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ABSTRACT

Two chromatographic methods were developed for determination of
paracetamol and orphenadrine citrate in presence of p-aminophenol. Inthe
first method, paracetamol, orphenadrine Citrate and p-aminophenol were
separated on TLC silicagel 60F,,, plate using ethyl acetate: acetone: metha-
nol: glacial aceticacid (5: 4: 1: 0.1, by volume) asmobile phase. The obtained
bands were then scanned at 220nm. The second method is a RP-HPLC
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method inwhich paracetamol, orphenadrine citrate and p-aminophenol were
separated on areversed-phase C , column using micro-emulsion as mobile
phase at aflow rate of ImL.mintand UV detection at 225nm. The proposed
methods were successfully applied for determination of paracetamol and
orphenadrine Citratein pureformand in their pharmaceutical formulation.
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INTRODUCTION

Paracetamol (PAR), 4-acetamidophenal, isan ef-
fectiveana gesic and antipyretic for treetment of minor,
non-inflammatory conditionsin patientswho areprone
to gastric symptomsY. Orphenadrinecitrate (ORP),
(RS) - (dimethyl-2-(2-methyl benz hydroxy) ethyl) amine
citrate, isused as skeleta musclere axant!tl. Thus, tab-
lets contai ning PAR and ORP show combined analge-
scand skeletal musclere axant effects. Thiscombina
tioniswiddy prescribed for patientswith gastric prob-
lemswho cannot tol erate ordinary non-steroidal anti-
inflammatory drugs.

There are many reportsfor the determination of
PAR and ORP separately'2® or in combination with
other drugs®®. Few methods have been reported for

determination of PAR and ORPin binary mixturg %3,
None of these methods has been reported for simulta-
neous determination of PAR and ORPin presence of
p-aminophenol (PAP); apotential impurity of PAR re-
ported in BP and USP and considered the major deg-
radation product of paracetamol 24,

Therefore, the objective of thiswork isto devel op
sensitive, selectiveand reproduci blemethodsfor smul-
taneousdetermination of PAR and ORPin presence of
PAP. Chromatographic methodsarewell known for
providing high selectivity and sensitivity whenused for
determination of pharmaceutical drugs. Inthis paper,
two chromatographic methods, namely, TLC-
spectrodensitometry and reversed phase high perfor-
mance liquid chromatography (RP-HPLC) have been
proposed for simultaneous determination of PAR and
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ORPIin presence of PAPthat can beused for routine
qudity control anaysisof thesedrugseitherinbulk pow-
der or in pharmaceutica formulation.

EXPERIMENTAL
Apparatus

1 UV lampwithshort wavelength 254 nm (USA).

2 TLC scanner 3densitometer (Carnage, Muttenz,
Switzerland). Thefollowing requirementsaretaken
into consideration:

Sitdimensions: 6.00x0.45
Micrometer, Scanning speed = 20mm/s
Dataresolution=100um/ step

3 Sampleapplicator for TLC Linomat IV with 100
syringe(Carnage, Muttenz, Switzerland).

4 TLC plates(20x20cm) coated with silicagel 60 F
254 (Merck KgaA, Darmstad, Germany).

5 Shimadzu Class- LC 10AD Liquid Chromato-
graph supplied with Shimadzu SPD-10A UV-VIS
Detector (Shimadzu Corporation, Japan).
Phenomenex C ; (25cmx4.6mmi.d, Sum particle
size) column was used as a stationary phase for
HPLC determinations(USA).

6 Sonix TV ss-seriesultrasonicator (USA).

Materials
Puresamples

1 Paracetamol and Orphenadrinewerekindly sup-
plied by thetenth of Ramadan Co. for pharmaceu-
tical industriesand diagnostic reagents(RAMEDA),
10" of Ramadan city, Egypt. Their purity were
found to be 100.01:0.837 and 99.21+0.602, re-
spectively, according to BPmethods 4.

2 P-amino phenol (99 %) was obtained from Riedd -
dehaen-AG-Germany.

Market samples

Orphamol ® tablet (Batch No 06524) |abeled to
contain 450mg of paracetamol and 35 mg of
Orphenadrinecitrate, isfrom thetenth of Ramadan Co.
for pharmaceutical industriesand diagnostic reagents
(RAMEDA), 10" of Ramadan city, Egypt.

