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Abstract

Robust and reliable analytical test methods are essential to ensure the quality and safety of pharmaceutical drug
products. This work describes a single high performance liquid chromatography (HPLC) method for the analysis
of Aspirin active pharmaceutical ingredient (API) and six associated related substances. The analysis is
performed on the Alliance iS HPLC System with the XSelect™ HSS T3 Column. The system suitability, linearity,
accuracy, intraday, and interday method performance are assessed, generating excellent results while meeting
the USP requirements (USP43-NF38, Aspirin Tablets). This work also demonstrates applicability of the method
for a reliable and accurate determination of aspirin assay and related substances content in drug substance and

tablet formulation.

Benefits

Reliable and quick method (within 7.6 mins) for the simultaneous determination of aspirin assay and related

compounds (impurities) in the drug substance and tablet formulation
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Precise, repeatable, linear, accurate, and excellent intraday, and interday method performance demonstrated

on the Alliance iS HPLC System

Introduction

To ensure compliance with the current good manufacturing practices (CGMP) regulations, pharmaceutical
manufacturers must demonstrate the identity, strength, quality, and purity of drug products.’ This requires the
establishment of robust analytical test methods that produce reliable and accurate results during routine use in

the quality control (QC) laboratory.

Aspirin is a commonly used drug for relieving minor aches, pains, and fevers, as well as the prevention of heart
attacks and mini strokes. Aspirin is available in tablets for oral administration, with 81-650 mg of aspirin per
tablet.? One method was found in the literature for the simultaneous separation of aspirin and its six related
substances, described in the European Pharmacopeia for Acetylsalicyclic Acid.® The United States Pharmacopeia

(USP) monograph for aspirin tablets only specifies one impurity in the procedure.

Herein, a method for the analysis of aspirin APl and associated related substances was developed and aspirin
samples analyzed on an Alliance iS HPLC System. The critical method performance characteristics including
system suitability, linearity, accuracy, intraday, and interday performance were assessed during the study. The
results were analyzed and compared against the acceptance criteria listed in the USP monograph for Aspirin
Tablets.* The method exhibited excellent intraday and interday performance, with relative standard deviations
(RSD) of peak areas and retention times of <0.25% and <0.03%, meeting the USP criteria. Additionally, the
method was shown to be suitable for aspirin assay and related substances (impurities) content determinations in

the drug substance and tablet formulation.

Experimental

Standard Solutions
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Individual stock standard solutions with related substances and aspirin API were prepared in diluent (60:40
water/acetonitrile with 0.1% formic acid) at 1.0 and 5.0 mg/mL, respectively. The API stock solution was diluted
with diluent to 0.1 mg/mL and spiked with related substances at the 10% level to make a mixture standard

solution. Aspirin and six related substances specified by the European Pharmacopeia are listed in Table 1.3

Molecular | Monoisotopic
Compound structure
formula mass (Da)

0Oy OH
- 2-Acetoxybenzoic acid,
Aspirin API 0-Acetylsalicylic acid CyH:0, 180.04 5/0 ‘o]
CHy
o
Impurity a | P-Salicylic acid, CH,O 138.03 wo
purtty 4-hydroxybenzoic acid e i
oH
. 4-Hydroxy-1,3-benzenedicarboxylic acid, o
Impurity. B 4-Hydroxyisophthalic acid CeHeOs 18202 °
Ho o
. Salicylic acid, -
Impurity € 2-Hydroxybenzoic acid, CH:0, 5808
" Acetylsalicylsalicylic acid,
Impurity D 2-(Acetyloxy)benzoic acid CueheOc 300.06 Yo
s
Impurity £ i;(l(sza-lzi/:roxybenzoyl)oxy)benzolc acid, CuHOs 258.05 T(@
. 2-Acetoxybenzoic anhydride, w0 0 o oMo
Impurity F O-acetylsalicylic anhydride CiHi0; 34207 @’L *@

Table 1. Aspirin and related substances (impurities) chemical

information.

Aspirin Sample Solutions

Crushed tablets (containing 81-mg of aspirin) were dissolved in diluent (60:40 water/acetonitrile with 0.1% formic
acid) at 1.6 mg/mL of aspirin by sonication for ten minutes. After extraction, sample test solutions were
centrifuged for ten minutes at 3000 rpm and diluted to 0.1 mg/mL for aspirin assay. For related substances
testing, the drug tablets and drug substances were prepared at 0.5 mg/mL in diluent (60:40 water/acetonitrile
with 0.1% formic acid).

