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ABSTRACT 

Objective: To develop an apply a new and easy UV-derivative method for the simultaneous quantification of acetylsalicylic acid (ASA) and caffeine 
(CAF) in commercial tablets. Derivative spectroscopy is an analytical methodology used to identify drugs in a mixture of two or more compounds 
without use of toxic dissolvents that are involved in chromatographic determinations. 

Methods: Standard solutions of ASA (40-120 µg/ml) and CAF (5-25 µg/ml) were prepared with 0.1 M phosphate buffer pH 7.4. The zero-order 
spectra were determined from 200-300 nm. The method was validated according to International Conference on Harmonization (ICH) guidelines. 
An USP Apparatus 2 at 75 rpm with 900 ml of 0.1 M phosphate buffer pH 7.4 was used. For each drug, common dissolution data as the amount of 
drug released at 60 min (Q60), mean dissolution time (MDT), dissolution efficiency (DE), t50% and t85% were calculated. 

Results: ASA was identified at 245 nm and CAF at 295 nm in the first-derivative mode. The method was linear (R2>0.99, *P<0.05). The precision and 
accuracy of the method were within acceptable limits. Q60, MDT, DE, t50%, and t85% values for ASA were 102.09%, 8.18 min, 88.15%, 2.91 min, and 
11.98 min, respectively. Same parameters for CAF were 99.17%, 5.21 min, 90.54%, 1.09 min, and 5.70 min, respectively. 

Conclusion: The proposed UV-derivative method is rapid and simple and can be easily adopted to determine the in vitro release curves of ASA and 
CAF from commercial tablets. The method generates reliable information that can be compared with published data. 
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INTRODUCTION 

Drug products with the combination of acetylsalicylic acid (ASA) or 
other analgesic drugs and caffeine (CAF) are widely available all 
around the world. The study of interactions of these compounds and 
excipients that can seriously affect some technological properties 
during manufacturing as well as the solubility, dissolution rate and 
bioavailability, is still investigated by several authors [1, 2]. ASA is a 
commonly drug used in the treatment of fever, headache and 
cardiovascular illness [3]. CAF is clinically safe and its effect on pain 
management has been reported by several authors [4, 5]. Molecular 
structures of ASA and CAF are shown in fig. 1. 

 

 

Fig. 1: Molecular structures of ASA (left) and CAF (right) 

 

According to Biopharmaceutical Classification System (BCS) ASA is a 
class I drug (high solubility/high permeability)[6] while CAF has 
good pH-independent aqueous solubility in the physiological pH 
range (~50 mg/ml) [7]. Based on previously published scientific 
information, a BCS-based biowaiver procedure can be recommended 
for approval of new formulations of solid oral dosage forms 
containing ASA as the only active pharmaceutical ingredient [6]. On 
the other hand, only fixed-dose combinations formulations 
containing BCS class I, or class III, or a combination of class I and 
class III may be candidates for a biowaiver [8] so this approach is 
not applicable for ASA/CAF tablets as to date, CAF has not been 
classified. 

Official dissolution test for ASA tablets is described in the United 
States Pharmacopeia (USP). The method indicates the use of the USP 
Apparatus 1 (basket) at 50 rpm and 1000 ml of 0.05 M acetate buffer 
pH 4.5 as a dissolution medium. Under these conditions, not less 
than 80% of the drug should be dissolved in 30 min [9]; however, no 
official dissolution test for ASA/CAF tablets is still available. 

Chromatographic analysis for composed mixtures of ASA and 
antihypertensive, antiplatelet or antithrombotic agents, as well as 
CAF combined with some non-steroidal anti-inflammatory drugs 
(NSAIDs), have been developed by several authors [10-12]. 
Specifically, for ASA and CAF mixture in pharmaceutical 
formulations, spectrofluorometric [13] and electrochemical [3, 14] 
determinations have been published. Electrochemical analysis has 
also been proposed for simultaneous quantification of ASA and CAF 
in human urine samples [15]. Some techniques have been suggested 
for the treatment of spectrophotometric data from spectra 
composed of unresolved bands [16-18]; nevertheless, a UV-
derivative method for simultaneous identification of ASA and CAF is 
not included. 

In the present study, a rapid and simple UV-derivative method with 
measurements at zero-crossing points is proposed for the 
determination of ASA and CAF in a commercial formulation 
(immediate-release tablets). To verify the applicability of this 
procedure, the method was used to determine the in vitro release 
curve of each drug using the USP Apparatus 2 (paddle) at 75 rpm 
and 0.1 M phosphate buffer pH 7.4 as dissolution medium. The 
objective is to have a reliable and easy method to determine ASA and 
CAF using limited analytical resources. Results were compared with 
published data. 

