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ABSTRACT

The objective of present work was to develop adstdd stability indicating high performance thinyéa
chromatographic method (HPTLC) for estimation ofofenadine hydrochloride. The stationary phase usad
precoated silica gel aluminium plates 60 F-254 w80 um thickness. The mobile phase used for sépanaas
toluene: ethyl acetate: methanol: ammonia (30%)5:(@: 3: 0.6 v/v/v/v) gave a resolved peak aty&tie of 0.27 £
0.02). The densitometric quantification was carrimat at 220 nm. Fexofenadine hydrochloride was extbf to
acid and alkali hydrolysis, oxidation, dry heatdatement and photo degradation. The drug was foundegrade in
acidic, alkaline, oxidative and dry heat conditipbsit was found to be stable in photolytic condigio All the peaks
of degraded products were separated from the stahdaig with significantly different (Rralues as 0.03+£0.02 in
acid, 0.06+0.02 and 0.84+0.02 in base, 0.06+Q.0562+0.02, 0.64+0.02 and 0.82+0.02 in hydrogeroxide,
0.02+ 0.02, 0.68+ 0.02 in dry heat conditions). Tteveloped method can effectively separate the finrg its
degradation products under accelerated degradastrdies, it can be routinely employed as stabilitjicating
method for fexofenadine hydrochloride.

Key words: Fexofenadine hydrochloride, Thin layer chromatogsgapDensitometric determination, Stability
indicating method.

INTRODUCTION

Fexofenadine hydrochloride (Fig.1) is chemicallyowm as 4-(1-hydroxy-4-(4-(hydroxydiphenylmethyl)-1-
piperidinyl) butyl) -, o - dimethylbenzene acetic acid hydrochloride.

Its chemical formula is £H3NO, with a molecular weight 538.13 g mollt is a white to off-white, odorless,
crystalline powder, freely soluble in methanol,atbl, slightly soluble in chloroform, water andéhsble in hexane
[1-4].
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Figure 1: Chemical structure of fexofenadine hydrohloride

Fexofenadine hydrochloride is an antihistaminicgdused in the treatment of hay fever and simildergy
symptoms. It was developed as an alternative fertadine. Fexofenadine like other second and thénakeration
antihistamines, does not readily pass through thedkbrain barrier and so causes less drowsiness finst-
generation histamine-receptor antagonists [5-7].

Stability-indicating HPLC method for simultaneoustemination of montelukast and fexofenadine hydladde
[8], RP-HPLC method for simultaneous estimationnadntelukast sodium and fexofenadine hydrochloride i
combined dosage form [9], HPTLC method for simuwaus estimation of fexofenadine hydrochloride with
montelukast sodium [10] and stability indicating-RPLC method for the estimation of montelukast sadiand
fexofenadine hydrochloride in pharmaceutical prapians [11] are reported in the literature.

Stability indicating chromatographic method for déenadine hydrochloride and related impurities atability
indicating HPLC method for fexofenadine hydrochiierin pharmaceutical formulation has also been mhecitied
in the literature [12-13]. However to the best of &nowledge, stability indicating HPTLC method hast been
reported for fexofenadine hydrochloride so far.

The International Conference on Harmonization (I@d)delines entitled stability testing of new drsigbstances
and product requires the stress testing of the duligtance should be carried out to elucidatertherént stability
characteristics of the active substance. An idisddility indicating method is one that quantifibe tdrug per se and
also resolves its degradation product. HPTLC haotoe a part of routine analytical techniques in ynaroduct
development and analytical laboratories due toa@santages. The major advantage of HPTLC is thetrae
samples can be simultaneously using a small gyasftinobile phase unlike HPLC thus lowering thelgsia time
and cost per analysis with high sample throughpbe uniform particle size (dm) of precoated HPTLC plates
enables achievement of a greater resolution arehay reproducible separation. The method of detectoes not
place any restriction on the choice of the mobiiage and unlike HPLC mobile phases having pH 8adode can
be employed [14-15].