Reagents

All reagentsand chemicadsused wereof andyticd grade
and wereused without further purification.
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1 Ethyl acetate(Merck, Darmstadt, Germany).

2 Acetone(Merck, Darmstadt, Germany).

3 Triethyl amine(Merck, Darmstadt, Germany).

4 Methanol HPLC grade (SigmaAldrich, Germany).

5 Acetonitrile HPLC grade (SigmaAldrich, Ger-
many).

6 Deonizedwater (SEDICO pharmaceutical Co., 6"
October City, Egypt).

7  Orthophosphoric acid and ammoniasolution from,
(EL-NASR Pharmaceutical ChemicalsCo., Abu-
Zabaal, Cairo, Egypt).

8 Butanol (Merck, Darmstadt, Germany).

9 Potassium dihydrogen phosphate (SigmaAldrich,
Germany).

10 Bej 35(Merck, Darmstadt, Germany).

Prepar ation of standard solutions

1 Stock standard solutions (1mg.mL?) : weigh accu-
rately 0.1gm of PAR, ORPand PAPinto three sepa-
rate 100mL volumetricflasks, add 50mL methanol
to eachflask, shaketo dissol vethen completethe
volumeto themark with methanal.

2 Working standard solutions (100ug.mL2): transfer
accurately 10mL of each of PAR, ORPand PAP
stock standard solutions (1mg.mL1) into three
100mL volumetric flasks, then completethevol-
umeto themark with methanol.

Prepar ation of micro-emulsion mobilephase

Micro-emulsion mobile phase was prepared by
mixing 15gm of Berj 35, 5mL ethyl acetate and 30mL
butanol in abeaker with tirring and gentlehesting then
compl etethevolumeto oneliter with phosphate buffer
(pH =3).

Procedures
TL C- spectrodensitometric method
Linearity and construction of calibration curves

Apply accurate aliquots equivalent to (0.2-
1.4pug.mL1) of PAR, (0.3-3ug.mL 1) of ORPand (0.2-
1.4ug.mL?) of PAPfrom their corresponding working
solution (100ug.mL 1) to thin layer chromatographic
plates (20x20cm) asband using the Camage TLC sam-
pler. Leave a space of 1cm between each band and
1.5cm from the bottom edge of the plate. Develop the
platein achromatographic tank previously saturated
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for an hour with the devel oping mobile phase, ethyl ac-
etate: acetone: methanal: glacid aceticacid (5: 4: 1:0.1,
by volume) by ascending chromatography at room tem-
perature.

Detect the bands under UV-lamp and scan at
220nm under the specified experimental conditions.
Congtruct thecalibration curvesfor each compound by
plotting the peak areal 100 versusthe corresponding
concentration and then compute the regression equa-
tions.

Analysisof laboratory prepared mixtures

Prepare mixtures containing PAR, ORPand PAP
indifferent ratios. Proceed asmentioned under linearity
and congructionof calibration curves. Caculatethe con-
centrations of the three compoundsfrom their corre-
sponding regression equations.

RP-HPL C method
Linearity and construction of calibration curves

Transfer accurate aliquots equivalent to (50-
2000)ug of PAR, (50-2500)ug of ORP and (50-
2200)ug of PAPfromtheir corresponding working so-
[utions (100ug.mL 1) into three separate sets of aseries
of 10mL volumetricflasks. Completethevolumewith
methanol. Maketriplicate 20uL injectionsfor each con-
centration. Record the chromatogramsat ambient tem-
perature maintaining theflow rateat ImL.min* and
detect the effluent at 225nm. Theseparation wasdone
onaC_, columnusing prepared micro-emulsion asa
mobile phase. Construct thecdibration curvesfor each
compound by plotting the peak area/ 10* versus the
corresponding concentration and then compute there-
gression eguations.

Analysisof laboratory prepared mixtures

Prepare mixtures containing PAR, ORPand PAP
indifferent ratios. Proceed asmentioned under linearity
and congructionof calibration curves. Caculatethe con-
centrations of the three compoundsfrom their corre-
sponding regression equations.

