (= 0.01 mL/min) 0.03 0.03 0.03
2-% Tetrahydrofuran in the mobile phase (£ 1%) 062 1.25 094
3-Detection wavelength (£ 2 nm) 1.1 0.73 0.86
Ruggedness (SD)?

1-Two analysts 0.009 0.004 0.009
HPLC method
Robustness (SD)?
Factor Flutamide Flu-1 Flu-3
1-Mobile phase flow rate (£ 0.05 mL/min) 2916 0.742 0.446
2-% acetonitrile in the mobile phase (£ 1%) 2423 2.604 2.964
3-Detection wavelength (£ 2 nm) 0.456 0.582 0516
Ruggedness (SD)?

1-Two analysts 0.196 0412 0.269

2-Different acetonitrile manufacturer 0.939 1.33 0.287

@ Average of 3 determinations

Table 7 System suitability testing parameters of the developed methods

Parameters HPTLC method HPLC method
Flutamide Flu-3 Flu-3 Flu-1 Flutamide

Re (for HPTLC) or Rt (for HPLC) 0.6 £ 001 0.74 £0.02 401 £0.06 6.00 + 0.01 8.96 £ 0.02
Peak symmetry 1.00 0.94 1.30 1.25 1.10
Selectivity (a)

Plasma 1.23 1.24 3.54 1.71 1.62

Urine 1.71
Resolution (R,)

Plasma 2.00 224 460 524 5.60

Urine 277
Capacity factor (a) 0.64 032 234 400 6.48
Number of theoretical plates (N) 3059.22 2515.28 369829
Height equivalent to theoretical plate (H) (in cm) 0.0049 0.0060 0.0041

within short analysis time. Moreover, it is the only one  Conclusion

that was applied to pharmaceutical formulation, spiked  The developed HPTLC and HPLC-DAD methods are
human plasma, and urine. Additionally, the developed  accurate, precise, selective, and sensitive. Validation
HPTLC method is the first developed one for analysis of ~ parameters prove that the methods are suitable for the

Flutamide.

analysis of Flutamide as bulk drug, in pharmaceutical
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Table 8 Comparison between the developed and the pub-

lished HPLC methods

The method

The chromatographic condition

The developed HPLC method

Determination of flutamide in
tablets [3]

HPLC method for flutamide in pure
form and dosage form [7]

Stability study of flutamide [16]

Stability study of flutamide [17]

HPLC determination of flutamide
[18]

Determination of flutamide in
pharmaceutical formulation [19]

HPLC determination of flutamide
[20]

Stationary phase: CN column

Mobile phase: acetonitrile: water
(40:60, v/v)

Flow rate: 1 mL/min

Retention time: 8.96 min

Linearity range: 2-50 ug/mL

Detection wavelength: 220 nm

Stationary phase: Luna C18 column

Mobile phase: 0.05 M phosphate
buffer (pH = 4): acetonitrile
(50:50, v/v)

Flow rate: 1 mL/min

Retention time: 5.57 min

Linearity range: 2.9-11.6 pg/mL

Stationary phase: Packing L1
column

Mobile phase: Acetonitrile: water
(55:45, v/V).

Flow rate: 1 mL/min

Detection wavelength: 240 nm

Retention time: 1 min

Stationary phase: Licrospher RP-18.

Mobile phase: Acetonitrile: water:
methanol (30:45:25, by volume).

Flow rate: 1 mL/min

Detection wavelength: 299 nm

Stationary phase: C18 column

Mobile phase: methanol: 0.04 M
phosphate buffer (pH = 4) (75:25,
V).

Detection wavelength: 240 nm

Retention time: 4 min

Linearity range: 0.2-25 pg/mL

Stationary phase: nucleosil C18
column

Mobile phase: acetonitrile: water
(60:40, v/v).

Flow rate: 1 mL/min

Retention time: 6.35 min

Linearity range: 0.0125-0.625 pg/mL

Stationary phase: Spheri-5 RP-18
column

Mobile phase: acetonitrile: water (70:
30, V/V)

Flow rate: 1 mL/min

Detection wavelength: A, = 255 nm,
Aemn = 375nM

Retention time: 3.9 min

Linearity range: 0.1-0.6 pg/mL

Stationary phase: C8 column

Mobile phase: methanol: acetoni-
trile: KH2PO4 (50 mM, pH = 3.2)
(29:38:33, by volume)

Flow rate: 1 mL/min

Retention time: 2.9 min

Linearity range: 0.0625-1.6 pg/mL
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formulation, and in the presence of drug metabolites,
Flu-1 and Flu-3. The methods have been successfully
applied for different biological fluids including urine and
plasma samples. Comparing the developed methods with
the official BP spectrophotometric method showed that
they were more selective, sensitive, and had the advan-
tages of simultaneous quantitation of Flutamide and its
metabolites in a single run and scanning wavelength.
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