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INTRODUCTION

Paracetamol (Acetaminophen, Figurel) isanan-
agesc-antipyretic agent andiseffectiveintreating mild
to moderate pain such asheadache, neuralgiaand pain
of musculo-skeletd origin™. Owing to thewide appli-
caionsof paracetamoal invariouspharmaceutica prepa
rations, rapid and sensitivemethodsfor thedetermina:
tion of paracetamol individual andincombinationare
beinginvestigated. The most recent methodsfor deter-
mination of paracetamol include chromatographic??,
el ectrochemical®?, spectrophotometrici’®*¥ and fluo-
rescence spectroscopi ¢4, techniques. Lornoxicam, (6-
chloro-4-hydroxy-2-methyl-N-2-pyridinyl-2H-
thieno[ 2,3-€]-1,2- thiazine-3-carboxamide 1,1-diox-
ide, C ;H,,N.O,S,Cl, Figure 1) isanon-steroida anti-
inflammatory drug with ana gesic and antipyretic prop-
ertiesthat belongsto the class of oxicams. It actsby
non-selectiveinhibition of cyclo-oxygenase-1 and -2.
It isprescribed for thetrestment of osteoarthritis, rheu-
matoid arthritis, acutelumbar-sciaticaconditionsand
for postoperative pain management'™., Intheliteratures,
voltammetrict*®, polarograhict*”, uv
spectrophotmetric®®, LC/IMSIM S TLC-densito-
metry'?t, and HPL C1#-%l methods were reported for
the analysis of lornoxicam. The combination of
paracetamol and lornoxicamisintended for oral ad-
ministration andisavailablein different strengths. This

combinationismainly administered for thetreatment of
osteoarthritis, rheumatoid arthritis, acute sciatica, low
back pain etc. Moreover, itislikely that paracetamol
synergizestheefficacy of lornoxicam and along with
lornoxicamiseffectivein thecontrol of pain.
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Figurel: Sructureof paracetamol(l) and lor noxicam(I 1)

A comprehensiveliteraturesearch reveaed that UV
spectrophotometric?d, HPTLC2™ and HPLC™® meth-
ods have been devel oped for the simultaneous quanti-
tative determination of paracetamol and lornoxicam
pharmaceutica dosageforms. But, moreaccurate, smple
andwidely used HPLC methodis preferred for therou-
tineanalysis. Thereported HPL C'?¢l methodsistime
consuming becauseof high retentiontime. Theaim of
thisstudy wasto develop asimple, rapid, specific and
vaidated HPL.C method for quantification and smulta-
neous determination of paracetamol and lornoxicam
directly from thetablet formul ation. However, anadysis
of thismixtureischalenging astheconcentration of the
drugsdifferssignificantly, i.e. lornoxicamistheminor
component 8 mg/tabl et where as paracetamol ismajor
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component 500 mg/tabl et.
EXPERIMENTAL METHODS

Chemicals

Lornoxicamwasobtaned asagift fromHeterodrugs
(Hyderabad, Indid). Paracetamol was purchased from
(SigmaAldrich) were used without any purification.
Methanol and formic acid used were purchased from
(SigmaAldrich, Germany). Lornasafe ™ —Plus tablets
(Mankind PharmaLtd., New Delhi, India) and Lorcam
XP® (Pharmed Ltd., Bangalore, India) containing 8
mg of lornoxicam and 500 mg of paracetamol were
purchased from the Indian market.

Equipment and Chromatographic condition

Agilent 1200 (Germany), separation modul e ap-
pended with PDA detector system. Dataacquisition
was performed using powerful Chem. Station software,
(verson.32) of Agilent. Zorbax, XBD EcdlipseRPC 18
column (150 x 4.6 mm, 5um) was used for the valida-
tion studies. Freshly prepared mobile phasewasfilled
inthereservoirsand runin anisocratic mode. Themo-
bilephasewasrun at aflow rateof 0.8 mL/minwitha
runtimeof 5minandtheinjection volumewas20 uL.
Acquisitionwascarried out with PDA detector inthe
wavelength rangeof 210to 400 nm; extraction of chro-
matogramswascarried out by timed wavelength at 310
nm and 380 nm for paracetamol and lornoxicam, re-
spectively. Theintensity of paracetamol at 257 nm (its
Amax), 280 nm, 290 nm and 300 nm chromatogramis
so high that lornoxicam could not beidentified inthe
chromatogram at the tablet ratio (paracetamol :
lornoxicam 62.5: 1) . Hence, Multi wavelength method
is selected, which increased the sensitivity of the
lornoxicam (Amax in mobile phase).

