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ABSTRACT

In the present study UV-Spectrophotometry and RBE&methods were validated for the simultaneous yamslof
acetaminophen in marketed tablets. The methods vedidated in terms of linearity, sensitivity (Detien limit and
Quantification limit) accuracy (% Recovery), praois (inter day, intraday and reproducibility). Bothe methods
were linear (f= 0.9993 for UV method and 0.9995 for HPLC) andwurate (% recovery was 99.48 % - 101.42 %
for UV method and 101.85 % - 102.35 % for HPLC mé}hThe detection limit and quantification limiexe 0.192
pg/ml and 0.640 pg/ml for UV method and 0.0155 jughd 0.0518 pg/ml. The method was also found pee@io
RSD < 5%) and robust. Assay of five marketed brarigsmracetamol were determined by both the methadsno
statistically significant difference was noticedivween the assay obtained from UV-Spectrophotonaeid/ RP-
HPLC methods by paired t - test at 5 % significalesel. The results obtained from the mean pergentmalysis
of paracetamol tablets (%) containing 500 mg oftagenophen shows that the mean percentage detedniine
three replicate analyses is more than the claimewbant by the manufacturers. The two methods weredfto be
linear, quantitative, reproducible and could be dises a more convenient, efficient and economicahaakfor the
trace analysis of drug in raw material, tablets a@ndiological fluids.

Keywords. Paracetamol, Acetaminophen, Tablets, Reverse pHage Performance Liquid Chromatography,
Validation studies, Spectrophotometry, South WegeNa

INTRODUCTION

Paracetamol is chemically 4-hydroxy acetanilideislta weak inhibitor of peripheral cyclooxygenagd dts
analgesic effects may arise from inhibition of paggandin synthesis in the central nervous systém.antipyretic
effects of paracetamol are due to its action atdtel of the hypothalamus to reduce pyrogen-itétiaalterations in
body temperature by inhibiting prostaglandin sysitg¢21] [11]. While generally safe for use ateeammended
dose, toxicity of paracetamol is the foremost caobeacute gastro intestinal problems [20]. Paraunetais
considered to be the inhibitor of cyclooxygenas®Xg, and recent findings suggest that it is higbdyective for
COX-2. While it has analgesic and antipyretic prtipg comparable to those of aspirin or other NS&IRs
peripheral anti-inflammatory activity is usuallyrlited by several factors, one of which is high lesfeperoxides
present in inflammatory lesions [24]. It could bensidered as one in Non-Steroidal Anti Inflammat@mugs
(NSAID). When taken at recommended doses it hasxaellent safety profile [16]. It is available different
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dosage forms: tablet, capsules, drops, elixirspesusions and suppositories [23]. The drug is afion different
pharmacopoeia [25], [3].

Many methods for its determination have been deedrin literature, including chromatography (RPRLK) [12],
[6], [19], [22], chemometric-assisted spectrophottiic [26], spectroscopy [9], [13], [18], Spectrapbmetry [2],
titrimetry [14] and electrochemistry [1]. In theastlard method, paracetamol is determined titriestyi with Ce
(IV) in acidic medium, using ferroin as indicatdrhe titration is performed in cold conditions anenbe the
estimation takes long time with limited accuracy. [Bhus, this method is what is commonly used bystrad the
pharmaceutical company in Nigeria and this mettotedious, troublesome, time wasting and not ewearate
though it might be economical. Hence a quicker acwlrate method is needed.

Thus, in the present study, the method of quavé@atetermination of paracetamol using UV Spectatpinetry is
based on Griess reaction. Diazotization of aronmetime and coupling the product with phenols oneatic amines
is a famous Griess reaction which has been extelysivsed to estimate nitrate in water, soil, velgielts meat
products etc [7]. Surprisingly very little work héagen done to estimate paracetamol using GriessioraThe
following Griess reaction mechanism is assumecktéolbowed during the present study.

