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INTRODUCTION: The stability-indicating assay is a

CN
method that is employed for the analysis of stability HC N
samples in Pharmaceutical industry. The revised parent N 04<
drug stability test guideline Q1A(R2) issued by

. N HOOC
International Conference on Harmonization (ICH)
requires that stress testing on the drug substance A
should be carried out to establish its inherent stability

characteristics and for supporting the suitability of the HaC N
proposed analytical procedures *. | N\ -
Febuxostat, antigout agent is chemically 2- [3- cyano- HOOC S

4- (2- methlypropoxy) phenyl]- 4- methlythiazole- 5 -
carboxylic acid. It is a non purine selective inhibitor of
xanthine oxidase  (Fig. 1).
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FIGURE 1: STRUCTURE OF FEBUXOSTAT(A) AND DEGRADATION
PRODUCTS [ DP-1(B), DP-2(C), DP-3(D)].

It inhibits both oxidized and reduced forms of xanthine
oxidase > * and has very less effects on other
enzymes of purine and pyrimidine metablism *°. It is
not official in any pharmacopoeia. Based on the
literature survey, it shows that very few analytical
methods have been reported for the estimation of
Febuxostat which includes UV (Drug determination ’
and dissolution °), HPLC & GC ° and LC/MS/MS
(Impurity profiling) *°.

There is no information in literature on the stability
behavior of this drug under any stress conditions. The
aims of the present study accordingly were to establish
inherent stability of Febuxostat through stress studies
under a variety of ICH recommended test conditions*
and to develop a validated stability-indicating assay.

EXPERIMENTAL:

Materials: Febuxostat bulk drug was obtained from
Cadila Healthcare Ltd., Ahmedabad and used without
further purification. Tablets (Urifix 40mg) were
obtained from the market (manufactured by Precise
Biopharma Ltd.) Sodium hydroxide, Hydrochloric acid
(were from Astron, Ahmedabad, India) and Hydrogen
peroxide (were from Chemdyes corporation, Rajkot,
India). HPLC grade methanol, acetonitrile and water
were purchased from Rankem, Delhi, India). LCMS
grade water and Methanol were purchased form
Sigma-Aldrich.

Instrumentation: Stress studies (Hydrolysis) were
performed using Heating mentle (EIE instrument Pvt.
Ltd. Ahmedabad) with reflux condenser. Dry air oven
(SENTWIN, India) was used to study the effect of dry
heat.
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Photolytic experiments were performed in a
photostability chamber equipped with light source (UV
Lamp). The study was performed by keeping the
samples at a distance of 9 inch from the light bank.

The HPLC system consisted of YL9110 Quaternary
solvent delivery Pump, an YL9160 photodiode array
(PDA) detector, a Rhenodyne autoinjector, and a
degasser module (Lifecare equipment Pvt. Ltd,,
Mumbai). Data acquisition and processing was
performed by use of YL-Clarity software. LC-MS
analysis were performed on Agilent Technology 6520,
Accurate Mass Q- TOF LC/MS consist of C-18 (4.6 * 50
mm ) (3.5 um) colum and detection was done at ESI
positive mode. Degradation kinetic study was
performed by both Shimadzu- UV spectrophotometer
and HPLC.

Force Degradation studies: Stock solution of Drug in
methanol at a concentration of 4 mgml‘1 was used in
all degradation studies. The pH of solutions was
measured before and after the reaction and no change
was observed. Conditions employed for performing
stress studies were as follows.

o Hydrolytic studies: Acid decomposition studies
were performed by refluxing the solution of drug
in 2N HCI at 80 °C for 6 h. The studies in alkaline
conditions were done in 0.1N NaOH and the
solution was heated at 80 °C for 1 h. For study in
neutral conditions, stock solution of drug was
refluxed at 80 °C for 18 hr. In acidic and basic
hydrolytic study, the solutions were neutralized
with proper strength and quantity of base and acid
respectively and finally the solution were diluted
with methanol to get 20pg/ml.

e Oxidative studies: Initial studies were performed
in 3% H,0, at room temperature. Subsequently,
the stock solution of drug was exposed to 30%
H,O, at room temperature for a period of 48 hr
and finally the solution was diluted with methanol
to get 20ug/ml.

