Optimization and validation of RP-HPLC method for the estimation of meloxicam and
paracetamol with its genotoxic impurity (p-amino phenol) in bulk and pharmaceutical drug
product using PDA detector
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ABSTRACT :

A simple, accurate, precise, reproducible RP-HPLC method has been developed for simul-
taneous estimation of meloxicam and paracetamol with its genotoxic impurity (p-amino
phenol) in bulk and combined dosage form (tablet). The method was validated in compli-
ance with ICH guidelines[1-2]. The LC separation was achieved on Lichrospher RP-18e
(250X4.6mm), 5um column at 285 nm in isocratic mode using mobile phase composition
Methanol: Phosphate buffer (80:20 v/v), pH adjusted to 2.6 by orthophsphoric acid. Flow
rate employed was 1.0 ml/min. The retention time for paracetamol, meloxicam and p-ami-
no phenol were found to be 2.28, 3.14 and 6.09 minutes respectively. Linearity ranges were
suitable for routine determination(10-120 pug/ml, 1-20 pug/ml 1-10pg/ml) of Paracetamol,
Meloxicam and p-Amino phenol with correlation coefficient of 0.9991, 0.9992 and 0.9990
respectively. The % recoveries were in the range of 99.8 +0.14 for paracetamol, 99.50+ 0.52
for meloxicam and 99.4+0.68 for p-amino phenol impurity with relative standard devia-
tion(RSD) less than 2. The LOD and LOQ were found to be 0.1692 and 0.5073 for Meloxi-
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cam, 0.2669 and 0.8007 for Paracetamol, 0.1040 and 0.3120 for p-amino phenol respec-
tively. The proposed method is successfully appplied for the quantification of paracetamol,
meloxicam and p-amino phenol impurity in bulk and formulations.
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INTRODUCTION:

Synthesis of drug substances often involves the use
of reactive reagents and hence, these reagents may be
present in the final drug substances as impurities. Such
chemically reactive impurities may have unwanted
toxicities, including genotoxicity and carcinogenicity[3-5]
and are to be controlled based on the maximum daily
dose. Paracetamol, N-(4-hydroxyphenyl) acetamide[6-8],
also known as acetaminophen, is one of the popular
non-steroidal anti-inflammatory drugs widely used for
management of pain and fever in a variety of patients
including children, pregnant women, the elderly and
those with ostheoartheritis, simple headaches and non-
inflammatory musculoskeletol conditions. Meloxicam(4-
hydroxy-2-methyl-N-(5-methyl-2- thiazoly)-2H-1,2-
benzo-thiazine -3-carboxamide- 1,1dioxide) is a potent
oxicam derivative having a favorable COX-2 (cyclo
oxygenase-2) selectivity. It exhibits anti-inflammatory,
analgesic and anti-pyretic activities, especially in various
chronic conditions, like osteoarthritis, rheumatoid
arthritis and juvenile rheumatoid arthritis [9,10].
p-aminophenol is a degradation product of paracetamol
or it may be originated from the synthesis; it is reported
to have significant nephrotoxic and teratogenic effects[11],
therefore its amount should be strictly controlled. It is
limited to a low level of 0.005% in the drug substance by
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the European and British Pharmacopoeias.[12,13]. Various
methods were used for determination of paracetamol
either alone or in combination with other drugs[14]. Under
the conditions of high temperature and pH, paracetamol
undergoes hydrolysis forming p-Aminophenol[15,16]
Paracetamol and meloxicam are frequently associated in
pharmaceutical oral formulations. These active compounds
have different polarity and, therefore chromatographic
method development is cumbersome and is further
complicated by the presence of impurities such as
p-Aminophenol related to Paracetamol. The dosage forms
also contain excipients, some of which may interfere with
the analysis of the active ingredients. No single method is
reported to determine the active ingredients quantitatively
in this combination with a check on p-amino phenol
(genotoxic impurity) in formulation

Thus here we have developed an optimal chromatographic
condition for the separation and estimation of the
Meloxicam and Paracetamol with p-Amino phenol
(genotoxic impurity) in formulation.

Experimental

Instrumentation

The LC system consisted of an Waters 600E Controller
HPLC system equipped with degasser and coupled to a
diode-array detector PDA 2998. The system connected to
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software Empower 2 for controlling the instrumentation profile of the method was done.

and processing the data to generate the result. The injection
volume was set to 20 pl and the separation was carried out
on an Lichrosphere RP-18 e (250X4.6mm) with particle
size of 5um. The column temperature was kept constant
through a temperature controlled oven.

