
ABSTRACT

Aspirin (ASA) and aspirin-caffeine dosage forms are widely used as analgesic drugs. In the present
study specific stability-indicating two- and three-component spectrometric methods have been developed
for the assay of ASA and its degradation product, salicylic acid, in the presence and absence of caffeine
(CF). The methods have been validated with respect to different parameters such as linearity, range,
accuracy, precision, reproducibility, limit of detection, limit of quantification and specificity. The
results indicated that the proposed methods are linear in the range of 0.0005�0.005 mg%, highly
accurate (99.0�100.1%), precise (<3.0% RSD) and robust (<2.0% RSD). These methods have been
applied for the assay of ASA in its thermally degraded solution and in degraded tablets. The apparent
first-order rate constants (kobs) for the degradation of ASA at pH 8.0�10.0 in the absence and presence
of CF are in the range of 5.37�11.0×10�3 min�1 and 4.99�10.30×10�3 min�1, respectively. The accuracy
and specificity of the methods have been confirmed from the linearity of first-order plots around the
assay data for the degradation of ASA. These methods can accurately determine ASA in the presence
of interfering substances.

Keywords: Aspirin, caffeine, kinetics, multicomponent-spectrometric stability-indicating method,
salicylic acid.
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1. INTRODUCTION

Aspirin (ASA), which is also termed as acetylsalicylic
acid (1) (Fig. 1), was synthesized by Felix Hofmann
in 1899. It is an analgesic and is also used in the
treatment of patients having acute coronary syndromes
and also in ischemic stroke1. It is effective against
the primary and secondary prevention of
myocardial infarction, stroke, and cardiovascular
death and also used in the management of acute
myocardial infarction, unstable angina, and embolic
stroke2. ASA is believed to be effective in the
prevention of acute coronary syndrome, stable angina,
revascularization, stroke, and arterial fibrillation3. A
number of workers have employed various
techniques for the analysis of ASA which include
UV/Vis spectrometry4-14, mass spectrometry15-17,
f l uo r ime te ry 1 8 - 2 4 ,  ch romatography 2 5 - 3 9 ,
electrophoresis40-44 and electrochemical methods45-49.

Sal icyl ic  acid (SA) (2)  (Fig.  1)  is  a
monohydroxybenzoic acid which is a phenolic acid
or a beta-hydroxyl acid. In 1826 a German chemist,
Johann Andreas Buchner, isolated an extract from
the bark of white willow and called it salicin. This
salicin was converted into sugar which was then
oxidized to SA50. It is an anti-inflammatory drug
used in lowering the fever and also for the treatment
of aches and pains51. Some researchers also
considered salicylate as a micronutrient in humans
and termed it as vitamin S52. SA with other beta-
hydroxyl acids is the main product in the formulations
that are used in the treatment of seborrhea dermatitis,
acne, psoriasis, calluses, corns, keratosis pilaris and
warts53. Different techniques have been used for the
analysis of SA which includes UV/Vis
spectrometry6 , 5 4 - 5 6 ,  f luorimetry5 7 ,  l iquid
chromatography (LC)29, high-performance liquid
chromatography (HPLC) 5 8 - 6 5 ,  gas-l iquid
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chromatography (GLC)6,67, and voltammetry68.
Caffeine (CF) (3) (Fig. 1) was first isolated in 1820
by a German chemist Friedlieb Ferdinand Runge
from coffee. It has a bitter taste and it is a white
crystalline xanthine alkaloid which acts as a stimulant
drug and also acts  as an inhibitor  of
acetylcholinesterase. CF is a central nervous system
(CNS) and metabolic stimulant69 and it is used to
reduce physical fatigue and to restore alertness when
drowsiness occurs70. It also affects the sleep
deprivation but it may lead to subsequent insomnia71.
In athletics, the moderate doses of CF can be helpful
to improve the sprint72 whereas its high doses can
impair the performance of athletes73. It is used in
the treatment of a breathing disorder (apnea of
prematurity) and is also helpful in the prevention of
bronchopulmonary dysplasia in premature infants74.
Various analytical techniques have been used to
a n a l y z e  C F  w h i c h  i n c l u d e  U V / Vi s
spectrometry75-82, mass spectrometry83,84, Fourier
transform infrared (FTIR) spectrometry85-89, nuclear
magnetic resonance (NMR)90, HPLC91-93 and
voltammetry94.

