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Abstract

Two methods are described for the simultaneous determination of tizanidine and rofecoxib in binary mixture. The first method was based on
HPTLC separation of the two drugs followed by densitometric measurements of their spots at 311 nm. The separation was carried out on Merck
HPTLC aluminium sheets of silica gel 6Q57 using toluene:methanol:acetone (7.5:2.5:1.0, v/v/v) as mobile phase. The linear regression
analysis data was used for the regression line in the range of 10-100 and 100-1500 ng/spot for tizanidine and rofecoxib, respectively. The
second method was based on HPLC separation of the two drugs on the reversed phase kromasil ¢o(Bmm[Q5 cmx 4.6 mm, i.d.)] at
ambient temperature using a mobile phase consisting of phosphate buffer pH 5.5 and methanol (45:55, v/v). Flow rate was 1.0 ml/min with an
average operating pressure of 180 kg7c@uantitation was achieved with UV detection at 235 nm based on peak area with linear calibration
curves at concentration ranges 10—200 and 100-2@04l for tizanidine and rofecoxib, respectively. Both methods have been successively
applied to pharmaceutical formulation. No chromatographic interference from the tablet excipients was found. Both methods were validated
in terms of precision, robustness, recovery and limits of detection and quantitation. The analysis of variance (ANOVA) and Stastent’s
were applied to correlate the results of tizanidine and rofecoxib determination in dosage form by means of HPTLC and HPLC method.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction administration is presumed to be several nanogr@hdn

the literature, a radioimmunoassay method for the quan-

Tizanidine  5-chloro-4-(2-imidazolin-2-ylamino)-2,1,3- tification of tizanidine hydrochloride has been widely used

benzothiadiazoleHig. 1) is ap — adrenergic agonist and [4]. Also determination of tizanidine in human plasma by
centrally active myotonolytic skeletal muscle relaxant with a gas chromatography—mass spectrometry has been reported
chemical structure unrelated to other muscle relax@dngg. [5]. Tizanidine, which contains a cyclic guanidine moiety,
It reduces spasticity by increasing presynaptic inhibition can exist as two tautomef6]. There are very few reports
of motor neurons. The effects of tizanidine are greatest on on analytical methods for estimation of tizanidine in bulk
polysynaptic pathways. The overall effect of these actions and its dosage form. A RP—HPLC method for estimation
is thought to reduce facilitation of spinal motor neurons. of tizanidine hydrochloride in combination with nimesulide
It also reduces increased muscle tone associated withhas been reported by Raman and Halil Qi et al.[8] have
spasticity in patients with multiple sclerosis or spinal cord reported stability indicating HPLC method for tizanidine.
injury. The plasma concentration of tizanidine after oral Mahadik et al[9] have reported stability indicating HPTLC

method for tizanidine hydrochloride.

* Corresponding author. Tel.: +91 20 25437237; fax: +91 20 25439383,  Rofecoxib chemically - 4-(4-methanesulfonylphenyl)-3-
E-mail addresssrdhaneshwar@hotmail.com (S.R. Dhaneshwar). phenyl-5H-furan-2-one Hig. 2) is a new generation
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99.75% (w/w) and 99.52% (w/w), respectively on dried ba-
sis. All chemicals and reagents used were of HPLC grade and
were purchased from Merck Chemicals, India.

N
2.2. Instrumentation and chromatographic conditions

S

Fig. 1. Structure of tizanidine.

2.2.1. For TLC densitometry

The samples were spotted in the form of bands of width
6 mm with a Camag 10Ql sample (Hamilton, Bonaduz,
non-steroidal anti-inflammatory agent (NSAID) that exhibits Switzerland) syringe on precoated silica gel aluminium Plate
promising anti-inflammatory, analgesic and antipyretic activ- 60 F-254 (20 cnx 10 cm) with 25Qum thickness; E. Merck,

ity. It selectively inhibits cyclo-oxygenase Il (COX-2) isoen-
zyme in a dose dependent manner in nili+13] COX-2
is found in elevated levels in inflammatory exuddte$ 15]

Darmstadt, Germany, supplied by Anchrom Technologists,
(Mumbai) using a Camag Linomat IV (Switzerland). The
plates were prewashed by methanol and activated at@10

Rofecoxib (a specific COX-2 inhibitor) selectively targets the for5 min priorto chromatography. A constant application rate
prostaglandins involved in pain and inflammation. Several of 0.1pl/s was employed and space between two bands was
methods for quantitative estimation of rofecoxib in pharma- 5mm. The slit dimension was kept at 5 mr.45 mm and
ceutical dosage form and in biological fluids have been re- 10 mm/s scanning speed was employed. The monochroma-
ported in the literature. Woolf et dlL6] has reported HPLC  tor bandwidth was set at 20 nm with K 320 cut off filter, each
method for rofecoxib in plasma with post column photochem- track was scanned thrice and baseline correction was used.
ical derivitization and fluorescence detection. Matthews et al. The mobile phase consisted of toluene—methanol-acetone
[17] have described LC method after solid phase extraction (7.5:2.5:1.0, v/v/v) and 15ml of mobile phase was
with fluorescence detection. Several LC-MS methods for de- used per chromatography. Linear ascending development

termination of rofecoxib in human plasma have beenreportedwas carried out in 20cm10cm twin trough glass