Chemicals and Reagents

Meloxicam was received as gift samples from Cipla
Pharmaceutical Pvt. Ltd. Indore. Paracetamol was received
as gift samples from Ipca Laboratories Pvt. Ltd. Ratlam
(M.P.) p-amino phenol was purchased from Sigma Aldrich.
HPLC grade Methanol, water and acetic acid were
purchased from Merck, India, Potassium di hydrogen
phosphate (KH,PO,) and acetic acid were purchased from
Sigma Aldrich labs. The pharmaceutical dosage form used
in the study was Melodol, Aristo Pharmaceutical Pvt.
Ltd, tablet containing 325 mg paracetamol and 7.5 mg
meloxicam was purchased from local drug market.
Preparation of stock solutions

10 mg of paracetamol was taken in 10 ml volumetric flask.
This was dissolved in the mixture of methanol and buffer
(65:35) and diluted up to the mark to get a concentration
of 1000 pg/ml of paracetamol. Similarly stock solutions of
1000 ug/ml of each meloxicam and p-amino phenol were
prepared in 10 ml volumetric flask using methanol and
buffer.

Preparation of Buffer Solution

20 mM potassium di hydrogen phosphate (KH,PO,) buffer
solution was prepared in HPLC grade water and pH of
buffer solution was adjusted to various pH range with
HPLC grade acetic acid solution. The solution is finally
filtered through 0.45 pm whatmann filter paper.

Result and discussion

Optimization of Chromatographic Conditions

During preliminary investigations of chromatographic
behaviour of meloxicam, paracetamol and p-amino
phenol, the influence of mobile phase composition (% of
methanol, buffer and pH) was investigated. Retention time,
capacity factor and resolution were chosen as dependent
variable. Mobile phase (methanol:buffer) solution in 2
different volume ratio of 60:40 and 80:20 were used at P
2.8, 4 and 6.8. The flow rate was used at 1.0 ml/min and the
column temperature was maintained at 30+5 C. The total
chromatographic run time is 10 minutes with an additional
10 minutes of column re-equilibration time between each
injection. The solution samples were analyzed using a
photo-diode array (PDA) detector covering the range of
200-400 nm Because of similar structure of paracetamol
and p-Aminophenol (process-related impurity) and
similar retention behaviour, capacity factor for those two
substances was very poor as well as separation.

The retention and separation of these compounds under
the mobile phase ratio of 60:40 at different P was not
achieved therefore the pH and ionic strength changes of
the mobile phase should not have any significant impact
on separation of the compounds. At mobile phase ratio of
80:20 and P* of 2.8 all three compounds showed separation
hence, the method development was focused on this
condition. Optimization of the compositions of mobile
phases, investigating the impact of flow rates, and fine-
tuning of the P to obtain the final and optimum elution

22

Condition -1

Condition -1b

.00

. (i

.00

a
000

0004

et

B =

= T L LI B B [ e e e
[i17] 100 200 ]

Condition -2a

0.005

0.005

0.004
E

0.003

0.002

0.001

[

T
i b

Condition-2b

©Asian Journal of Biomedical and Pharmaceutical Sciences, 2016.

™
1060



0.030-

0,025

0,02

0.0

00

0,005

Condition-3a

Condition-3b

Soni L. K. and Jain Sanjay .: Asian Journal of Biomedical and Pharmaceutical Sciences, 6(53), 2016, 21-26.

