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ABSTRACT KEYWORDS
The objective of the present study was to develop a simple, precise and ICH guidelines;
accurate reversed-phase HPLC method and subsequent validation of the RP-HPLC,
same as per the ICH guidelines. The present study deals with the estima- Simultaneous;
tion by RPHPLC of two different drug components nimesulide (NMS) and Validation;
tizanidine hydrochloride (TZN) present in atablet formulation. Nimesulide;
The chromatographic separation of NMS and TZN was done using phos- Tizanidine,

phate buffer along with methanol as mobile phase, in the proportion of 50:
50. TheseparationisdoneonaC ,columnanditisestimated at aA max of
250 nmwith aflow rate of 1ml/min. Theretention timeswere about 3.7 and
9.3minfor TZN and NM S respectively. The specificity for interference of
any peak with main peak of interest is checked. The repeatability was
checked by system precision with relative standard deviation lessthan 1%
inall instances, along with method reproducibility for TZN and NMS. The
linearity rangesfroma10.02 to 30.07 mg/ml for TZN and 500.60 to 1501.80
mg/ml for NM S respectively. Correlation coefficients (r) of the regression
equations were greater than 0.999 in all cases. The system suitability by
precision is also checked to ensure that the analytical method is precise.
The precision of the method was demonstrated using intra- and inter-day
assay R.S.D. valueswhich werelessthan 1%. The method wasfound to be
accurate and precise for estimation of the two drugs simultaneoudly.
According to the validation results, the proposed method was found to be
specific, accurate, precise and rapid. Hence the same can be applied to the
guantitative analysis of tablets containing NMS-TZN binary mixtures.
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INTRODUCTION tals, with amelting point of 143 °C to 144 °C. The

molecular weight of NM Sis308.31 g/mol & themo-

Nimesulide is chemically N-(4-nitro-2- lecular formulaisC13-H12-N2-O5-S.NMSisase-
phenoxyphenyl) methane sulphonamide (Figurel) and  lective COX-2inhibitor usedinavariety of inflamma-
isofficia intheBritish Pharmacopoeidy. NMSisan tory, painand fever sates. After oral administrationthe
antiinflammatory drug. NM Sisyellow needle-likecrys-  drugisrapidly and extensvely absorbed. It isapproved
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for used in treatment of musculoskeletal disorder,
dyemenorrhoea, thrombophlebitisand dentd pain, in-
flammation. Some HPLCI2% and spectrophoto-
metric*® methods have been reported in the literature
foritsestimation.

Tizanidinehydrochlorideischemicaly 5-chloro-N-
(4, 5dihydro-1H-imidazol-2yl)-2, 1, 3-benzothiadiazol
-4-aminehydrochloride(Figure2). Itisofficid inThe
United States Pharmacopoeid® and Indian Pharmaco-
poeid”. TZN isawhiteto off-white, finecrystalline
powder, whichisodorlessor withafaint characteristic
odor. TZN isdlightly solubleinwater and methanol;
solubility inwater decreasesasthe pH increases. TZN
molecular formulais CO9H8CIN5S- HCI and itsmo-
lecular weight is290.2 g/mol. TZN is a short-acting
drug for themanagement of spasticity. TZN isan ago-
nist at a2-adrenergic receptor sitesand presumably re-
duces spasticity by increasing presynaptic inhibition of
motor neurons. TZN is a skeletal muscle relaxant.
Tizanidineisindicated for thetrestment of spagticity due
tomultiplesclerosisand spind cordinjury.

Thestructure of both drugsisshowninFigure1 &
Figure2.
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Nimesulide (C13-H12-N2-05-S)

Figurel: Sructuresof nimesulide.
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Tizanidinehydrochloride (COH8CIN5S- HCI)
Figure2: Sructuresof tizanidinehydrochloride.
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Literature survey revealsthat very few methodsare
reported for the simultaneous estimation of nimesulide
andtizanidineinther combined dosageform/®.,

Therearesome HPLC methodsavail ablefor esti-
mation of single component of drug of TZN in The
United States Pharmacopoeid®®, and alsoin Indian
Pharmacopoeia™Y.