The mobile phase used for the chromatographic
separation comprised of methanol and 0.1%formicacid
intheratio of (80: 20 v/v). ThepH wasadjusted to 3
withformic acid and filtered through 0.45 um nylon fil-
tersusing Milliporefiltration unit.

Sandard solutions

Standard stock solutionsof paracetamol (500 pg/
mL) and lornoxicam (200 pg/mL) was prepared by dis-
solving accurately weighed 10 mg of each in methanol
and 0.1M sodium hydroxide (0.1 mL, to dissolve
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lornoxicam). Thestock solutionswerefurther diluted
serially with mobile phaseto get the required concen-
trations.

Samplepreparation

Twenty tabletswere accuratel y weighed and pow-
deredinamortar. An amount of thetablet massequiva
lent to one tablet was dissolved in about 60 mL of
methanol and 0.1M sodium hydroxide, sonicated for
15minandfilteredin 100 mL volumetric flask. The
residuewaswashed threetimeswith 10 mL methanal.
The combined solutionwasfiltered using syringefilter
(0.45 um) and then the volume was completed to the
mark with samesolvent. Thissolutionwasdiluted with
mobile phaseto get the concentration in the range of
Beer’s law.

Linearity

Six standard concentrations of lornaxicam (0.5, 2,
5, 10, 20 and 50 pg/mL) and paracetamol (5, 10, 50,
100, 200 and 300 pg/mL) were prepared by serially
diluting stock solutions of both. All the solutionswere

filtered through 0.45 um nylon filters in to HPLC vials.
All theinjectionswerecarried out intriplicate.

System precision and method precision

System precision wasdetermined by andyzing six
replicates of 5 pg/mL of lornoxicam and 50 pg/mL of
paracetamol from thesamehomogeneoussolutions. The
%RSD was cal culated for the replicatesasameasure
of system precision. For method precision six indepen-
dent solutions, S5ug/mL of lornoxicam and 50 ug/mL of
paracetamol wasinjected; thevariationintheresults
wasestimatedintermsof %RSD of thedeterminations.
Intermediate precision, at two level sintraday and inter
day, wasassessed at three concentrations (0.5, 10 and
50 pg/mL for lornoxicam and 5, 100 and 300 pg/mL
for paracetamol) All theinjectionswerecarried out in
triplicates.

Intraday precision was determined by analyzing
three setsof freshly prepared standardsin onelabora-
tory in one day. The %RSD was cal culated from the
chromatographic peak areaof different measurements
asameasure of intraday precision. Further, inter-day
precision of the method was measured as %RSD be-
tween andysisof standards on three consecutive days
inthesamelaboratory.
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Accuracy

The accuracy was evaluated by the recovery of
known amounts of the reference standard added to
the samplesolution contacting 1 pg/mL of lornoxicam
and 62.5 pg/mL of paracetamol to obtain a final con-
centration of 1.5, 2 and 2.5 pg/mL of lornoxicam and
93.75, 125, and 156.25 pg/mL paracetamol corre-
sponding to 50, 100 and 150% of the nominal ana-
Iytical concentration, respectively. The accuracy was
calculated as the percentage of the drug recovered
from theformul ation matrix.

Limit of quantification (L OQ) and detection (LOD)

TheLOQ and LOD wereca culated from thedope
and mean of standard deviation of theintercept of the
mean of thethree calibration curves, determined by a
linear regression mode as per thelCH guidelines.

Robustness

Robustness of the method was studied by changing
theextractiontimeof paracestmol andlornoxicam, from
dosageform by 5 min, composition of mobilephaseby
2% of organic phase, pH of formic acid solution by +
0.2, flow rateby 0.1 mL/min and wavelength by 1 nm.