[18-20] Simple reverse phase HPLC method for quantitative
estimation of rofecoxib in pharmaceutical formulati@1i]
and from human plasm@2—24]has been reported. Mao et
al. [25] has reported stability indicating HPLC method for

chamber (Camag, Muttenz, Switzerland). Dimensions:
lengthx width x height=12 cnx 4.7 cmx 12.5cm. It was
saturated (lined on the two bigger sides with filter paper that
had been soaked thoroughly with the mobile phase) and the

rofecoxib. Isolation and characterization of process related chromatoplate development was carried out in dark with the

impurities in rofecoxib have been report@s].

mobile phase. The optimized chamber saturation time for

The present work presents two new methods for simul- mobile phase was 30 min at room temperature’5: 2) at
taneous determination of tizanidine and rofecoxib in tablets relative humidity of 60%t 5. The length of chromatogram
using HPTLC-densitometry and reverse phase HPLC. Therun was 9cm and approximately 30 min. Subsequent to the
two methods are simple, reduce the duration of the analysisdevelopment, TLC plates were dried in a current of air with
and suitable for routine determination of two drugs. the help of an air dryer in wooden chamber with adequate
ventilation. The flow of air in the laboratory was maintained
unidirectional (laminar flow, towards exhaust). Densitomet-
ric scanning was performed on Camag TLC scanner Il in
the reflectance-absorbance mode at 311 nm for all measure-
ments and operated by CATS software (V 3.15, Camag). The
source of radiation utilized was deuterium lamp emitting a
continuous UV spectrum between 190 and 400 nm. Concen-
trations of the compound chromatographed were determined
from the intensity of diffusely reflected light. Evaluation was
via peak areas with linear regression.

2. Experimental
2.1. Materials

Pharmaceutical grade of tizanidine (batch no.: TNZ/
QA/0038) and rofecoxib (batch no.: RXB/FP/01) were kindly

supplied as a gift sample by Sun Pharma Ltd., Gujarat, In-
dia, used without further purification and certified to contain

S

| ©
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S

HC™ N,

2.2.2. For HPLC method

The HPLC system consisted of a pump (model Jasco
PU 1580, intelligent HPLC pump) with auto injecting
facility (AS-1555 sampler) programmed at gD capac-
ity per injection was used. The detector consisted of a
UV-vis (Jasco UV 1575) model operated at a wavelength
of 235nm. The software used was Jasco borwin version
1.5, LC-Net Il/ADC system. The columns used were Kro-
masil C-18 (250 mnx 4.6 mm, 5.Qum) Flexit Jour Lab-

Fig. 2. Structure of rofecoxib. orarories Pvt. Ltd. Pune, India and Finepak SIL-5, C-18
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(250 mmx 4.6 mm, 5.Qu) Jasco Corporation, Japan. Dif- was centrifuged at 3000 rpm for 5 min. Supernatant contain-
ferent mobile phases were tested in order to find the besting 20ug/ml of tizanidine and 25.g/ml of rofecoxib was
conditions for separating both the drugs simultaneously. Thetaken and filtered using 0.46n filter (Millipore, milford,
optimal composition of the mobile phase was determined to MA).

be phosphate buffer pH 5.5:methanol (45:55, v/v). Phosphate

buffer pH 5.5 was prepared as per the procedure given in In-2.4.1. For HPTLC—densitometric method

dian Pharmacopoeja7]. The flow rate was setto 1.0 ml/min Different microlitres (2, 3 and 4l) of sample solution

and UV detection was carried out at 235 nm. were applied six times to the HPTLC plate to give concentra-
tion 40, 60, 80 ng/spot and 500, 750, 1000 ng/spot for tizani-

2.3. Standard solutions and calibration graphs dine and rofecoxib, respectively. The plate was developed

in the previously described chromatographic conditions. The

Stock standard solution was prepared by dissolving 0.10 g P&ak area of the spots were measured at 311 nm for tizani-
of tizanidine and 1.25g of rofecoxib in 100 ml acetonitrile. dine and rofecoxib, respectively and their concentrations in

amber colored volumetric flasks and keeping the solution at veloped on the same plate under the same conditions using

room temperaturf22]. All work with stock solution was per-  linear regression equation.
formed under controlled light conditions in order to prevent
rofecoxib from undergoing photocyclization reaction. 2.4.2. For HPLC method

A 20l volume of sample solution (20 and 2p@/ml
of tizanidine and rofecoxib, respectively) was injected into
HPLC, six times, under the conditions described above. The
peak area of the spots were measured at 235 nm for tizani-
dine and rofecoxib, respectively and their concentrations in
the samples were determined using multilevel calibration de-
veloped on the same HPLC system under the same conditions
using linear regression equation.

2.3.1. For HPTLC—densitometric method

The standard solutions were prepared by dilution of the
stock solution with methanol to reach a concentration range
10-100 and 100-1500ng/ for tizanidine and rofecoxib
respectively. One micro liter from each standard solution
was spotted on the TLC plate to obtain final concentration
10-100 and 100-1500 ng/spot for tizanidine and rofecoxib
respectively. Each concentration was spotted six times on
the TLC plate. The plate was developed on previously de-
scribed mobile phase. The peak areas were plotted against
the corresponding concentrations to obtain the calibration
graphs.

2.5. Method validation

Both methods were validated in compliance with ICH
guidelined28,29] The following parameters were validated.