oho vhe | zbo | 360 10 T 'n;'- '"'-.'-'-;\' T abo | who | 1000
Table 1: Preliminary investigation of condition at different P* and solvent ratio
Condition pH Methanol: RT K Prime USP Resolution
Buffer Ratio
la 6.8 60:40 Peakl (Paracetamol) 2.284 1.283582 -
Peak 2 (Meloxicam) - - -
Peak3(p-amino phenol) - - -
1b 6.8 80:20 Peak1 (Paracetamol) 2.049 1.049406 -
Peak 2 (Meloxicam) - - -
Peak 3(p-amino phenol)
2a 4 60:40 Peakl (Paracetamol) 2.306 1.307990 -
Peak 2 (Meloxicam) 3.402 1.049406 2.173935
Peak 3(p-amino phenol) - - -
2b 4 80:20 Peakl (Paracetamol) 2.290 1.207290 -
Peak 2 (Meloxicam) 2.980 2.312720 1.712892
Peak3 (p-amino phenol) - - -
3a 2.8 60:40 Peakl (Paracetamol) 2.844 1.844365 -
Peak 2 (Meloxicam) 4.077 3.077153 1.733685
Peak3 (p-amino phenol) - - -
3b 2.8 80:20 Peakl (Paracetamol) 2.848 1.285406
Peak 2 (Meloxicam) 4.300 2.144909 2.040190
Peak3 (p-amino phenol) 5.360 5.098032 4.599652
Optimization of condition for meloxicam , paracetamol and p-amino phenol impurity
Canditinn_1
0.bo "1 bo zhbo” T Taba” T 7 Tabe” T ’\;s.ba' "7 ebo” U7 7he” T 7 sbo T T Tsho” T 7 inlon
Feak MName HT Area % Area | Height | USP FAate Count | Symmetry Factor | USSP Tailing
1 | Paakl 1.976 | 486371 TFA4.23 | 20674 419.48 1.71 1.71
2 | Peak2 2068 a1780 12.48 A537 584.27 1.08 1.08
3 | Peak3 4.3a1 arvoo1 13.20 3016 503.94 1.02 1.02
USSP Resolution K Frime ‘ ‘ USP Resolution | K Prime |
1 0.976356 =] 2201498 | 3.300866 |
2 2185441 | 1.966250
Flow rate pH Mobile phase Remark
1.2 ml/min. 3 Methanol : buffer ( 70:30 ) k-prime are less than 1.0

© Asian Journal of Biomedical and Pharmaceutical Sciences, 2016.

23



Soni L. K. and Jain Sanjay .: Asian Journal of Biomedical and Pharmaceutical Sciences, 6(53), 2016, 21-26.

Condition-2

10 o0

0.035—5
a.Dza—E
= o 020—; §
o.015] >
] = 2
o.o10+ - =
0. E P ~ 5
OO0 1 bD =z bO =3 bD A.bo s.bo L= bO T.bo B.hﬂ ghﬂ
Minutes
Peak Narme =38 Area 26 Area | Height | USP FAlate Count | Syrmmetry Factor | USP Tailing | K Frime
1 | Peak1 2 857 | 752530 65 42 | 3s202 4G5 02 = 1.72 | 1.856643
2 | Peak= a4 360 | 132022 11.56 EEE] 238 65 3. 3603539
a | Peaka 5099 | Z2easEy 2302 Qo DB B85 A 099085
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1 | Paak 2z 350 | aaz0oza 7361 | 22o04q aos. 70 1.69 1.69
=2 | Peak2 3 508 BEO630 13 45 A5 SE0. 2 A_10 110
2| Peak3 o441 F1850 11.99 2237 GG 0 1.0 .01
USSP Resolution | K Prime [ [usP Rescwution | K Primes |
1 1.3s8684a3 | = | 2 FIE310 | A4 A40701 |
= Z2. 219273 | 2508220
Flow rate pH Mobile phase Remark
1.2 ml/min. 2.8 Methanol: buffer ( 70:30 ) All parameter lies in limits
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Flow rate pH Mobile phase Remark
1 ml/min. 2.8 Methanol : buffer ( 80:20 ) Resolution are less than 2.0
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Flow rate pH Mobile phase Remark
1 ml/mln 2.6 MeoH / buffer ( 8020) AH parameters heS n llmltS

Optimization of method at 6 different conditions involving change in flow rate and P were screened for capacity factor,
USP resolution, symmetry factor. Condition involving mobile phase ratio (80:20), P" 2.6 and flow rate of 1ml/min gave
most favorable result and all parameters were found in limit.