The object of the present investigation is to develop
a simple, rapid, economical, accurate, precise and
stability-indicating spectrometric method for the
analysis of ASA, SA, and CF as a single component
and in mixtures. The developed method would be
validated according to the guidelines of International
Council for Harmonization (ICH)95. The proposed
method would be used to study the degradation of
ASA in the presence and absence of CF in the pH
range of 8.0�10.0.

2. MATERIALS AND METHODS

2.1. Materials

ASA, SA, and CF were obtained from Sigma
Aldrich (ST Louis, MD, USA). All the solvents
used were of analytical grade purchased from
Merck (Damsdat, Germany). The following
buffer systems were used: 0.2 M HCl�KCl (pH
2.0) and 0.2 M H3BO3�NaOH (pH 9.0). Three
different brands of ASA were purchased from
the local market.

2.2. Methods

2.2.1. Measurement of pH

Elmetron LCD display pH meter (Model-CP501,
sensitivity ±0.01 pH unit, Poland) was used for the
determination of pH of the solutions using a
combined electrode. The pH meter was calibrated
using commercially available buffer tablets (Merck,
Germany) of pH 4 and 7.

2.2.2. Selection of solvent and solution preparation

The solvent selection was based on the stability
and solubility of drugs. For this purpose HCl�KCl
0.2 M buffer (pH 2.0) was used as a solvent for
UV spectral determination. A standard stock
solution of ASA, SA, and CF, each was prepared
by dissolving 10 mg of each component in 100
ml of the buffer.

2.2.3. Thin-layer chromatography (TLC)

The TLC system used for the separation and
identification of ASA and its degradation product,
SA, included 250-µm cellulose plates (Merck,
Germany) using the solvent systems:
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Fig. 1. Chemical structures of aspirin (1), salicylic
acid (2), and caffeine (3).
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a) methanol-strong ammonia solution (100:1.5, v/v),
b) chloroform-acetone (40:100, v/v)96. The compounds
were detected by their characteristic fluorescence on
exposure to UV (254 and 365 nm) light.

2.2.4. Ultraviolet spectrometry

The determination of absorption spectra and
measurement of absorbance of all the solutions
was performed on a Thermoscientific UV�Vis
spectrophotometer (Evolution 201, USA) using
quartz cell of 10-mm path length. The absorbance
scale was checked at suitable intervals using
potassium dichromate as the calibration
standard97. Solutions of ASA, SA, and CF were
diluted in 0.2 M HCl�KCl buffer (pH 2.0) to
prepare further dilutions. The absorbance of these
solutions was measured in the range of 200�400
nm to locate the absorption maximum of ASA,
SA, and CF.

2.2.5. Single and multicomponent spectrometric

assay methods

2.2.5.1. Single-component assay

A 5 ml aliquot of ASA, SA, and CF as an individual
compound was placed in 10 ml beaker and the pH
of the solution was adjusted to 2.0 with few drops
of 1.0 M HCl. This solution was transferred to a 10
ml volumetric flask and the volume was made up
with 0.2 M KCl�HCl buffer. The absorbance of
these solutions was determined at their respective
absorption maxima and the concentrations of the
ASA, SA, and CF were determined using the single-
component spectrometric method in the linear
calibration range.

2.2.5.2. Two-or three-component assay

A 5 ml aliquot of the mixtures (ASA and CF, ASA
and SA, SA and CF, ASA, SA, and CF) was placed
in 10 ml beaker and the pH of the solutions was
adjusted to 2.0 with few drops of 1.0 M HCl. The
volume of the solutions was made up with the
KCl�HCl (0.2 M) buffer. The absorbance of the
solutions was determined at the wavelengths of the
absorption maxima of these compounds and the
concentrations were determined using two or three-
component spectrometric method.