Anaytica methodsfor s multaneousestimation of
NMSand TZN by reverse phase chromatography have
been reported*?. In thismethod the mobile phasewas
amixtureof water & methanol with apH adjustment of
4.15 with orthophosphoric acid. Thereareaso some
methodsavailablefor theestimation of NMSand TZN
by aspectrophotometer using multiplewave engthg™?.
Also there are some spectrophotometric methodswith
various other combinationsof NMSand TZN aong
with paracetamol™ & TZN with different combina-
tiong™.

TheHPLC methodsusingthemast commonly used
mobile phase, shorter runtime, easily avalablecolumns
and simple detectors like the UV detectors are pre-
ferred. The present study describesthe determination
of NMSand TZN by using reverse phase chromatog-
raphy, aC, ; column, simpler mobile phase and aUV
detector.

Theuseof HPLCisnow aday’s very much pre-
ferred inroutinequality control analysis. It isimportant
that well validated HPLC methods are to be devel-
oped for simultaneously estimating NM Sand TZN.
Hence, anew HPLC method for the simultaneous de-
termination of NM Sand TZN from thetabletswasde-
veloped whichissimple, rapid, selectiveand precise.
Theam of thisstudy isdevel opment of asimple, pre-
cise, rapid and accurate reverse phase HPL C method
for the simultaneous estimation of NMSand TZN in
pharmaceutical tablet dosageform. The method was
vdidated in compliancewith ICH guideliness18.,

EXPERIMENTAL

Chemicalsand reagents

Thepharmaceutica gradetizanidine hydrochloride
and nimesulidewere provided by theBhavan’s college
and were certified to contain 100.16% (w/w) and
99.90% (wi/w) respectively. HPL C grade methanol and
water was procured from Merck, Mumbai, India. Diba-
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sic potassium phosphateAR gradewasprocured from
S. D. FineChemica, Mumbai, India. Formulation con-
taining nimesulide 1000 mg and tizanidine2 mg was
procured fromthemarket. All dilutionswere performed
instandard volumetric flasks.

I nstrumentation

A liquid chromatography system consisting of a
Shimadzu, VPLC-10AT equipped with abinary solvent
ddivery pump, column thermostat and UV detector was
used for the study. A Rheodyne syringel oading manual
injector witha20 ul sample loop was used for the injec-
tion of analyte. The system was controlled, datawas
collected and processed by ClassV P software. Thesepa
rationwasperformed at ambient temperature, onreverse
phase column used wasWaters Bondapak C ,, 300 mm,
3.9mm D, packed with 10 p particle size.

Chromatogr aphicconditions

To develop asuitable LC method for theanalysis
of Nimesulideand tizanidineintheir combined dosage
form, different mobile phasesweretried. Thecriteria
employed for salecting the mobile phasefor theanay-
sesof thedrugswerecost involve, timerequired for the
analysis, better separation of drugs. Preparation of
mobile phase: A mixtureof monobas ¢ potassum phos-
phate buffer and methanol was used as mobile phase.
Buffer was prepared by accurately weighing 1.36 g of
monobasi ¢ potassium phosphatein to a1000 mL volu-
metric flask, dissolved by adding 500mL of distilled
water to it and sonicated. After the salt wascompl etely

**+ Chromatogram *** Filename:DSP13=14.C01

v

dissolved, diluted to volumewith distilled water. The
mobile phasewith amixture of monobasi ¢ potassium
phosphate buffer, and methanol intheratio of 50: 50 v/
v wasprepared. Thismobile phasewasfiltered through
0.45 p Nylon 6, 6 membrane filter and degassed in
ultrasonic water bath. The mobile phase solvent was
delivered through HPL C column Waters Bondapak
C, 300 mm, 3.9mm, 10 p, at a flow rate of 1.0 mL
per min. All the experiments were performed in the
isocratic mode. Detection of the anaytesNMS and
TZN wasdoneat awavelength of 250 nm. Injection
volumeof theanayteswas set at aconstant volume of
20 pl by using a fixed sample loop.

A typical HPLC chromatogram for s multaneous
determination of NMSand TZN from blank and stan-
dardisshownin Figure3and Figure4.

