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ABSTRACT KEYWORDS
A simple, selective, precise and Stability-indicating High-performance thin- Naftopidil;
layer chromatographic method for analysis of Naftopidil bothin abulk and HPTLC,
in pharmaceutical formulation has been developed and validated. The Validation;
method employed, HPT L C a uminium plates precoated with silicagel asthe Stability;
stationary phase. The solvent system consisted of hexane: ethyl acetate: Degradation.

glacial acetic acid (4: 4: 2 v/v). The system was found to give compact spot
for Naftopidil (R, valueof 0.43+0.02). Densitometric analysis of Naftopidil
was carried out in the absorbance mode at 253 nm. The linear regression
analysis datafor the calibration plots showed good linear relationship with
r2=0.999+0.0001 with respect to peak area in the concentration range 200 -
1200 ng per spot. The method was validated for precision, recovery and
robustness. The limitsof detection and quantification were 20.35 and 61.68
ng per spot, respectively. Naftopidil was subjected to acid and alkali hy-
drolysis, oxidation and thermal degradation. The drug undergoes degrada-
tion under acidic, basic, oxidation and thermal conditions. This indicates
that the drug is susceptible to acid, base, oxidation and thermal conditions.
The degraded product was well resolved from the pure drug with signifi-
cantly different R, value. Statistical analysis proves that the method is re-
peatable, selective and accurate for the estimation of investigated drug.
The proposed devel oped HPTLC method can be applied for identification
and quantitative determination of Naftopidil in bulk drug and pharmaceuti-

cal formulation.

INTRODUCTION

Naftopidil ischemicaly known aschemicdly 1-[4-
(2-methoxyphenyl)piperazin-1-yl]-3-(1-
naphthyloxy)propan-2-ol. Themolecular formulais
C,,H,¢N.O,. This correspondsto amolecular weight

of 392.49 g/mal. Itisused inthetreatment of hyperten-
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sion. Naftopidil exertsitsantihypertensive actionvia
alphal adrenoceptor blockage and Ca2+ antagonism
invascular smooth muscle. Naftopidil competitively in-
hibited specific[3H] prazosin bindingin prostatic mem-
branesof humans. Naftopidil was selectivefor thea-
pha 1d-adrenoceptor with approximately 3- and 17-
fold higher affinity than for thedpha 1a- and alpha1b-
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Figurel: Chemical structureof Naftopidil

adrenoceptor subtypes, respectively. In additiontothe
antagoni gtic action of this agent on the alphal adrener-
gicreceptorsof prostatic smooth musclenaftopidil may
as0 act on the lumbosacral cord and thus may improve
collecting disordersin patientswith benign prostatic hy-
perplasid®?,

Literaturesurvey reveded Severd chromatographic
methodsincluding liquid chromatography-UV (LC-
UV)B- LC—isotope dilution mass spectrometry!”,
and HPL C mass spectrometry (LCM S)t® have been
devel oped to measure naftopidil in biologica fluids.
However to our knowledge noinformation related to
the stability indicating high performancethin-layer chro-
matography (HPTLC) determination of Naftopidil in
pharmaceutical dosageformshasever been mentioned
inliterature. HPTLC isawidely used analytical tech-
niqueduetoits advantages of low operating cost, high
sampl e throughput, and minimum samplepreparation
requirement. Themajor advantage of HPTLC isthat
severa samplescan berun smultaneoudy usngasmall
guantity of mobile phaseunlike HPLC, thusreducing
theanaysistimeand cost per analysis?.

Hence, the objective of the present study wasto
develop agtability-indicating HPTLC method*” for es-
timation of Naftopidil asbulk drugandinformulations
and to perform stress studies under avariety of ICH-
recommended test conditions*Y. Theproposed method
wasvalidated for linearity, accuracy (recovery stud-
ies), spedificity, precision, robustness, ruggedness, LOD
(limit of detection), LOQ (limit of quantitation), and re-
pesatability according to the ICH guidelines®2%3 andits
updatedinternational convention®4.
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EXPERIMENTAL

Chemicalsand reagents

Naftopidil wassupplied asagift samplefrom Cadila
Hedlth CareLtd., Ahmedabad, India. All chemicasand
reagents used were of Anaytical grade and were pur-
chased fromMerck Chemicals, India.