e Photolytic studies: Solid drug was spread in 1 mm
thickness uniform layer on a Petri dish and
exposed in UV stability chamber for some days.
From the above sample, at specified time interval,
10mg of drug was accurately weighed in 10ml
volumetric flask and made up to mark with
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Methanol to get 1000 pg/ml of solution. From the
above solution, 0.2 ml of solution was pipette out
in 10ml volumetric flask and made up to mark with
Methanol to get 20 pg/ml of solution.

e Thermal studies: Susceptibility of the drug to dry
heat was studied by exposing the solid drug to
80°C for 10 weeks. From the above sample, at
specified time interval, 10mg of drug was
accurately weighed in 10ml volumetric flask and
made up to mark with Methanol to get 1000 pg/ml
of solution. From the above solution, 0.2 ml of
solution was pipette out in 10ml volumetric flask
and made up to mark with Methanol to get 20
ug/ml of solution.

Separation studies on Stressed Samples: In all HPLC
runs, the mobile phase was filtered through 0.45um
nylon membrane and degassed before use. The
injection volume was 20ul and the mobile phase flow
rate was 1 mimin™’. The analytical wavelength was 315
nm. Preliminary HPLC analyses were performed using a
C-18 column and mobile phase composed of different
ratios of Methanol, Acetonitrile and water. As
satisfactory resolution of the drug and the degradation
Products was achieved by using Methanol- water (with
0.02%v/v TFA) in the ratio of 95:5. Separation studies
were carried out on samples of different stress
conditions (after appropriate dilution) withdrawn at
different time periods individually.

LC-MS studies were also performed using the
preliminary HPLC method. Satisfactory resolution was
obtained with same mobile phase. Retention times of
peaks were different as the chromatographic
parameters were changed but the sequences of
separation remain same.

Degradation kinetic study in acid hydrolytic condition

e For studying the kinetic order of the reaction: Into
a 250 ml measuring flask, 1 ml of stock solution of
Febuxostat (4mg/ml) in methanol was added and
diluted up to 20 ml with 2N HCI. These solutions
were refluxed in a thermostatically controlled
water bath at 80 2C for 10 hr. 1 ml sample
solutions were taken at 1 hr intervals, placed into
10ml measuring flasks, neutralized with 1mL, 2N
NaOH and the volume was completed with
Methanol. The solutions were injected in the liquid
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chromatograph using the specific chromatographic
conditions. The same solutions were detected by
UV. The concentration of Febuxostat was
calculated from the regression equation. The log %
undegraded concentration against time was
plotted.

For studying the effect of HCl concentration on
the reaction rate: Into a series of 250 ml
measuring flasks, 1 ml of stock solution of
Febuxostat (4mg/ml) in methanol was added and
diluted up to 20 ml with 2N HCl and 5N HCl
respectively. These solutions were refluxed in a
thermostatically controlled water bath at 80°C for
10 hr. 1 ml sample solutions were taken at 1 hr
intervals, placed into 10ml measuring flasks,
neutralized with 1ml, 2N and 5N NaOH
respectively and the volume was completed with
Methanol. The solutions were injected in the liquid
chromatograph using the specific chromatographic
conditions. The same solutions were detected by
UV. The concentration of Febuxostat was
calculated from the regression equation. The log %
undegraded concentration against time was
plotted for different molarities of HCl and the rates
constant and t 1/, were calculated.

For studying the effect of the temperature on the
reaction rate: Into a series of 250 ml measuring
flasks, 1 ml of stock solution of Febuxostat
(4mg/ml) in methanol was added and diluted up to
20 ml with 2N HCI and 5N HCI respectively. These
solutions were refluxed in a thermostatically
controlled water bath at 20, 40, 60 and 80 C for
10 hr. 1 ml sample solutions were taken at 1 hr
intervals, placed into 10 ml measuring flasks,
neutralized with 1ml, 2N and 5N NaOH
respectively and the volume was completed with
Methanol.