Table 2: Optimized condition for Estimation of Paracetamol, Meloxicam and p-Amino phenol

S. no. Parameter Specification

1 Column ODS-C18

2 Particle size 5 um

3 Detector PDA

4 Wavelength 285 nm

5 Mobile phase MeOH:Phosphate bufter(80:20)
6 P, 2.6

7 Flow rate 1ml/min.

The method was validated in compliance with ICH guidelines. Summary of validation parameter is shown in table.
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Table 3: Summary of validation parameter

Sr. Parameter Results
1 Specificity Shows no interference of excipients peaks with analyte peaks.
2 Linearity range Meloxicam Paracetamol P-Amino phenol
1-20- pg/ml 10-100 pg/ml 1-10. pg/ml
3 Accuracy 99.8 £0.14 99.50+ .52 99.4+0.68
(% recovery)
4 Precision Intraday 99.05+0.48 98.52+0.58 98.32+0.78
101+0.58 99.24+0.78 98.32+0.48
(RSD) Inter-day
o 100.04+0.08 99.42+0.36 99.62+0.24
Repeatability
Tablet analysis

Contents of paracetamol, meloxicam and spiked p-amino phenol in tablet formulation were analyzed by the proposed
method.
The low value of RSD indicate the method is precise and accurate.

Table 4: Result of marketed tablet analysis.

Paramters Paracetamol Meloxicam p-amino phenol
% Estimated 99.24 99.08 99.34
Standard deviation 0.74 1.032 0.58
CONCLUSION

Proposed method is a convenient and efficient method for simultaneous determination of Meloxicam, Paracetamol and
p-Aminophenol. The developed method does not require using gradient or any procedure of extraction and provides
determination (qualitative and quantitative) low levels of the p-Aminophenol in both paracetamol drug substance and
dosage forms. The results obtained in this study support that the proposed HPLC method is sufficiently precise, rapid and
sensitive to be used for routine analyses.

REFERENCES

1.  International Conference on Harmonization (2000) Draft Revised Guidance On Impurities In New Drug Substances. Federal Register
Q3A(R) 65 (140): 45085.

2. International Conference on Harmonization (2000) Draft Revised Guidance On Impurities In New Drug Products. Federal Register Q3B(R)
65 (139): 44791.

3. Teasdale A., Elder D., Chang S J,Wang S, Thompson R, Risk Assessment of Genotoxic Impurities in New Chemical Entities. Process Res. Dev.
2013, 1171, 212-230

4. McGovern T, Jacobson-Kram D., Regulation of genotoxic and carcinogenic impurities in drug substances and products Trends in Analytical
Chemistry,2006 Vol. 25 No. 8,

5. Robinson D. I, Control of Genotoxic Impurities in Active Pharmaceutical Ingredients: A Review and Perspective, Organic Process Research
& Development 2010, 14, 946-959

6.  Indian Pharmacopoeia, vol. I, The Controller of Publications, New Delhi, 1996, pp. 387, 554.

7. British Pharmacopoeia, General Medical Council Pharmaceuticals Press, London, vol. I, 1993, pp. 349, 483.

8. United States Pharmacopoeia, United States Pharmacopoeia Convention Inc., vol. 16, 1995, pp. 364, 785.

9.  Lemke LT, Williams AD, In: Foye’s principles of medicinal chemistry. Lippincot William & wilkin, New York, 2008, 981-983.

10. Noble S, Balfour JA. Meloxicam. Drugs, 1996; 51(3): 424-431.

11. European Pharmacopoeia, 3rd Ed., Council of Europe, Strasbourg 1999, 748-749

12.  British Pharmacopoeia, Volume II, HMSO, London 1993, 483-484

13.  Dewani A.P, Dabhade S.M., Bakal R.L., Gadewar C.K., Chandewar A.V., Patra S., Development and validation of a novel RP-HPLC method for
simultaneous determination of paracetamol, phenylephrine hydrochloride, caffeine, cetirizine and nimesulide in tablet formulation,Arabian
Journal of Chemistry,2013

14.  SinghS., Junwal M., Modhe G., Tiwari H.,Kurmi M., Parashar N., Forced degradation studies to assess the stability of drugs and products,Trends
in Analytical chemistry, 2013, 49 ,71-88

15. Blessy M, Patel R., Prajapati P. N., Agrawal Y. K., Development of forced degradation and stability indicating studies of drugs, Journal of
Pharmaceutical Analysis, 2014, 4(3), 159-165

16. Shao Y., Alluri R., Mummert M., Koetter U,, Lech S., A stability-indicating HPLC method for the determination of glucosamine in
pharmaceutical formulations, Journal of Pharmaceutical and Biomedical Analysis,20004,35 , 625-631

26 © Asian Journal of Biomedical and Pharmaceutical Sciences, 2016.