2.5.1. Precision

2.3.2. For HPLC method Precision of the method was determined with the prod-

The standard solutions were prepared by dilution of et An amount of the product powder equivalent to 100%
the stock solution with methanol to reach a concentration of the |abel claim of tizanidine and rofecoxib was accurately
range 10-200 and 100-2000/ml for tizanidine and rofe-  yejghed and assayed. System repeatability was determined
coxib, respectively. Triplicate 20l injections were made  py six replicate applications and six times measurement of a
six times for each concentration for tizanidine and rofe- sample solution at the analytical concentration. The repeata-
coxib, respectively and chromatographed under the condi- bility of sample application and measurement of peak area
tions described above. The peak areas were plotted againsjor active compound were expressed in terms of relative stan-
the corresponding concentrations to obtain the calibration §zrd deviation (%R.S.D.) and standard error (S.E.). Method

graphs. repeatability was obtained from R.S.D. value by repeating
the assay six times in same day for intra-day precision. In-
2.4. Sample preparation termediate precision was assessed by the assay of two, six

sample sets on different days (inter-day precision). The intra-
To determine the content of tizanidine and rofecoxib si- day and inter-day variation for determination of tizanidine

multaneously in conventional tablets (label claim: 2mg ti- and rofecoxib was carried out at three different concentra-
zanidine and 25 mg rofecoxib per tablet, combination tablet tion levels 30, 50, 80 ng/spot, 375, 625, 1000 ng/spot and 50,
containing both analytes), the twenty tablets were weighed, 100, 150.g/ml and 625, 1250, 1875g/ml for HPTLC and
their mean weight determined and they were finely pow- HPLC, respectively.
dered and powder equivalent to 2 mg tizanidine and 25mg
rofecoxib was weighed. Then equivalent weight of the 2.5.2. Robustness of the method
drug was transferred into a 100 ml volumetric flask con- 2.5.2.1. For HPTLC-densitometric methdfly introducing
taining 50 ml acetonitrile, sonicated for 30min and di- small changes in the mobile phase composition, the effects
luted to 100 ml with acetonitrile. The resulting solution on the results were examined. Mobile phases having different
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composition like toluene—methanol-acetone (7.0:3.0:1.0, 2.5.4. Specificity

vivlv), toluene—methanol-acetone (7.0:2.5:1.5, v/ivlv), 2.5.4.1. For HPTLC—densitometric methotihe specificity
toluene—methanol-acetone (8.0:2.0:1.0, v/v/v), toluene-of the method was ascertained by analyzing standard drug
methanol-acetone (7.5:2.0:1.5, v/v/v), toluene—methanol-and sample. The spot for tizanidine and rofecoxib in sam-
acetone (8.0:2.5:0.5, v/v/v) and toluene—methanol-acetoneple was confirmed by comparing & and spectra of the
(7.5:3.0:0.5, viviv) were tried and chromatograms were spot with that of standard. The peak purity of tizanidine and
run. The amount of mobile phase, temperature and relativerofecoxib was assessed by comparing the spectra at three dif-
humidity was varied in the range d@f5%. The plates were  ferent levels, i.e., peak sta®)( peak apexNl) and peak end
prewashed by methanol and activated at®a-5 for 2, (E) positions of the spot.

5, 7 min, respectively prior to chromatography. Time from

spotting to chromatography and from chromatography to 2.5.4.2. For HPLC methodThe specificity of the HPLC
scanning was varied from 0, 20, 40 and 60 min. Robustnessmethod was determined by the complete separation of tizani-
of the method was done at three different concentration dine and rofecoxib along with other parameters like retention
levels 30, 50, 80ng/spot and 375, 625, 1000 ng/spot for time (t;), capacity factorK), tailing or asymmetrical factor
tizanidine and rofecoxib, respectively. (M), etc.

2.5.5. Recovery studies

For both methods recovery studies was carried out by ap-
plying the method to drug sample to which known amount of
tizanidine and rofecoxib corresponding to 80, 100 and 120%
of label claim had been added (standard addition method).
At each level of the amount six determinations were per-
formed and the results obtained were compared with expected
results.

2.5.2.2. For HPLC methodTo evaluate HPLC method ro-
bustness a few parameters were deliberately varied. The
parameters included variation ofigcolumns from differ-

ent manufacturers, pH of the buffer, flow rate, percentage
of methanol in the mobile phase, column temperature and
methanol of different lots. Two analytical columns, One (Kro-
masil C 18 column) from Pune, India and the other (Finepak C
18 column) from Japan, were used during the experiment. Ro-
bustness of the method was done at three different concentra-
tion levels 50, 100, 150 ng/spot and 625, 1250, 1875 ng/spot

for tizanidine and rofecoxib, respectively. 3. Resultand discussion

3.1. Optimization of procedures
2.5.3. Limit of detection and limit of quantitation
The detection limit of an individual analytical procedure 3.1.1. Optimization of HPTLC—-densitometric method
is the lowest amount of analyte in a sample that can be de- Initially toluene and methanol in the ratio of 5:5 (v/v) was
tected but not necessarily quantitated as an exact value. Theried for both drugs simultaneously. The spots were not de-
quantitation limit of an individual analytical procedure is the veloped properly and dragging was observed. Then toluene
lowest amount of analyte in a sample that can be quantita-and methanol in the ratio of 3:7 (v/v) was tried. The devel-
tively determined with suitable precision and accuracy. The oped spots were diffused am was near to solvent front.
quantitation limitis a parameter of quantitative assays for low Then the reverse ratio of same mobile phase was tried. The
levels of compounds in sample matrices, and is used partic-distance travelled by developed spots was less and dragging
ularly for the determination of impurities and/or degradation was observed. To the above mobile phase carbon tetrachlo-
products. ride and acetonitrile in different ratios were added but the
developed spots lack compactness and were less persistent.
2531 For HPTLC—densitometric method. order to es- Also theRs values of tizanidine gnd rofecoxib were not satis-
timate the limit of detection (LOD) and limit of quantitation factory be(_:ause of less resolution between them. Then 0.'1 mi
of ammonia was added to toluene, methanol in the ratio of

