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Three simple, economic, selective and accurate and precise spectrophotometric methods are developed
for determination of enrofloxacin (EFX) in pharmaceuticals. Method A is based on the measurement of ab-
sorbance of EFX in 0.1M HOAc at 315 nm. The ketoxime formation reaction has been employed in method
B, in which the absorbance measurement of EFX oxime product at 275 nm is described. The third method
(Method C) is indirect one and is based on the oxidation of EFX by cerium(IV), reaction of unreacted ceri-
um(1V) with p-toludine (p-TD) and measurement of coloured solution at 540 nm. The Beer’s law is obeyed in
the concentration ranges of 1.2-24, 1-8, and 1-20 pug/mL EFX in methods A, B, and C, respectively, with the
corresponding molar extinction coefficients of 1.52x10%, 3.86x10%, and 6.6x10° L/mol/cm. The regression
coefficients of calibration lines are 0.9996, 0.9913, and —0.9965, in methods A, B, and C, respectively. The
limits of detection (LOD) and quantification (LOQ) have also been reported for each method. The methods
have been validated to check accuracy, precision, robustness and ruggedness. The application of the meth-
ods proposed to determine EFX in tablets has been described and the results have been compared with a
standard method. The results of validation and application have been found to be with excellent agreement.
The standard addition procedure has been adopted in recovery experiments to further ascertain the accura-
¢y of the methods and the results of the experiments are well satisfied. The stability indicating ability of
Method A has been studied by subjecting EFX to acid and alkaline hydrolysis, oxidative, thermal and
UV degradation followed by measurement of absorbance of resultant EFX solutions at 315 nm. The results
of degradation study indicated unsusceptible nature of EFX to any of the stress conditions.
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s onpedenenus supogpnokcayuna (EFX) 6 ¢hapmayesmuyeckux npenapamax paspabomarvl mpu
cnexkmpoghomomempuyeckux memooa. Memoo A ocnoean na usmepenuu noenowenusi EFX ¢ 0.1 M HOAc
Ha Onune 6ol 315 um. B memooe B ucnonvsosanvl peakyus 06pa3zoeanusi KeMoKCUMAa U usmeperue npo-
oykma oxcuma EFX na 275 um. Memoo C saensiemcs KocéeHHbIM U 0CHO8aH Ha okucienuu EFX yepuem(IV),
peakyuu nenpopeazuposasuie2o yepua(lV) c p-monyounom (p-TD) u usmepenuu nonowjenuss OKpauieHHo20
pacmeopa Ha 540 wm. 3axon bepa cobaodaemcs ¢ duanazonax xonyenmpayuii EFX 1.2-24, 1-8 u 1-20 e/mn
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ona memooos A, B u C coomeemcmeenno, ¢ MOMApHLIMU KOIP@uyuenmamu sxcmunkyuu 1.52 -1 0,
3.86 -10" u 6.6 -10° n/monv/cm. Kospuyuenmuvr pezpeccuu xanubpoeéounvix nunuti 0.9996, 0.9913 u
—0.9965 ona memoodos A, B u C coomsemcmeenno. [nn kaxncoo2o memooa nomyuensvi npedeivi 00Hapyice-
HUSL U KOIUYECBEHHO20 ONpedenets, Npo8epeHbl UX MOYHOCMb U HadexicHocmy. 1Ipednooicentbie Memoovl
npumenenul 0ns onpedenerus EFX ¢ mabremxax. Pe3ynomamul conocmasienvl co Canoapmubim Memooom
U YCMAaHoBIeHO UX Xopouiee co2nacue. B sxcnepumenmax no 60ccmanosienuo ucnoaib308amna CmaHoapmHast
npoyedypa dobasnenuss 0isl OanbHelue20 nOOMEePIHCOeHUs MOYHOCTU Memo008. Pezyromamol sxcnepu-
Menmog yooenemseopumensvtuvie. CmadbunbHoCmy, yKa3vleaowjas Ha nomeHyuan memooa A, uzyuena nymem
nposedeHUsl KUCIOMHO20 U We0YHO20 2UOPOIU3A, OKUCTUMETBHO20, MEPMUUECKO20 U YIbMPAdUoIemoeo20
pasznoxcenuss EFX ¢ nociedyowum usmepenuem no2ioujetus noayienHulx pacmeopos EFX na onune 6onmvl
315 Hm. Pezynomamul uccine0ogamus pasiodceHuss ceudemenbcmeyiom o Hegocnpuumyusocmu EFX
K Cmpecco8biM YCOBUAM.