The solutions were injected in the liquid
chromatograph using the specific chromatographic
conditions. The same solutions were detected by
UV. The concentration of Febuxostat was
calculated from the regression equation. The log %
undegraded concentration against time was
plotted. Also the Arrhenius plot for the effect of
temperature on the rate of hydrolysis was
constructed.
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Validation of the method **:

Linearity and range: Linearity of the method was
studied by injecting five concentrations of the drug
prepared in the mobile phase in the range of 5-25
pgml™ in triplicate into the HPLC system keeping
the injection volume constant.

Precision: Precision of the method was verified by
repeatability and inter and intraday precision
studies. Repeatability studies were performed by
analyses of any one concentration of the drug in
hexaplicate on the same day. Intraday precision of
the method was checked by repeating the studies
on same day within different time period and
interday precision on three different days.

Accuracy: Accuracy was evaluated by fortifying a
mixture of standard drug solutions with four
known concentrations of the drug. The recovery of
added drug was determined.

Specificity: Specificity of the method towards the
drug was studied by determination of purity for
drug peak in a mixture of stressed samples using
PDA detector.

The study of resolution factor of the drug peak
from the nearest resolving degradation product
peak was also done.

Robustness: Change following parameters, one by
one and observe their effect on system suitability
test and assay. Change flow rate by 10%. (i.e. 1.1
ml/minute and 0.9 ml/minute) and Change the
minor components in the mobile phase. If the
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minor change does not produce the variability in
assay, the method is Robust.

RESULTS AND DISCUSSION:

Degradation behaviour of Febuxostat: Stress
testing of Febuxostat under different conditions
using Methanol:water (with 0.02% v/v TFA) (95:5)
as solvent system showed the following
degradation behaviour.

Hydrolytic studies:

Acidic condition: It was observed that around 25%
of the drug degraded on heating it in 2N HCl for 6
hr at 80°C, 2 separate peaks at 2.6 and 6.7 min
were observed (Fig. 2).

Alkaline condition: It was observed that around
37% of the drug degraded on heating it in 0.1N
NaOH for 1 hr at 80°C and 1 separate peak at 3.12
min was observed (Figure 3).

Neutral condition: In neutral condition, 23%
degradation of the drug was seen after heating the
drug for 18 hr at 80 °C and 1 separate peak at 3.12
min was observed (Figure 4).

Oxidative studies: The drug was found to be stable
in 30% H,0, for 18 hr at room temperature (Figure
5).

Thermal stress: The drug was found to be stable in
80°C for 8 weeks (Figure 6).

Photolytic studies: The drug was found to be
stable in UV light for 7 days (Figure 7).
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FIGURE 2: SHOWS DEGRADATION OF FEBUXOSTAT IN 2N HCI AFTER 6 HR
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FIGURE 3: SHOWS DEGRADATION OF FEBUXOSTAT IN 0.1 N NaOH AFTER 1 HR
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» v &"M
' . \l
- » - — - S ioch
Rt Area Tailing ®oDegradation
4.05 2615.357 1.231 No
FIGURE 5: SHOWS DEGRADATION OF FEBUXOSTAT IN 30%H,0, AFTER 18 HR
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FIGURE 6: SHOWS DEGRADATION OF FEBUXOSTAT IN DRY HEAT OVEN( 80°C) AFTER 8 WEEK
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FIGURE 7: SHOWS DEGRADATION OF FEBUXOSTAT IN UV LAMP AFTER 7 DAYS.

Characterization of degradation products The LC-MS  Neutral hydrolysis) were done and the results are
analyses of degraded samples (In acid hydrolysis and  shown in Fig. 8 and 9.

T grle e TN AR ettt RIS - Viel 2 Foaty e nt Name | € NN iner Namne (LS

o) Vet » B ) Franbtvonse ot g e v mtanic s FHENS cobibirmbbom Mo wwns
hatem Fillemamee  + 1S AR F chuonomtot -2 A€ Nt bt R Neqmirvet Viome IV AB LT

P Febuxostat 7
B ﬂ

‘2 ] |

'+

i DP -1 DP -2

i /\\.