(LOQ), blank methanol was spotted six times following the . : .
same method as explained above. The signal to noise ratio7'3 (v/v). Total dragging of the spots from the point of sample

(SIN) of 3 and 10 was determined for six replicate determi- application was observed. Finally 0.1 ml of ammonia was re-
nations placed by 1.0 ml of acetone. The spots developed were dense,

compact and typical peak nature for both tizanidine and rofe-

coxib was observed but resolution between them was less. To
2.5.3.2. For HPLC methodThe limit of detection (LOD) improve the resolution, the volume of toluene was increased
and limit of quantitation (LOQ) were separately determined by 0.5 ml and that of methanol was reduced by 0.5 ml. Ulti-
atasignaltonoise ratio (S/N) of 3and 10. LOD and LOQ were mately mobile phase consisting of toluene:methanol:acetone
experimentally verified by diluting known concentrations of (7.5:2.5:1.0, v/v/v) gave good resolution. Both the peaks were
tizanidine and rofecoxib until the average responses weresymmetrical in nature and no tailing was observed when
approximately 3 or 10 times the standard deviation of the plates were scanned at 311 nkig. 3). Well-defined spots
responses for six replicate determinations. were obtained when plate was activated at X @or 5min
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Fig. 3. In situ overlain spectra of tizanidine and refecoxib measured from 00 01 02 03 04 05 06 07 08 09 1.0
190 to 450 nm. Wavelength: 311 nm [Rf]

Fig. 4. Densitogram of standard tizanidine (60 ng/spot); peakRl (
0.36+ 0.02) and rofecoxib (750 ng/spot); peakR:(0.65+ 0.02), in ratio

of (1:12.5) measured at 311 nm, mobile phase toluene-methanol-acetone
(7.5:2.5:1.0, vIviv).

(Table ) and the chamber was saturated with the mobile
phase for 30 min at room temperatuFed. 4).

3.1.2. Optimization of HPLC method ] .

Initially methanol and water was tried in the ratio of 80:20 3.2. Linearity
(v/v) for each drug individually. Rofecoxib showed good peak
nature but for tizanidine negative absorbance was observedin  Tizanidine showed good correlation coefficient in con-
the chromatogram. Then methanol was replaced by acetoni-centration range of 10-100 ng/spot=(0.9996+ 1.15) and
trile in the same ratio. Splitting was observed for both peaks. 10-200ug/ml (r =0.9997+ 1.02) where as rofecoxib in the
Then acetonitrile, methanol and water were tried 60:30:10 concentration range of 100-1500 ng/spet 0.9995+ 1.25)
(vIviv). Again the peaks for both drugs showed splitting. Then @nd 100-200Q.g/ml (r=0.9992+ 1.52) for HPTLC and
above mobile phase in different ratios were tried along with HPLC, respectively. Linearity was evaluated by determin-
change in pH from 3.0 to 5.0 with the help of ortho phos- ing six standard working solutions containing 30—80 ng/spot,
phoric acid. Still the splitting was observed. Therefore, ace- 375-1000 ng/spotand 50-1p6/ml and 625-187p.g/ml of
tonitrile was completely removed and methanol:water in the tizanidine and rofecoxib twice in triplicate for HPTLC and
ratio of 50:50 (v/v) pH 5.0 was tried. But the peak for tizani-

dine showed slight negative absorbance. To rectify it water 2

was replaced by phosphate buffer pH 5.5. Both drugs showed /\

typical peak nature and peaks were symmetrical at 235nm [T T

(Fig. 5). Tailing factor for both peaks was less than 2% but 15 / ____________________

the resolution was not satisfactory. To improve the resolution / NX \

of two peaks ratio of methanol and phosphate buffer pH 5.5 - O PR S

was finally adjusted to 55:45 (v/v) and this ratio was selected /V [T ZANIDINE

for validation purposeFig. 6). Abs \ /\\ """""""""""

Table 1 \

Reproducibility of run tim& 05 \ / \\ ROFECOXIB

Plate conditioh Runtimé (min) S.D.  R.S.D. (%) “?/_I\\

Blank plate 30.14 0.44  1.69 T~

Plate spotted with standards 30.45 0.52 1.43 0'0051 % 300 400 450
an=6. Wavelength [nm]

b Plates pre-treated with methanol and activated aP£10
¢ Development was performed in the ascending direction at constant run Fig. 5. Overlain spectra of tizanidine and rofecoxib (each.g@nl in
length of 9 cm. methanol) taken on UV-vis spectrophotometer (V 530 series).
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3.3.2. For HPLC method

The within-run precision and between-run precision of
the proposed HPLC method were determined by assaying
the tablets in six times per day for consecutive six days and
expressed as %R.S.D. The intra-day and inter-day precision
has been depicted ifable 3.

uv

1.4E+05+

TIZANIDINE 3.199

1.2E+05+

1.0E+05- 3.4. Robustness of the method

3.4.1. For HPTLC—densitometric method

The standard deviation of peak areas was calculated for
each parameter and %R.S.D. was found to be less than 2%.
6.0E+04 The low values of %R.S.D. as shownTable 4 indicated
robustness of the method.