HPTL Cingrumentation

The sampleswere spotted in the form of bands
of 6 mm width with aCamag microlitre syringeon
precoated silicagel aluminium plates60 RP-18F,
(10 x 10 cm with 250 mm thickness, E. Merck),
using aCamag Linomat 5 applicator. The plateswere
prewashed with methanol and activated at 60 °C for
5 min prior to chromatography. Theslit dimension
was kept at 6.00 x 0.45 mm (micro) and 20 mm/s
scanning speed was employed. The mobile phase
consisted of hexane: ethyl acetate: glacial aceticacid
(4: 4: 2vlv)., and 10 ml of mobile phase was used.
Linear ascending development wascarried out ina
10 x 10 cm twin trough glass chamber (Camag,
Muttenz, Switzerland) saturated with the mobile
phase. The optimized chamber saturation timefor
the mobile phase was 30 min at room temperature
(25°C+2). The length of the chromatogram run was
approximately 8 cm. Subsequent to devel opment; the
TLC plateswere dried in a current of air with the
help of an air dryer. Densitometric scanning was per-
formed on aCamag TL C scanner 3 and was oper-
ated by WINCats software.
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Preparation of standard solution and linearity
study

Anaccuratdy weighed quantity of 10 mg Naftopidil
wastransferred to 10 ml volumetricflask, dissolvedin
methanol and volumewas made up to mark with the
same ol vent to obtai n concentration 1000 ng/il. Aliquots
of standard solutions0.2, 0.4, 0.6, 0.8,1.0and 1.2ul of
Naftopidil wasapplied on TLC plate with the help of
microlitresyringe, using Linomat 5 sampleapplicator
to obtai ned the concentration of 200, 400, 600, 800,
1000 and 1200 ng per spot. The standard curveswere
evaluated for within day and day-to-day reproducibil-
ity. Each experiment wasrepeated Six times.

Method validation
Precision

Repesatability of sampleapplication and measure-
ment of peak areawere carried out using Six replicates
of the same spot (600 ng per spot of Naftopidil). The
intraand inter-day variation for the determination of

Naftopidil wascarried out at threedifferent concentra:
tion level sof 400, 600 and 800 ng per spot.

L imit of detection (L OD) and limit of quantifica-
tion (LOQ)

In order to determine detection and quantification
limit, Naftopidil concentrationsin thelower part of the
linear range of the calibration curve were used.
Naftopidil solutions of 200, 240, 280, 320, 360 and
400 ng/spot were prepared and applied in triplicate.
The LOQ and LOD were calculated using equation
LOD =3.3x N/Band LOQ=10x N/B, where, N is
standard deviation of the pesk areas of thedrugs (n=3),
taken asameasure of noise, and B isthe slope of the
corresponding calibration curve.

Specificity

The specificity of the method was ascertained by
analyzing standard drug and sample. The spot for
Naftopidil insamplewas confirmed by comparingthe R
valuesand spectracof the spot with that of standard. The
peak purity of Naftopidil was assessed by comparing
the spectraat threedifferent levels, i.e., peak start (S),
peak apex (M) and peak end (E) positions of the spot.
Ruggedness

Ruggedness of the method was performed by spot-
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ting 600 ng of Naftopidil by two different analyst keep-
ing sameexperimental and environmental conditions.

Accuracy

The analysed sampl eswere spiked with extra 80,
100 and 120% of the standard Naftopidil and the mix-
turewereanalysed by the proposed method. At each
level of theamount, Sx determinationswere performed.
This was done to check the recovery of the drug at
different levelsintheformulations.

Robustness

By introducing small changesin the mobile phase
composition, theeffects ontheresultswereexamined.
M obile phaseshaving different composition of hexane-
ethyl-acetate-glacial acetic acid (3:5:3.5:1.5 and
4.5:4.5:2.5, vIv) weretried and chromatograms were
run. Theamount of mobilephase, temperatureandrla
tivehumidity wasvariedintherangeof £5%. The plates
were prewashed by methanol and activated at 60+5°C
for 8, 10 and 12 min prior to chromatography. Time
from spotting to chromatography and from chromatog-
raphy to scanning wasvaried from 0, 20 and 40 min.

Application of proposed method totablet for mula-
tion

To determinethe concentration of Naftopidil intab-
lets (labeled claim: 25 mg per tablet), the contents of
tentabletswerewe ghed, their meanweight determined
and they werefinely powdered. The powder equiva
lent to 25mg of Naftopidil wasweighed. Thedrug from
the powder was extracted with methanol. To ensure
completeextraction of thedrug, it wassonicated for 20
min and the volumewas made up to 100 ml. There-
aultingsolutionwasfiltered usng 0.41 um filter (Millifilter,
Milford, MA). The above solution (600 ng per spot)
was applied on TLC plate followed by devel opment
and scanning asdescribedin Section2.2. Theandysis
wasrepeatedintriplicate.