2.2.5.3. Two-component assay of ASA/CF and

ASA/SA mixtures

In a two-component spectrometric assay, absorbance
measurements were performed at two appropriate
wavelengths and the concentrations of the two
components were determined by solving two
simultaneous equations as follows:

where
1 1 is absorptivity-cell path product for component
1 at wavelength l1

1 2 is absorptivity-cell path product for component
1 at wavelength l2

2 1 is absorptivity-cell path product for component
2 at wavelength l1

2 2 is absorptivity-cell path product for component
2 at wavelength l2

1C  is the concentration of component 1
2C  is the concentration of component 2
The solutions of equation (1a) and (1b) for 1C and
2C are carried out as follows:

The same calculations have been applied to the use
of specific absorbance [A (1%1cm)] as absorptivity
in the above equations.

2.2.5.4. Three-component assay of ASA, SA, and

CF mixtures

In a three-component assay, three simultaneous
equations are solved by the use of a computer
program. In this case for A1, A2, A3 absorbance
measurements at l1, l2, l3 for a mixture of
components 1, 2, 3 having concentrations 1C, 2C,
3C, the following equations are developed:

Wavelength Absorbance Absorbance Sum

l1 A1 1 1 1C + 2 1 2C + 3 1 3C
l2 A2 1 2 1C + 2 2 2C + 3 2 3C
l3 A3 1 3 1C + 2 3 2C + 3 3 3C

(3a)

A1   =   1 1 1C   + 2 1 2C (1a)
A2   =   2 1 1C   + 2 2  2C (1b)

1C = (2 2 A1 � 2 1 A2) / (1 1 2 2 � 2 1 1 2) (2a)
2C = (1 1 A2 � 1 2 A1) / (1 1 2 2 � 2 1 1 2) (2b)



4

Vol. 21, No. 1, January - June,  2018 Baqai J. Health Sci.

The matrix equation could be written as follows:

(AM)

A1

A2

A3

1 1  2 1  3 1

1 2 2 2  3 2

1 3  2 3  3 3

=

1C

2C

3C

(ASM) (CM)
(3b)

where (AM) = Absorbance matrix
(ASM) = Absorbance sum matrix
(CM) = Concentration matrix

The solution of (3b) for each concentration (1C, 2C,

3C) is carried out by replacing the appropriate
column in the absorbance sum matrix in its
determinant form and dividing the resultant by the
absorbance sum matrix (ASM) again in its
determinant form.

In a similar manner, the matrices are expanded for
2C and 3C. For each determinant of a different set
of 1C, 2C and 3C the top line of equation (5b) is
computed fresh since A1, A2 and A3 vary whilst ASM
remains the same.

In the determination of mg% quantities of the
compounds described in the above assay method,
the term  (molar absorptivity) is replaced by A (1%
1 cm), the specific absorbance of the compound in
the equations.

2.2.6. Validation of the analytical method

USP98 and ICH guideline95 for analytical procedures

1C = A12 1  3 1 1 1  2 1  3 1

A2 2 2  3 2 1 2 2 2  3 2

A3  2 3  3 3 1 3  2 3  3 3

(4a)

2C = 1 1 A1 3 1

1 2 A2 3 2 (ASM)
1 3 A3 3 3

(4b)
3C = 1 1 2 1 A1

1 2 2 2 A2 (ASM)
1 3 2 3 A3

(4c)

A1 (2 2 3 3 � 3 2 2 3) � 2 1 (A2 3 3 � 3 2 A3) + 3 1 (A2 2 3 � 2 2 A3)
1C  =

ASM expanded

(5b)

The matrices for 1C are expanded by using the top row and Laplace�s method

A1
2 2 3 2

2 3 3 3
�  2 1

A2 3 2

A3 3 3
+  3 1

A2 2 2

A3 2 3

1C  =
ASM expanded

(5a)
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have provided a detailed description of validation
parameters. These parameters are considered
necessary before validation studies are conducted.
The validation parameters studied are as follows:

2.2.6.1. Linearity and Range

The linearity of the developed method was evaluated
by plotting the mean absorbencies of ASA, SA, and
CF versus respective concentrations. The samples
of ASA, CA and SA in the concentration range of
0.0005�0.005 mg% were prepared and the correlation
coefficient, slope and intercept with standard
deviation and error were calculated.