Step 1
H*, _ H'H0
" Reflux
NHCOCH;,
Paracetamol P-ammophenol
Step 2
OH OH
© NaNO,/HCI ©
NH; NNCI
P-aminophenol Diazonium salt

Step 3: Resorcinol as coupling agent

+
HO
OH
NNCI N=N OH

Diazonium salt Resorcinol Azo dye

Figl: Reaction of Paracetamol with resorcinol

Also, the studied HPLC method has some advantage wbmpared to other HPLC method mentioned abaxat, F
the extraction procedure is simple and involvesyanie step. Other advantages are using a commengrsed
phase chromatographic column, simple compositioaroisocratic mobile phase and UV absorbance measutt

for detection. The proposed method is simple andsdnot involve laborious and time consuming sample
preparation.
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In this study, we have validated UV spectroscopathud, we also validated RP-HPLC method by usingpks
solvent and compare these two methods by pairestt The proposed methods were validated for thanpeters
like linearity, accuracy and precision as per |Qktglines [8].

EXPERIMENTAL SECTION

Chemicals and reagents

Acetaminophen reference standard and Sulphametblexagernal standard were obtained from Sigma erigh
(Milan, Italy), methanol (HPLC grade), orthophospbaacid, sodium nitrite, ammonium sulphamate, reisol,
Sodium Hydroxide and Hydrochloric acid were allaibed from Merck Ltd (Darmstadt, Germany). All reats are
of high analytical grade. Deionized, double distlliwater was used for all solutions and mobile pt@eparation.
Marketed paracetamol tablets containing acetamieogB00 mg) were purchased from local drug storesacthe
south west zone of Nigeria after checking their ofacturing licence number, batch number, productind expiry
date which was then labeled as shown in Table 1.

Table 1: Sample Labeling by L ocation

Location Sample code

Lagos PT-1
Lagos PT-2
Oyo PT-3
Kware PT-4
Ogun PT-5

Validation of HPL C method

Equipment

An isocratic HPLC (“CECIL ADEPT SYDTEM 42007) withump , UV/VIS-1000 was used. The analytical column
(C1g) was stainless column (150 cm x 4.6 mnund particle size) packed with reversed-phase “Hyp&wsld” aQ,

a manual injector with a 2@ loop was used for the injection of sample solutamd the mobile phase.

Preparation of standard solutions

Stock solutions of acetaminophen (20 mg/100ml) weepared in methanol. A stock solution of intersiaindard
Sulphamethoxazole (40 mg/100ml) was also prepareddthanol. The two solutions were filtered throagh.45
pm membrane following sonication for about 30 sesdpefore use [22].

Preparation of mobile phase and Chromatographic conditions

The mobile phase was prepared by adding 330 mledthamol to 660 ml of the dimineralized water. Tiegf this
mixture was adjusted to pH of 3.0 with 20 % v/vhogthosphoric acid. The mobile phase was filtereduth a
Millipore 0.45 pm membrane and the degassed. IHo@ktion was applied at ambient temperature afidw rate
of 1.00 ml/mins and the pressure range from 21-P2a.nThe detector was set to the wavelength of 280 n

Calibration curve

Accurately pipette volumes of 0.5, 0.75, 1.0, 1&% 1.5 ml of the acetaminophen stock was placetiOml
volumetric flasks and 1 ml of the internal standsietk solution was added to each flask. Follovtivegaddition of
mobile phase to volume, these solutions were éttethrough a 0.45 um membrane before use. 20 |gholf
solution were injected into the column. The fivencentrations of the compound were subjected toessipn
analysis and the slope and intercept were calallate

Assay of Paracetamol Tablets (Samples)

The average weight per tablet was calculated floamateight of 20 tablets. Quantities of the finebyyglered tablets
equivalent to 50 mg (0.05 g) paracetamol were atelyrweighed into a 100 ml flask, and dissolvethwmethanol.
The solution was sonicated for about 30 secondsameyht to volume with methanol, 0.65 ml of thidution was
transferred to a 10 ml volumetric flask, 1ml of th&ernal standard stock solution was added anadhéents were
diluted to volume with mobile phase. The soluti@0 (1l) was chromatographed as described beforecthtents
of acetaminophen were calculated from linear resjoesequation of the calibration curve.
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Validation of UV method

Equipment

A JENWAY- SPEC/6400, 520 x330 x 180 mm :Rs 232 oytand width of 5 nm Scanning Visible
Spectrophotometer with recording unit and matchetdg1 cm. glass or quartz cuvettes was usedefwrding the
spectra.