The aim of the present work was to develop an ateuspecific, reproducible and stability indicgtinLC method
for fexofenadine hydrochloride as bulk drug in erese of its degradation products.

MATERIALS AND METHODS

2.1. Chemicals and reagents

Gift sample of pure drug fexofenadine hydrochloridas procured from ZIM Laboratories Ltd. Kalmeshwar
Nagpur, Maharashtra, India. All chemicals and reggeised for the analysis were of analytical gradd were
purchased from Merck, Mumbai, India.

2.2. HPTLC instrumentation

A Camag HPTLC system equipped with Linomat V amibe (Switzerland), TLC Scanner Il and integrated
software Win-Cats (V 3.15, Camag) was used forat@ysis. The standard and the sample solutione sgotted

in the form of bands of width 6 mm with a Camag 100sample (Hamilton, Bonaduz, Switzerland) syringe
silica gel pre-coated aluminum plate 60F-254 plat28x10cm, 250 pum thickness, E. Merck, Darmst@etrmany)
supplied by Anchrom Technologist, Mumbai. The gdaivere prewashed with methanol and activated GC1fbr

5 min prior to chromatography. The slit dimensioasvkept at 5 mm x 0.45 mm with data resolution@d fum*
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step and the scanning speed was 20 mniTe monochromatic band width was set at 220 nah éack was
scanned three times and baseline correction wak use

The mobile phase consisted of toluene: ethyl agetaéthanol: ammonia (30%) (0.5: 7: 3: 0.6 v/ivhdad 11.1 mL
of mobile phase was used per chromatographic rureak ascending development was carried out iaif2 x 10
cm) twin trough glass chamber (Camag, Muttenz, &siaind) saturated with the mobile phase. The dpéich
chamber saturation time for mobile phase was 20animom temperature (25 + 2) at relative humidity of 60% +
5. Each chromatogram was developed over a distan88 mm. Following the development, the TLC platee
dried in a stream of air with the help of hair drye a wooden chamber with adequate ventilatiomditemetric
scanning was performed at 220 nm. The source détiad used was deuterium lamp emitting a contisubly
spectrum between 200 and 400 nm. Evaluation wdsrpeed by linear regression of peak areas detemiiyeUV
absorption as a function of sample analysis.

2.3. HPTLC Method and Chromatographic Conditions

2.3.1. Preparation of standard stock and working sthdard solutions

For preparation of standard stock and working steshdolutions fexofenadine hydrochloride (5 mg) wesghed
accurately and transferred into a 10 wollumetric flask. Methanol 10 mL was added andfthgk was sonicated for
20 min. Volume was made up to the mark with methangive the concentration of (500 ng spot

2.3.2. Prewashing of plates
Densitometric estimation was carried out on (20>c0 cm) pre-coated silica gel 60F-254 plates fiénMerck.
The plates were pre-washed with methanol, driedaatidated for 30 min at 110.

2.3.3. Selection of solvent
Methanol was selected as a solvent for preparing dolution.

2.3.4. Selection of stationary phase
Identification and separation of fexofenadine hythloride was carried out on (20 cm x 10 cm), prated silica
gel aluminium plates 60 F-254 (250 um thicknesbl&rck, Darmstadt, Germany).

2.3.5. Sample application

The standard and working standard solution of femafline hydrochloride were spotted on pre-coated plates in
the form of narrow bands of length 6 mm, at 10 momfthe bottom and left margin and 10 mm distaretevben
two t:‘L)ands. Samples were applied under continuogisgistream of nitrogen gas at constant applicatie of 150
nLs-.

2.3.6. Selection of wavelength

Evaluation was performed by linear regression akpereas determined by UV absorption as a funafsample
analysis at 220 nm using methanol as a blank soluffhe detection wavelength was selected at 22@&mnthe
spectrum of the drug is in (Fig.2).