8.0E+04-

ROFECOXIB 7.109

40E+0% 3.4.2. For HPLC method
Each factor selected (except columns from different man-
2.0E+04 ufacturers and solvents of different lots) to examine were
charged at three levels-(, 0 and 1). One factor at the time
L was changed to estimate the effect. Thus, replicate injections
0.0E+04 T

(n=6) of mixed standard solution at three concentration lev-
els were performed under small changes of six chromato-
Fig. 6. Chromatogram of standard tizanidine (&gml); (R;: 3.199+ 0.05) graphic parameters (factors). Results, presentdalite 4

and rofecoxib (62fg/ml); (R;: 7.10940.07), in ratio of (1:12.5) measured  indicate that the selected factors remained unaffected by
at 235 nm, mobile phase phosphate buffer pH 5.5 and methanol (45:55, viV). smalll variations of these parameters. The results from the
two columns indicated that there is no significant difference

law was validated by high value of correlation coefficient had no significant influence on the determination. Insignifi-
and the S.D. for intercept value was less than 2%. No signifi- cant differences in peak areas and less variability in retention
cant difference was observed in the slopes of standard curvedime were observed.

(ANOVA; P<0.05).

5.00 10.00 15.00 [min]

3.5. LOD and LOQ

3.3. Precision 3.5.1. For HPTLC—densitometric method
The signal/noise ratios 3:1 and 10:1 were considered as
3.3.1. For HPTLC-densitometric method LOD and LOQ, respectively. The LOD and LOQ were found

The repeatability of sample application and measurementto be 10, 20 ng/spot and 25, 40 ng/spot, respectively for ti-
of peak area were expressed in terms of %R.S.D. and werezanidine and rofecoxib.
found to be 1.89, 1.26 and 0.48, 0.67 for tizanidine and rofe-
coxib, respectively. The %R.S.D. values depictetidble & 3.5.2. For HPLC method
shows that proposed method provides acceptable intra-day The LOD and LOQ were found to be 0.01, 0id&/ml and

and inter-day variation of tizanidine and rofecoxib. 0.05, 0.15.g/ml, respectively for tizanidine and rofecoxib.
Table 2
Linear regression data for calibration curvas @)
Parameters TLC densitometry HPLC

Tizanidine Rofecoxib Tizanidine Rofecoxib
Linearity range 30-80 (ng/spot) 375-1000 (ng/spot) 50—-152n(l) 625-1875g/ml)
r+S.D. 0.9992+2.3 0.9998t 1.60 0.9999%+1.44 0.9998t 1.85
Slopet S.D. 1.23+0.58 0.0 0.01 1.65+0.87 1.13+0.84
Interceptt S.D. 29.50+2.35 49.83t2.05 2.16+1.42 2.55+1.21
Confidence limit of slop® 0.765-1.695 0.062-0.078 0.95-2.34 0.46-1.80
Confidence limit of intercept 27.62-31.38 48.18-51.47 1.02-3.29 1.58-3.52
S.E. of estimation 1.63 1.78 1.49 1.53

2 95% confidence limit.
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Table 3
Intra- and inter-day precision of Tizanidine (a) and Rofecoxib (i) §)
TLC densitometry HPLC
Intra-day precision Inter-day precision Intra-day precision Inter-day precision
S.D. of areas %R.S.D. S.EE. S.D. of areas %R.S.D. S.EE. S.D. of areas %R.S.D. S.EE. S.D. of areas %R.S.D.
(a) Tizanidiné (n=6)

1.94 1.65 0.79 2.24 1.85 1.02 1.39 1.23 0.46 1.86 1.68 0.89
(b) Rofecoxily (n=6)

1.87 1.21 0.71 2.18 1.34 0.88 1.64 1.45 0.59 1.37 1.98 0.45

@ Average of three concentrations 30, 50, 80 ng/spot and 50, 10@,d/6@0 for HPTLC and HPLC, respectively.
b Average of three concentrations 375, 625, 1000 ng/spot and 625, 125Q,48@5or HPTLC and HPLC, respectively.

3.6. Specificity

3.6.1. For HPTLC—densitometric method

3.7. Recovery studies

Both the proposed methods when used for extraction and

The peak purity of tizanidine and rofecoxib was assessed subsequent estimation of tizanidine and rofecoxib from phar-
by comparing their respective spectra at peak start, peak apexnaceutical dosage form after spiking with additional drug

and peak end positions of the spot, ie(S M)=0.9995,
0.9997 andr (M, E)=0.9992, 0.9996. Good correlation
(r=0.9998 and =0.9997) was also obtained between stan-

dard and sample spectra of tizanidine and rofecoxib, respec-

tively.

3.6.2. For HPLC method
The specificity of the HPLC method is illustratecHig. 7

where complete separation of tizanidine and rofecoxib was
noticed in presence of tablet excipients. The average retentio

time +standard deviation for tizanidine and rofecoxib were
foundtobe 3.1 0.05and 7.1 0.07 min, respectively, for

afforded recovery of 98—-102% and mean recovery for tizani-
dine and rofecoxib from the marketed formulation are listed
in Table @ and b.

The data of summary of validation parameters are listed
in Table 6

3.8. Stability in sample solution

3.8.1. For HPTLC—densitometric method
Solutions of two different concentrations (30 and
80 ng/spot for tizanidine) and (375 and 1000 ng/spot for ro-

n

six replicates. The peaks obtained were sharp and have cleaﬁecox'b) were prepared from sample solution and stored at

baseline separation.
Ny

1.4E+05

TIZANIDINE 3.192

1.2E+05 A

1.0E+05 A

8.0E+04 4

ROFECOXIB 7.108

6.0E+04+

4.0E+04+

2.0E+044

0.0E+00 A

5.00 10.00 15.00 [min]
Fig. 7. Chromatogram of sample tizanidine {&§/ml); (R;: 3.192+ 0.05)

and rofecoxib (62g/ml); (R;: 7.1084 0.07), in ratio of (1:12.5) measured

room temperature for 0.5, 1.0, 2.0, 4.0 and 24 h respectively.
They were then applied on the same TLC plate, after devel-
opment the densitogram was evaluated as list@dlie 7for
additional spots if any. There was no indication of compound
instability in the sample solution.