2.2.6.2. Accuracy

The accuracy of the method was evaluated by
preparing six different concentrations (1�6 mg/100
ml) for ASA, SA, and CF and analyzing the solutions
individually. The accuracy was also determined for
the two-component and three-component mixtures
of the samples. Each solution was prepared in
triplicate and the % recovery was calculated.

2.2.6.3. Precision

The intra- and inter-day precisions were determined
by preparing two different concentrations (0.002
and 0.005 mg/100 ml) of ASA, SA, and CF. The
assay was performed at three different time intervals
on the same day for intra-day while at three different
days for inter-day precision and %RSDs were
calculated.

2.2.6.4. Limit of detection (LOD) and limit of

quantification (LOQ)

LOD and LOQ (sensitivity) of the method was
determined using following formulas:

where s is the standard deviation of the intercept of
the regression line and S is the slope of the calibration
curve.

2.2.6.5. Robustness

The robustness of the method was determined by

making small changes in the wavelength (2 nm).
The accuracy and precision of the method was
evaluated.

2.2.7. Degradation of ASA

2.2.7.1. Degradation in solutions

A 10 mg per 100 ml aqueous solution of ASA was
prepared (pH 9.0) in a 100 ml volumetric flask. The
flask was placed in a water bath at 70°C to hydrolyze
ASA. A 5 ml aliquot of the solution was pipette out
at different intervals, cooled to room temperature
in an ice bath and a portion was used for the assay
of ASA and SA in the solution. The same experiment
was repeated in the presence of CF and the contents
containing ASA, SA, and CF were assayed in the
solution, using the multicomponent spectrometric
method (Section 2.2.5).

2.2.7.2. Degradation in tablets

Three different commercial brands of ASA tablets
(75, 125, 300 mg) were placed in a desiccator
containing a 22.5% NaOH solution to maintain an
atmosphere of 65% relative humidity99. Samples of
the three brands were withdrawn at appropriate
intervals for the assay of ASA in degraded tablets.

3. RESULTS AND DISCUSSION

In the analysis of pharmaceutical mixtures and in
drug degradation/stability studies, the analytical
method used should be specific and stability-
indicating to determine the intact drug and other
components/products accurately100. Multicomponent
spectrometric4,14,101 and HPLC methods61,102 are
extensively used for this purpose. Since in many
cases the drug concentration in a dosage
form/medium is in low quantities, the method should
be sensitive enough to determine the contents of the
individual components in small quantities.
The development of a stability-indicating method
should be predicted by the intended application of
the method and also a selection of appropriate
technical design to assess the stability of active
pharmaceutical ingredient. The application of a
stability-indicating method involves monitoring of
the stability of a drug in the final formulation which
is required to evaluate the stability-indicating

LOD = 3.3 ×

LOQ = 10 ×

s
S
s
S
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characteristics of the method for the desired purpose.
Some pharmaceutical companies to some extent still
use a non-stability-indicating method such as UV
spectrometry for product release and an HPLC
method for stability testing. The chromatographic
methods (TLC, GLC, and HPLC) are stability-
indicating and stability-specific methods. However,
the non-chromatographic, titrimetric and
spectrometric techniques (UV, and IR) are not
considered stability-indicating and are not suitable
for application to the assessment of the stability of
drugs. However, the multicomponent UV/visible

spectrometric methods that take into consideration
the presence of the intact drug as well as the
degradation products may be applied to assess the
stability of a drug during the degradation studies.

3.1. Spectral Characteristics

The UV absorption spectra of ASA, SA, and CF at
pH 2.0 are shown in Fig. 2, which indicates their
absorption maxima at 228, 303 and 272 nm,
respectively. The value of A (1%, 1 cm) at the
absorption maxima are given in Table 1 and are in
agreement with the values reported by Moffat et al.96.