All the weighing measurements were made by a Shim#dJX-220 model digital electronic balance.

Preparation of Standard Stock Solution

Accurately 250 mg of pure authentic sample (stat)def paracetamol was weighed out and then refluxigl 20
ml of 4 M Hcl with 30 ml of distilled deionised wext for about 30 minutes to prepare a standardisaluThe
content was appropriately diluted and requiredualig were taken for preparation of calibration eurv

Calibration Curve

Accurately pipetted volumes of 2 ml, 4 ml, 6 min8and 10 ml respectively of the acetaminophenksteere taken
in 25 ml volumetric flasks. To this aliquot, 0.6 ofl4 M Hcl and 1 ml of 0.1 % w/v solution of sodiwnitrite were
added for diazotization. 1 ml of 0.5 % w/v solutiohammonium sulphamate was added after 3 minoteestroy
excess nitrous acid and then left for 2 minutesenTH.5 ml of 0.55 w/v solution of resorcinol inM! sodium
hydroxide was added as coupling agent. The abscebaiithis azo dye was measured at 505 nm [5].

Assay of Paracetamol Tablets (Samples)

Ten tablets of paracetamol of each pharmaceutical dinder study were weighed and ground to a fioeder.
From this, a sample of 250 mg of paracetamol wagtveel out and exactly same process for hydrolysisa@lour
development was carried out as was carried oustbordard. Absorbance was measured at appropriatelength
and paracetamol was estimated from calibrationecurv

Statistical Analysis
The values were expressed as mean = SEM (Standaod KMeasure). The Pearson values (p < 0.05) were
considered significant using Statistical PackageSfucial Sciences (SPSS) version 18.

Validation Procedure

The study was conducted to obtain an affordable emavenient method for HPLC and Spectrophotometry
determination of acetaminophen in marketed tablétse experiment carried out according to the ddfici
specifications of Global Quality Guidelines -2002]1and international conference on harmonizatioh e
methods validated for the parameters like systeitatslity, specificity, range and linearity, sengity (LOD and
LOQ) accuracy and precision.

Accuracy

Accuracy was confirmed by recovery study as per I@iins at three different concentration levels 75190 %,

125 % by replicate analysis (n = 3). Here to a pagsed sample solution, standard drug solutiong wdded and
then percentage of drug content was calculated rahdt of accuracy study was reported in Tablg dnd 6. From
the recovery study it is clear that the methodcisuaate for quantitative estimation of paracetamdhblet dosage
form as the statistical parameters are within tteeptance range (RSD < 5.0).

Precision

The precision of the method evaluated by determitie intra-day and inter-day CV percentage ofrttreasured
concentrations of acetaminophen using the two igqdes. The reproducibility (intra-day precision)dan
repeatability of system (inter-day precision) chextby injecting the different concentrations ohst@rd solution on
the same day and different days respectively utiteisame experimental conditions, which shows gnicant
variation (Tables 4).

Robustness
Analytical methods is generally known as robugteifcent recovery is within 98-102 %
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Linearity

Linearity of the methods was determined by consimgccalibration curves from the absorbance of daad
solutions of acetaminophen and chromatogram ofdstahsolutions of acetaminophen plus internal stechcht
different concentrations level. The linearity iepented in Table 2 and 3 and Figure 2 and 3 regphct

Table 2: Resultsof Regression Analysis, Linearity and Sensitivity from the Absor bance of Standard Solution

