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Abstract: Three sensitive spectrophotometric methods are presented for the determination of finas-
teride in bulk and in tablets. The methods rely on the use of bromate-bromide reagent and three dyes
namely, methyl orange, indigocarmine and thymol blue as reagents. They involve the addition of a
measured excess of bromate-bromide reagent to finasteride in acid medium, and after the bromination
reaction is judged to be complete, the unreacted bromine is determined by reacting with a fixed amount
of either methylorange and measuring the absorbance at 520 nm (method A) or indigocarmine and
measuring the absorbance at 610 nm (method B) or thymol blue and measuring the absorbance at 550
nm (method C). In all the methods, the amournhsitu generated bromine reacted corresponds to the
amount of finasteride. The absorbance measured at the respective wavelength is found increase linear-
ly with the concentration of finasteride. Beer’s law is obeyed in the ranges 0.25- 2.0, 0.5-6.0 and 1-12
pg mL1 for method A, method B and method C, respectively. The calculated molar absorptivity val-
ues are 5.7x¥)3.12x16@and 1.77x16L mol-1 cnrlrespectively, for method A, method B and method

C, and the corresponding Sandell sensitivity values are 0.0065, 0.012 and 0.024. fipetimits of

detection (LOD) and quantification (LOQ) are also reported for all the methods. Accuracy and, intra-
day and inter-day precisions of the methods were established according to the current ICH guidelines.
The methods were successfully applied to the determination of finasteride in commercially available
tablets and the results were found to closely agree with the label claim. The results of the methods were
statistically compared with those of a reference method by applying Student’s t-test and F-test. The
accuracy and reliability of the methods were further confirmed by performing recoveryidesttmn-

dard addition procedure.
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Introduction tic hyperplasia (BPH) in low doses and in prostate
cancer in higher doses. Additionally, it is registered
Finasteride (FNS), chemically known as N-in many countries for male pattern-baldness. Many
(1,1-dimethylethyl) — 3- oxo- €6 17B)-4-azaan- papers have been published on the determination
drost- 1- ene-17- carboxamide (Fig 1)[1] is arof FNS in biological fluids[3], particularly in
antiandrogen which acts by inhibiting 5-alphahuman plasma using high performance liquid
reductase, the enzyme that converts testosteronecttomatograph (HPLC)[4-11] with different
dihydrotestosterone[2]. It is used in benign prostadetector systems. HPLC is the single most widely
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used technique for the determination of FNS irexpected of HPLC. In addition, the procedures
pure drug and related substances[12,13require either derivatization of the compound or
tablets[14-16] and capsules[17]. HPLC has alsselective detectors and elaborate multi-step extrac-
been applied in stability indicating[18] and storagetions. Added to this, the technique requires expen-
stability studies[19]. llanget al[20] have recently sive instrumental set up and not accessible to
reported a UV-spectrophotometric method for themany laboratories in developing and under devel-
determination of FNS in tablet preparations anioped countries. Even the polarographic methods
the method is reported to be applicable over 5-2are inadequately sensitive with the determination
pg mil concentration range. Other techniquesranges being 8-40 and 2-40 ug fusing direct
including HPTLC[21], mid-infrared spectropho- current and differential pulse modes, respectively.
tometry[22] and polorography[23] devoted to In previous papers, we have reported the
assay in formulations are also found in the literasuccessful use of bromate-bromide reagent and
ture. The drug is official in Martindale, The Extra dyes such as methyl orange and indigocarmine for
Pharmacopeia[24] and United Statesthe sensitive spectrophotometric determination of
Pharmacopoeia[25] and the latter describes HPLa variety of pharmaceuticals[27-35]. The work
procedure for assay in pure drug and in tablets. communicated in this paper is aimed at developing
sensitive and cost-effective spectrophotometric
methods for the assay of FNS in pharmaceuticals.
The methods make use of bromate-bromide
mixture and are based on the bromination of the
FNS molecule bynsitugenerated bromine and the
latter’s bleaching action on three dyeig, methyl
orange, indigocarmine and thymol blue.

Experimental

H Apparatus

Figure 1. Structure of FNS. A Systronics model 106 digital
spectrophotometer with 1-cm matched quartz cells
was used for all absorbance measurements.