Knrwoueswie cnosa: supoghnokcayun, cnekmpogomomempus, onpedenetue, papmayesmuyeckuii npend-
pam, nokazamens cmaduIbHOCHU.

Introduction. Enrofloxacin (EFX), chemically known as 1-cyclopropyl-7-(4-ethylpiperazin-1-yl)-6-
fluoro-4-o0xo0-1,4-dihydroquinoline-3-carboxylic acid

has a molecular formula of Ci9H22FN303; and molar mass of 359.4 g/mol. EFX is an antibacterial compound,
which will function against Gram-negative and Gram-positive bacteria. EFX is one of the medicaments to
treat urinary and respiratory tract, and skin infectious diseases in pets and livestock [1].

EFX is official in United States Pharmacopeia (USP) [2]. The monograph of USP describes the non-
aqueous potentiometric titration of EFX in acetic acid medium with 0.1 M perchloric acid. This procedure is
applicable for the assay of EFX only to macro-size samples.

Liquid chromatography [3—19], colorimetry and fluorimetry [20], fluorescence spectroscopy with
chemometry [21], capillary electrophoresis [22], flow injection chemiluminescence [23], and luminescence [24]
techniques have been employed earlier to determine EFX in pharmaceuticals and in biological materials. But
these methods are suffering from some disadvantages such as a need of large sample/reagents, highly skilful
operator and expensive equipment. Besides, several spectrophotometric methods [25-34] have also been re-
ported by different workers. The procedures of these spectrophotometric methods involve the use of expen-
sive reagents and stringent experimental conditions such as tedious precipitation, heating or liquid-liquid ex-
traction steps. Hence, there is a need of simple, rapid and cost effective, analytical methods to determine
EFX in pure form and in its dosage forms.

Three new spectrophotometric methods have been presented for determination of EFX in pure form and
in tablets. The first (Method A) and second (Method B) methods are based on the measurement of EFX in
0.1 M acetic acid and ketoxime of EFX at 315 and 275 nm, respectively. In the third method (Method C),
EFX was made to react with the known excess of cerium(IV), after oxidation of EFX is over the surplus ce-
rium(IV) treated with p-TD and the coloured species formed thereupon was measured at 540 nm. The stabil-
ity indicating ability of Method A was assessed by subjecting EFX for acid-, alkaline-, oxidative-, thermal
and photocatalytic stress conditions and by using the products of stressed samples for measuring the absorb-
ance at 315 nm. The results of validation and applications of all the three methods along with those of stabil-
ity studies in method A have been presented in this paper.

Experimental. Shimadzu Pharmaspec 1700UV/Visible double beam spectrophotometer (Hyderabad,
India) was used in measurement of absorbance.

The used chemicals and reagents were of analytical grade. Distilled water was used throughout the
work. The pure EFX (99.8%) was kindly provided by Cipla India Ltd. Ataxin tablets (150 mg EFX /tablet)
(Sava Health Care Pvt Ltd., Pune, India) were purchased from local commercial sources. All the reagents
and solvents used in the work were manufactured by Merck, Mumbai, India, and they were procured from
authenticated suppliers.
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The solutions of 0.1 M each of acetic acid (HOAc), sulphuric acid (H2SO4) and hydrochloric acid (HCI)
and 5% (v/v) hydrogen peroxide (H20,) were prepared by diluting suitable volumes of glacial acetic acid
(98% pure), concentrated sulphuric acid (98% pure), concentrated hydrochloric acid (38% pure) and com-
mercial H>O, (98% pure), respectively, with distilled water. The solutions of 0.1 N NaOH, 0.05% (w/v) hy-
droxylammonium chloride (HAH) and 0.5% (w/v) p-toludine (p-TD) were prepared by dissolving required
weights of pure compounds in water. A solution of 0.01 M cerium(IV) sulphate solution was prepared by
dissolving calculated quantity of standard commercial ceric ammonium sulphate in 0.5 M H>SO4 by heating.
The solution was filtered and standardized [35] before use.

Preparation of a standard EFX solution. A stock standard 400 pg/mL EFX solution was prepared by
dissolving 40 mg of pure drug in either 0.1 M HOAc for UV methods or in 0.1 M H,SO4 for visible spectro-
photometric method. Suitable aliquots were subsequently diluted with respective diluent to a particular vol-
ume to obtain 40 ug/mL solution of EFX.