Concentration  Absorbance I . LOD LOQ
Compound (ug/mi) Reading + SD Calibration Line t (ug/ml)  (ug/mi)
Acetaminophen 2 0.348 £ 0.142 y=0.1579x + 0.017%9993 0.192 0.640
4 0.626 + 0.052
6 0.967 +1.024
8 1.279 +0.921
10 1.582 +1.142

* Data represents 5 replicate analysis of standaidtimns. * SD is standard deviation *y=mx+c; wheyeabsorbance, m=slope, x =
concentration (ug/ml) and ¢ = interceptr regression coefficient

Table 3: Results of Regression Analysisfrom the Chromatogram of Standard Solutions

Compound Concentration  AD/A; Calibration r? LOD LOQ
(png/ml) +SD Line (pg/ml)  (pg/ml)
Acetaminophen 10 0.298 +0.004 y=0.0263x +0.030L9995 0.0155 0.0518
15 0.440 + 0.007
20 0.564 +0.013
25 0.702 £ 0.012
30 0.825 +0.010
*Data represents 5 replicate injections of standaddutions. AD/A......... is the ratio of the integrated area or heigtthe drug peak at a given

concentration divided by the integrated area omgheiof internal standard (Sulphamethoxazole) peak@spective concentration. * SD is
standard deviation,*y=mx-+c; where y=peak area ratin=slope=concentration (ng/ml) and c=interceptregression coefficient

1 -
=
s 08 - y =0.026x + 0.039
=)
<
S 0.6 -
-
P
= 04 -
e
< 4
> 0.2
3
& 0 T T T 1
0 10 20 30 40
Concentration (ug/ml)

Fig 2: Standard calibration curve obtained from chromatogram of standard solutionsusing RP-HPLC
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Fig 3: Standard calibration curve obtained from absorbance of standard solutions using UV-visible Spectrophotometry

System suitability

This test was performed by collection of data froeplicated injection of standard or resolution ol
(acetaminophen plus Sulphamethoxazole) given irleT@bThe relative standard deviation of the retentimes
and of the peak areas of acetaminophen from theaigecutive injections of the resolution were eatdd. The
mean theoretical plate count for acetaminophen thedresolution between the acetaminophen and tieenid
standard was also evaluated.

2
Theoretical platesi) = 5.54( R ) .................................................. (1)

Why2

Where
tR = the retention time of the marker peak in tleendard solution or analyte peak in the test satutio
W, .= the peak width at half-height of the marker peathe standard solution or analyte peak in thedelsition.

Resolution (R) = % ............................................................. 2)

Where

try andtR2 = the retention times of two adjacent peaks 123mdspectively,
W1 andW2 = the widths of two adjacent peaks 1 and 2, ifdy.

Tailing factorT = % .................................................................. (3)
1

Where

Wo.om = the peak width at 0.05 of the peak height,

d; = the distance between the perpendicular lineipgdbrough the peak maximum and the leading edgbe
peak at 0.05 of the peak height.

Sensitivity

The detection limit (DL) and quantification limiQL) were calculated from the calibration lines tlusfined
linearity, using the Long and winefordner criter{d®] as expressed in Egs. (1) and (2).

DL = 2 e, ()

a

10 XS

QL = 200 s (5)
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Wherea is the slope of the calibration line and S is ¢stendard deviation of response. The results ok#mee are
shown in Table 2 and 3.

Selectivity

Selectivity was the critical basis for analyticalbgedure. Chromatographic method was determinednture
separation of active (acetaminophen) from intestahdard in the presence of excipients used indtation figure
3 and 4.

Comparison of the analytical methods

A comparison procedure was carried out to find ificant differences among the mean values obtairsdg the
two techniques. The least significant differenc teas employed to determine differences among snata 5 %
significance level. More over paired t-test wasoalised to compare HPLC and Spectrophotometry igobs: A
comparative study was also carried out in termiinefarity from the calibration lines with their pctiver? value,
sensitivity by DL and QL, precision through theatele standard deviation values and accuracy throegovery.

RESULTSAND DISCUSSION

Validation of the methods
The two proposed methods were validated through lihearity, sensitivity, precision and accuracy.