Prepar ation of standard stock solutions

Ina25ml volumetric flask 25.10 mg of TZN was
added and mixed with 10 ml of mobilephase. Thisso-
|ution was soni cated to dissolve compl etely and diluted
to 25 ml with mobile phaseto form asolution of 1mg/
mL. Similarly, ina50ml volumetric flask 50.10 mg of
NM Swasadded and mixed with 15 ml of mobilephase
and the contents were soni cated to dissolve. Then us-
ing agraduated pipette 1 ml of previously prepared
Img/mL of TZN solutionwasaddedtoit. Thissolution
was mixed and diluted to 50 ml with the samemobile
phase. Thefinal concentration obtained for TZN and
NMSwas 20.08 ppm and 1002.0 ppm respectively.
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Figure3: Chromatogram of blank prepar ation.
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Figure4: Chromatogram of tizanidinehcl and nimesulidein standard prepar ation.
Samplepreparation analysisto becarried out. System suitability testswere

A commercid brand, Nicip T tablet was procured
for testing suitability of the proposed ana ytical method
to estimatetizanidineand nimesulideintablet formula-
tion. Thelabe damwas2mgand 100 mgfor tizanidine
and nimesulide respectively. Twenty tablets were
weighed and average weight was determined. These
tablets were crushed to a fine powder, and weighed
guantity of powder equal to the average weight was
transferred inthe 200 ml volumetricflasks. Then 50ml
of mobilephaseisadded inthisvolumetricflask. The
contentsof theflask weredlowed to dissolvewithin-
termittent sonicationto ensure compl ete sol ubility of the
drug. Themixturewasdiluted to 100ml with mobile
phase, thoroughly mixed and thenfiltered through 0.45
unylon filter. The final concentration of the solution was
20 ppmfor TZN and 1000 ppm for NMS. A 20 pul of
each of thissolution wasinjected intothe HPLC sys-
tem. Thedrug content in thetest preparation was quan-
tified by comparing with the known amount of standard
injected. Theamounts of TZN—NMS in binary mix-
turesor dosageformswereindividually caculated us-
ingtherelated linear regression equations.

RESULTSAND DISCUSSION

System suitability

System suitability testsare used to verify that the
reproducibility of the equipment is adequate for the

performed as per the USPto confirmthesuitability and
reproducibility of thesystem.

Twenty microlitres of the above standard solution
of TZN and NMS was injected each timein to the
stream of mobilesystem at aflow rateof 1 mi/min. The
solution wasinjected six timesinto thecolumn and the
corresponding chromatogramswere obtained. From
these chromatogramsthe areaunder the peaksand re-
spectiveretentiontime of thedrug werenoted. There-
tentiontimeof tizanidineand nimesulideobserved was
3.675and 9.271 min respectively. Amode chromato-
gramisshownintheFgure3and 4. Usngthesevaues
of thetwo drug substancesthe precision was checked
for the areaand retention time of both thedrugs. The
system suitability was carried out by injecting standard
solution of tizanidine (20 ppm) and nimesulide (1000
ppm) into the chromatographic system to check the
reproducibility of peak areas. The % RSD observed
was 0.51 and 0.20 for tizanidine and nimesulide re-
spectively. Theresultsof system precisionareasshown
in(TABLE1).

Specificity

Specificity can be described asthe capability of the
method to accurately measure the response of the
analysed compound with no interferencesoriginating
from samplematrix. High percentage recovery observed

with assay samplesof pharmaceutical dosageforms,
including standard addition experiments, indi catesthat
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the proposed method was not affected by interferences
from excipientsused in formulations. The peaks ob-
tained from recovery experiments of dosage forms,
were checked for uniformity using UV spectrataken
from different pointsof the peak of interest. These spec-
trawere super-imposablewhen overlaid; showing that
there was no other co-eluting peaks, at the peak of
anaytes, TZN and NMS.

TABLE 1: Result of system suitability.