Procedure for bulk drug. Method A. Into a series of 10.0 mL volumetric flasks varying aliquots
(0.0, 1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 mL) of 40 pg/mL standard EFX solutions were placed with the help of a
microburet. The volumes were diluted up to the mark with 0.1M HOAc and absorbance of each solution was
measured at 315 nm against blank.

Method B. Different aliquots (0, 0.5, 1.0, 1.5, and 2.0 mL) of standard 40 pug/mL EFX solution were
taken in a series of 10.0 mL volumetric flasks and the volumes were adjusted to 5.0 ml by adding 0.1M
HOAc. To each flask 1ml of 0.05% HAH was added, flasks were stoppered, content of each flask was mixed
and kept aside for standing for 5 min. The solutions of each flask were brought to the mark with water and
mixed well. Finally, the absorbance was measured at 275 nm against reagent blank.

Method C. Different aliquots (0, 1.0, ..., 5.0 mL) of standard 40 pg/mL EFX solution were taken in a
series of 10.0 mL volumetric flasks and the volumes were adjusted to 5.0 mL by adding 0.1M H,SO4. To
each flask ImL of 0.01 M cerium(IV) solution was added, content was mixed and kept aside for 10 min.
Then, a 1 mL of 0.5% p-TD was added to each flask, the volumes were brought to the mark with water, con-
tents were mixed and the absorbance was measured at 540 nm against water.

For each method the calibration graph was prepared by plotting the measured absorbance against con-
centration of EFX, and the concentration of the unknowns were read from the corresponding calibration
graph or computed from the curve fitting regression equation derived using the absorbance-concentration data.

Procedure for tablets. Ten tablets were weighed accurately and ground into a homogeneous powder.
The tablet powder equivalent to 40 mg of EFX was weighed out to a 100 mL volumetric flask, 60 ml of sol-
vent (0.1 M HOAc for Methods A and B, and 0.1 M H>SO4 for Method C) was added and shaken for about
20 min. The content was diluted to the mark with respective solvent, mixed well and filtered through
a Whatman No 41 filter paper. The resulted tablet extract was equivalent to 400 pg/mL in EFX. Suitable
volumes of tablet extracts were diluted to 40 pg/mL in EFX using the diluent (solvent) and subjected to as-
say by following the procedures as described under ‘procedure for bulk drug’.

Procedure for the analysis of placebo blank and synthetic mixture. A placebo blank was prepared by
mixing and grinding the ingredients, namely, acacia (15 mg), hydroxyl cellulose (10 mg), sodium citrate
(10 mg), starch (10 mg), talc (20 mg), magnesium stearate (15 mg), and sodium alginate (10 mg) to form a
homogeneous mixture. A 5 mg of the placebo mixture was weighed accurately, its solution was prepared as
described under ‘tablets’, and it was subjected to analysis by following the general procedure of each method.

Procedure for the analysis of synthetic mixture. Synthetic mixture was prepared by mixing and grinding
an accurately weighed 20 mg of EFX and 80 mg of the placebo mentioned above to get a homogeneous fine
powder. The procedure described for analysis of tablets was followed intact for calculated quantity of syn-
thetic mixture to prepare 40 pg/mL EFX solutions. The aliquots of 8, 12, and 16 ug/mL EFX solutions re-
sulting from synthetic mixture extract were subjected to analysis by following the respective general procedure.

Procedure for forced degradation study. Four mL triplicate aliquots of the standard 40 pug/mL EFX
were taken in three different 10 mL volumetric flasks. The first, second and third flasks were individually
mixed with 5 mL of 0.1 N HCI for acid hydrolysis, 0.1 N NaOH for alkaline hydrolysis and 5% H»O, for ox-
idative degradation, respectively. The contents were boiled for 2 h at 80°C on a hot water bath. The solutions
were cooled to laboratory temperature and the contents were diluted to the mark with 0.1 M HOAc. For
thermal degradation, the pure solid EFX was kept in Petri dish and placed in an oven adjusted at 100°C for
24 h. After cooling to laboratory temperature, a calculated amount of EFX was weighed and the solution was
prepared using the respective solvent. For UV degradation study, the stock solution of 40 png/mL EFX was
irradiated to UV light of 254 nm of 1.4 flux intensity for a couple of days in a UV chamber. Finally, the suit-
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able aliquots of the resulted solutions (equivalent to 40 pg/mL in EFX) from each were diluted with the
working solvent and spectra were recorded. Besides, the absorbance of all the obtained solutions from acid
and alkaline hydrolysis, oxidative degradation, thermal and UV degradation were measured at 315 nm
against the respective solvent as blank in each case and the recovery of EFX was calculated.