Solutions were filtered through a 0.2 um Nylon syringe (Waters p/n: WAT200524 <
https://www.waters.com/nextgen/global/shop/sample-preparation--filtration/wat200524-acrodisc-syringe-

filter-nylon-13-mm-02--m-aqueous-100-pk.html> ) filter prior to analysis.

Conditions
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LC system: Alliance iS HPLC System with TUV detector

Vials: LCMS Maximum Recovery 2 mL, p/n:
600000749CV

Column(s): XSelect HSS T3, 4.6 x 150 mm, 3.5 um (p/n:
186004786)

Column temperature: 40 °C

Sample temperature: 10 °C

Injection volume: 15 L

Mobile phase: A: 0.1% formic acid in water

B: 0.1% formic acid in acetonitrile

Wash solvents: Purge/Sample Wash: 60:40

water/acetonitrile

Seal Wash: 90:10 water/acetonitrile

Detection: 237 nm
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Gradient Table

‘ Flow ‘
(mL/min)

Initial 1.8 95.0 5.0 6
0.10 1.8 95.0 5.0 6
7.60 1.8 5.0 95.0 6
9.20 1.8 5.0 95.0 6
9.30 1.8 95.0 5.0 6
13.00 1.8 95.0 5.0 6

Software

Chromatography data software (CDS): Empower™ 3.6.1

Data acquisition and analysis performed using Empower Software. Summary reports generated using the report

templates available in the Empower project.

Results and Discussion

The developed method was run on the Alliance HPLC iS System and successfully separated aspirin APl and six
associated related substances within 7.6 minutes, with a minimum USP Resolution (USP Rs) >4.8, peak tailing of

1.0-1.2, and retentivity factor (k*) 22.1 (Figure 1).

System Suitability

System suitability was assessed using five replicate injections of the standard mixture solution, assuring the
suitability requirements specified in the USP monograph for aspirin tablets were met. The USP suitability
requirements listed for the assay and impurities procedures include®:

- Assay: peak tailing of not more than (NMT) 2.0 and relative standard deviation (RSD) of NMT 2.0

Impurities: resolution between salicyclic acid and aspirin peaks of not less than (NLT) 2.0; RSD for salicyclic
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acid of NMT 4.0%

The method met the system suitability requirements, with the RSD for peak areas and retention time (RT)
ranging from 0.07 to 1.43% and 0.02 to 0.03%, respectively (Figure 1B). Additionally, the USP suitability

requirements for the assay and impurities procedures were met,

A 0.50 5
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] 5 6
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< 0.20 % 7
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1 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Minutes
B System Suitability
Sample SetlD: Sample Set |d 2847
Result SetlD: Result Setld 2882
Sample: APImp mix S5
Component Results
UspP g g %ASD
Meme = RT Tn‘.’f { A:e; Resclution LETAI:’"“Q of Pesk H;R:'T}
i : (Aove) Apeas
1 ImpA |3.295 5 2.1 1.0 0.20 002
2| lmpB |3.558 5 2.4 48 1.1 013 002
3 | Aspinin | 4.448 5 3.2 149 1.2 0.07 003
4 | ImpC |4.748 5 3.5 53 1.2 017 002
5|lmpD | 5.894 5 4.8 203 12 0.09 002
g ImpE |8.281 5 5.0 6.6 12 0.02 002
7| lmpF 6839 5 5.5 10.4 1.2 1.43 002

Figure 1. Replicate injections (n=5) of aspirin APl and related substances run on the
Alliance iS HPLC System. Chromatographic separation using XSelect HSS T3 Column
(A) and system suitability results (B).
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Intraday and Interday Performance

Demonstrating intraday and interday performance ensures that the method run on the Alliance iS HPLC
generates consistent results, which is critical to the quality control and safety of the pharmaceutical products.
The intraday method performance on the Alliance iS HPLC System was evaluated by analyzing five replicate
injections of the mixture standard solution in four different sets in a one-day analysis. The results were assessed
against the USP suitability requirements for Aspirin Tablets.* The intraday method performance was excellent,
meeting the USP suitability requirements defined for aspirin assay and impurities procedures (Table 2). The RSD
of aspirin peak areas and retention times ranged from 0.03% to 0.08% and 0.02 to 0.03% over four sets of data.