o e B

T L ¥ L ' L ¥ ’
- > - » =
v As oy s tinn i
(S T Pa— P v Sevenew Sens 40D - ou \-‘.:\- -‘l\'wm“l LY Vel Sestrument Name L OWD Comr Same LY
e ‘e - P— [ R P — - o . e Somghe Type  Dnpndvion BN cllbeaton S
B P— ) W ¢ — P——————— Bets Flvmeme <EMS-Fohumonsnl  AC) Methed e Acguirod e DAGLD 11T
-
LR - o'
e o o
o 1781350
10~
o
o 4
o
o=
»
v oy +
LI o8 -
o>
LE R
¥ 3]
o8 4 . v

LE R

L)
1 @34 1zom

° ‘L-h. .LLL‘-LL‘J‘A \.le.lm.. Laalt.ua., °°' : Ath.LutllLl‘L li.l.udn 1. ‘:‘I‘:J:’ ol

v—-v -

e e e e am peey 100 150 390 350 200 330 <00 «s0 300

Comamts ¥ o Mo o Chagp (om0 Conmtn Vo Mane 30l v (oD

B C

FIGURE 8: SHOWS (A) LCMS CHROMATOGRAM OF FEBUXOSTAT WITH 2N HCI FOR 18 HR IN REFLUX. (B) ESI POSITIVE MODE MASS
SPECTRA OF DP-1 AND (C) ESI POSITIVE MODE MASS SPECTRA OF DP-2.

Among the two degradation product formed during Second degradation product formed during acid
acid hydrolytic condition, DP-1 showed the prominent hydrolytic condition, showed the prominent peak at
peak at m/z ratio 279 as M+1 peak (Fig. 8) indicating m/z ratio 261 as M+1 peak (Fig. 8) indicating
breakdown of ether group through acid hydrolysis. breakdown of ether group through acid hydrolysis.
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FIGURE 9: IT SHOWS LCMS CHROMATOGRAM( A) AND ESI POSITIVE MODE MASS SPECTRA OF FEBUXOSTAT WITH DP-3 UNDER WATER
FOR 24 HR IN REFLUX (B)

products can be determined and the pathway was
shown in Fig. 10.

Degradation product formed during Neutral hydrolytic
condition, DP-3 showed the prominent peak at m/z
ratio 336 as (M+1) peak (Fig. 9) indicating breakdown

of Cyanide group through hydrolysis to acidic group. In case of Neutral hydrolysis and Base hydrolysis, the

retention time of the degradation products were same,
only catalytic effect was shown by NaOH. So, in Neutral
and Basic hydrolytic condition, degradation products
formed may be structurally similar.

From the mass chromatograms, the probable
structures of further fragments from the degradation
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FIGURE 10: SHOWS DEGRADATION PATHWAY FOR FEBUXOSTAT. [A] AND [B] PROBABLE DEGRADATION PRODUCTS AND ITS FRAGMENTS IN ACID
HYDROLYTIC CONDITION. [C] PROBABLE DEGRADATION PRODUCTS AND ITS FRAGMENTS IN BASIC AND NEUTRAL HYDROLYTIC CONDITION
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Validation of Stability indicating method: Linearity
was found to be in the range of 5-30 pugml™ (Fig. 11) in
triplicate into the HPLC system keeping the injection
volume constant. The recovery of added drug was
found to be in the range of 99.17-101.99% (Table 1).
Intraday precision of the method was checked by
repeating the studies on same day within different
time period and interday precision on three different

ISSN: 0975-8232

days (Table 2, 3). Specificity of the method towards the
drug was studied by determination of purity for drug
peak in a mixture of stressed samples using PDA
detector.

Robustness testing was done by changing the mobile
phase flow rate and composion of the mobile phase
(Table 4). Final result for degradation study was shown
in Table 5.
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FIGURE 11: SHOWS CHROMATOGRAM FOR LINEARITY OF FEBUXOSTAT(A) AND CLIBRATION CURVE (B).