Procedures for validation. Intra-day and inter-day accuracy and precision. EFX solutions in three dif-
ferent concentrations within the range of study in each method (Method A: 6.0, 12.0, and 18.0 pg/mL;
Method B: 2.0, 4.0, and 6.0 pg/mL; and Method C: 5.0, 10.0, and 15.0 ng/mL) were analysed in seven repli-
cates in the same day to study intra-day variations. However, to study inter-day variations the analyses of
triplicate solutions of each concentration was carried out on five consecutive days by following general ana-
lytical procedures of each method. The amount of EFX found was calculated for each concentration in each
trial and the pooled-standard deviation was calculated using the following formula [36]:

) JZ(Xi XD X, - X2 + XX, - Xa)
- N -k
where X, Xj, and X; are the individual concentrations of EFX found in the analysis of solutions of three dif-

SP

b

ferent concentrations; X1, X2, and X3are the mean values of the data sets 1, 2, and 3, for three different
concentrations, respectively, and N is the total number of trials from analyses of whole three (k) different
concentrations of EFX solutions. The S, values were converted to %RSD.
The accuracy of the analytical procedure was evaluated by calculating the percentage relative error
(%RE) using the mathematical formula:
_ (EFXTaken _EFXFound)

RE(%)= e X100,
Taken

where EF Xtaken and EF XFound are in pg/mL.

Procedure for assessment of accuracy by recovery experiment using standard-addition procedure. Ac-
curately measured 2 mL aliquots of pre-analysed tablet extract equivalent to 40 pg/mL EFX were taken in a
series of 10 mL volumetric flasks and were spiked with 1, 2, and 3 mL of 40 pg/mL EFX pure drug solution
in triplicate for Method A. In Method B, the volume of pre-analysed 40 pg/mL EFX from tablet extract was
1 mL and spiking were done with 0.5, 1.0, and 1.5 mL of standard pure EFX solution. Whereas in Method C,
2 mL of tablet extracts equivalent to 40 ng/mL EFX were spiked in triplicates with 1.0, 2.0, and 3.0 mL of
standard EFX solutions. Then, the general analytical procedures described under ‘general procedures’ for
each method were followed and the percentage of pure EFX recovered was calculated for each concentration
of each method using the formula given below.

recovred = (Total EFX founa "EF X prom tablet) y
Pure EFX

where Total EFXround, EFXFrom tablet, a1d EFXFrom pure drug are in pg/mlL.

Determination of limits of detection (LOD) and quantification (LOQ). The absorbance of either reagent
blanks (Method A and B) or water blanks (without drug and oxidant; Method C) was recorded in five repli-
cates at the respective analytical wavelengths and the standard deviation (SD) values for set of data in each
method were calculated. The SD values were then used to calculate the limits of detection (LOD) and quanti-
fication (LOQ) according to ICH guidelines [37] using the formulae:

LOD =3.3SD/c, LOQ =10SD/o,
where G is slope of the calibration curve.

Robustness. Method A. The concentration of 0.1 M HOAc was varied by +0.02 and —0.02 M to prepare
the standard EFX solution and tablet extracts. Five replicates of 3 mL aliquot of standard 40 pg/mL EFX solu-
tions were prepared using HOAc of 0.08, 0.1, and 0.12 M and measured the absorbance at 315 nm.

Method B. Into a series of 10 mL volumetric flasks 1 mL aliquot of standard 40 pg/mL EFX solution
was taken, added 1mL of 0.1 M HOAc and the contents were mixed well. Then, 0.9, 1.0, and 1.1 mL of
0.05% HAH solutions were added to the first, second and third series of five flasks each, respectively. The
contents were mixed well and after 5 min the volumes were brought to the mark with water. After mixing,
the absorbance was recorded at 275 nm against reagent blank prepared in the absence of EFX.

Method C. Three mL aliquots of standard 40 pug/mL EFX solution were taken in a series of fifteen
10.0 mL volumetric flasks and the volumes were adjusted to 5.0 mL by adding 0.1M H2SO4. To each flask
1 mL of 0.01 M cerium(IV) solution was added, content was mixed and kept aside for 10 min. Then, to the

%EFX 100,

From pure drug
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three groups of five flasks each, 0.9, 1.0, and 1.1 mL of 0.5% p-TD solutions were added, respectively, and
the flasks were shaken for mixing the content. Then, the volumes were brought to the mark with water, again
mixed and the absorbance of each solution was measured at 540 nm against water.