For ced degradation of Naftopidil

Acid and baseinduced degradation

The 10 mg of Naftopidil was separately dissolved
in 10 ml of methanolic solution of 0.5M HCl and 0.5M
NaOH. These solutions were kept for 8 h at room
temperatureinthedark in order to excludethe possible
degradativeeffect of light. The 1ml of above solutions
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TABLE 1: Linear regression datafor thecalibration curves?

TABLE 2: Intra-day and inter-day precison of HPTL C method

Linearity range (ng per spot) 200 -1200

R?+S.D. 0.9992 + 0.197
Slope+ S.D 6.8177 + 0.197
Intercept = S.D 33.362 £ 0.197
an=3.
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Figure2: Atypical HPTL C chromatogram of Naftopidil (R, =
0.43) in hexane: ethyl acetate: glacial aceticacid (4:4:2v/v) at
253nm

was taken and neutralized, then diluted up to 10 ml
with methanol. Theresultant solution wereapplied on
TLCplateintriplicate (2 ul each, i.e. 200 ng per spot).
Thechromatogramswere run asdescribed in Section
2.2.

Hydrogen peroxide-induced degradation

The 10 mg of Naftopidil was separately dissolved
in 10 ml of methanolic solution of hydrogen peroxide
(3.0%, v/v). The solution was kept for 8 h at room
temperatureinthedark in order to excludethe possible
degradativeeffect of light. Theresultant solution was
appliedon TLC plateintriplicate (2uL, i.e. 200 ng per
band). The chromatogramswererun asdescribedin
Section 2.2.

Photochemical degradation

The photochemical stability of thedrugwasaso
studied by exposing the stock solutionto direct sunlight
for 8 h. Theresultant solution (2uL, i.e. 200 ng per
band) wasapplied onaTL C plateand chromatograms
wererun asdescribed insection 2.2.

conc. Intra-day I nter-day
Drugs

ng/spot  SD. % RS D. SD. % R.SD

400 7.848 0.28 7.099 0.25
NAFTO 600 12.020 0.30 5.179 0.13

800 6.434 0.11 11.77 021

* mean of three estimations
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Figure3: Atypical overlain spectrum of standard drug and
drugextracted fromtablet.

Dry heat degradation product

The powdered drug was stored at 60°C for 8 h
under dry heat condition showed significant degrada-
tion showed additiona peak at R valueof 0.26 & 0.79.
In all degradation studies, the average peak areas of
Naftopidil after gpplication (2uL, i.e. 200 ng per band)
of threereplicateswere obtained.

RESULTSAND DISCUSSION

Development of optimum mobilephase

TLC procedurewas optimized with aview to de-
ve opingadtability-indicatingassay method. Initidly, hex-
ane ethylacetate (2.5: 2.5v/v)gavegood resolutionwith
R vaueof 0.50for Naftopidil but typica peak nature
was missing. Finally, the mobile phase consisting of
Hexane: ethylacetate: glacia aceticacid (4:4:2viv) gave
asharp and well defined pesk at R, valueof 0.43 (Fig-
ure 2). Well-defined spots were obtained when the
chamber was saturated with the mobile phasefor 30
min at room temperature.

Calibration curve
Thelinear regression datafor thecalibration curves
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TABLE 3: Recovery study

Amount of

Label claim Drug
Drug (Mg/tablet) St:ggggd((%ug Recovered %R.S.D.
0 100.02 0.52
80 100.79  0.014
NAFTO 25 100 100.22 0.15
120 99.70 0.19

* mean of three estimations at each level

TABLE 4: Robustnessof themethod 2

Par ameter SD. of peak area % R.SD.
Mobil e phase composition 33.8 0.82
Mobile phase volume 48.47 1.18
Development distance 39.02 0.97
Activation of TLC plate 12.17 0.29
Duration of saturation 22.14 0.54
Time from spotting to chromatography 46.09 112
Time from chromatography to scanning 47.47 1.15
an=6
TABLE5: Summery of validation parameter
Parameter Data NAFTO
Linearity range (ng per spot) 200 - 1200
Correlation coefficient 0.9994
Limit of detection (ng per spot) 20.35
Limit of quantification (ng per spot) 61.68
Recovery (n = 6) 100.24
Ruggedness(%R.S.D)
Analyst-1(n=6) 0.63
Analyst-11(n=6) 1.29
Precision (%R.S.D.)
Repeatability of application (n = 6) 0.69-0.72
Inter-day (n=6) 0.23-0.26
Intra-day (n = 6) 0.25-0.29
Robusthess Robust
Specificity Specific

showed good linear relationship over the concentration

range 200-1200 ng/spot.
Validation of method

Precision

Theprecison of thedevel oped HPTLC method
wasexpressed intermsof % relative standard devia-
tion (% R.S.D.). Theresults depicted reveaed high
precision of themethod ispresented in TABLE 2.
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Figure4: HPTL C chromatogram of acid (0.5N HCI, 8h, R.T.)
treated Naftopidil; peakl (impurity) (R;: 0.25), peak2
(Naftopidil) (R;: 0.43).
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Figure5: HPTLC chromatogram of base (0.5N NaOH, 8h,
R.T.) treated Naftopidil; peak1 (impurity) (R;: 0.15), peak2
Naftopidil (R;: 0.43)

LOD and LOQ

Detection limit and quantificationlimit wascd-
culated by the method as described in section 2.4.2.
The LOQ and LOD were found to be 20.35 and
61.68ng respectively. Thisindicatesthat adequate sen-
sitivity of themethod.