TABLE 1: SHOWS ACCURACY OF FEBUXOSTAT

Amount of Recovery
Level Replicate Mean Area Drug taken Drug added Found % Mean %RSD
(ng/ml) (ng/ml) (ng/ml) Recovery
1 1389.124 10 0 10.1857 101.85
0% 2 1375.985 10 0 10.0893 100.89 101.37 0.4751
3 1382.679 10 0 10.1384 101.38
Level 1 1 1967.864 10 5 14.9817 99.87
(50%) 2 2009.547 10 5 15.2990 101.99 101.20 1.1454
3 2004.893 10 5 15.2636 101.75
Level 2 1 2682.36 10 10 20.1222 100.61
(100%) 2 2698.357 10 10 20.2422 101.21 101.10 0.4423
3 2705.674 10 10 20.2971 101.48
Level 3 1 3496.587 10 15 24.8226 99.29
(150%) 2 3492.674 10 15 24.7948 99.17 99.51 0.4914
3 3524.268 10 15 25.0191 100.07
TABLE 2: SHOWS RESULTS OF REPEATABILITY (N=6)
Sr. No. Febuxostat
1 1363.797
2 1389.124
3 1375.985
4 1382.679
5 1377.198
6 1381.357
Mean 1378.357
SD 8.5155
RSD 0.6178
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TABLE 3: SHOWS RESULTS OF INTRA-DAY AND INTER-DAY PRECISION (N=3)

Febuxostat Intraday precision Interday Precision
(ng/ml) Mean + SD %RSD Mean + SD %RSD
10 10.1033+0.1123 0.1124 9.975+0.1484 1.4879
15 15.1066+0.1106 0.7321 15.025+ 0.1206 0.8028
20 20.0133+0.1450 0.7246 19.9616+0.1489 0.7460

TABLE 4: SHOWS RESULTS OF ROBUSTNESS DATA.

Condition %RSD %Recovery % Difference in Assay
LIMIT NMT 2.0 % 98 to 102% NMT 2%
Flow rate (1.1ml/min) 0.7 99.35 0.6
Flow rate (0.9ml/min) 0.9 98.94 0.4
M.P. composition(94:6% v/v) 0.5 100.29 1.1
M.P. composition(94:6% v/v) 1.04 101.18 0.8

TABLE 5: SHOWS RESULTS OF DEGRADATION STUDY

Degradation Rt of degradation . o o ;
condition Bt Time (hr) Conc. (ug/ml) % Potency % Degradation Remarks
0.1 N NaOH . 0 20 100 .
(Refluxing ) 33 min 1 12.62 63.11 36.89 Labile
2 N HCI . 0 20 100
(Refluxing} 2.6, 6.8 min 6 15.00 7501 24.99 Very stable
Distilled water . 0 20 100
(Refluxing) >3 min 18 15.36 76.84 23.16 Stable
Dry Heat 0 20 100
®°c) T 8 week 20 100 0 Very stable
Oxidation 0 20 100
(10% H202indark) 18 hr 20 100 0 Stable
Degradation Kinetic study: The data for the — BV UV
undegraded drug that is, absorbance and area at 3 Y
particular temperature were determined. The linear e \\_
. . . 0 -g |
rela'tlonsf.up (|?'Ig.. 12) betcween the log% ur?degra.ded - \\Q\v=-o.0115x+2.0031
against time indicated first-order degradation. Since = ‘ o R =05792
. . = 1924 - ——
the hydrolysis was performed in a large excess of HCI = | \{.\. ":ng(fjm
(2N and 5N), therefore it follows a pseudo-first order = Sas = i
reaction rate '°. which is the term used when two ] RN
reactants are involved in the reaction but one of them T 88 ©
is in such a large excess (HCI) that any change in its 1.86
o 5 10 15
concentration is negligible compared with the change Time(hr)

in concentration of the other reactant (drug). FIGURE 12: SHOWS FIRST ORDER PLOT OF THE HYDROLYSIS OF

FEBUXOSTAT IN 2N HCI AT 80°C

202 -+ _By HPLC Different parameters that affect the rate of the
2.00 ¢— reaction were studied. Overlay Spectra for degradation

:;’ 1.98 = were taken by both UV and HPLC methods (Fig. 13).

_g‘i'zi 3~ v=-0.0105x +1.9854 B The temperature dependence of Febuxostat de-

§ Sonl  R?=0.9616 gradation was studied by conducting the reaction at

eg 100 + different temperatures using different concentrations

TR of the acid solution (Fig. 14). At each temperature the
1.86

rate constant and t;;, were calculated then the log of

e = the rate constant was plotted against the reciprocal of
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the temperature in Kelvin (Arrhenius plot, Fig. 15) to
demonstrate the effect of temperature on the rate
constant. Rate constant for the 1* order reaction can
be determined from the following equation.

k =(2.303/t) * log (a/a-x)

Where, k = Rate constant, t = Time in hr, a = Initial
concentration of drug, a-x = Concentration of drug
after time t.