MATERIALS AND METHODS 

Chemicals and instruments 

ASA and CAF standards were purchased from Sigma-Aldrich Co. (St. 
Louis, MO, USA). Sodium phosphate monobasic and dibasic crystals 
as well as methanol AR grade, were purchased from J. T. Baker-
Mexico (Xalostoc, Mexico). The fixed-dose combination formulation 
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containing ASA and CAF (500/30-mg, respectively) was 
Cafiaspirina® tablets (Bayer de México S. A de C. V.). Mexican health 
authorities have established this commercial brand as a reference 
drug product for in vitro and in vivo studies [19]. 

For UV-derivative analysis, a double beam UV/Vis spectrophotometer 
(Perkin Elmer Lambda 35, Waltham MA, USA) with 1-cm quartz cells 
was used. The operating conditions were first-derivative (1D) mode with 
scan speed of 240 nm/min, slit width 2.0 nm and sampling interval 1.0 
nm. In vitro release curves of ASA and CAF were determined in an USP 
Apparatus 2 (paddle) at 75 rpm (Sotax AT-7 Smart, Switzerland) with 
900 ml of 0.1 M phosphate buffer pH 7.4 (37.0±0.5 °C) as dissolution 
medium. Samples of 5 ml were withdrawn at 10-, 20-, 30-, 45-, and 60-
min. All samples were diluted at adequate concentrations, and they were 
analyzed by the proposed UV-derivative method. 

Content uniformity and assay 

Content uniformity and assay tests were performed according to the 
procedures described in the USP [9]. 

Standard calibration curves of ASA and CAF 

The preparation of the standard calibration curves of ASA and CAF 
were as follows: 10 mg of each drug were separately added to 10 ml 
volumetric flasks. Then, a volume of 5 ml of methanol was added to 
each one and flasks were sonicated during 10 min. Later, both flasks 
were diluted to the mark with 0.1 M phosphate buffer pH 7.4. From 
both stock solutions, five solutions of ASA (40-120 µg/ml) and five 
solutions of CAF (5-25 µg/ml) in 0.1 M phosphate buffer pH 7.4 were 
prepared. Then, zero-order spectra of all solutions from 200 to 350 
nm, using 1-cm quartz cells, were recorded and stored. To quantify 
ASA and CAF, the stored spectra of the standard calibration curves 
were used to calculate the 1D. To quantify ASA and CAF in 
dissolution samples, the zero-order spectra of filtered solutions at 
adequate concentrations were recorded and stored. Subsequently, 
the 1D spectra of ASA and CAF, as well as data of standard calibration 
curves, were used to calculate the dissolved amount of each drug at 
previously established sampling times. 

Analytical method validation 

The proposed UV derivative method was validated according to the 
International Conference on Harmonization (ICH) guidelines [20]. 
System linearity, accuracy, precision, and stability were determined. 

Linearity 

Two series of standard calibration curves of ASA and CAF in 0.1 M 
phosphate buffer pH 7.4 were determined. Then, 1D response at 
certain wavelength was recorded. Data obtained were fitted by linear 
regression analysis and the coefficients of regression and regression 
analysis of variance (ANOVA) were calculated. The response vs. ASA 
and CAF concentration proportionality was demonstrated by 
calculating the percentage relative standard deviation (RSD) of the 
response factor across the calibration curve range as follows:  

RSD = �standard deviation
mean

� × 100 …. Eq. 1 

Accuracy and precision 

In order to verify the accuracy and precision of the proposed UV-
derivative method, the standard addition method was used, thus, 
matrix effects can be easily removed. This procedure can be used for 
resolving binary mixtures in complex samples with unknown 
matrices. Twenty tablets were accurately weighed and crushed in a 
mortar; then, quantities of powder of ASA and CAF tablets plus a 
quantity of ASA or CAF standard (10 mg) to finally give the 
equivalent of 80, 100, and 120% of the dose of each drug, were 
separately dissolved in 900 ml of 0.1 M phosphate buffer pH 7.4 at 
37.0±0.5 °C. For this purpose, the USP Apparatus 2 (paddle) at 75 
rpm was used. At 60 min, the amounts of dissolved ASA and CAF 
were calculated with reference to a standard calibration curve 
prepared on the day of the experiment. Each determination was 
performed in triplicate. The percentage relative error (RE) was 
taken as a measure of the accuracy and the RSD as a measure of 
precision. Experiments were carried out in three consecutive days. 
RE was calculated as follows:  

RE = �found−added
added

� × 100 ……. Eq. 2 

Stability 

Stability of analytical solutions was evaluated by analyzing two solutions 
of ASA (50 and 100 µg/ml) and two solutions of CAF (8 and 22 µg/ml) in 
0.1 M phosphate buffer pH 7.4. These solutions were analyzed at 0 h at 
25 °C (zero time) and at 24 and 48 h after stored at 4 and 25 °C. At 24, 
and 48 h (at each temperature) the percentage of absolute difference 
(AD) recovered of ASA and CAF was calculated as follows:  

AD = �initial−�inal
initial

� × 100 …. Eq. 3 

Data analysis 

In order to describe the in vitro release performance of ASA and CAF 
from commercial tablets dissolved drug at 60 min (Q60), mean 
dissolution time (MDT) and dissolution efficiency (DE) were calculated. 
MDT and DE have been suggested as suitable parameters to compare in 
vitro release curves [21, 22] and they also can be used to establish a 
meaningful in vitro/in vivo correlation [23]. To get the values of MDT and 
DE the DDSolver add-in program was used [24]. Additionally, in vitro 
release data of ASA and CAF were fitted to the hyperbola equation:  

y = ax
b+x

 …… Eq. 4 

For this activity, Sigma Plot software (Version 11.0) was used. With 
a and b parameters, values of t50% and t85% were calculated. 

