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Abstract: Aceclofenac is a phenylacetic acid derivative with potent analgesic and anti-inflammatory
properties and an improved gastro-intestinal tolerance. In the present study, a reversed-phase HPLC
method was developed for analysis of aceclofenac and applied for detection and quantification of
aceclofenac specified impurity-B (methyl[2-[(2, 6-dichlorophenyl)amino]phenyl]acetate) with UV
detection in bulk drug. Aceclofenac and its impurity were separated using an acetonitrile-phosphate
buffer (60:40) isocratic method with a flow rate of 1 mL/min and UV detection at 275 nm. The
retention times for aceclofenac and its impurity were 3.0 min and 13.04 min respectively. The method
was validated as per ICH guidelines. The calibration was linear over the range of 1-25 mcg/mL for
aceclofenac and 1-20 mcg/mL for Aceclofenac impurity-B. The method showed excellent sensitivity
(detection limit of 10 ng/mL) with good precision and accuracy. This sensitive and selective method
can be used for detection and quantification of aceclofenac impurity-B in aceclofenac bulk drug in
order to control and regulate process related impurity.
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Introduction

Aceclofenac [(2, 6-dichlorophenylamino) phenyl]acectoxyacetic acid is a phenyl acetic acid
derivative that shows analgesic properties and good tolerability profile in a variety of painful
conditions'™. Aceclofenac inhibits the cyclooxygenase enzyme and thus exerts its anti-
inflammatory activity by inhibition of prostaglandin synthesis. It is used in the treatment of
rheumatic disorders and soft tissue injuries. The European pharmacopoeia supplement 2000
and the British pharmacopoeia reported HPLC methods for the determination of aceclofenac
in presence of diclofenac'”.
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Figure 1. Aceclofenac: [(2, 6-dichloro- Figure 2. Aceclofenac impurity-B (methyl
phenylamino)phenyl]acectoxyacetic acid [2-[(2, 6-dichlorophenyl)amino]phenyl]acetate)
The safety of a drug product is dependent not only on the toxicological properties of the
active drug substance, but also on the toxicological properties of its impurities*. Thus, there is an
ever-increasing interest in impurities present in APIs. The different Pharmacopoeias, such as the
European Pharmacopoeia (Ph.Eur.), United States Pharmacopeia (USP) and International
Pharmacopoeia (Ph.Int.) are incorporating specification limits to acceptable levels of
impurities present in the active pharmaceutical ingredients (API’s) or finished pharmaceutical
products (FPPs) formulations, based upon found levels in approved market samples®.

Regulatory requirements for the identification, qualification, and control of impurities in drug
substances and their formulated products are now being explicitly defined, particularly through
the International Conference on Harmonization (ICH). It is also recommended by ICH that all
routine impurities at or above 0.1% level, should be identified through appropriate analytical
methods™'®. Aceclofenac is cited in the British Pharmacopoeia to have contamination by
many impurities and one among of those impurities was found' impurity-B. Therefore, it
was thought worth determining and quantifying the impurities of aclofenac to ensure the
quality, efficacy and safety of drug.

Numerous analytical methods for the determination of aceclofenac in bulk drug as well
as in formulations have been reported in literature viz. UV-spectrophotometry'', colorimertic
method"? densitometric”, HPLC”’IG, HPLC method developed for estimation of aceclofenac
and its three metabolite in human plasm'’, RP-HPLC'®" and stripping Voltametric
method”, LC-MS?', capillary electrophoresis® and simultaneous HPLC-UV determination
of rhein and aceclofenac in human plasma®.

From preceding details of relevant literature it was apparent that a validated method is
required to be developed which would be capable for simultaneous determination of
aceclofenac in the presence of its reported impurities. Thus, the aim of current study was to
develop and validate an RP-HPLC method for the identification and determination of
aceclofenac and its known impurity-B in drug component in accordance with the ICH**
guidance document.

Experimental

A qualified standard of Aceclofenac was gifted by Karnataka Antibiotics and Pharmaceuticals
Ltd (Bangalore, India). Impurity-B was synthesized and spectral confirmation was carried out
in Department of Quality Assurance, Al-Ameen College of Pharmacy, Bangalore.
Analytical/HPLC grade chemicals and solvents used were obtained from Ranbaxy Fine
Chemicals Limited (Delhi, India).