2.3.7. Optimization of the mobile phase

Various solvent systems like mixture of (a) toluemethanol (7:3 v/v) (b) triethylamine: methanol @v/v) (c)
toluene: chloroform: methanol (1: 5: 3 v/v/v) amj {oluene: ethyl acetate: methanol (0.5: 4: 2w/were tried to
separate and resolve spot of fexofenadine hydradeldrom its impurities and other excipients ofrfaulation. The
mixture of toluene: ethyl acetate: methanol (0:53 ¥/v/v) resolved fexofenadine but there wasngiin the peaks.
To improve peak symmetry, 30% ammonia was addeallfj the mixture of toluene: ethyl acetate: matiia30%
ammonia (0.5: 7: 3: 0.6 v/v/viv) showed well resa\peak with better peak shape. The drug was resolith R =
0.27 £0.02. Pre-saturation of TLC chamber with nf@phase for 20 min assured better reproducikitityrigration
of fexofenadine hydrochloride and better resolution
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220 nm

Figure 2: Spectrum for selection of wavelength (226m)

2.4. METHOD VALIDATION
The developed HPTLC method was validated as perl@i¢ guidelines Q2 9(R1) for linearity, precision,
repeatability, accuracy, limit of detection (LOMinit of quantification (LOQ), robustness and sfliediy.

2.4.1. Linearity (calibration curve)

Linearity of the method was evaluated by constngcttalibration curves at 10 concentration levelbgubots of
standard working solution of fexofenadine hydrocidle were applied to the plate to obtain conceiatnain the
range (1000 to 10000 ng spit The calibration curves were developed by plgtiieak ared/’s concentration with
the help of Win-Cats software. The plate was depedoin a twin trough glass chamber, using 20 miandber
saturation time. The length of the run was 80 mire @eveloped plates were air-dried. Scanning wefsmpeed in
UV mode at 220 nm. The slit dimension was kept5at<(0.45 mm) at scanning speed of 100 n After
completion of scanning, peak areas were noted. Besds were plotted against corresponding condimtrand
least square regression analysis was performeertergte the calibration equation.

2.4.2. Precision

The intra-day precision was determined by analyztadard solutions in the concentration range260Q, 3000
and 4000 ng spdj}. While inter-day precision was determined by gmialg standards daily for 3 days over a period
of 1 week. Each concentration was spotted 3 timethe plate.

2.4.3. Repeatability

It is also termed as intra-assay precision. Rep##éyaof sample application was assessed by sppt(BO0O nL
spot!) of standard drug solution six times on TLC platedifferent times on same day by sample appligator
followed by development of plate and recordinghef peak areas for six spots.

2.4.4. Recovery and specificity studies

Recovery studies were carried out to determineracgwf the developed method at 80-120% levelsak done by
mixing known quantity of standard drug (500 ng*hlwith the sample formulation and the contents waralyzed
by the proposed method. The percent recovery arcpeRSD were calculated respectively.

The specificity of the method was ascertained bglyaing standard drug and formulation (Allegra 1@,
manufactured by Sanofi Aventis India limited). Thpot for fexofenadine hydrochloride in formulatioves
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confirmed by comparing the;Bnd densitogram of the spot with that of stand@itet peak purity of fexofenadine
hydrochloride was assessed by comparing the dgnaitoat three different levels i.e., peak stargkpapex and
peak end positions of the spot.

2.4.5. Robustness

Robustness was performed by spotting the standadd samples by small variation in the chromatogmphi
conditions and found to be unaffected by small ataons like + 0.1 mL mitl in volume of mobile phase
composition. It was observed that there were ndkethchanges in the densitogram.

2.4.6. Limit of detection and limit of quantitation

To estimate the LOD and LOQ blank methanol wastedosix times. Spotting for LOD was done by taking
different concentrations as 50, 100, 150, 200 &t@dry spot and the values were considered with a signal-tseno
ratio of 3:1 and 10:1 respectively.