The RSD for salicyclic acid (impurity C) peak areas ranged from 0.07 to 0.25%.

uspP System suitability 1 | System suitability 2 | System suitability 3 | System suitability 4
Parameter 2 : o o
requirement* interday intraday intraday Intraday

Aspirin assay N/A N/A N/A N/A N/A
Tailing factor for aspirin No(;\ln'\’:l(zrr)eztgan 12 1.2 1.2 1.2
Relative standard deviation NMT 2.0% <RSD of areas: 0.07% | *RSD of areas: 0.08% | «RSD of areas: 0.03% | -RSD of areas: 0.03%
(RSD) for aspirin =7 | .RSD of RT: 0.03% -RSD of RT: 0.02% -RSD of RT: 0.03% -RSD of RT: 0.02%
Impurities N/A | N/A N/A N/A N/A
Resolution between Not less than
salicyclic acid and aspirin (NLT) 2.0 28 e e 22

" " . <RSD of areas: 0.17% | «RSD of areas: 0.07% | «RSD of areas: 0.25% | «RSD of areas: 0.13%

0

HSDfor salicyclic acid NMT4.0% | BSDofRT.0.02% | -RSDofRT:0.02% | -RSD of RT:0.02% | -RSD of RT: 0.02%

Table 2. Intraday method performance measured against the USP suitability criteria

defined in the USP monograph for aspirin tablets.*

For interday performance of the method run on the Alliance iS HPLC System, a mixture standard solution was
analyzed over different days including day 1, 2, and 5. The method exhibited excellent performance, generating

comparable results across the tested days and meeting all the USP suitability criteria (Table 3).
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USP
Parameter Feruiramunt’ DEVA ‘ Day 2 ’ Day 5
Aspirin assay N/A \ N/A N/A N/A
- L. Not more than
Tailing factor for aspirin (NMT) 2.0 1.2 1.2 12
Relative standard deviation NMT 2.0% «RSD of areas: 0.07% | -RSD of areas: 0.03% | -RSD of areas: 0.07%
(RSD) for aspirin = «RSD of RT: 0.02% «RSD of RT: 0.03% «RSD of RT: 0.02%
Impurities N/A N/A N/A N/A
Resolution between Not less than
. : . o 5.3 513 513
salicyclic acid and aspirin (NLT) 2.0
5 . ; +RSD of areas: 0.14% | «RSD of areas: 0.24% | -RSD of areas: 0.15%
0
RS fer saliyolic aeid NMT4.0% | 2SDofRT:0.02% | -RSDOfRT:0.03% | -RSD of RT: 0.02%

Table 3. Interday method performance measured on different days measured against

the USP suitability criteria defined in the USP monograph for aspirin tablets.?

Linearity and Range

The calibration plot for aspirin APl was constructed in the range of 80 to 120% with respect to the APl working
concentration in the sample preparation of 0.1 mg/mL. The calibration curve of the concentration versus the peak
area at each level produced a correlation coefficient (R%) >0.999 (Figure 2). In addition, the percent deviation of

the calculated X values or concentrations ranged from -0.35 to 0.81%.
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Calibration curve_%Deviation

o Calibration Curve Name = XValue Response | Calc. Value % Deviation
S — Sample Set ID: Sample Setld 2512 1 | Aspirin | 0.079600 | 1064112 0.079447 £0.182
Result Set ID: Result Set Id 2655 e

2 | Aspirin | 0.079600 | 1064893 0.078507 0117
3 | Aspirin  0.079600 | 1064518 0.079478 0.153

1.6e+06 ]
- 7 4 | Aspirin | 0.08%600 1192734 0.089365 £0.262
= 5 | Aspirin | 0.088600 1193229 | 0.089403 £.220

- g
5 et /g,// 6 | Aspiin | 0.089600 | 1193677 | 0.089438 2.181
5. ot 7 | Aspirin | 0.0955%00 1338505 0.100713 0814
126206 P 8 | Aspirin | 0.099900 1337305 | 0.100513 0614
y il
E,/'/ 9 | Aspirin | 0.095900 1339085 0.100651 0.752
1.0e+06- 10 | Aspirin | 0.108500 1450279 0.108225 £0.252
T T L UL R SRR R 11 Aspirin | 0.109500 1448917 | 0.109120 0.347
0.080 0.080 0.100 0.110 0.120
Amount 12 | Aspirin | 0.108500 | 1449131 0.109138 0.332
Name: Aspirin; Fit Type: Linear (1st Order); Equation: | 13 | Aspirin | 0.119400 1580940  0.119300 -0.084
——— Y =130e+07 X + 3.38e+04; A:3.3822e+04; B: 14 | Aspirin | 0.119400 1581148 | 0.119316 0070
1.2968e+07; R"2: 0.9993

d 15 | Aspirin | 0.118400 1582096 0.119389 -0.008

Figure 2. Calibration curve for aspirin APl in the range of 80-120% with respect to the
working concentration of 0.1 mg/mL and % deviation for the measurements. UV at 237

nm.