TZN - 20 ppm NM S - 1000 ppm
Injection No.  Areacount Injection No.  Areacount

1 7383 1 324838

2 7389 2 325485

3 7434 3 324987

4 7438 4 324517

5 7488 5 324368

6 7425 6 323580
Average 7426 Average 324629
Std. Dev. 38.13 Std. Dev. 645.86
% RSD 0.51 % RSD 0.20

Linearity

Thecdibration curvesfor TZN and NMSin binary
mixtureswere constructed by plotting the pesk areaof
TZN and NM S agai nst the respective concentration.
The Linearity curvewas made using standard sol utions
containing TZN and NM Sat six different concentra-
tionsranging from 50 to 150% of nomina concentra-
tionssuch as 10 ppmto 30 ppm for TZN and 500 ppm
to 1500 ppm for NM S. Twenty microlitreswerein-
jected each time in the stream of mobile phase, a a
flow rateof 1 ml/min. Each of thesedilutionsof differ-
ent concentrationwasinjected in duplicateinto the col-
umn and the corresponding chromatogramswere ob-
tained. From these chromatogramsthe areaunder the
peak of the drug were noted. Using these values, the
mean areaof thedrugwascal culated. Theregression
of the drug concentration was completed. Thelinear
concentrations range of 10 ppm to 30 ppm for TZN
and 500 ppm to 1500 ppm for NM Swas sel ected for
routineanaysispurpose. Six levelswereprepared and
eachlevel wasinjected in duplicateinto the chromato-
graphic system. Mean peak areaof each level wascal-
culated. Graph of mean peak areavs. concentration
was plotted and the best-fit linewasdetermined by re-

gression. % Intercept and Correlation coefficient was
obtained. The % co-relation co-efficient was 0.9999
TZN and 0.9999 for NMS. The plot of peak areavs.
concentration of each analyte wasfoundto belinear
within the concentration ranges stated above. There-
sultsof Linearity areshownin (TABLE 2).

TABLE 2: Reaultsof linearity.

TZN TZN NMS NMS
Level conc. In average conc. In average
ppm. area count ppm. area count
Level 1 10.02 3906 500.60 181097
Level 2 14.03 5439 700.84 229640
Level 3 20.05 7607 1001.20 309259
Level 4 22.05 8315 1101.32 330419
Level 5 26.06 9860 1301.56 382812
Level 6 30.07 11210 1501.80 435326
Slope 365.0111 253.8824
Intercept 283.9077 53001.9540
Correlation 0.99975 0.9997

coefficient (r%) (n=6)
Limit of detection and limit of quantitation

Thelimit of detection (LOD) andlimit of quantitation
(LOQ) wereestablished at signal-to-noiseratio of 3:1
and 10:1 respectively. ICH guideline Q2B™ describes
several approaches for determination of detection and
quantitationlimits. Theseincludevisud evauation, Sg-
nal-to-noiseratio and the use of standard deviation of
theresponseand thes opeof thecalibration curve. The
LOD and LOQ va ues obtai ned for these compounds
of thedevel oped method are presentedin (TABLES3).

TABLE 3: Resultsof LOD and LOQ.

TZN NMS
Ppm Avg. Avg.S/N ppm Avg.  Avg. S/N
area ratio area ratio
LOD 2.005 788 4.23 3.04 1173 3.61
LOQ 6.014 2185 12.38  8.010 3093 11.49

Precision

The precision of the proposed method were as-
sessed asrepeatability and intermediate precision per-
forming seven replicateinjectionsof sandard andthree
different samplesol utions, whichwerefreshly prepared
and analyzed (TABLES 1 and 4). These experiments
were repeated over aperiod of 24 hrsto evaluate day-
to-day variability (intermediate precision). As can be
seenin (TABLES4), the% R.S.D. vaues of the mea-
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surements ranged between 0.99% and 0.42%for TZN
and NM Srespectively. The % R.S.D. of assay results
obta nedin intermedi ate precis on sudy werenot grester
than 2%, confirming good precision of the proposed
method between days.

TABLE 4 : Resultsof method precision and inter mediate
precision.