3.2. Validation of the Analytical Method

3.2.1. Linearity and range

The absorbance values of five different dilutions of
ASA, SA, and CF (0.0005�0.005%), were measured
and plotted against the respective concentrations.
There was a linear relationship between the

absorbance and concentration indicating the validity
of Beer�s Law in the concentration range studied
(Fig. 3). The values of regression coefficient for
ASA, SA, and CF are 0.9996, 0.9995 and 0.9997,
respectively, and are given in Table 2.

Table 1.  Specific absorbance [A (1% 1 cm)] ± SD values of ASA, SA and CF at pH 2.0 (KCl�HCl, 0.2
M) used in two- and three-component spectrometric assaysa

Compound

ASA

SA

CF

228 nm

461.16±1.08

438.80± 0.76

278.50± 0.86

272 nm

58.76±0.15

78.20±0.64

502.33±0.57

278 nm

67.40±0.40

98.66±0.57

455.33±0.61

303 nm

9.16±0.20

259.16± 0.76

8.10±0.36

Fig. 2. Absorption spectra of ASA (a), SA (b) and CF (c)
at pH 2.0 in 0.2 M KCl�HCl buffer.
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Table 2. Validation data for multicomponent spectrophotometric assay of aspirin (ASA), salicylic acid
(SA) and caffeine (CF)a

Compound

lmax nm (pH 2.0)

A (1%,  1 cm)

Linearity

Concentration range (mg%)

Slope

Intercept

SE of Slope

Recovery range (%)

Accuracy (%) ± SD

RSD (%)

LOD (mg%)

LOQ (mg%)

ASA

278

67.40±0.40

0.9996

0.0005�0.005

66.8

0.0015

0.0022

98.3�103.2

100.3±0.75

0.98

1.0×10�4

3.2×10�4

SA

303

259.21±0.76

0.9995

0.0005�0.005

259.1

0.0003

0.0027

98.0�105.0

99.9±0.26

2.30

3.4×10�5

1.0×10�4

CF

272

502.30±0.57

0.9997

0.0005�0.005

501.8

0.0012

0.0028

98.0�100.2

100.4±0.46

1.41

1.8×10�5

5.5×10�5

a Values are mean of five determinations.

Fig. 3. Calibration curve of ASA (n), SA (g) and CF (p) at a concentration range of 0.0005�0.005 mg%.
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3.2.2. Accuracy

The accuracy of the method has been determined
by preparing solutions of ASA, SA, and CF
individually and in mixtures and the results are given

in Tables 3, 4 and 5, respectively. The data indicates
the accuracy of the assay of compounds individually
within ±2% deviation.

Table 3. The accuracy of the assay of ASA, SA and CF as individual compounds (n = 3)

Added

(mg/100 ml)

1.00

2.00

3.00

4.00

5.00

6.00

1.00

2.00

3.00

4.00

5.00

6.00

1.00

2.00

3.00

4.00

5.00

6.00

Found

(mg/100 ml)

0.99

1.98

2.99

4.00

4.96

5.99

0.99

1.97

2.99

3.99

4.96

5.94

0.98

2.00

2.98

3.99

4.95

5.98

Recovery

(%)

99.00

99.00

99.67

100.00

99.20

99.83

99.00

98.50

99.67

99.75

99.20

99.00

98.00

100.00

99.33

99.75

99.00

99.67

RSD

(%)