Recovery studies

The proposed method when used for extraction and
subsequent estimation of Naftopidil from the pharma-
ceutical dosageform after over spottingwith 80, 100
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TABLE 6: Degradation of Naftopidil

Naftopidil remained

Sr no. Sample exposure condition  No. of degradation product (Ry) (ng/1500ng) (£SD, n=3) Recovery (%)
1 1M HCI, 8h, RT 1(0.25) 191.3 95.65
2 1 M NaOH, 8h, RT 1(0.15) 188.86 94.43
3 3% H,0,, 8h, RT 2(0.16,0.79) 162.02 81.01
4 Heat, 3h, RT 2(0.26,0.79) 185.02 96.46
5 Photo, 8h 1(0.81) 192.92 92.56
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Figure6: HPTL C chromatogram of hydr ogen peroxide (3%
wlv, 8h, R.T.) treated Naftopidil; peak1 (impurity) (R;: 0.16),
peak 3 (impurity) (R;: 0.51), peak 2 (Naftopidil) (R;: 0.43).
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Figure7: HPTLC chromatogram of photo degraded (8 h)
treated Naftopidil; peak 1 (Naftopidil) (R: 0.43), peak 2 (im-
purity) (R;: 0.81)
and 120 % of additional drug; afforded good recovery
of Naftopidil. Theamounts of drug added and deter-
mined and the % recovery arelistedin TABLE 4.
Specificity

Thepesak purity of Naftopidil wasassessed by com-
paring the spectra at peak start, peak apex and peak
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Figure8: HPTLC chromatogram of heat degraded (8 h)
treated Naftopidil; peak 1 (impurity) (R.: 0.26), peak 2
(Naftopidil) (R;: 0.43), peak 3 (impurity) (R: 0.79)
end positions of the spot, i.e., r2 (S M) =0.9998 and
r2 (M, E) = 0.9988. Good correlation (r? = 0.9989)
was a so obtai ned between standard and sample spec-
traof Naftopidil (Figure3).

Robustness of themethod

The standard deviation of peak areaswas calcu-
lated for each parameter and %R.S.D. was found to
belessthan 2%. Thelow valuesof %R.S.D. vauesas
indicated areshownin TABLE 3indiated robustness
of themethod.

Analysisof themarketed formulation

A singlespot at R, 0.43 was observed inthechro-
matogram of the drug sampl esextracted from tablets.
Therewas no interference from the excipients com-
monly present inthetablet. The % drug content and %
RSD werecalculated. Thelow % RSD va ueindicated
thesuitability of thismethod for theroutineanaysi s of
Naftopidil in pharmaceutica dosageforms.

For cedegradation
The chromatogram of the acid degraded samples
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for Naftopidil showed additional peak at R, value of
0.25 (Figure 4), base degraded drug shows at 0.15
(Figure5), hydrogen peroxideshowsat 0.16 and 0.51
(Figure 6) respectively. The chromatograms of photo-
degraded drugs showsat 0.81 (Figure 7) and dry heat
degraded drug shows at 0.26 and 0.79 (Figure 8)
samplesof Naftopidil showed only the spotsof thepure
drug. The spot of the degraded product waswell re-
solved from the Naftopidil spot. Inboth cases, the con-
centration of thedrugwas changing fromtheinitial con-
centration, indicating that Naftopidil undergoesdegra
dation under acidic, basic and oxidativeconditions.. The
lower R, values of degraded componentsindicated that
they werelesspolar than theanayteitself. Theresults
arelistedinTABLEDS.

CONCLUSION

Thedevel oped HPTLC method was precise, spe-
cific, accurateand sability indicating and vaidated based
on ICH guiddines. Statistical analysis provesthat the
method isrepeatabl e and selective for the analysis of
Naftopidil asbulk drug andin pharmaceutica formula:
tions. Themethod can be used to determinethe purity
of thedrug availablefrom the various sources by de-
tecting therelated impurities. Asthemethod separates
the drug from its degradation products, it can beem-
ployed asastability indicating one.
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