Aspirin Assay

For assay testing, the drug tablets containing 81-mg of aspirin were prepared at 0.1 mg/mL in diluent (60:40
water/acetonitrile with 0.1% formic acid). To calculate % recovery, the sample solutions were quantified against
the calibration curve. The assay results for six samples ranged from 93.4 to 93.6% (Figure 3), meeting the USP

acceptance criteria of not less than (NLT) 90.0 and not more than (NMT) 110.0% of the labeled amount of aspirin.
4
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Tablet sample solution
0.1 mg/mL of aspirin

%Recovery results

| Sample Analysis

—

- Sample Setld: 1753

0.80 Result Set Id: 1393
SampleName Channel Aspinn
0.60 Aspirin 1 AzpTab0.1mg Absorbance A 93.5
] 2 AsTab0.1mg Absorbance A 936
2 0.40- 3 A Tab0.1mg Absorbance A 93.4
| 4 AspTab0.1mg | Absorbance A  93.4
020_’ 5 AmpTab0.1mg  Absorbance A| 93.4
| / 6 AspTab 0.1mg | Absorbance A 934
4)\/_/_) Mean 93.451

0.00
7 Std. Dev. 0.084
2.00 4.00 6.00 5% =D 0.09
Minutes

Figure 3. Aspirin assay determination in drug tablet formulation. The assay results met

the USP criteria for aspirin tablets of 90.0-110.0% of the labeled amount of aspirin.*

Related Substances

The related substances content (% impurity) was determined by comparing peak areas of each related

substance to the aspirin API peak area (Figure 4).

The analysis revealed presence of two impurities in the aspirin tablet samples (impurity C and D at 0.91% and
0.05%) and presence of impurity C at 0.15% level in the drug substance sample (Figure 5). Results met the USP
acceptance criteria for salicyclic acid (imp. C): NMT 0.3% and for coated tablets of NMT 3.0%.*
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0.20-
5 ]
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0.00-
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. = 0.10 ,‘{ _ o010 -
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. Aspirin drug substance
1501 sample solution @ 0.5 mg/mL Imp. C
100_5 N 2 0.070 g
2 ] ASpIrIn 0.060
0.50—: 460 480
4 Minutes
0.00 N
1.00 2.0 3.00 4.00 5.00 6.00 7.00
Minutes

Figure 4. Sample solutions for analysis of related substances. UV at 237 nm.
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_ - Sample Analysis oo - Sample Analysis
m Sample Set Id: 17533 Sample Set Ild: 1753
Result Setid: 1926 Result Setld: 1926
% impurity % im purity
Impurity Resgponse Summarized by Name Im purity Response Summar zed by Name
SampleMame |[ImpC | ImpD SampleName ImpC

=

1 Asp Tab 0.5mg | 0.906  0.050 Asp Drug Sub 0.5mg | 0.140

2 Asp Tab 0.5mg | 0.899  0.047 2 A=z Drug Sub 0.5mg | 0.145

3 Asp Tab 0.5mg  0.908  0.044 3 Asp Drug Sub 0.5mg | 0.145

4 Asp Tab 0.5mg | 0.907  0.045 2 Asp Drug Sub 0.5mg | 0.145

] Asp Tab 0.5mg | 0.505  0.045 5 Asp Drug Sub 0.5mg | 0.145

6 Asp Tab 0.5mg | 0.505  0.048 6 Asp Drug Sub 0.5mg | 0.161
Mean 051 005 Mean 0.15
Std. Dev. 0.004 | 0.002 Std. Dev. 0.007
% R3D 040 442 % RSD 481

Figure 5. Related substances (% impurities) results in aspirin tablet formulations and

drug substance. UV at 237 nm.

Conclusion

A single LC method for aspirin and all six related substances was developed and run on the Alliance iS HPLC
System, demonstrating excellent performance suitable for the simultaneous determination of aspirin API, and six
associated related substances (impurities) content in the drug substance and tablet formulations. System
suitability results met the criteria for aspirin assay and impurities procedure. Excellent linearity, accuracy, and
intraday and interday performance have been demonstrated. Results demonstrate that the Alliance iS HPLC

delivers robust, reliable, and reproducible performance suitable for routine analytical testing.
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