Method TZN NMS
Precison  area mg/tab 9% Assay Area mg/tab % Assay
Samplel. 7549 1.99 99.25 323744 99.86 99.86
Sample2. 7460 2.09 100.26 324038 99.97 99.76
Sample3. 7448  2.00 100.09 323744 99.96 99.96
Intermediate
precision
Samplel. 7689  1.99 99.56 338544 99.76 99.76
Sample2. 7668 1.96 98.09 339630 100.74 100.74
Sample3. 7640 2.02 100.95 338944 100.65 100.65
Avg. 99.70 Avg. 100.16
Std. Dev.  0.9841 Std. Dev.  0.4249
% RSD 0.99 % RSD 0.42
Accuracy

Accuracy of the proposed method was established
by recovery experiments using standard addition
method. This study was employed by addition of
known amounts of TZN and NM S onto known con-
centration of commercid tabletssample. Thepurestan-
dardsat thesethreelevelswere added to the sample.
The resulting mixtureswere analyzed asdescribed in
Section. Theexperiment was carried out at threedif-
ferent levelsi.e. 110 %, 120 %, and 130 % of the
working concentration of TZN (20 ppm) and NMS
(1000 ppm). From the amount estimated, the percent-
age recovery was calculated. The recovery experi-
ments, usng Nicip T tabletscontaining TZN and NMS,
showed recovery from 99.87 to 101.49% with
mean recovery of 100.64 and from 98.35t0 102.50%
with mean recovery of 100.24% with R.S.D. values
of 0.63 and 1.48% for TZN and NM S, respectively.
The percent recovery isin between 98 % to 102 %
whichindicatesspecificity and accuracy of themethod.
Results obtained from recovery studies are as shown
in(TABLEDS).

—— Fyll Peper
TABLE 5: Resultsof accuracy by recovery.

TZN NMS
Level- Average% Average% Level- Average% Average%

% Result Recovery % Result Recovery
110 109.58 100.44 110 112.10 99.73
110 111.05 99.87 110 112.32 100.47
110 111.64 99.77 110 112.34 102.50
120 122.01 100.75 120 118.20 101.37
120 122.52 100.34 120 118.23 100.20
120 124.04 101.17 120 118.30 101.98
130 130.81 100.08 130 12451 98.66
130 132.89 101.29 130 124.77 98.86
130 133.77 101.49 130 124.91 98.35
Average 100.64 Average 100.24
Std. dev 0.6331 Std. dev 1.4862
% RSD 0.63 % RSD 1.48

DISCUSSIONAND CONCLUSION

Thisvalidated HPL C method has been proved to
besmple, precise, rapid and reliable. Toachievesharp
peakswith good resol ution under isocratic conditions,
mixture of monobasi ¢ potass um phosphate st solu-
tion and acetonitrilein different proportion weretested
asmobilephaseonaC,, sationary phase. Themixture
of monobasi ¢ potassium phosphate salt solution and
methanol inthe proportion (50: 50v/v) proportionswas
proved to bethe most suitablefor estimation. The UV
overlay spectrashowed that both the drugs absorbed
appreciably at 250nm & hence this wavelength was
selected for detection of both the compounds. Since
the chromatographic peaks were better defined, re-
solved with this system, under the above mentioned
chromatographic conditions, theretentiontimeobtained
for TZN and NS were 3.7 and 9.0 min respectively.
Thecdibration curvefor TZN and NM Swasfound to
belinear over therange of 10.02t0 30.07 ppmof TZN
and 500.60 to 1501.80 ppm of NMS, respectively.
Thedataof regression andysisof thecalibration curves
isshown in (TABLE 2). The proposed method pro-
vides agood resolution between TZN and NM S. Us-
ingthissingle procedure, it ispossibleto perform quan-
titativeana ysisof two different anaytesfrom atablet
dosage formswithin ashort anaysistime. Thedevel -
oped method reported hereinwas validated by evalua-
tion of thevalidation parametersasdescribed in ICH-
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Q2B guiddine. System suitability, specificity, linearity,
LOD, LOQ vaues, precisionand accuracy of the pro-
posed technigue were obtained during the validation
studies. Theresultsof thevalidation and the precision
test parameters are summarised in (TABLE 1). The
devel oped method wasfound to besimple, sensitive
and selectivefor analysisof TZN and NM Sin combi-
nation without any interferencefrom excipients. Thus
themethod was successfully used for determination of
tizanidineand nimesulidein pharmaceuticd formulation.
Theresultsof assay for combined dosageform using
proposed method aresummarisedin (TABLE 4).
Thedevel oped method can be used for the simul-
taneous estimation of tizanidineand nimesulide. It can
serve as an easy, cost effective and efficient HPLC
method for routinequaity control anaysisof tablet dos-
ageformscontainingtizanidineand nimesulide.
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