(0] N
H

Visible spectrophotometry, because of sim-
plicity, sensitivity, reasonable accuracy and preciReagents and Standards
sion, and speed, has withstood the test of time ai All chemicals used were of analytical
remained competitive with the newer analytica/purity grade and all solutions were prepared in
methods. There is only one report[26] on the visidistilled water.
ble spectrophotometric determination of FNS ir Bromate-bromide mixtu(@0, 30 and 60 pg
pharmaceuticals and the method is based on timL1 in KBrOs). A stock standard solution
measurement of oxidative couple formed with 3-equivalent to 1000 pg mt KBrO; containing a
methyl-2-benzothiazolinone hydrazone (MBTH) large excess of KBr was first prepared by dissolving
in the presence of iron(lll) chloride, the coloredaccurately weighed 100 mg of KBy@nd 1g of
product peaking at 446 nm. Although the metho(KBr in water and diluting to the mark with water in
is fairly sensitive (2- 10 pg mb), the chromogen a 100 mL calibrated flask. This was diluted
formed is poorly stable, and the method employstepwise to obtain working concentrations
an expensive reagent (MBTH). Further, of thecontaining 10, 30 and 60 pug MIKBrO;for use in
reported HPLC methods, the method of Ziyahg method A, method B and method C, respectively.
al[12]. is quite sensitive with the detector respons Hydrochloric acid Concentrated
being linear in the concentration range 0.604-6.0hydrochloric acid (S.D. Fine Chem., Mumbai,
ug mL2; all other methods lack the sensitivity India; sp. gr. 1.18) was diluted appropriately with
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water to get 5 mol i for method A and method C, being measured accurately. The flasks were
and 2 mol L for method B. stoppered, content mixed and let stand for 15 min
Methyl orange (5Qug mL). A500ug mL-  with occasional shaking. Finally, 1 mL of 5@
1 dye solution was first prepared by dissolvingmL-l methyl orange solution was added
accurately weighed 58.8 mg of dye (S.D. Fine(accurately measured) and the volume was diluted
Chem., Mumbai, India, assay 85%) in water anito the mark with water and mixed well. The
diluting to 100 mL in a calibrated flask and filtered absorbance of each solution was measured at 510
using glass wool. It was diluted to obtain anm against a reagent blank after 5 min.
working concentration of 5ag mkL. Method B. Varying aliquots (0.5,1.0——
Indigo carmine(20Qug mL1). A1000ug 3.0 mL) of a standard 20g mL1 FNS solution
mL-1 stock standard solution was first prepared brwere transferred into a series of 10 mL calibrated
dissolving accurately weighed 112 mg of dye(S.Dflasks by means of a micro burette and the total
Fine Chem., Mumbai, India, 90% dye content) irvolume was brought to 3 mL by adding water. To
water and diluting to volume in a 100 mL calibrateceach flask were added 2 mL of 2 mollL
flask. The solution was then diluted 5-fold to get thehydrochloric acid and 1.5 mL of bromate-bromide
working concentration of 200g mL1. solution (30pg mL1 in KBrOg) by means of a
Thymo blue(20@ig mL1). A1000ug mL-  micro burette. The content was mixed well and the
1 stock standard solution was first prepared bflasks were kept aside for 10 min with intermittent
dissolving accurately weighed 100 mg of dyeshaking. Finally, 1 mL of 20Qug mL? indigo
(Loba. Chemie, Mumbai, India, 100% dye carmine solution was added to each flask, the
content) in water and diluting to volume in a 10Cvolume was diluted to the mark with water, mixed
ml calibratd flask. The solution was then diluted Ewell and absorbance measured against a reagent
- fold to get the working concentration of 29  blank at 610 nm after 5 min.
mL-1, Method C. Different aliquots (0.25, 0.5,
Standard solution of finasterid®harma- 1.0, —— 3.0 mL) of a standard 4@ mL1FNS
ceutical grade finasteride was received fronsolution were transferred into a series of 10 mL
Cipla Ltd, Bangalore, India, which was reportedcalibrated flasks by means of a micro burette and
to be 99.8% pure, as gift, and was used sthe total volume was adjusted to 3 mL by adding
received. A stock standard solution equivalent tiadequate quantity of water. To each flask were
1000 pg mL1 FNS was prepared by dissolving added 1 mL each of 5 moHHCI and bromate-
accurately weighed amount of pure drug in 50 mbromide solution (6Qug mL1 in KBrOy), the last
of glacial acetic acid and diluting with water to abeing measured accurately. The flasks were
known volume. The same solution(1009 mL-1  stoppered, content mixed and let stand for 10 min
FNS) was further diluted with water to getwith occasional shaking. Finally, 1 mL of 200
working concentrations of 5, 20 and 4§ mL-t  mL-1thymol blue solution was added (accurately
for use in method A, method B, and method Cmeasured) and the volume was diluted to the mark
respectively. The standard solutions were kept iwith water and mixed well. The absorbance of
amber colored bottle and stored in a refrigeratceach solution was measured at 550 nm against a

when not in use. reagent blank after 5 min.
In either spectrophotometric method, a
Procedures standard graph was prepared by plotting the