2.5. Accelerated degradation of fexofenadine hydrétoride
Accelerated degradation was carried by exposinglthg to different stressed conditions.

A drug stock solution of fexofenadine hydrochlorigieng) was prepared in 10 mL methanol. This drugtsm
was used for forced degradation to provide an &téa of the stability indicating property and sifieity of the
proposed method.

2.5.1. Acid and base induced degradation

To 5 mL solution of fexofenadine hydrochloride, 5 ®.9 N HCI and 0.7 N NaOH were added separatetyysé
mixtures were refluxed separately for 2 h and 24t80C respectively. Two micro liters (2000 ng spaif
fexofenadine hydrochloride) of resultant solutievereapplied on TLC plate and developed as describegdtion
2.2.

2.5.2. Hydrogen peroxide induced degradation

To 5 mL solution of fexofenadine hydrochloride, % tH,0,) (3% v/v) was added. This solution was heated in
boiling water bath for 10 min to remove complettig excess of hydrogen peroxide and refluxed fbra2 86C.
Two micro liters (2000 ng spbf fexofenadine hydrochloride) of resultant sans waspplied on TLC plate and
developed as described in section 2.2.

2.5.3. Dry heat induced degradation

Dry heat degradation of fexofenadine hydrochlomdes carried out by placing the bulk drug into a &iotoven at
60°C for 2 h. Two micro liters (2000 ng spaif fexofenadine hydrochloride) of resultant saug waspplied on
TLC plate and developed as described in section 2.2

2.5.4. Photochemical degradation

5 mL solution of fexofenadine hydrochloride wasdstal by exposing to direct sunlight for 48 h. Twera liters
(2000 ng spot of fexofenadine hydrochloride) of resultant sajntiwasapplied on TLC plate and developed as
described in section 2.2.

RESULTS AND DISCUSSION

3.1. Optimization of chromatographic conditions
The mixture of toluene: ethyl acetate: methanofs3@mmonia (0.5: 7: 3: 0.6 v/v/viv) showed well leed peak
with better peak shape. The drug was resolved Rith0.23+0.02 for fexofenadine hydrochloride (Fig 3)

The developed plates were evaluated densitomdyricalabsorbance mode at 220 nm. Well defined spas
obtained when chamber was saturated with mobilsglfa 10 min at temperature 20 +5°C and relativeitity
60+ 5°C
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Figure 3: Chromatogram of standard (1) fexofenadinéhydrochloride (R¢ = 0.23)

3.2 Calibration curve

The linearity was evaluated by linear regressioalymis which was evaluated by least square analyigie
regression data (Table 1) showed a good lineaorsspover the concentration range (1000-10000 o spf
fexofenadine hydrochloride with respect to peakaarEne linearity of calibration graphs and adheeent the
system to Beer’s law was validated by correlatioefficient.

No significant difference was observed in the stoaed standard curves (ANOVA, p< 0.05).

Table 1 Summary of linear regression and validatiomata

Parameters HPTLC
Linearity range (ng spot-1) 1000-10000
Correlation coefficient (r2) (+ SD) 0.997 £0.015
Slope (+ SD 1.892 +0.01
Y —intercept (£ SD) 1028 +0.121

Inter-day precision (n=3)
Intra-day precision (n=:

7046.6 +22.97, 0.336
6653.+ 22.68, 0.3¢

Limit of detection (ng spot-1) 50
Limit of quantification (ng spot-1) 200
Recovery (n=3) (%) 100.04%
Robustness Robust
Specificity Specific
SD= Standard deviation
Table 2 Precision study (n= 3)
Precision , CON¢ Rf Area S.D* SE %RSD
(ng spo-1)
2000 0.23 6080.6 2042 11.78 0.335
Intra-day 3000 0.23 7099 226 13.04 0.318
4000 0.23 6780.6 25.02 14.44 0.369
2000 0.23 6305.6 20.81 1211 0.33
Inter-day 3000 0.23 7063.6 2354 1359 0.333
4000 0.23 7770.6 2458 1419 0.347