1.08

0.98

1.14

1.21

0.68

0.59

1.15

0.75

0.28

1.04

2.00

0.98

0.98

0.58

1.07

0.96

1.54

1.12

Compound

ASA

SA

CF
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7.97

5.89

5.01

3.96

1.97

1.00

1.80

1.59

1.19

1.00

0.79

0.39

4.00

5.05

5.98

7.01

7.99

8.95

99.62

98.16

100.20

99.00

98.50

100.00

100.00

99.40

99.16

100.00

98.75

97.50

100.00

101.00

99.67

100.14

99.88

99.44

0.12

0.22

0.75

0.64

0.29

0.57

0.17

0.67

0.24

0.21

0.32

0.65

0.98

0.63

0.75

0.57

0.46

0.34

0.40

0.80

1.00

1.20

1.60

1.80

0.20

0.40

0.80

1.00

1.20

1.60

0.60

0.50

0.40

0.30

0.20

0.10

0.40

0.80

1.00

1.19

1.59

1.81

0.20

0.40

0.81

1.00

1.20

1.60

0.59

0.51

0.39

0.30

0.20

0.10

100.00

100.00

100.00

99.16

99.40

100.56

100.00

100.00

101.25

100.00

100.00

100.00

98.33

102.00

97.50

100.00

100.00

100.00

0.57

0.46

0.26

0.24

0.46

0.65

0.57

0.46

0.25

0.13

1.27

0.25

0.23

1.08

0.98

0.16

0.28

0.61

8.00

6.00

5.00

4.00

2.00

1.00

1.80

1.60

1.20

1.00

0.80

0.40

4.00

5.00

6.00

7.00

8.00

9.00

RSD
(%)

Table 3. The accuracy of the assay of ASA, SA and CF in mixtures (Two-component) (n = 3)

Added
(mg%)

Found
(mg%)

Recovery
(%)

RSD
(%)

Added
(mg%)

Found
(mg%)

Recovery
(%)

ASA SA

SA CF

CF ASA
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Table 5. The accuracy of the assay of ASA, SA, and CF in mixtures (three-component) (n = 3)

ASA CF SA

Added
(mg%)

Found
(mg%)

Recovery
(%)

RSD
(%)

Added
(mg%)

Found
(mg%)

Recovery
(%)

RSD
(%)

Added
(mg%)

Found
(mg%)

Recovery
(%)

RSD
(%)

1.60

1.40

1.20

1.00

0.60

0.40

0.20

0.60

0.80

1.00

1.64

1.44

1.19

0.98

0.60

0.39

0.19

0.59

0.79

0.98

102.50

102.96

99.17

98.00

100.00

97.50

95.00

98.33

98.75

98.00

1.33

1.39

0.51

1.57

1.18

1.14

2.15

1.30

1.58

1.16

0.20

0.40

0.60

0.60

0.80

0.40

1.40

1.20

0.60

0.20

0.19

0.40

0.59

0.59

0.79

0.39

1.39

1.19

0.59

0.20

95.00

100.00

98.33

98.33

98.75

97.50

99.29

99.17

98.33

100.00

2.07

1.41

1.16

0.76

0.75

0.30

1.05

0.84

1.15

1.15

0.20

0.20

0.20

0.40

0.60

1.20

0.40

0.20

0.60

0.80

0.20

0.20

0.19

0.38

0.60

1.19

0.40

0.20

0.60

0.80

100.00

100.00

95.00

95.00

100.00

99.17

100.00

100.00

100.00

100.00

2.09

0.29

0.76

2.21

0.91

0.45

1.41

2.30

1.95

1.26

Sample

Table 6. Intra- and inter-day precisions of the assay of ASA, SA, and CF as individual compounds

Concentration
(mg%)

Amount measured
(mg%) Mean

(mg%)
Recovery

(%)
RSD (%)

Intra-day Precision 10 am 1 pm 4 pm

2.04

2.84

3.08

2.79

2.29

2.99

2.00

2.94

2.00

2.94

2.00

2.79

98.00

100.00

98.00

100.00

100.00

95.00

96.00

100.00

100.00

100.00

100.00

95.00

0.0049

0.0020

0.0049

0.0020

0.0050

0.0019

0.0048

0.0020

0.0050

0.0020

0.0050

0.0019

0.0048

0.0020

0.0048

0.0021

0.0049

0.0020

3rd day

0.0045

0.0020

0.0051

0.0020

0.0051

0.0020

0.0049

0.0020

0.0050

0.0020

0.0051

0.0019

2nd day

0.0048

0.0019

0.0049

0.0019

0.0049

0.0018

0.0050

0.0021

0.0051

0.0021

0.0051

0.0020

1st day

0.0050

0.0020

0.0050

0.0020

0.0050

0.0020

0.0050

0.0021

0.0051

0.0021

0.0051

0.0020

0.0050

0.0020

0.0050

0.0020

0.0050

0.0020

ASA

SA

CF

ASA

SA

CF

Intermediate Precision
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3.2.3. Precision

The precision (repeatability) of the assay method
for ASA, SA and CF has been determined as follows:

3.2.3.1. Intra-day precision (Repeatability)

Six independent assays of ASA, SA, and CF were
performed at two different concentrations (0.002
and 0.005%) and absorbance measurements were
made at 3 h intervals. The results are reported in
Table 6.