Method A. Different aliquots (0.5, 1.0, 1.5, absorbance versus the concentration of FNS. The
—— 4.0 mL) of a standard $ig mL1 FNS concentration of the unknown was read from the
solution were transferred into a series of 10 mlcalibration graph or computed from the regression
calibrated flasks by means of a micro burette anequation derived using Beer’s law data.
the total volume was adjusted to 4 mL by adding
adequate quantity of water. To each flask werProcedure for tablets
added 1 mL each of 5 moFLHCI and bromate- Fifty tablets were accurately weighed
bromide solution (1ug mL1 in KBrO,), the last  and ground into a fine powder. A quantity of the
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powder equivalent to 100 mg of FNS wasNS were reacted with 1 mL of 10 ug mL
accurately weighed into a 100 mL calibratedKBrO5 in method A, 1.5 mL of 30 pg mtL
flask, 50 mL of glacial acetic acid added andKBrO5 in method B and 1 mL of 60 pug mL
shaken for 20 min; the volume was finallyKBrO5; in method C respectively, followed by
diluted to the mark with water, mixed well anddetermination of residual bromine as described
filtered using a Whatman No. 42 filter paperunder the respective procedure.
The filtrate (1000 pg mL! FNS) was For both steps, i.e., the reaction between
appropriately diluted with water to get 5, 20 and=NS and bromine, and the determination of the
40 ug mL1 FNS concentrations and analysed byatter by reacting with the dye, HCl medium was
spectrophotometric methods by takingfound to be ideally suited. One ml of 5 mot L
convenient aliquots (1 or 2 mL). acid in a total volume of about 5-7 mL was used
for the method A and method C. Two ml of 2
mol L-1 acid in a total volume of about 5 mL was

Results and discussion used for the method B, and the same quantity of
acid was maintained for the bleaching step.
Method development Reaction time of 10-15 min is not critical and

The proposed spectrophotometric methodsny delay up to 20 min (method A and method
are indirect and are based on the determination B and 30 min (method C) did not affect the
the residual brominéfsitu generated) after absorbance reading. A5 min standing time was
allowing the reaction between FNS and dound necessary for the complete bleaching of
measured amount of bromine to be complete. Thie dye colour by the residual bromine. The
bromine was determined by reacting it with a fixechbsorbance of each dye colour was constant for
amount of methyl orange, indigo carmine ofseveral hours even in the presence of reaction
thymol blue dye. The methods make use ofroduct.
bleaching action of bromine on the dyes, the
decolouration being caused by the oxidativ@\nalytical data
destruction of the dyes. A linear correlation was found between

FNS, when added in increasing amounts tabsorbance at,,,and concentration of FNS in the
a fixed amount ofinsitu generated bromine, ranges given in Table 1. The graphs showed
consumes the latter proportionally and ther@egligible intercept as described by the regression
occurs a concomitant fall in the amount ofequation:
bromine. When a fixed amount of dye is added to
decreasing amounts of bromine, a concomitant Y =a+ bX
increase in the concentration of dye results.

Consequently, a proportional increase in théwhere Y = absorbance of 1-cm layer of
absorbance at the respectiyg,,is observed with solution; a = intercept; b = slope and X =
increasing concentration of FNS. concentration inpug mL-1) .Regression analysis

Preliminary experiments were performedof the Beer’s law data using the method of least
to fix the upper concentrations of the dyes thaiquares was made to evaluate the slope(b),
could be determined spectrophotometricallyintercept(a) and correlation coefficient( r) for
and these were found to be 5, 20 and 20 pg meach system and the values are presented in
1for methyl orange, indigo carmine and thymolTable 1. The optical characteristics such as
blue respectively. A bromate concentration oBeer’s law limits, molar absorptivity and
1pg mL1in the presence of excess of bromidesandell sensitivity values of all the three
was found to bleach the red colour due to 5 pghethods are also given in Table 1. The limits of
mL-1 methyl orange whereas 4.5 and 6.0 ug mLdetection(LOD) and guantitation(LOQ)

1 bromate was required to destroy the blugalculated according to ICH guidelines[36] are
colour due to 20 ug mLeach of indigocarmine also presented in Table 1 and reveal the very
and thymol blue. Hence, different amounts ohigh sensitivity of the methods.
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Table 1. Analytical and regression parameters of spectrophotometric methods

Parameter Method A Method B Method C
Amax, NM 510 610 550
Beer’s law limits, ug mL! 0.25-2.0 0.5-6.0 1-12
Molar absorptivity, L moL™ cm™' 5.69x10" 3.12x10*  1.77x10*
Sandell sensitivity, pg cm™ 0.0065 0.0119 0.021
Limit of detection, ug mL"' 0.08 0.15 0.22
Limit of quantification, ug mL™' 0.23 0.45 0.67
Regression equation, Y*
Intercept (a) 0.0037 0.0109 -0.0112
Slope (b) 0.1502 0.076 0.0511
Correlation coefficient, (r) 0.9998 0.9998 0.9999
Sa 0.0038 0.00285 0.0029
Sb 0.0012 0.0005 0.00029

*Y = a+bX, where Y is the absorbance and X concentration in pug ml™”
S.. Standard deviation of intercept.
Sy, Standard deviation of slope.