3.3. Validation of the method
3.3.1. Precision

The repeatability of sample application and measerg of peak areas at 2000 ng Spof fexofenadine
hydrochloridevas expressed in terms of % R.S.D. and S.E. andouvasl to be <2.The measurement of peak areas
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at three different concentration levels showed l@lue of % R.S.D. (<2) and low value of S.E. (<@) intra and
inter-day variation, which suggested the methqarégise (Table 2).

3.3.2. Repeatability

The % RSD for repeatability of the drug was fouadoe (<2). The measurement of peak areas at tliffeeedt
concentration levels showed low value of % R.S4&2)(and low value of S.E. (Table 3). Hence the ps=d
method for estimation is proved to be repeatableinre.

Table 3 Repeatability study (n=6)

Concentration

) Area S.D %RSD
(ng spo-1)
4000 7520.01 215 0.284
4000 7501.3 21.85 0.286
4000 7681.21 22.24 0.289
4000 7751.11 20.51 0.272
4000 7821.84 21.95 0.289
4000 7888.37  20.41 0.264

3.3.3. Recovery and specificity studies

The proposed method wakecked for the accuracy and was carried out mdsta addition of drug solution to pre-
analyzed sample solution at three different lesdgls 100, and 120 %. The percent recoveries werndfda be
99.13-101.63 % (Table 4).

The peak purity of fexofenadine hydrochloride wasessed by comparing their respective densitogedrpgak
start, peak apex and peak end positions of theisgppt (start, middle) = (0.20 -0.23) and r (m&ldend) = (0.23 -
0.27). Good correlation was obtained between stdndad sample densitograms of fexofenadine hydooicid

which indicated non interference of the sample ixaind indicates specificity of the method.

Table 4 Recovery study (n=3)

Levels (%) Conc. Added (ng spc-1)  Conc. found (ng spc-1) % Recovery

80 3600 3568.7 99.13
100 4000 3975.3 99.38
120 4400 4471.8 101.63

3.3.4. Robustness

The % R.S.D. and SE of the peak areas was caldufatechange in mobile phase composition, mobilaseh
volume, temperature, relative humidity, time froposiing to chromatography and time from chromatphsato
scanning in triplicate at concentration level dd@2 ng spot) of fexofenadine hydrochloride.

The deviation obtained by deliberate changes ifouarparameters % R.S.D (<2) (Table 5) which ingidahat the
developed HPTLC method was robust.

Table 5 Results of robustness testing

Parameters S.D. % RSD
Mobile phase composition (+) 0.1mL 20.62 0.311
Amount of mobile phase () 0.1mL 22.97 0.352
Temperature (z) 5°C 22.73 0.381
Relative humidity (+) 5% 22.21 0.333

Time from spotting to chromatography () 5 min ~ 23.1 0.362
Time from chromatography to scanning () 5 min  82.6 0.371

3.3.5.LOD and LOQ

Detection limit and quantitation limit was descibi@ section 2.4.6. The signal to noise ratio df &d 10:1 were
considered for LOD and LOQ respectively. LOD wasrd to be (50 ng spot and LOQ was found to be (200 ng
spot') for fexofenadine hydrochloride which indicates giroposed method was sensitive in nature and tdetes
drug at very low level (Table 1)
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3.4. Stability indicating property

The number of degradation products with thefr VRlues at % recovery of fexofenadine hydrochloridas
calculated and listed in Table 6.