Chromatographic conditions

HPLC-UV investigation of the estimation was performed on a High Performance
Liquid Chromatography 10AT Shimadzu-SPDI10A detector, Rheodyne 100 uL injector.
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The chromatographic conditions were optimized by different means (using different buffers
and different organic phases). Early chromatographic work was performed GraceSmart -
RP-Cyg, 250 mm X 4.6 mm, 5 pm columns as stationary phase and various combinations of
buffered (pH 4.5-5.0) organic phases (ACN and /or methanol). The flow rate of mobile
phase was varied within 0.5-1.5 mL/min. Wavelength for monitoring the eluent was selected
by scanning standard solution of acelofenac and impurity within 200-400 nm using double
beam UV-Visible spectrophotometer (Shimadzul800, Japan). All noted measurements were
performed with an injection volume of 100 pL, 1 mL/min flow rate and UV detection at
275 nm using mobile phase- acetonitrile and phosphate buffer pH-5 (60:40).

Preparation of solutions
Preparation of mobile phase

10 mM of potassium dihydrogen orthophosphate buffer (KH,PO,) pH 5 was prepared by
taking 1.36 g of potassium dihydrogen orthophosphate (KH,PO,) in 1000 mL of water. The
pH was adjusted to 5 using orthophosphoric acid. The mobile phase was prepared in the
ratio of 60:40 (Acetonitrile: 10 mM Potassium dihydrogen orthophosphate buffer) filtered
with nylon membrane filter of 0.22 p, degassed and sonicated for 10 min.

Standard stock solutions

Standard stock solution aceclofenac and aceclofenac impurity-B (1 mg/mL each) were
individually prepared by dissolving 10 mg each in the mobile phase separately in 10 mL
volumetric flasks. The volumes of 1 mL of above solutions were diluted to 10 mL with
mobile phase separately in volumetric flasks (100 pg/mL each).

Preparation of resolution mixture solution

0.5 mL of each standard stock solution aceclofenac and aceclofenac impurity-B were diluted
10 mL with mobile phase in a 10 mL volumetric flask (5 pg/mL each). This solution was
filtered through a 0.45 mm nylon 66-membrane filter and used for the analysis.

System suitability

System suitability parameters were evaluated to verify that the analytical system is working
properly and can give accurate and precise results. Parameters such as peak asymmetry
factor, tailing factor, resolution between aceclofenac and impurity-B and %RSD of
theoretical area obtained from resolution mixture solutions of aceclofenac and impurity-B
(in triplicate), were evaluated.

Analytical method validation
Linearity

Linearity test for the method was performed according to the guidelines laid by ICH.
Appropriate aliquots of aceclofenac stock solution were spiked with appropriate volumes of
stock solutions of known impurity-B and diluted with the diluent to get solutions containing
required concentrations.

Calibration curve was drawn by plotting the peak areas of aceclofenac and impurity-B
versus its corresponding concentration. Values of coefficient of regression, slope, Y-intercept
and percentage curve fitting of the calibration curve were calculated.

Limit of detection (LOD)

Lowest amount of analyte in a sample that can be detected but not necessarily quantitified
as an exact value, under the stated experimental conditions. In instrumental methods of
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determination, limit of detection is generally determined by the analysis of samples with known
concentrations of analyte and by establishing the minimum level at which the analyte can be
reliably detected. Diluted standard solution mixture of aceclofenac and aceclofenac impurity —B
volumes of 1.0 mL-0.1 mL were pipetted into ten different 10 mL volumetric flasks. The
volume was made up with the mobile phase to get the concentration of 1- 0.1 pg/mL.

Precision

The precision of method and system was determined by replicate injection of standard
solution and %RSD was calculated for the results.

Method precision (Repeatability)

Six solutions containing aceclofenac (5 pg/mL) were spiked with aceclofenac impurity-B
(5 pg/mL) solutions were injected. Chromatography was performed and %RSD were
calculated for the concentrations of aceclofenac and impurity-B in replicates.

System precision

Six solutions containing aceclofenac (5 pg/mL) were spiked with aceclofenac impurity-B
(5 pg/mL) solutions were injected. Chromatography was performed and %RSD were
calculated for the peak areas of replicates aceclofenac and impurity-B in replicates.

Intermediate precision

Intermediate precision expresses within-laboratories variations like different days, different
analysts and different equipment.