Application of theproposed methodsto pharma-
ceutical formulations

For theTL C-spectrodensitometric method
Thoroughly powder ten tablets of Orphamol ® and

Hnalytical CHEMISTRY o

mix, then weigh accurately an amount of the powder
equiva ent to450mg of PAR and 35mg of ORPin 250ml
beaker. Add 70mL of methanol; stir magnetically for
30 minutesthenfilter through filter paper into a100mL
volumetric flask. Wash the beaker and the funnel then
completethevolumewith methanol to get aconcentra
tion of 4.5 and 0.35mg.mL* for PAR and ORP re-
Spectively.

Appropriatedilutionsweremadeto bringup acon-
centration of 4.50 and 0.35ug.mL* for PAR and ORP,
respectively and a concentration of 0.45 and
0.035ug.mL PAR and ORP, respectively. The pro-
posed spectrodensitometric method was applied for the
analysisand calculation of PAR, ORPand PAP con-
centrations.

For theRP-HPL C method

The above procedurewas repeated but appropri-
atedilution was madeto bring up aconcentration of
90.00 and 7.00ug.mL* for PAR and ORP, respec-
tively. The proposed RP-HPL C method was applied
for theanalysisand calculation of PAR, ORPand PAP
concentrations.

RESULTSAND DISCUSSION

Method development
TL C- spectrodensitometric method

Thistechniqueoffersasimpleway to quantify di-
rectly on TLC plateby measuring theoptica density of
the separated bands. The amountsof compounds are
determined by comparing the peak height of the un-
known band to astandard curvefrom reference mate-
rialschromatographed s multaneously under the same
condition®,

Themethodisbased onthedifferencein R values
of PAR(R,=0.80), PAP(R =0.69) and ORP (R, =
0.12) asshowninfigure 1.

A linear correlation was obtained betweenthe pesk
area/100 and concentration of each compound inthe
range of 0.2-1.4ug.band*for PAR, 0.3-3ug.band™*for
ORP and 0.2-1.4ug.band for PAP. The regression
equationswere ca culated and found to be:
Y,=1.1904C +0.1151r, = 0.9992
Y,=0.0942C,+0.0373r,=0.9991
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Figurel: 3D diagram showing an exampleof separ ated mix-
tureof paracetamol, or phenadrinecitr ateand p-aminophenol
inthespectr odensitometric method

Y,=0.478 C,+0.3121r,=0.9992

whereY Y, andY , arethepeak area/100, C, C,and
C,aePAR, ORPand PAPconcentrationin pug. mL™*
respectively andr,, r, and r, arethe correl ation coeffi-
cients.

RP-HPL C method

A validated isocratic RP-HPLC method with UV
detection was devel oped for s multaneous determina
tionof PAR, ORPin presence of PAP.

It depends on the chromatographic separation of
PAR, ORPand PAPusing C18 (25cmx4.6mmi.d. 5um
particlesize) columnand micro-emulsion (formulated
by mixing 15gm of Berj35 with 5mL ethyl acetateand
30mL butanol and completing thevolumeto 1 liter with
phosphate buffer (PH = 3)) asamobilephasewith UV
detection at 225nm, figure 2.

A linear correl ation was obtai ned between the peak
area/10* and concentration of each compoundinthe
rangeof 5-200ug.mL- for PAR, 5-250ug.mL* for ORP
and 5-220ug.mL*for PAP. Theregression equations
were ca culated and found to be:

Y,=0.7455C,+34.179 r = 0.9991
Y,=1.0516C,+0.936r,= 0.9991

Y,=0.5413C +2.1183r, = 0.9992

whereY Y, andY , arethepeak area/100, C, C,and
C,aePAR, ORPand PAPconcentrationin ug. mL™*
respectively andr,, r, and r, arethe correl ation coeffi-
cients.

Method optimization

TL C- spectrodensitometric method

Studying of theoptimum parametersfor maximum
separation was carried out by trying different devel op-
ing systemswith different ratios, but complete separa:
tionof PAR, ORPand PAPwasachieved by using ethyl
acetate: acetone: methanol: glacid aceticacid (5:4:1:0.1,
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Figure2: HPL C chromatogram of Paracetamal, Or phenadrine
citrateand p-aminophenol using micro-emulsion asmobile

phaseat aflowrateof 1mL.mintand UV detection at 225nm

by volume) asdevel oping mobile phase.