Analysis of the Paracetamol and lornoxicam in
pharmaceutical for mulation.

For the quantification of paracetamol and
lornoxicaminthetablet formulaionstherespectivestock
sol utionswerediluted to gppropriate concentration with
themobilephase, filtered, injected intriplicateand the
percentage recoveries of the drugs were calculated
againgt thereference substances.

RESULT AND DISCUSSION

To obtain thebest chromatographic conditions, the
mobile phase was optimized to provide adequate pesk
symmetry and sensitivity. Acetic acid, formicacid, po-
tassium phosphatesweretested. Theuseof formicacid
(0.1%) in combination with methanol (20:80% v/v) at
25°Cresulted in a relatively short retention time of less
than 5 min, better peak symmetry (0.848 and 0.786)
and simplemobile phase (without salt and buffer addi-
tion). Theretentiontimewasfoundtobe1.77 and 2.63
minfor paracetamol and lornoxicam, respectively. The
representative chromatogramisshowninFigure 2.

The UV spectraof paracetamol and lornoxicam at

Hnalytical CHEMISTRY o

thetablet ratio did not give good isosbestic point to
select onewavelength because of very low concentra-
tion of lornoxicam when compared to paracetamol. In
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Figure2: Representative Chr omatogram of par acetamol 125
pgmL* (Rt: 1.77 min) and lor noxicam 2 pg mL* (Rt: 2.63min)
such casesstandard addition of |ow concentration com-
ponent method is adopted. Themain objectivewasto
develop direct quantification of paracetamol and
lornoxicam in the tablet formulation. Hence for
lornoxicam 380 nm (A max) hasbeen sdected for andy-
sis. Whereasfor the paracetamol 310 nm has been se-
lected because, at itsA max (257 nm) and 280 nm 290
nm and 300 nm theintensity of chromatogram peak
was so high that lornoxicam peak was not integrated
and quantified inthechromatogram. At high concentra-
tion of lornoxicam, the concentration of paracetamol
wasout of Beer’s Law range.

Linearity and range

Linearity of HPL C detector responsefor determi-
nation of paracetamol and lornoxicam was eva uated
by analyzing aseries of standard solutionsof different
concentrations of each compound and calibration
graphswere established. The calibration curves con-
structed for paracetamol and lornoxicam werefound
to belinear inthe5-300 pg/mL and 0.5-50 pg/mL re-
spectively. Thevalue of the determination coefficient
calculated (PA =0.731C + 0.321, r? =0.9995, for
paracetamol and PA=13.60C + 0.480r2=0.9991 for
lornoxicam, where PA isthe peak area, C isthe con-
centrationin pg/mL and r is the correlation coefficient)
indicated thelinearity of the calibration curvefor the
method.
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LODandLOQ

Thevaduescalculated for LOD and LOQwere0.79
pug/mL & 2.40 ng/mL for paracetamol and 0.13 pg/mL
& 0.40 pg/mLlornoxicam respectively (TABLE 1).

Suitability of themethod

Chromatographic parameterssuch asresol ution, se-
lectivity and peak symmetry were satisfactory for both
the compounds. The cal culated resolution between
paracetamol and lornoxicam wasnot lessthan 1.6 and

TABLE 1: Linear regresson dataand system suitability data
of paracetamol and lor noxicam analysis

Parameters Par acetamol L or noxicam
Concentrationrange g5 35 0.5-50.0
(ng/ml)

o . y=0731x + y=1360x +
Regression equation 0.321 0.480
Correlation
coefficient (r2) 0.9995 0.9991
LOD (ug/ml) 0.79 0.13
LOQ (ug /ml) 2.40 0.40
Rt+=RSD 1.775*+0.017 2.62*+0.020
Tailing Factor +tRSD  0.848*+0.053 0.786*+0.095
Theoretical Plates= oc00.089  5609%40.41

RSD
RSD : Relative Sandard Deviation, * Average of threereadings
selectivity wasabove 4. Number of theoretical plates
and tailing factor were observed to be satisfactory.
(TABLE1)