Inter-day precision

Six solutions containing aceclofenac (5 pg/mL) were spiked with aceclofenac impurity-B
(5 pg/mL) solutions were injected separately on different days and chromatograms recorded.
The % RSD were calculated for concentrations of aceclofenac and impurity-B in replicates.

Intra-day precision

Six solutions containing aceclofenac (5 pg/mL) were spiked with aceclofenac impurity-B
(5 pg/mL) solutions were injected separately at different intervals on the same day and
chromatograms recorded. The %RSD was calculated for concentrations of aceclofenac and
impurity-B in replicates.

Accuracy

Recovery studies were performed in triplicate at different concentration levels by spiking the
standard aceclofenac drug and impurity-B at three levels 80%, 100% and 120% to evaluate
the accuracy of the proposed method. Solutions for the purpose were prepared by standard
addition of aceclofenac stock solution to laboratory mixture solution.

Specificity
Specificity is the ability of the method to measure the analyte response in the presence of its

potential impurities and degradation products. In specificity separation, resolutions were
observed between aceclofenac standard solution, placebo solution and its impurity-B.

Ruggedness

The estimation was performed by two different analysts. Successive six injections working
standard solution of aceclofenac and aceclofenac impurity-B concentration 5 pg/mL were
injected by each analyst and chromatograms were recorded. The % RSD was calculated
from the peak areas of replicates.
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Robustness

The method was performed with little variations like changing the pH ( 0.2 unit) of mobile
phase, changing the mobile phase flow rate (+0.1 mL/min) and changing absorption maxima
wavelength (+2 unit). Chromatograms of six replicas of laboratory mixture solution of
aceclofenac and aceclofenac impurity-B were obtained and effect of each deliberate change
was evaluated by applying system suitability parameters. The value of %RSD was
calculated for each deliberate change.

Results and Discussion

A new method was developed for quantification of aceclofenac and known aceclofenac
impurity-B synthesized in the laboratory. The synthesized impurity-B was characterized
with spectral studies have been used as a reference standard for estimation of impurity. The
developed method involved isocratic elution containing mobile phase system of acetonitrile:
Phosphate buffer pH 5 in the ratio of 60:40 with flow rate of 1 mL/min at 275 nm. The
method was found to provide good resolution of aceclofenac and aceclofenac impurity-B.
System suitability was performed before method validation. Appropriate chromatogram is
presented in Figure 3.

Figure 3. Resolution chromatogram of aceclofenac and aceclofenac impurity-B
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The method for estimation of aceclofenac and its impurity-B was validated as per ICH
guidelines. The method was linear in the range of 1-25 pug/mL and 1-20 u/mL for
aceclofenac and aceclofenac impurity-B respectively. The Limit of detection was perfumed
by instrumental visualization method and showed excellent sensitivity at 10 ng level for both
aceclofenac and aceclofenac impurity-B. The %RSD values of concentration for method
precision and peak area for system precision of six replicate injections of aceclofenac and
aceclofenac impurity-B (Table 1) were found to be well within the acceptance criteria limit.
Intra-day and inter-day precision (Table 2 and 3) were also performed at different time
interval and different days, the results were found to be within the acceptance criteria. The
accuracy study was carried out at 80%, 100% and 120% level using tablet formulation and
recovery of aceclofenac impurity-B (Table 4) was calculated from regression equation and
also assay of aceclofenac was calculated. The summarized validation parameters for
aceclofenac and its impurities presented in Table 5.

Table 1. Method precision and system precision data of aceclofenac and aceclofenac
impurity-B

Aceclofenac Impurity-B
Replicates Peak Area” Concentration Peak Area” Concentration
pg/mL pg/mL
1 1045271 5.28 1136640 5.22
2 1054120 5.32 1152380 5.29
3 1092704 5.52 1162275 5.34
4 1074228 542 1159460 5.32
5 1051729 5.31 1163777 5.34
6 1040975 5.26 1159684 5.32
Average 1059837.83 5.35 1155702 5.31
Standard
o 19767.1835 0.10066756 10127.0368 0.04499625
Deviation
% RSD 1.86 1.87 0.87626663 0.84721422

“Average of Six readings

Table 2. Intra-day precision data of aceclofenac and aceclofenac impurity-B

Time Aceclofenac Impurity-B
Replicates Imegval Peak Area’ Con:;lrgitlon Peak Area’ CO“:;ZEE“OH