The robustness of all the three methods was also checked by varying the wavelength of measurement by
2 nm, i.e. 315£2, 27542, and 540+2 nm, in Methods A, B and C, respectively. Then, for the resulted absorb-
ance values from all the variations for each concentration of EFX the corresponding RSD values were calcu-
lated in each method.

Ruggedness. The optimised general procedure was followed and a triplicate analysis was performed by
four different analysts, using four different instruments on three different concentrations of EFX (Method A:
6.0, 12.0, and 18.0 pg/mL; Method B: 2.0, 4.0, and 6.0 pg/mL; and Method C: 5.0, 10.0, and 15.0 pg/mL).
The regression data were used to calculate the concentration of EFX found in each case. Then, the inter-
mediate variations, expressed as RSD, were calculated.

Results and discussion. Spectral characteristics. The solution of EFX in 0.1 M HOAc showed an ab-
sorption maximum at 315 nm, at which solvent did not show any peak. On the other hand, the ketoxime of
EFX was exhibited wavelength of maximum at 275 nm. Therefore, measurement of absorbance of EFX and
ketoxime of EFX in 0.1 M HOAc at 315 and 275 nm formed the basis for Methods A and B, respectively.
The recorded absorption spectra are presented in Figs. 1a,b. In Method C, the reaction of EFX with a meas-
ured excess of cerium(IV) in H>SOs medium, the treatment of the unreacted oxidant with p-TD and the
measurement of absorbance of oxidised p-TD at 540 nm are involved. The absorption spectrum of oxidised
p-TD is presented in Fig. 1c. The linear decrease in absorbance at 540 nm is concomitant with the concentra-
tion of EFX, which served as a basis for quantification of the drug.

Absorbance a b c
1.0 ‘ ' ‘ ‘ ' '
315 nm 05"

1.0
0.5

057 0r

O L .
0r ‘ : : : -0.5

250 300 350 400 250 300 350 400 400 500 600 700 A,nm

Fig. 1. Absorption spectra of (a) EFX equivalent to 20 pg/mL (Method A); (b) Ketoxime of EFX
(equivalent to 20 pg/mL) in 0.1M HOAc (Method B); (c) product of oxidation of p-TD (1 mL of 0.5%)
with cerium(IV) (ImL of 0.01 M) solution.

Chemistry. Tentative reaction pathways showing the formation of the ketoxime of EFX (Method B) and
the oxidation of p-TD to give red coloured product (Method C) are depicted in Scheme
HO
~
N O

O O E |
I 0.IM HOAc N N +HCl
(N Z +NH,OH - HCl ————> A

“UN -H>O \/N\)
Ketoxime of EFX
EFX HAH ( Amax = 275 nm)
(Method B)

+

EFX + Excess Ce(IV) Oxidised EFX + Ce(III) + Unreacted Ce(IV)

+

Unreacted Ce(IV) + p-TD =——=—= Oxidation product of p-TD
measured at 540 nm

(Method C)

+ Ce(TIT)

p-TD= Oxidation product  _
of p-TD
(Amax = 540 nm)

NH, NH
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Fig. 2. Effect of (a) different volumes of 0.05% HAH solution on the absorbance of ketoxime
of EFX (equivalent to 6 pg/mL EFX) and (b) standing time after adding HAH to EFX (6 png/mL)
solution to form ketoxime of EFX.

Development and optimization of methods. Different acids of different concentrations were tried as sol-
vents for preparing standard solutions of EFX and it was revealed by the results that HOAc comes out as
best with concentration of 0.1 M. Thus, 0.1M HOAc was used as a solvent in Method A and Method B.
In Method B, the amount of HAH required to completely react with EFX was studied using varying quanti-
ties of reagent. The results obtained indicated a need of 1 mL of 0.05% HAH (Fig. 2a) in a total volume of
10 mL to get the maximum absorbance at 275 nm and hence the same quantity was fixed as optimum. The
reaction between EFX and HAH was found instantaneous to form ketoxime (Fig. 2b). Among 0.1 M HOAc
and water as diluents, no significant difference was found in absorbance values. Therefore, after adding
HAH, the contents were mixed, diluted to the mark with water and absorbance was measured at 275 nm. The
absorbance of final solution was found stable at least for 2 h (Fig. 2b) and this indicated the stability of ke-
toxime of EFX. Various experimental variables involved in the oxidation of EFX by cerium(IV) such as
concentration of acid, oxidant and reagent(s), reaction time, nature of diluents and others on the reaction
were studied in Method C. This was done by measuring the absorbance at respective wavelength after each
and every variation of each parameter. Different concentrations of different acids were introduced to oxidise
EFX with cerium(IV). It was found that 0.1 M H,SOs yielded better results and hence, the same was used
throughout the investigation. In order to optimize the concentration of oxidant, fixed quantities of EFX were
reacted with different concentrations/amounts of cerium(IV) in acid medium. Best results were obtained with
up to 1 mM cerium(IV) as in a total volume of 10 mL. The waiting period to add p-TD was 10 minutes after
adding cerium(IV). The absorbance at 540 nm was found maximum at 1 mL of 0.5% p-TD. Hence, the same
was maintained as optimum amount. The reaction between cerium(IV) and p-TD was found instantaneous.
The resulted oxidation product of p-TD was found stable for more than 1 h. The effect of quantity of p-TD
and standing time are presented in Figs. 3a,b, respectively.