Also different scanning wavelengthsweretested,
but the best sensitivity obtained when 220nm was cho-
sen asscanning wave ength.

RP-HPL C method

To optimizethe proposed HPLC method, al of the
experimenta conditionswereinvestigated. Thestation-
ary phase choicewas salected to be thereversed-phase
over thenorma phase separation dueto thedrawbacks
of thenormal phase, e.g. hydration of silicawith water
that can causepeak tailing. C ; columnispreferred for
mixture separation than C, column, asit gives higher
resolution.

Different mobile phase systems of different com-
position and proportions were tried e.g. (methanol:
water), (acetonitrile: water) (0.01 M KH,PO,-metha-
nol-acetonitrile-isopropyl acohol (420: 20: 30: 30, by
volume) pH was adjusted to 7.9. However, complete
separation of the two drugsin presence of PAPwas
achieved by using micro-emulsion prepared as men-
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TABLE 1: Resultsof assay validation par ameter sof the proposed methodsfor thedeter mination of PAR, PAPand ORPin

their mixture

TL C-spectrodensitometric method

RP-HPLC method

Parameters

PAR PAP ORP PAR PAP ORP
Range 0.2-14(ugband™) 0.2- 1.4(pgband™) 0.3-3(ug.band™) 5-200(ug.mL?) 5 220(pg.mL™) 5-250(ug.mL™?)
Slope 1.1904 0.478 0.0942 0.7455 0.5413 1.0516
Intercept 0.115 0.312 0.0373 34.179 2.118 0.936
Correlation coefficient(r) 0.9992 0.9992 0.9991 0.9991 0.9992 0.9991
Accuracy (mean + SD) 100.14+1.807 100.21+1.537 98.81+£0.833  99.93+0.431  99.89+0.365  99.96+0.439
(RSD%)? 1.264 1.201 1.249 1.464 1.311 0.833
(RSD%)° 1.622 1.324 1.342 1.619 1.256 1.002
LOD 0.05(ug.band™  0.05(ugband?®) 0.095(ug.band™) 1.53(ugmL™) 1.25(ugmL?)  1.05(ug.mL™)
LOQ 0.16(ug.band™  0.155(ugband®) 0.29(ugband™ 4.62(ugmL™) 4.65(ugmL?)  4.56(ug.mL™)

a & b theintra-day and inter-day relative standard deviations of the average of concentrations (0.3, 0.6, 0.9 pg.band™ for each in
case of TL C-spectrodensitometric method and 20.00 , 40,00 and 60.00 pg.mL* for each drug in case of RP-HPL C method

TABLE 2a: Reaultsof accuracy for determination of purePAR,
PAPand ORPby the proposed spectrodenstometric method

TABLE 2b : Resultsof accuracy for determination of pure
PAR, PAPand ORPby theproposed RP-HPL C method

Taken(nug.band™) Found?®(ug .band™) Recovery % Taken(ug.mL™?)  Found?®(pg.mL™) Recovery %
PAR PAP OR PAR PAP OR PAR PAP OR PAR OR PAP PAR OR PAP PAR OR PAP
040 040 050 041 040 050 10250 100.00 100.00  10.00 15.00 10.00 9.91 14.93 10.03 99.10 99.53 100.30
060 060 1.00 059 059 099 9833 9833 99.00 30.00 40.00 40.00 30.07 39.78 39.78 100.23 99.45 99.45
080 080 150 0.81 0.82 147 10125 10250 98.00  50.00 60.00 70.00 49.92 60.19 70.34 99.84 100.32 100.49
1.00 1.00 200 099 0.99 199 99.00 99.00 99.50  100.00120.00100.00100.15120.04100.04 100.15 100.03 100.04
120 120 250 118 120 245 9833 100.00 98.00  150.00150.00150.00150.32149.66149.12 100.21 99.77 99.41
140 1.40 300 142 142 295 10143 10143 98.33  200.00200.00200.00200.08200.50200.11 100.04 100.25 100.05
Mean +SD 100.14+ 100.21+ 98.81+ Mean<SD 99.93+99.89+99.96 +
1.807 1537 0.833 0.431 0.365 0.439

aAver age of three determinations

tioned before. This selected mobile phasedlowsthe
simultaneous determination of PAR and OR in pres-
enceof PAPwithout interferenceand within asuitable
time.