3.8.1.1. Spot stabilityThe time the sample is left to stand
on the solvent prior to chromatographic development can in-
fluence the stability of separated spots and are required to
be investigated for validatiof80]. Two-dimensional chro-
matography using same solvent system was used to find out
any decomposition occurring during spotting and develop-
ment. In case, if decomposition occurs during development,
peak(s) of decomposition product(s) shall be obtained for the
analyte both in the first and second direction of the run. No
decomposition was observed during spotting and develop-
ment.

3.8.2. For HPLC method

Two different concentrations of tizanidine (50 and
100pg/ml) and rofecoxib (625 and 187&/ml) were pre-
pared from sample solution and stored at room temperature
for 3 days. They were then injected into the HPLC system
and no additional peak was found in the chromatogram indi-
cating the stability of tizanidine and rofecoxib in the sample

at 235 nm, mobile phase phosphate buffer pH 5.5 and methanol (45:55, v/v). solution (Table 7.

S.E.
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Table 4
Robustness (a) testing of HPTLC—-densitometric method and (b) evaluation of the HPLC nmeti&)d (
Parameter Tizanidine Rofecoxib
S.DP of peak area %R.S.b. S.Db of peak area %R.S.D.
(a) Testing of HPTLC—densitometric method
Mobile phase composition 18 136 192 158
Amount of mobile phase .61 128 187 146
Temperature 18 084 127 095
Relative humidity 188 145 171 130
Plate pretreatment .18 052 091 078
Time from spotting to chromatography & 043 079 051
Time from chromatography to scanning .50 036 068 046
Chromatographic changes Tizanidine Rofecoxib
Factof Level t© K T9 tr k T
(b) Robustness evaluatioof the HPLC methodr(=6)
A: pH of the buffer
5.40 -1 312 230 136 7.09 216 141
5.50 0 319 228 138 711 215 143
5.60 1 322 229 139 713 214 144
Mean+ S.D. (1=6) 318+0.05 229+0.01 138+0.02 711+0.02 215+0.01 143+0.02
B: Flow rate (ml/min)
0.90 -1 330 226 140 713 214 145
1.00 0 319 228 138 711 215 143
1.10 1 310 230 136 7.08 216 142
Mean+ S.D. (1=6) 320+0.10 228+0.02 138+0.02 710+0.02 215+0.01 143+0.02
C: Percentage of methanol in the mobile phase (v/v)
54 -1 3.26 225 139 712 213 144
55 0 319 228 138 711 215 143
56 -1 312 231 137 7.09 217 141
Mean=+ S.D. ((=6) 319+0.07 228+0.03 138+0.01 711+0.01 215+0.02 1434+0.02
D: Temperature
24 -1 322 229 139 714 216 145
25 0 319 228 138 711 215 143
26 1 314 227 137 7.07 213 141
Mean+ S.D. (=6) 318+0.04 228+0.01 138+0.01 711+0.03 215+0.02 143+0.02
E: Columns from different manufacturers
Kromasil 319 228 138 711 215 143
Finepak 320 230 139 713 216 142
Mean+ S.D. (n=6) 319+ 0.007 229+0.01 139+ 0.007 712+0.01 216+0.07 143+ 0.007
F: Solvents of different lots
First lot 319 228 138 711 215 143
Second Lot 36 229 137 712 214 144
Mean+ S.D. n=6) 318+0.02 229+ 0.007 138+ 0.007 712+0.007 215+ 0.007 144+ 0.007
an=6.

b Average of three concentrations 30, 50, 80 ng/spot and 375, 625, 1000 ng/spot for tizanidine and rofecoxib, respectively.
¢ Average of three concentrations 50, 100, fs@ml and 625, 1250, 1875g/ml for tizanidine and rofecoxib, respectively.
d Four factors were slightly changed at three levels (% T); each time a factor was changed from level (0) the other factors remained at level (0).

€ Retention time.
f Capacity factor.
9 Tailing factor.

3.9. Analysis of the marketed formulation

3.9.1. For HPTLC—densitometric method
The spots aRs 0.36 (for tizanidine) and 0.65 (for rofe-

content was found to be 99.40%1.56 (%R.S.D. of 0.58)
and 99.63%t 1.68 (%R.S.D. of 0.64) for tizanidine and
rofecoxib, respectively. It may therefore be inferred that
degradation of tizanidine and rofecoxib had not occurred
coxib) were observed in the densitogram of the drug sam- in the marketed formulations that were analyzed by this
ples extracted from tablets. There was no interference frommethod as shown iTable 8 The low %R.S.D. value in-
the excipients commonly present in the tablets. The drug dicated the suitability of this method for routine analy-