System precision and method precision

Theprecison eva uated astherepeatability resulted
ina% RSD vaue of 0.59 (n=6) for paracetamol and
0.47 (n=6) for lornoxicam, respectively. M ethod preci-
sonmeasuresthed osenessof anadyticd resultswhensix
separately prepared sandardsareinjected. The% RSD
wasfoundto belessthan 1.55indl thecases. Interme-
diate precisionwas assessed by andyzingthree samples
over period of timeintermsof intraday and interday pre-
cison. Concentrationswerededuced fromthelinearity
plots using chromatographic peak areas. The% RSD
valvesobserved in the case of intraday measurements
werefound to bebelow 1.13 and 0.56 for paracetamol
and lornoxicam, respectively. However, inthe case of
interday measurements, thevalueswerefound to bebe-
low 1.18 and 0.87 for paracetamol and lornoxicam, re-
spectively (TABLE 2). Thusthe observed values sug-
gest that the proposed method isprecise.
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TABLE 2: Summary of precisions

Intra-day  Inter-day
Concentration Mean RSD Mean RSD
(ng/ml) (n=3) (%) (n=3) (%)
5 497 057 496 1.05
Paracetamol 100 100.12 1.13 100.21 1.18
300 298.91 1.09 299.20 0.83
0.5 049 002 051 0.01
Lornoxicam 10 10.13 0.14 10.18 0.29
50 49.71 056 513 0.87
Accuracy

The accuracy was assessed from three different
standard solutions containing 62.50 pg/mL of
paracetamol and 1 pg/mL for lornoxicam. The highest
% RSD wasfoundto be 1.59 and 0.83 for paracetamol
and lornoxicam, respectively. These values demon-
strated that the proposed method was accurate within

thedesired range (TABLE 3).
TABLE 3: Accuracy of themethod
Amount Amount
Drug added r ecover ed Recovery RSD
(ng/ml)  (pg/ml) @=3) (%) (%)
Paracetamol 31.25 31.03 99.29 1.59
62.50 62.65 100.24 1.08
93.75 94.84 101.16 1.45
Lornoxicam 0.5 0.51 102.00 0.70
1.0 1.01 101.00 0.56
15 1.49 99.33 0.83
Robustness

Themethod wasfound to berobust astheresults
werenot significantly affected by minor variationinthe
extraction time, composition of mobilephase, flow rate
andwavelength.

Analysisof tablets

The rapid RP HPLC method developed in the
present study was applied for the determination of
paracetamol and lornoxicam in tablet dosage forms,
without prior separation in presence of tablet excipi-
ents. Themean recovery wasfound to be 99.87 % for
paracetamol and 101.41% for lornoxicam with RSD
lessthan 1.29 %. Theseresultsindicatethat the current
method ishighly accuratefor s multaneous determina
tion of thelornoxicam and paracetamol (TABLE 4).
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TABLE 4 : Results from analysis of paracetamol and
lornoxicamin tablets

Paracetamal L ornoxicam
tlg?g Found Recovery t@?ﬂ Found Recovery
(mg/tab) (mg/tab) (%) (mg/tab) (mg/tab) (%)
500.00 495.06  99.02 8.00 8.14 101.75
500.00 496.19  99.23 8.00 8.09 101.12
500.00 506.84 101.36 8.00 8.11 101.37
MeantRSD 99.87+1.29% 101.41+0.31%

Specificity

Specificity istheability of themethod to accurately
measure the anal yte response in the presence of al
samplecomponents (excipients). Theresultswerecom-
pared with the analysis of standard paracetamol and
lornoxicamand tabl et formulations. Nointerferencefrom
excipientswas observed in the proposed method.

CONCLUSION

The proposed method issimple, precise, accurate,
specificand rgpid for the s multaneous quantification of
paracetamol andlornoxicamintablet dosageformswith-
out theinterferencefrom the excipients. The proposed
method involvesdirect quantification of both the com-
ponentswithin 5 min without the use of buffersinthe
mobile phase. Hence, it can beeasily and conveniently
adopted for routine quality control analysis of
paracetamol and lornoxicam.
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