In addition, the effect of pH was studied by us-
ing buffers of different pH values. It wasfound that
pH = 3 was suitable for proper resolution and peak
shape.

Finally, asatisfactory separation was obtained
by using micro-emulsion as amobile phase, main-
taining theflow rateof 1 mL min with UV detection
at 225nm.

Method validation
Linearity

Thelinearity of the proposed methodswaseval u-
ated by andyzing eight concentrationsranging between
0.2-1.4ug.band*for PAR, 0.3-3ug.band*for ORPand

Hnalytical CHEMISTRY o

aAver age of three determinations

0.2-1.4pg.band? for PAP in case of TLC-
spectrodensitometric method and 5-200ug.mL for
PAR, 5-250ug.mL* for ORP and 5-220ug.mL - for
PAPIn caseof RP-HPLC method. Each concentration
was repeated three times. The assay was performed
according to the experimental conditions previoudy
mentioned. Thelinearity of the calibration graphswere
vadidated by the high vaue of the correlation coefficient
and thelow intercept value, (TABLE 1).

Precision
Repeatability

Repesetability of theresultsfor concentrationsof 0.3,
0.6, 0.9ug.band* of PAR, ORPand PAPincaseof TLC-
spectrodensitometric method and 20.00, 40.00 and
60.00pg.mL* of PAR, ORP and PAPin case of RP-

HPL C method were performed by threereplicate de-
terminationsto estimateintra-day variation (TABLE 1).
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Orphamol TL C-spectrodensitometric method RP-HPLC method
® tablet, a Pure b a Pure
Batch Taken Found® Foun Purefound Taken Found® Foun Pureadded b
No.06524 (ngband®) (ngband) d% X190, “ugband®) ROV (o i) (uemL?) do6 (gm0 Recovery
: (ng.band™) (ng.mL™)
0.200 0.198 99.00 20.00 19.80 99.00
0.400 0.402 100.50 1018 40.00 40.02 100.05
Par 0.450 0442  98.22 90.00 91.62 0'
0.600 0.600 100.00 60.00 60.00 100.00
0.800 0.809 101.12 80.00 80.90 101.125
Mean £SD 100.16+0.896 100.04+0.86¢
0.200 0.1989 99.45 20.00 20.50 102.50
0.300 0.3049 101.63 100.8  40.00 40.02 100.05
ORP 0.350 0995 99.50 7.00 7.06 6
0.800 0.804 100.50 60.00 59.00 98.33
1.000 1.006 100.60 80.00 79.90 99.88
Mean £SD 100.55+0.892 100.19+1.724
3Average of six determinations
TABLE 4: Determination of PAR and ORPin laboratory prepar ed mixtur esby the proposed methods
TL C-spectrodensitometric method RP-HPL C method
Mix.  Ratio PAR ORP PAR ORP
no. (PAR:ORP) _ _ . _
Taken Found® Recovery Taken Found® Recovery Taken Found® Recovery Taken Found Recovery
(gmL?") (ugmL") % (ugmL)(pgmLy) %  (ugmL?) (ugmL?) %  (ugmL?") (ugmL?) %
1 195: 15 195.00 194.94 99.97 15.00 1511 100.73  195.00 195.23 100.12 15.00 14.98 99.87
2 130: 10 130.00 130.08 100.62 10.00 9.80 98.00 130.00 130.12 100.09 10.00 10.02 100.20
3 65:5 65.00 65.10 100.15 5.00 5.01 100.20 65.00 65.31 100.48 5.00 5.09 101.80

aAver age of three determinations

I ntermediateprecision

Ninereplicate determinationsin different 3 days
were used to estimateinter-day variation. The coeffi-
cient of variation at these concentration levelswasca -
culated (TABLE 1).