3.2.3.2. Inter-day precision (Intermediate

precision)

It has also been carried out on the above mentioned
two solutions for 3 days and the results are reported
in Table 6.

3.2.5. Limit of detection (LOD) and limit of

quantification (LOQ)

LOD is the lowest amount of an analyte that can
be detected. This was determined by measuring
the absorbance of six different solutions in the
concentration range of 0.0005�0.005 mg% for each
compound (ASA, SA, CF). It has been found that
the LODs of the method for ASA, SA, and CF are
1.0×10�4, 3.4×10�5 and 1.8×10�5 mg%, respectively.
Similarly, the lowest amount of the analyte that
can be quantitatively determined with suitable
precision is termed as LOQ. It has been found that
the LOQs of the method for ASA, SA, and CF are
3.2×10�4, 1.0×10�4 and 5.5×10�5 mg%, respectively.
Both LOD and LOQ values are given in Table 2.

3.2.7. Robustness

Robustness of a method is described as a
measure of the capability of an assay method
to remain unchanged by small variations in the
parameters. The absorbance measurements of
the solutions of ASA, SA, and CF carried out
at the respective wavelengths did not show any
significant variations in the results (0.1�0.5%).
Therefore, the method is found to be robust in
its use for the assay of the desired compounds.

3.3. Assay of ASA and SA in Degraded Solutions

According to USP98, the specificity of an assay

method is its ability to measure an analyte
accurately and specifically in the presence of other
components in a sample mixture such as other
active ingredients, excipients, related compounds,
impurities and degradation products.  The present
methods are based on the assay of two- or three-
component mixtures including ASA and
degradation product, SA, in the presence and
absence of CF in thermally degraded solutions of
ASA and in the commercial tablets of ASA
exposed to 65% relative humidity.

The assay data of ASA at various time intervals
in the absence and presence of CF are reported in
Tables 7 and 8, respectively. In order to observe
the specificity of the assay method, the data were
plotted as log concentration versus time and found
to follow first-order kinetics in the absence (Fig.
4a) and presence of CF (Fig. 4b). The data
appeared to fit well in the first order-plot indicating
a gradual loss of ASA with time. The values of
apparent first-order rate constants (kobs) for these
reactions are given in Table 9. Thus the linearity
of the curve around the assay data is a measure
of the specificity of the method (R2 = 0.9996).
This shows that SA is also accounted in the assay
method (two-component as ASA and SA) and the
method could be considered specific for the
degradation studies of ASA.

A typical kinetic plot for the degradation of
ASA and the formation of SA is given in Fig.
5. The values of kobs increase with pH indicating
an increase in the rate of hydrolysis of ASA
in the absence of CF as compared to that of in
presence of CF (Fig. 6). The decrease in the
rate of hydrolysis in the presence of CF is most
probably due to some interaction of ASA with
C F  w h i c h  i s  l e s s  s u s c e p t i b l e  t o  t h e
hydrolysis103. The degradation of ASA has also
been carried out at pH 8 and 10 and similar
results have been obtained. Each solution also
contained CF but  the resul ts  for  three-
component assay indicated non-interference
of SA and CF in the method.
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Table 7. Degradation of ASA in the absence of CF at pH 8.0 to 10.0

pH 8.0

0

10

20

30

40

50

60

pH 9.0

0

10

20

30

40

50

60

pH 10.0

0

10

20

30

40

50

60

Time (min) ASA (mg%) SA (mg%)

5.00

4.77

4.54

4.31

4.08

3.85

3.62

5.00

4.78

4.46

4.16

3.93

3.60

3.27

5.00

4.66

4.24

3.89

3.42

3.00

2.59

0.00

0.29

0.50

0.72

0.93

1.14

1.35

0.00

0.27

0.53

0.90

1.11

1.48

1.75

0.00

0.36

0.86

1.22

1.65

2.21

2.59
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Table 8. Degradation of ASA in the presence of CF at pH 8.0 to 10.0

pH 8.0

0

10

20

30

40

50

60

pH 9.0

0

10

20

30

40

50

60

pH 10.0

0

10

20

30

40

50

60

Time (min) ASA (mg%) CF (mg%) SA (mg%)