It was concluded that as the temperature increased,
rate of hydrolysis increased with a decrease in the t;;
(Table 3). Also, the energy of activation was
determined by calculating the rate constant from the
following equation .

ky = E. (T3—T,
log &= = 3303k ( T, 15 }

where “E,” is the activation energy, “T,” and “T,” are
the two temperatures in Kelvin, “R” is the gas constant,
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and “k;” and “k,” are the rate constants at the two
temperatures used.

The calculated “E,” was found to be 10.11 KJmol™ by
HPLC and 12.09 Kimol™ by UV. Halflife of the drug is
calculated from the equation,

t1/2 = 0693/k

Another factor that affects the rate of the reaction is
the acid strength of HCI, thus different normalities
were used to study the hydrolysis reaction. The rate of
hydrolysis increased with an increasing HCI
concentration as well as with increase in temperature
(Table 6). In conclusion, the acid hydrolysis of
Febuxostat was found to follow a pseudo first order
reaction rate. Also the reaction rate increases with
increase in the temperature and the strength of the
acid solution.
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FIGURE 13: SHOWS OVERLAY SPECTRA OF FEBUXOSTAT IN 2N HCL AT 80°C BY HPLC(A) AND UV (B)
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FIGURE 14: SHOWS FIRST ORDER PLOT OF THE HYDROLYSIS OF FEBUXOSTAT WITH 2N HCI AT DIFFERENT TEMPERATURES
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FIGURE 15: SHOWS ARRHENIUS PLOT FOR HYDROLYSIS OF FEBUXOSTAT WITH 2N AND 5N HCI AT DIFFERENT TEMPERATURES

TABLE 6: SHOWS KINETIC DATA OF FEBUXOSTAT ACID 2. Yamamoto T, Moriwaki Y, Fugimura Y, Takahashi S, Tsutsumi Z: Effect
DEGRADATION. of TEI-6720, a Xanthine Oxidase Inhibitor, on the Nucleoside Transport
- ) - in the Lung Cancer Cell Line A549. Pharmacology 2000; 60: 34-40.
Normality | Temperature K (hr Half life (hr) 3. Okamoto K, Eger BT, Nishino T, Kondo S and Pai E: An extremely potent
of HCI (°C) HPLC uv HPLC uv inhibitor of xanthine oxidoreductase: crystal structure of the enzyme-
20 0.0120 0.0114 | 57.84 | 60.66 inhibitor complex and mechanism of inhibition. J. Bio. Chem. 2003; 278:
1848-1855.
2N 40 0.0182 0.0196 37.99 | 35.33 4.  Takano Y, Hase-Aoki K, Horiuchi H , Zhao L, Kasahara Y and Kondo S:
60 0.0204 0.0193 33.97 | 35.86 Selectivity of febuxostat, a novel non-purine inhibitor of xanthine
80 0.0243 0.0265 28.56 | 26.10 oxidase/xanthine dehydrogenase, Life Science 2005; 76: 1835-1847.
5.  Yamamoto T, Moriwaki Y, Fugimura Y, Takahashi S, Tsutsumi Z:
20 0.0260 0.0262 | 26.60 | 26.48 Emerging therapies in the long-term management of hyperuricaemia
= 40 0.0352 0.0376 19.69 | 18.43 and gout, Int. med. J.2007 ; 37: 258-266.
6.  Liyun Z, Gengliang Y, Youlan P: Dissolution determination of Febuxostat
60 0.0597 0.0458 11.60 | 15.14 tablet by UV Spectrophotography. J Hebei Med. Col. edu. 2010;05.
80 0.0830 0.0830 | 08.35 | 08.26 7. Siddiqui H: A simple UV spectrophotometric method for determination

of Febuxostat in bulk and pharmaceutical formulations. Int. J. Pharm.
Sci. Re. 2011; 2-10: 2655-2659.
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