1 1 1045271 5.28 1136640 5.22

2 2 1054120 5.32 1128262 5.18

3 4 1074228 542 1127687 5.18

4 6 1040975 5.26 1136043 5.22

5 8 1023599 5.17 1111898 5.11

6 12 1032586 5.21 1116374 5.13
Average 1045129.83 5.28 1126150.67 1126150.67

Standard Deviation 17695.9516 0.09011948 10133.35 10133.35

% RSD 1.69 1.70 0.89982207 0.89982207

* . .
Average of six readings
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Table 3. Inter-day precision data of aceclofenac and aceclofenac impurity-B

Aceclofenac Impurity-B
Replicates Day «  Concentration »  Concentration
Interval  Peak Area Peak Area
pg/mL pg/mL
1 1 Day 1045271 5.28 1136640 5.22
2 2 Day 1053440 5.32 1118315 5.14
3 3 Day 1079828 5.45 1159684 5.32
Average 1059513 5.35 1138213 1138213
Standard Deviation 18061.22 0.09198 20729.3099 20729.3099
% RSD 1.70 1.71 1.82 1.82

* . .
Average of six readings

Table 4. Recovery study data of aceclofenac and aceclofenac impurity-B

E 2 & £ s
Q Q A-a /\-a > >
. %% Ea e S T4g B%g @ S
2 S > = o =~ S S LS Lo >
[} IR < < E 2 2 = BhE 8 S o< oM
5 2<% S 2 < < S90S 328 9w 3 =
Q a8, = Q x * S X o X S o
= S$E35 £38%* 4 % Eg8 Eg8 ¥ ~
< = g < ) 9] < 3 < 3 IS IS
S IR i
Level-1 4 5 864840 998328  4.01 498 100.46 99.6
Level-11 5 5 1108863 1028839  5.10 5.12 102.05 1024
Level-11I 6 5 1284274 1012527 5.88 497 98.03 994

"Average of three readings

Table 5. Validation parameter data aceclofenac and aceclofenac impurity-B

Data obtained for

S. Data obtained Acceptance
No Parameters for aceclofenac a}ceclofenac criteria
impurity-B
Linearity pg/mL 1-25 pg/mL 1-20 pg/mL
a) Regression - 0.9991 0.9994 0.999
Coefficient
b) Percentage % 99.91% 99.99% Not less
curve fitting - than 99.7%
¢) Regression y= mx+c y=196361x+ y=255064x -
Equation 8026.6 39631
2 Limit of Visualization 0.1 pg/mL 0.1 pg/mL
Detection (LOD) methods
3 Precision
a) System % RSD 1.87% 0.87%
precision
b) Method % RSD 1.86% 0.84%
precision Not more
c) Intermediate Inter day-  1.70% 0.89% than 2 %
precision % RSD
Intra day- 1.71% 1.82%
% RSD

Contd...
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4 Accuracy

80% level 99.6 % 100.46 %
100% Level % Recovery 102.4% 102.05% 90 -110%
120% level 99.4% 98.03%
5 Specificity No Peaks No peaks No peaks No peaks
at its Rt should be
detected
6 Raggedness
Analyst T %RSD  1.86% 0.84% oy more
Analyst — 11 1.96% 0.61%
7 Robustness % Assay
a)Flow rate-
0.9 mL/min 111.9% 112.86%
1.1 mL/min 91.6% 93.16%
b)Mobile Phase
pH 4.8 94.3% 97.58% 85 -115%
pHS5.2 108.4% 113.25%
c) Wavelength
273 nm 95.5% 101.91%
277 nm 96.7% 101.39%
8  System Suitability
a)Theoretical plates - 9772.56 2930.66 >2000
b) HETP 0.02558 mm 0.085305 mm -
c) Peak asymmetry 1.0 1.0 1.0
Conclusion

The proposed HPLC method for estimation of impurity-B in aceclofenac is analyzed in bulk
drug as per ICH guidelines. The HPLC method was found to be linear, reproducible,
sensitive, selective, and robust and can be used to separate simultaneously known
aceclofenac impurity-B in aceclofenac drug substance. The method was evaluated through
the method validation and proved to be selective, precise and accurate, so it can be used for
separation, identification and simultaneous determination of aceclofenac and its impurity-B.
Further work is being carried out to determine whether the method can be used or adopted
for the detection and quantification of other known impurities in aceclofenac bulk drug.
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