5.00

4.78

4.57

4.31

4.16

3.89

3.71

5.00

4.75

4.50

4.16

3.71

3.54

3.31

5.00

4.46

3.98

3.54

3.31

2.95

2.63

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.00

0.22

0.40

0.65

0.87

1.09

1.31

0.00

0.20

0.40

0.69

1.26

1.54

1.75

0.00

0.49

0.98

1.45

1.78

1.99

2.32
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Fig. 4. First-order plots for the hydrolysis of ASA in the absence (a) and presence (b) of CF at pH 8.0 (n),
9.0 (g) and 10.0 (p).

Table 9. Apparent first-order rate constants (kobs) for the degradation of aspirin (700C) in the absence and
presence of CF

Absence of CF

pH kobs ×10-3min-1

4.99

6.52

10.30

Presence  of CF

8.0

9.0

10.0

5.37

6.90

11.00

Time (min)

lo
g
 C

o
n

ce
n

tr
a
ti

o
n

 (
m

g
%

)

0.75

0.70

0.65

0.60
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0.50
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)
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Fig. 5. Kinetic plots for the hydrolysis of ASA (t) and formation of SA (g) at pH 9.0.
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Fig. 6. k-pH profiles for the hydrolysis of ASA in the absence (n) and presence (p) of CF at pH 8.0�10.0.
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3.4. Assay of ASA in Degraded Tablets

A total of three different brands of ASA tablets stored
in an atmosphere of 65% relative humidity were
assayed at different time intervals (Table 10) and
the data was plotted as log concentration versus time
(figure not shown). Similar to the degradation of
ASA in aqueous solutions (section 2.2.7), the assay
data was found to comply with the first-order kinetics
(similar to Fig. 4), showing the linearity of the plot

around the assay values. This indicates that the assay
method is reliable giving accurate results with
decreasing concentration of ASA as observed from
the data fitting of the plots. The values of the apparent
first-order rate constants (kobs) for the degradation
of ASA in commercial tablets are given in Table 11.
Thus the assay method is stability-indicating and
can be conveniently applied to the stability analysis
of ASA.

Table 10. Degradation of commercial aspirin tablets in different brands

96.6

78.6

69.6

60.6

51.5

42.4

0

2

4

6

8

10

98.1

94.0

89.9

85.8

81.7

77.6

100.3

96.6

92.9

89.2

85.5

81.8

Time
(days) Concentration

(mg/Tab)

Brand 1

Concentration
(mg/Tab)

Brand 2

Concentration
(mg/Tab)

Brand 3

Table 11. Apparent first-order rate constants for the degradation of aspirin in commercial tablets

Brand

1

2

3

kobs×102, day�1

8.01

2.52

2.05

t90 (days)

1.3

4.2

5.1

4. CONCLUSION

A simple, rapid and stability-indicating
multicomponent (two- and three-component)
spectrophotometric assay method is developed and
validated for the assay of ASA and its degradation
product, SA, in the presence and absence of CF.
Commercially available ASA and ASA-CF
preparations are in common use and could be easily
analyzed by the proposed methods. In these methods,
the simultaneous assay of these drugs in mixtures

is carried out by absorbance measurements at two
or three appropriately selected wavelengths and
determination of the components by solving matrix
equations. The methods have taken into consideration
all the parameters necessary for their validation. In
order to examine the specificity of these methods,
they have been applied to ASA degradation studies
and satisfactory results have been obtained when
the assay data are subjected to kinetic treatment.
These methods could thus be considered as specific
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and stability-indicating for drug degradation studies
of ASA. In the present methods, no interference is
caused by the degradation product (SA) and added
CF since these are also simultaneously assayed by
these methods. These methods could also be
conveniently used in a quality control laboratory
and for stability analysis of ASA preparations.
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