A540 nm a b
g [ 1] 030 S - . -
030 r
025 + ’ 0.20 -
0.20 - o
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0.10 Lu L L L ! | 0 ! 1 |
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Fig. 3. Effect of (a) volumes of 0.5% p-TD and (b) standing time on addition of p-TD to the solution
composed of EFX (12 pg/mL) and cerium(I'V) (1 mM in a total volume of 10 mL) in acidic medium.
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Method validation. The linearity, accuracy, precision, sensitivity, robustness and ruggedness of the pro-
posed methods were checked according to current ICH guidelines [37].

Linearity and sensitivity. The calibration graphs for absorbance at wavelength of maximum against the
concentration of EFX in each method were found to be linear (Fig. 4) over the concentration ranges of drug
given in Table 1. The linear correlation was found between the two parameters over the calibration or linear
range of EFX concentration. The calibration graphs are described by the regression equation:

A=b+mX,
where X and A4 are the concentration of EFX in pg/mL and absorbance of 1-cm layer of solution, respective-
ly. The parameters b and m are the intercept and slope of the calibration curve, respectively. The values
of b and m for each method are presented in Table 1 along with regression coefficients over the applicable
linear concentration ranges.

Absorbance a b c
1.2 _ 1.0 r
0.8 -
04~
0 i i | 0 . . . . 4
8 16 24 4 8 12 16 20
Cerx, pg/mL Cerx, pg/mL Crrx, ug/mL

Fig. 4. Calibration curves for (a) Method A, (b) Method B, and (¢) Method C.

The Beer’s law limits, molar absorptivity and Sandell’s sensitivity values were also calculated and pre-
sented in Table 1. The calculated LOD and LOQ are also mentioned in Table 1. As it can be seen from the
results in Table 1, the high value of € and low value of Sandell’s sensitivity and LOD for each method indi-
cated the satisfactory sensitivity of the proposed methods. Of the three proposed methods, Method B is more
sensitive than Method A. However, despite its lower sensitivity, Method C is highly selective one for analy-
sis of EFX. The longer wavelength of maximum of this method makes it free from obvious photometric errors.

TABLE 1. Sensitivity and Regression Parameters of Proposed Analytical Methods

Parameter Method A | Method B Method C
Amax, NM 315 275 540
Linear range, pg/mL 1.0-4.0 1.0-8.0 1.0-20.0
Molar absorptivity (¢), L/mol/cm 1.52x10* 3.86x10% 6.6x10°
Sandell sensitivity, pg/cm? 0.0236 0.0093 0.0540
Limit of detection (LOD), ug/mL 0.32 0.13 0.54
Limit of quantification (LOQ), png/mL 0.97 0.41 1.65
Intercept (b) 0.0088 0.0391 0.461
Slope (m) 0.0399 0.0963 —0.0158
Regression coefficient (7) 0.9996 0.9913 —0.9965

N ot e: A= b+mX, where 4 is the absorbance, X is the concentration in pg/mL, b is the intercept,
and m is the slope.