Method Validation ture of reproducibility on a day-to-day basis, a series

To evaluate the accuracy and intra-day presf experiments was performed in which standard
cision of the methods, pure drug solution at thredrug solution at three different levels was deter-
different levels (concentrations) was analysed, eachined each-day for five days with all solutions
determination being repeated seven times. The relaeing prepared afresh each day. The day-to-day rel-
tive error(%) and relative standard deviation(%6ative standard deviation values were in the range of
were less than 4.0 and indicate high accuracy afid2-2.6% and represent the best appraisal of repeata-
precision of the methods(Table 2). For a better pidility of the proposed methods.

Table 2. Intra-day Accuracy and precision of the methods

Method FNS FNS Range, Relative SD, SEM RSD, ROE,
taken, found,* pgml!' error,% pg ml’ % %
pg ml™" pg ml”!

A 0.5 0.49 0.01 2.0 0.001  0.0004 0.24 +0.23
1.0 0.97 0.02 3.0 0.007 0.003 0.74 +0.73
1.5 1.48 0.06 1.3 0.019  0.007 1.28 +1.32

B 1.0 1.05 0.08 3.0 0.027 0.0102 2.56 +2.55
3.0 2.94 0.07 2.0 0.036 0.0136 1.22 +1.21
5.0 4.96 0.09 0.8 0.032 0.0121 0.65 +0.64

C 3.0 3.11 0.15 3.67 0.039 0.0147 1.25 +1.24
6.0 5.93 0.09 1.17 0.045 0.0170 0.76 +0.75
9.0 8.89 0.12 1.22 0.049 0.0185 0.55 +0.54

*Mean value of seven determinations

SD. Standard deviation; SEM. Standard error of the mean.;

RSD. Relative standard deviation and ROE. Range of error at 95% confidence
level for six degrees of freedom.
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Application F = 6.39) suggesting that the proposed methods
Four brands of FNS tablets in 5 mgare as accurate and precise as the reference
strength are currently available in the Indiarmethod.
market. The validity of the methods was The accuracy and validity of the
checked by applying them to assay in threproposed methods were further ascertained by
brands of tablets. Table 3 gives the results gferforming recovery experiments (Table 4). Pre-
assay and reveal that there is close agreememtalysed tablet powder was spiked with pure
between the results obtained by the proposdeNS at three different levels and the total was
methods and the label claim. The results weround by the proposed methods. Each
also compared statistically with those obtainedetermination was repeated three times. The
by a reference method[20] by applyingrecovery of pure drug added was
Student’'s t-test for accuracy and F-test foguantitative(96.9-104.2%) and revealed that co-
precision. The reference method consisted of tHfermulated substances such as talc, starch,
measurement of the absorbance of the drugglatin, gum acacia, calcium carbonate, calcium
solution in methanol at 206 nm. At the 95%gluconate, calcium dihydrogen orthophosphate,
confidence level, the calculated t- and F-valuesodium alginate and magnesium stearate did not
did not exceed the tabulated values (t = 2.77 andterfere in the determination.

Table 3. Results of assay of tablets by the proposed methods

Dosage form  Nomi % found*+ SD
and brand nal Reference _—
name* amount, method Method A Method B Method C
mg per
tablet
Tablets
FINCAR? 5 99.36+0.74 100.36+0.86 99.84+1.26 101.7£1.55
t=1.98 t=0.76 t=3.23
F=1.35 F=2.90 F=4.38
FISTIDE® 5 100.28+0.91  98.67+1.16 99.97+1.64 101.34+1.45
t=2.46 t=0.38 t=1.42
F=1.62 F=3.25 F=2.53
FINAST® 5 102.6+1.54 100.6+0.85 99.5+1.30 101.1+1.75
t=2.64 t=3.45 t=1.44
F=3.28 F=1.40 F=1.29

**Marketed value of five determinations

*Marked by: a. Cipla. India. Ltd.,; b.Samarth pharma; c. Dr. Reddy’s Lab.
**Mean value of five determinations. Tabulated value of t at 95% confidence level is 2.77 Tabulated
value of F at 95% confidence level is 6.3
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Table 4. Results of recovery study

Method Tablet FNS Pure Total Pure FNS
studied in FNS found, recovered,
formulation, added, pg Y%
ng ng
A FINCAR 5.02 3.0 8.14 104.2
5 mg 5.02 6.0 11.19 103.0
5.02 12.0 17.21 101.6
B 19.97 10.0 29.74  97.7
19.97 20.0 39.93 99.8
19.97 40.0 60.21 100.6
C 30.52 20.0 50.28 98.8
30.52 40.0 71.08 101.4
30.52 80.0 108.04 96.9

**Mean value of three determinations
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