N. Kaul et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 27-38 35
Table 5
Standard addition technique for determination of tizanidine (a) and rofecoxib (b) by TLC densitometry andiHP)C (
TLC densitometry HPLC
Excess drug added to Theoretical Recovery %R.S.D. S.E.  Excess drug added Theoretical Recovery (%) %R.S.D. S.E.
the analyte (%) content (ng) (%) to the analyte (%)  content {.g)
(a) Tizanidine
0 30 9965 250 101 0 60 1026 156 111
80 54 9856 184 098 80 108 9A1 242 123
100 60 9R5 171 123 100 120 988 165 098
120 66 10004 195 156 120 132 1067 144 195
(b) Rofecoxib
0 375 9962 263 194 0 750 9%2 168 114
80 675 105 214 138 80 1375 1087 165 132
100 750 105 156 105 100 1500 1088 201 175
120 825 10121 135 096 120 1650 10x7 146 169
Table 6
Summary of validation parameters: Statistical data for the calibration graphs of tizanidine and rofecoxib by TLC densitometric and HPL@ #&thod (
Parameter HPTLC densitometric HPLC
Tizanidine Rofecoxib Tizanidine Rofecoxib
Linearity range 10-100 ng/spot 100-1500 ng/spot 1042finl 100-200Qug/ml
Correlation coefficient 0.99961.15 0.9995+ 1.25 0.999& 1.02 0.9992+ 1.52
Limit of detection 10 ng/spot 25 ng/spot 0.Qd/ml 0.05pg/ml
Limit of quantitation 20 ng/spot 40 ng/spot 0.16/ml 0.15pg/ml
Recovery (=6) 99.38+0.63 100.48:0.70 100.03:0.50 100.94- 1.16
Precision (%R.S.D.)
Repeatability of applicatich 1.89 1.26 - -
Repeatability of measuremént 0.48 0.67 - -
Inter-day (=6) 1.85 1.34 1.68 1.98
Intra-day (=6) 1.65 121 1.23 1.45
Robustness Robust Robust Robust Robust
Specificity 0.9998 0.9997 0.05 0.07
an=7.
Table 7
Stability of tizanidine and rofecoxib in sample solutions=6)
Parameter HPTLC densitometry HPLC?
Tizanidine Rofecoxib Tizanidine Rofecoxib
Area mean 1854.90 4943.60 426,241.68 288,7984.36
Area range 1821.64-1875.36 4911.07-4978.51 426,008.31-426,911.82 288,7421.78-288,7998.58
%R.S.D. 1.25 1.58 0.81 0.12
S.E. 1.14 1.26 0.04 0.09

a Average of three concentrations 30, 50, 80 ng/spot and 375, 625, 1000 ng/spot for tizanidine and rofecoxib, respectively.
b Average of three concentrations 50, 100, i5@ml and 625, 1250, 1875g/ml for tizanidine and rofecoxib, respectively.

Table 8
Applicability of the proposed methods for the determination of tizanidine and rofecoxib in commercial tabiéjs (
Parameters HPTLC densitometry HPLC

Tizanidine Rofecoxib Tizanidine Rofecoxib
Label claim (mg) 2 25 2 25
Drug content (%} S.D. 9940+ 1.56 9963+ 1.68 9991+ 1.62 10016+ 1.35
%R.S.D. 058 064 068 071
S.E. 023 026 036 040
t-valuet 0.063 Q105 0315 0254
F-valuét 1.093 1263 1255 1278

@ The theoretical values fdr andF-values are equal to 2.57 and 5.05, respectiviely .05).
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Table 9
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Two-way ANOVA test of tizanidine (a) and rofecoxib (b) determination in six independent samples in duplicate by HPTLC and HPLC

Sample

HPTLE

First sampling

Second sampling

HPLC?

First sampling

Second sampling

(a) Two-way ANOVA test of tizanidine determination

1 9831 9848 9988 9816
2 9824 9894 9964 9939
3 9920 9991 9841 9832
4 9851 9926 9824 9827
5 10048 10031 10157 10111
6 9845 9866 9874 9895
Summary HPTLC HPLC
ANOVA: two-factor with replication
Count 6 6 12
Sum 59319 59648 118967
Average 98365 9941333333 993916667
Variance 074347 1551426667 125135606
Count 6 6 12
Sum 59556 5942 118976
Average 9IP6 9903333333 994666667
Variance 051916 1260186667 (822806061
Count 12 12
Sum 118875 119068
Average 990625 9922333333
Variance 0616475 1317387879
Source of variation SS df. MS Fo P — value Ferit
ANOVA
Sample (0003375 1 003375 0.00033135 0.98565727 4.351250027
Columns 0155204167 1 155204167 0.152375942 0.700401589 4.351250027
Interaction 09009375 1 (009375 0.884520071 0.358188118 4.351250027
Within 20.37121667 20 D18560833
Total 2142769583 23
Sample HPTLC HPLC®

First sampling

Second sampling

First sampling

Second sampling

(b) Two-way ANOVA test of rofecoxib determination in six independent samples in duplicate by HPTLC and HPLC

1 9942 9974 10035 9977
2 9961 9994 9986 9996
3 10021 10045 9948 10078
4 10058 10130 10071 10084
5 10130 10081 10189 10162
6 9991 10018 10020 10087

Summary HPTLC HPLC

ANOVA: Two-factor with replication
Count 6 6 12
Sum 60103 60249 120352
Average 1001716667 100115 1002933333
Variance 0478056667 9907 0551206061
Count 6 6 12
Sum 60242 60384 120626
Average 1004033333 1064 1005216667
Variance 0335226667 315844 0376033333
Count 12 12
Sum 120345 120633
Average 10@875 1005275
Variance 0384311364 (639947727