Table 6 Summary of forced degradation study

S.N. Stressed condition Fexofenadine HCI Degradatigroduct Figure
% R+ % R¢
1 Acid, 5 mL (0.9 N HClI reflux for 2 h at 80°C) 930.24 | 0.27 6.1+0.29 0.03 Fig. 4
2 Base, 5 mL (0.7 N NaOH reflux for 24 h at 80°C) 1.231.01| 0.27 8.8+1.11 0.06, 0.84 Fig. 5
3 Hydrogen peroxide, 5 mL, 3% v/v,0; (reflux for 2 h at 80°C  87.1+2.1! | 0.27 12.9+2. | 0.06,0.62,0.64,0.t Fig.€
4 Dry heat (2 h at 60°C) 90.8+1.53 | 0.27 9.2+1.4% 0.02,0.68 Fig. 7
5 Photochemical stability (Daylight, 48 h) 100+0.36 0.27 - Not detected -

Track 111D

AU

0.08 026 045 0.65 0.6
Rf

Figure 4: Chromatogram of acid [0.9 N HCI (reflux for 2h at 80°C)] treated sample
Peak 1- degradant [R0.03], Peak 2- fexofenadine hydrochloridefR.27]

Track 1.1D:

026 0.48 066 088

R

Figure 5: Chromatogram of base [0.7 N NaOH (refluxor 24h at 80°C)] treated sample
Peak 1- degradant [R0.06], Peak 2- fexofenadine hydrochloride§B.27], Peak 3- degradant |R 0.84]
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3.4.1. Acid and base induced degradation

The chromatograms of acid and base degraded psodhotved additional peaks at\Rlue 0.03 in acid induced
degradation and 0.06, 0.84 in base induced degoaddthe % recoveries of fexofenadine hydrochloati¢éhe level

of 93.9% in acid and 91.2% in basic condition sste@ that fexofenadine hydrochloride undergoes mild
degradation under acidic (Fig. 4) and basic coon#i(Fig. 5).

3.4.2. Hydrogen peroxide induced degradation

The chromatogram of hydrogen peroxide showed fdditianal peaks at Rralue 0.060.62 0.64 and 0.82 (Fig. 6)
other than the standard peak of fexofenadine hydioad. The % recovery of fexofenadine hydrochleridt the
level of 87.1% suggested that fexofenadine hydmade showed mild degradation under oxidative ctioli

Track 2.ID

400 —
AU
350
300
250
200

150

100

34
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-014 0.08 026 0.46 066 086

Rf

Figure 6: Chromatogram of hydrogen peroxide [3% v/vH,O, (reflux for 2h at 80°C)] treated sample
Peak 1- degradant [R0.06], Peak 2- fexofenadine hydrochloride§R.27], Peak 3- degradant [R0.62], Peak 4- degradants [R0.64], Peak
5- degradants [R 0.82]

3.4.3. Dry heat degradation

The sample degraded under dry heat showed twoiaditpeaks at Rvalue 0.02 and 0.68 (Fig. 7) other than the
standard peak of fexofenadine hydrochloride. Theegavery of fexofenadine hydrochloride at the |ened0.8%
suggested that fexofenadine hydrochloride undergolkesdegradation under dry heat condition.

Track 10.1D

700 —
AU

600

500 |

300

200 -

100 - . 3
1! e e ——

Figure 7: Chromatogram of dry heat [2h at 60°C] treated sample
Peak 1- degradant [R0.02], Peak 2- fexofenadine hydrochloridefR.27], Peak 3- degradant [R0.68]

3.4.4. Photochemical degradation
The sample exposed to photochemical degradatiorweshono additional peak other than fexofenadine
hydrochloride which suggests that fexofenadine bglioride is stable towards photochemical degradati
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CONCLUSION

The developed HPTLC method enables accurate, presigecific and stability indicating TLC method for
determination of fexofenadine hydrochloride. Stat# analysis proves that the method is reprodeadix routine
analysis of fexofenadine hydrochloride in pharméical dosage form without interference from excippge This
work will further be extended to study the degréatakinetics of the drug in plasma and other bigabfluids. The
developed method was able to separate the drugifsodegradants hence can be successfully apmiedstability
indicating one.
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