Linearity and range

Absorbance responses of standard acetaminophensigeiécantly linear from 2 pg/ml — 10 pg/ml acdorg to
the determination coefficient3jrshown in Table 2. In addition, the residuals mmedomly distributed around the
line (Figure 2). Therefore the regression modetagpnts the data correctly for the UV method. Thera good
relationship between the concentration of standaefaminophen and the peak area obtained throtff®tPLC
method, C18 column with phase of methanol and wdt®) adjusted to pH 3.0 using orthophosphorid as a
mobile phase (Table 3). The coefficient of detemtion (7) (figure 3) was higher (0.9995) with percentage
coefficient of 99.5 % when compared with UV meth@h the other hand, similar slopes of the calibratines
were observed between the two methods used i.sitisenenough to detect the smallest analyte canaton.
However, slope was lower in HPLC method. The consege of these is that the HPLC method will be more
sensitive.

Table 4: Precision resultsof the UV method and RP-HPLC

Acetaminophen  Validation Parameters UV method REHethod

Accuracy % Recovery £+ SD 99.48-101.42+0.81-2.20 .89102.35+0.13-1.74
Repeatability + SD 0.96 0.55
Ruggedness + SD 0.99 0.77

Precision Reproducibility Lab -I 0.96 1.35
Reproducibility Lab -1 1.27

Detection (DL) and quantification (QL) limits

DL can be defined as the minimum concentration lokgpaf giving a chromatographic/absorbance sigmae times
higher than background noise. The QL is the loveesbunt of analyte in the sample which can be qteeveiy
determined with precision and accuracy. In addjtthe sensitivity of any analytical instrument iscarelated to the
limit of detection because high sensitivity ofteiveg a low limit of detection. The DL and QL obteth for
acetaminophen were 0.0155 pg/ml and 0.0518 pg/miRLC while 0.192 pg/ml and 0.640 pg/ml for UV imed
respectively.

The DL and QL values achieved through the HPLC woubtivere lower, thus they can be considered sensible
enough for the analysis of acetaminophen. Althdaggh methods were sensitive enough.

Precision

The precision of the method evaluated by determitire intra-day and interday relative standard atéui of the
measured concentrations of acetaminopohen stantlaedreproducibility (intra-day precision) and ratability of

system (inter-day precision) checked by injecting different concentrations of standard solutiorttensame day
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and different days respectively. All RSD obtainedrev satisfactory as they were less than 5 %. Thestwo
methods may be considered precise for acetaminogétenmination (Table 4).

Table5: Accuracy i.e. recovery data of standard concentration solution of acetaminophen using UV method

Amount Spiked Found % % Meari RSD
(o) (ug/ml)  Recover recovern (%)
75 74.60 99.47 99.48
74.00 98.67 0.81
75.22 100.29

100 103.30 103.30 101.42
98.96 98.96 2.20
102.00 102.00

125 124.42 99.54 100.21
123.78 99.02 1.62

127.58 102.06
*RSD is relative standard deviation, a is n=3

Table 6: Accuracy i.e. recovery data of standard concentration solution of acetaminophen using RP-HPL C method

Amount Spiked  Found % % Meari RSD
(ng) (ng/ml)  Recovery recovery (%)
75 77.60 103.47 102.35
77.46 103.28 1.74
75.22 100.29

100 102.25 102.25 102.15
102.20 102.20 0.13
102.00 102.00

125 127.60 102.08 101.85
126.78 101.42 0.37

127.58 102.064
*RSD is relative standard deviation, a is n=3

Absolute recovery
The accuracy of an analytical method was givenheyextent by which the value obtained deviates ftioentrue

value. In biological samples, the recovery shoddtll0 % and the acceptance criterion for recodatg is 98-102
% or 95 %-105 % for drug preparation [17]. Thus thean absolute recovery of the methods at 75Q@ugy and
125 ug respectively for both methods were showraible 5 and Table 6 respectively. Thus it can belcaled that
both methods showed good recovery and therefodet@die accurate.