N. Kaul et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 27-38 37

Table 9 Continued

Source of variation SS d.f. MS Fd P-value F crit
ANOVA
Sample 0.312816667 1 0.312816667 0.634905064 0.434919409 4351250027
Columns 0.3456 1 0.3456 0.701443412 0.412196085 4.351250027
Interaction 6.66666E-05 1 6.66666E-05 0.000135309 0.990834274 4.351250027
Within 9.853966667 20 0.492698333
Total 10.51245 23
@ The results are presented as [%)] of declared amount of tizanidine per tablet.
® Fstat< Ferit-
¢ The results are presented as [%)] of declared amount of rofecoxib per tablet.
9 Fstar< Farit.
Table 10 Table 10 Continued
Average results of tizanidine (a) and rofecoxib (b) determination by HPTLC Sample HPTLE® HPLC?
and HPLC and their correlation by pairetest -
P (T <t) two-tail 0.091190918
Sample HPTLC HPLC? t Critical two-tail 2570577635
(a) Tizanidine t Stat <t critical
1 9840 9902 @ The results are presented as [%)] of declared amount of tizanidine per
2 9859 9952 tablet.
3 9956 9837 b The results are presented as [%] of declared amount of rofecoxib per
4 9889 9826 tablet.
5 10040 10134
6 9856 9885 sis of tizanidine and rofecoxib in pharmaceutical dosage
Average 9907 9923 form.
Variable 1 Variable 2
— o 3.9.2. For HPLC method
t &Setésa're two sample for means 9906666667 99.22666667 The peaks at; 3.19 (for tizanidine) and 7.11 min (for ro-
Variance 0596146667 1281026667  fecoxib) were observed in the (_:hromatogra_m of the drug
Observations 6 6 samples extracted from tabletBig. 7). Experimental re-
Pearson correlation .630454741 sults of the amount of tizanidine and rofecoxib in tablets,
ﬁpomesaed mean difference : 0 expressed as percentage of label claim were in good agree-
¢ Stat 044510894 ment with the label claims, thereby suggesting that there
P (T <1) one-tail 0337424859 is no interfere_nce from any excipients, which are nor-
t Critical one-tail 2015049176 mally present in tablets. The drug content was found to
P (T <t) two-tail 0674849718 be 99.91%t 1.62 (%R.S.D. of 0.68) and 100.16%1.35
igt“t;‘ﬁ' t"_{_‘"t?" 2570577635 (%R.S.D. of 0.71) for tizanidine and rofecoxib, respec-
at<tcfiiica tively. Statistical evaluation was performed using Student’s
Sample HPTLE HPLC t-test and the~-ratio at 95% confidence level as shown in
(b) Rofecoxib Table 8
1 9958 10006
2 9978 9991 3.10. HPTLC versus HPLC
3 10033 10013
4 10070 10078 i .
ix different samples taken during in pr ntrol of
p 10130 10176 Six different samples taken during in process control o

6 10005 10054 tablet manufacturing were determined simultaneously b_y
HPTLC and HPLC methods. Each sample was analyzed in

Average 10®9 10053 duplicate. To test differences between the proposed HPTLC
Variable 1 Variable 2 and HPLC method statistical tests were performed for the
— level of confidence 95%H=0.05). Two way ANOVA was
t-Test: paired two sample for means . . . . .
Mean 1002875 1005275 apphe_d to test b_oth method—sample interactions (interaction
Variance 04030075 %651875 variation) and differences in the method precision (column
Observations 6 6 variation). Since the within cell variation (residual variation)
Eeari;’” ¢°rée,'val‘“°” - -%10988973 is greater than interaction variation as well as column vari-
o ppomestzed Mean Dlerence ations, the method—sample interaction and the differences
t Stat 2087482734 between th_e methods are nqt significant. To test means (av_er-
P (T <t) one-tail 0045595459 ages) a pairetitest was applied. The test removes any vari-

t Critical one-tail 2015049176 ations between sampl¢31]. The obtained value dfiatis
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lower than two tailteit, which leads to the conclusion that  [9] K.R. Mahadik, A.R. Paradkar, H. Agrawal, N. Kaul, J. Pharm.
there is no significant difference between the means. The  Biomed. Anal. 33 (2003) 545-552.

results of two way ANOVA and pairetiest are given in 101 J.R. Vane, R.M. Botting, Inflamm. Res. 44 (1995) 1-10.
Tables 9a. b and 10a tespectively [11] H.R. Herschman, Biochim. Biophys. Acta 1299 (1996) 140-

155.
[12] D.E. Griswold, J.L. Adams, Med. Res. Rev. 16 (1996) 181-
206.
4. Conclusion [13] M.C. Allison, A.G. Howatson, C.J. Torrance, F.D. Lee, R.l. Russell,

N. Engl. J. Med. 327 (1992) 749-754.

. . [14] Y. Harada, K. Hatanaka, M. Kawamura, M. Saito, M. Ogino, M. Ma-
The proposed HPTLC and HPLC methods provide simple, jima, T. Ohno, K. Ogino, K. Yamamoto, Y. Taketani, Prostaglandins

accurate and reproducible quantitative analysis for simulta- 51 (1994) 19-333.

neous determination of tizanidine and rofecoxib in tablets. [15] P. Prasit, Z. Wang, C. Brideau, C.C. Chan, S. Charleson, Bioorg.
Both the methods were validated as per ICH guidelines. Six =~ Med. Chem. Lett. 9 (1999) 1773-1778.

real samples of tablets were determined simultaneously by!16] i- VIV°7°§6 L—lg;é)%zg"azt‘z‘izews"i' J. Chromatogr. B Biomed. Sci.
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