Accuracy and precision. The intermediate precision and accuracy of the proposed methods were evalu-
ated on intra- and inter-day variation basis. The analysis of EFX was performed in seven replicates of each
concentration in intra-day analysis. In the study of inter-day variations, the analysis was performed on five
different days. Accuracy was estimated and expressed as percentage relative error (%RE) between the meas-
ured and taken amount/concentration of EFX and is presented in Table 2. The precision was assessed by cal-
culating RSD values for each case and each concentration of EFX in each method. The percentages of RE
and RSD values of less than four indicated the acceptable accuracy and precision of the proposed methods.
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TABLE 2. Results of Accuracy and Precision Studies of Proposed Methods

Intra-day accuracy and precision, Inter-day accuracy and precision,
Method EFX taken, n=7 n=>5
pg/mL EFX found+CL, %RE | %RSD EFX found+CL, %RE | %RSD
ug/mL ug/mL

6.0 6.19+0.16 3.17 2.87 5.88+0.16 2.00 2.22

A 12.0 11.734£0.35 2.25 3.22 12.3140.35 2.58 2.36
18.0 18.28+0.36 1.56 2.11 17.43+0.66 3.17 3.04

2.0 2.06+0.04 3.00 1.87 1.96+0.05 2.00 2.22

B 4.0 4.13+0.08 3.25 2.22 4.10£0.11 2.50 2.26
6.0 5.85+0.11 2.50 2.11 5.80+0.22 3.33 3.04

5.0 4.88+0.09 2.40 2.07 5.14+0.18 2.80 2.90

C 10.0 10.19+0.27 1.90 2.83 9.77+0.32 2.30 2.68
15.0 15.2240.39 1.47 2.74 15.344+0.46 2.27 245

N ot e: %RE. Percent relative error, %RSD. Percent relative standard deviation and CL. Confidence limits
were calculated from: CL = + S/\n (the value of ¢ is 2.45 and 2.77 for six and four degrees of freedom,
respectively, at 95% confidence level; S = standard deviation and #» = number of measurements).

Selectivity by analyses of placebo and synthetic mixture. From the analysis of placebo blank, the ab-
sorbance values were almost the same as that for blanks in all the three methods. This recommended the in-
active role exhibited by the ingredients used to prepare the placebo.

The effect of inactive ingredients in the assay of EFX was also checked using the extract or solution of
synthetic mixture containing EFX. The aliquots of the resulted EFX extract at three levels of concentrations
in each method were assayed thrice by following the general procedures of each method. The analysis yield-
ed the mean percentage recovery of EFX values ranged from 97.15 to 101.4 and therefore, these results con-
firmed the non-interference from the matrix added to prepare synthetic mixture in the determination of EFX.

Robustness and ruggedness. The robustness of the proposed methods was examined by evaluating the
influence of small variation in the optimised concentration of HOAc (Methods A and B), volume of HAH
(Method B) and volume of p-TD (Method C). The analytical wavelengths in each method were also varied
by 2 nm. All other parameters were maintained intact. The resulted absorbance values of each variation were
used to evaluate the robustness. It was found that small variation in the concentration of HOAc by 0.02 M,
volume of HAH and p-TD by +0.1 mL and wavelengths by £2 nm did not significantly affect the results.
The calculated RSD values for each variation are presented in Table 3. The tabulated values of RSD are
within 5% and thus clearly reflected the satisfactory robustness of all the three methods.

TABLE 3. Results of Method Robustness and Ruggedness Expressed as Intermediate Precision (% RSD)

Robustness Ruggedness
EFX P ter varied
Method | taken, Concentratioirir?e Volume of reazent” Inter-analysts, | Inter-instruments,
BemL | 020,02 M g %RSD (n=4) | %RSD (n=4)
6.0 2.13 - 3.23 2.22
A 12.0 3.22 3.12 2.45
18.0 2.88 2.88 2.87
2.0 1.45 2.32 2.34 2.78
B 4.0 1.78 2.27 2.65 2.45
6.0 1.89 2.87 2.44 2.82
5.0 - 3.16 2.12 1.99
C 10.0 3.01 3.10 1.74
15.0 2.97 2.67 2.31

“The volumes of 0.05% HAH and 0.5% p-TD were varied by 1+0.2 mL in methods B and C, respectively.
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Ruggedness was tested by applying the method to the assay of EFX using the optimum experimental
conditions, but using four different spectrophotometers. The analysis was also performed by four different
analysts and the variations were checked. Results obtained from the above variations were reproducible. The
obtained RSD values were ranged between 3.2 and 5.1% (Table 3) and this proved the rugged nature of the
three new proposed methods.