Range

Thecdibration rangewas established through con-
siderations of the practical range necessary according
to adherenceto linearity and the concentration of PAR,
ORPand PAPto give accurate, preciseand linear re-
sults(TABLE 1).

Detection and quantitation limits

Accordingto the |ICH recommendations, the ap-
proach based onthe S.D. of theresponseand theslope
was used for determining the detection and quantitation
limits, LOD = 3.3S.D./Slope, LOQ = 10xS.D./Slope
(TABLE1).

Accuracy
Theaccuracy of the resultswas checked by apply-

ing the proposed method for determination of different
blind samplesof PAR, ORPand PAP. The concentra-
tionswere cal culated from the corresponding regres-
sonequations Theresultsobtained asshownin TABLE
2a& 2b.

Accuracy of the methods was assured by the use
of the standard addition technique. Theresultsobtained
for PAR, ORP and PAPwere compared with the ex-
pected results. The good recoveriesof standard addi-
tiontechniqueas shownin TABLE 3 suggested good
accuracy of the proposed methods.

Specificity

Specificity of the proposed methodswas achieved
by theanalysis of different laboratory prepared mix-
turesof PAR, ORPand PAPwithinthelinearity range.
Satisfactory resultswereshownin TABLE 4.

The proposed TL C-spectrodensitometric and RP-
HPL C methodswere successfully applied for the de-
termination of PAR and ORPintheir pharmaceutical
formulation (Orphamol ® tablets). Resultsobtained are
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TABLE 5 : Satistical analysis of parametersrequired for
system suitability testing of HPL C method

Obtained
Par ameter ss value Refer ence value
OR PAR
Resolution (Ry) 571 7.99 0.8

Capacity factor (K")
Tailing factor (T)
Selectivity factor (o)
Number of theoretical
plate (N)

HETP (cm.plate™)
height equivalentto  0.017 0.011
theoretical plate

shownin TABLE 3which reved sthat thereisno inter-
fereby excipientsand additives.

Robustness

The effect of different factorsin case of TLC-
spectrodensitometric and RP-HPLC methods was
studied to obtain the optimum parametersfor complete
Separation.

System suitability testingfor HPLC

System suitability tests are based on the concept
that theequipment, dectronics, andytica operationsand
samplescongtitutean integral system that canbeevau-
ated aswhole. System suitability isused to ensure sys-
tem performance before or during the analysis of the
drugs. System suitability was checked by caculating
the capacity factor (K”), tailing factor (T), column effi-
ciency (N), thesdlectivity factor (y) and resolution (R ),
wherethe system wasfound to be suitableasshownin
TABLES.

5.33 18.67 1- 10 acceptable
1.20 1.05 <1.5-2

3.50 » 1
1444 2077 'NareEseswith
separation efficiency

The smaller the value,
the higher the efficiency

CONCLUSION

The proposed methods are efficient for providing
sengtive, accurate and reproduci ble quantitative andy-
sisfor thedetermination of PAR, ORPin bulk powder
and in pharmaceutica formulation, without any inter-
ferencefromexcipientsor PAP.

TLC- spectrodensitometric method hasthe advan-
tagesof that severad samplescan berun smultaneousy
using asmall quantity of mobile phase and provides
high sensitivity and selectivity. RP- HPLC method us-
ing micro-emulsionasmobilephaseprovidesrapid, short
andydistime, ampleand sdectivemethod. Micro-emul-

sion hasadvantage over normal mobilephasein sepa-
ration of compoundswith closesimilar structure.

Satidticd anaysiswasperformed by comparingthe
resultsof the suggested procedureswith those of manu-
facturer method. No significant differencewasobserved
regarding accuracy and precison, asshownin TABLE
6. However, the proposed methods have the advan-
tage of determining PAR and ORPin presence of PAP
using Snglemobilephaseingtead of doublemobilephase
asthe casewith themanufacturer method.

The suggested methodsprovide selective, accurate
and sensitiveand ytical proceduresfor the determina
tion of PAR and ORP in presence of PAP. They are
suitablefor routineanalysisand quality control of PAR
and ORPinitspharmaceutica formulation.
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