System suitability

This test was performed by collection of data frmplicated injection of standard solutions (acetaophen plus
sulphamethoxazole) given in Table 7. The relattemdard deviation of the retention times and offibak areas of
acetaminophen from the six consecutive injectiohthe resolution were 0.183 % and 0.478 % respelgtivi he
mean theoretical plates count based on the forinulae equation 1 for acetaminophen peak was 1830&nd the
resolution between acetaminophen and Sulphametblexaas 29.277 respectively.

Table 7: Results of System Suitability Study of RP-HPL C Method

Acetaminophen (50 pg/ml) %

Parameters Relative Standard Deviation RSD

Average + SD
Retention Tim 44,53 + 0.081 0.18:
Area 1114.202 +5.328 0.478
Theoretical Plates 1220.783 + 4.476 0.367
Tailing Factor 1.1245 + 0.00242 0.216
Resolution 29.27667 + 0.0758 0.258

Selectivity and specificity

The selectivity of the method determined by congmariof chromatograms obtained from standard coretéo of
acetaminophen in mobile phase and chromatogranarapkes in mobile phase (Figure 3 and Figure 4).0Adg
separation between acetaminophen and Sulphametiiexazhieved by use of the chromatographic congition
the other hand no additional peaks other than dnege found within 1 minutes run time. Excipienig dot change
the retention time or interfere the analysis resi8b the method is highly selective and specifmugh.
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Table8: Comparison of the mean results between HPL C and UV- Spec.

Analyte ~ abelClaimed op b o Method + RSD  UV-Spec. Method + RSD  Paireabt  Sig. (2-tailed)

Brand (mg per tablet)

PT-1 518.59 + 0.41 520.55 £ 0.53 1.13 0.377
PT-2  Acetaminophen 500 mg 518.75+1.48 521.6BF 1. 1.81 0.212
PT-3 537.45 £ 0.52 534.74 +0.81 0.69 0.559
PT-4 624.35 +0.29 633.18 + 0.67 2.58 0.123
PT-5 537.55+0.4 537.96 + 0.5 0.1¢ 0.92¢

At the 0.05 level, the means obtained from thetéwbniques are not significantly different P>0.@5téiled)

Signal (mv]
~

00:00 00:48 01:38 0224 0312 04:00

Time [mm:ss]

Figure 3: Chromatogram of acetaminophen with internal standard from standard solution in mobile phase
N 2

288

223 { ‘
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s —— \J L_/ | -

g
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Fig 4: Chromatogram of acetaminophen with internal standard from placebo formulation in mobile phase
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Fig 5: Spectrum of acetaminophen showing the peak absorbance at 500 nm
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Assay of acetaminophen tablets 500 mg

The two methods applied for the determination @taminophen content in marketed formulation (t&b0 mg).
The assay results showed that the two methods wensitive and specific for the quantitative analysf
acetaminophen in raw material and also in dosage (dable 8).

Comparison of the methods

The results obtained from the assay determinatjobb method and RP-HPLC method was compared byegdir
Test at 0.05 significance level (Table 8). The Rwwavas greater than the significance level, iriligathat there
was no statically significant difference betweea tlvo methods.

CONCLUSION

From this validation study we can conclude that degeloped UV and RP-HPLC methods are accuratéd,rap
precise, reproducible and inexpensive with accéptatrrelation co-efficient, RSD (%) and standagdidtion. Any
one of the methods can be used for simultaneowsrdetation of acetaminophen in pharmaceutical dogagn.
Simplicity of sample preparation and use of lowtegesgents are the additional benefit of this met#dthough the
UV method can be routinely used in pharmaceutighbtatory because it is very cheap and the eamiesilso
require lesser techniques to operate, but therbbability was achieved by RP-HPLC method, tholigis not as
cheap as UV method (cost of analysis). So theedfoth methods can be used in the quality congpadment for
assay study. On the other hand all the tested braredfound equivalent in respected of assay détation.
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