Application to tablet analysis. Commercial EFX tablets were analysed using the developed methods and
the results were compared with USP method [2]. The USP method describes the non-aqueous potentiometric
titration of EFX in acetic acid medium with 0.1 M HClO4. The statistical tests were carried out for results of
the proposed and reference methods by applying Student’s #- and F- tests. The mean recovery of EFX from
the proposed and reference methods were 97.3 and 98.6%, respectively, with the corresponding RSD values
of 1.21 and 0.87%. The calculated ¢- and F-values did not exceed the tabulated values at 95% confidence
level (tuit = 2.77 and Feic = 6.39). These values have the outcome that there were no significant differences
between the results of the proposed and reference methods with respect to accuracy and precision. This also
meant that the proposed analytical procedures are as accurate and precise as that of the reference method.
The detailed results are presented in Table 4.

TABLE 4. Results of Proposed Methods for Analysis of Tablets Ataxin (150)
and Statistical Comparison with the Reference Method

Percent (of label claim) EFX found” + SD
USP method Method A Method B Method C
97.3+1.25 96.7+1.18 97.9+0.68
98.6+1.48 t=1.50 1=226 t=1.02
F=1.40 F=157 F=474

*Mean value of five determinations.

Recovery study. The accuracy and reliability of the methods were further ascertained by recovery exper-
iments via standard addition procedure. Pre-analysed tablet extract was spiked at three different concentra-
tion levels of pure EFX solution and the triplicate contents were subjected to analysis by following the gen-
eral recommended procedures of the proposed methods. The total EFX found was calculated. In all cases,
the percentage recovery of pure EFX out of total found was ranged from 97.0 to 102.4 with standard devia-
tion values of 1.13 and 2.36% and this indicated the absence of interference from excipients of tablets in the
determination. Also, the recovery values for EFX were highly satisfactory. The results of recovery experi-
ments are summarised in Table 5. Tabulated #- and F-values at the 95% confidence level and for four degrees
of freedom are 2.77 and 6.39, respectively.

TABLE 5. Results of Recovery Experiments Performed by Following Standard-Addition Procedure
using Atarax (15 mg EFX/tablets) Tablets

Method EFX in tablet, Pure EFX Total found, Pure EFX* reco-
ug/mL added, pg/mL ug/mL vered, % £SD
6.0 3.0 8.97 99.00+2.23
A 6.0 6.0 11.82 97.00+2.31
6.0 9.0 14.84 98.22+2.13
2.0 1.0 3.01 101.00+1.93
B 2.0 2.0 3.99 99.50+1.72
2.0 3.0 4.95 98.33+2.29
5.0 2.5 7.56 102.40+1.13
C 5.0 5.0 9.89 97.80+1.76
5.0 7.5 12.39 98.53+2.36

“Mean value of three determinations.
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Stability indicating ability. The stability indicating property of EFX was studied by inducing the drug to
acid, alkali, oxidative, photocatalytic, and thermal degradations. The study was based on the measurement of
the absorbance of EFX solutions after subjecting to forced degradation and calculation of the percentage re-
covery of drug. It was clear from the absorption spectra of EFX resulting from acid and alkaline hydrolysis,
hydrogen peroxide induced, thermal and UV degradation that no significant degradation occurred. There-
fore, it is confirmed that EFX was not susceptible to acid and alkali to undergo degradation. Besides, EFX
was also found intact after subjecting to oxidative, photo and thermal degradations. The results of stress
studies for EFX are presented in Table 6.

TABLE 6. Results from Stability Studies for EFX after Inducing to Acid, Alkali, Oxidative,
Photocatalytic/uv and Thermal Conditions in Method A

Stress condition EFX taken, EFX found”, %Recovery
pg/mL pug/mL of EFX+£SD

Acid 12.00 11.87 98.92+1.02
Alkaline 12.00 11.79 98.25+1.93
Oxidative 12.00 11.90 99.17+2.15
Thermal 12.00 11.89 99.08+2.03
Photocatalytic/UV 12.00 11.67 97.25+1.59

* . .
Average of five determinations.

Conclusions. Three new spectrophotometric methods were developed and validated for determination
of EFX. The methods are highly selective to determine EFX in pure form and in tableted form. The methods
are simpler and economic when compared to published methods with respect to experimental conditions and
instrumental setup. The proposed methods are free from using expensive chemicals and reagents. Methods
are rapid and allow determining drug in tablets without any interference from the common tablet excipients.
The experimental conditions are very simple to adopt and there is no difficulty in variations of factors. Using
these methods, a small concentration of drug can be determined with confidence and with a fair degree of
accuracy and precision. Besides, the stability results are easily derived for EFX with Method A and the
property of drug was seen to remain intact for acid, alkali, oxidative, thermal and photocatalytic or UV deg-
radations. Hence, it would be possible to recommend these methods as routine quality control procedures for
determining EFX.
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