RESULTS AND DISCUSSION 

Content uniformity and assay 

The reference drug product used met the content uniformity and 
pharmacopoeial assay criteria. The percentages of ASA and CAF on 
the content uniformity test ranged from 85 to 115% and the assay 
test was between 90 and 110%. Results are shown in table 1. 
 

Table 1: Content uniformity and assay results of acetylsalicylic 
acid (ASA) and caffeine (CAF) 

Drug Content uniformity (%min–%max) Assay (%) 
ASA 98.25–98.67 98.41±0.15 
CAF 99.79–105.05 102.61±2.10 

 Data are expressed as mean±standard deviation (n=10). 

 

 

Fig. 2: (A) Zero-order spectra of a solution of acetylsalicylic acid 
(ASA) at 80 µg/ml, caffeine (CAF) at 15 µg/ml and a synthetic 
mixture of both drugs (MIX) at same concentrations. (B) First 
derivative of standard and MIX solutions. Vertical lines show 
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the zero-crossing points used to quantify ASA (245 nm) and CAF 
(295 nm) 

Absorption spectra 

The zero-order spectra of ASA at 80 µg/ml, CAF at 15 µg/ml and a 
synthetic mixture of both drugs (MIX) at same concentrations are 
depicted in fig. 2A. The zero-order spectrum of MIX solution 
demonstrated a marked overlapping so that the direct and 
simultaneous quantification of ASA and CAF was not possible. The 1D 
of zero-order spectra of five standard solutions of ASA (40-120 
µg/ml) and five solutions of CAF (5-25 µg/ml), as well as the MIX 
solution (80 µg/ml of ASA and 15 µg/ml of CAF), are shown in fig. 
2B. The zero-crossing points for determination of ASA and CAF were 
identified at 245 and 295 nm, respectively. At these wavelengths, all 
analytical signals were proportional to the drug concentrations and 
as can be seen, no simultaneous interference was found. 

Method validation 

Linearity 

The mean regression equation from two standard calibration curves 
of ASA and CAF are shown in fig. 3. Both linear regressions were 

significant (R2=0.999; *P<0.05). The RSD value of the response factor 
for ASA and CAF ranges was<3%. 

Accuracy and precision 

In order to prove the accuracy and precision of the proposed UV-
derivative method, an analysis of some percentage of the dose of 
each drug was carried out for three days (n=3/d). The within-day 
and between-day precision and accuracy were calculated, and the 
results are shown in table 2. The RSD obtained was in the range of 
0.37–2.57% and the RE was lower than 2.90% for both drugs in all 
selected dose percentages, which indicates good accuracy and 
precision of the method. 

Stability 

The stability of both drugs in 0.1 M phosphate buffer pH 7.4 was 
assessed with the analysis of two solutions of ASA and two solutions 
of CAF at different times. Absolute difference at 24 and 48 h are 
shown in table 3. As can be seen in table 3, ASA and CAF solutions 
were less stable at 25 °C. 

 

 

Fig. 3: Linearity of standard calibration curves of acetylsalicylic acid (ASA) and caffeine (CAF) prepared in 0.1 M phosphate buffer pH 7.4. 
mean data, n=2 

 

Table 2: Accuracy and precision data for simultaneous quantification of acetylsalicylic acid (ASA) and caffeine (CAF) by the proposed UV-
derivative method 

  Within-day Between-day 
Drug/dose (mg) Added (mg) Found (mg) RSD (%) RE (%) Found (mg) RSD (%) RE (%) 
ASA/500 400.00 395.45±2.77 0.70 -0.89 400.44±10.30 2.57 0.11 

500.00 503.03±4.36 0.87 0.61 502.25±6.19 1.23 0.45 
600.00 599.37±9.88 1.64 -0.10 602.18±9.95 1.65 0.36 

CAF/30 24.00 24.51±0.26 1.07 2.10 24.39±0.49 2.02 1.61 
30.00 30.69±0.11 0.37 2.30 30.86±0.17 0.55 2.89 
36.00 36.06±0.41 1.15 0.21 36.12±0.34 0.94 0.33 

Data are expressed as mean±standard deviation (within-day n=3; between-day n=9). 

 

Table 3: Absolute difference (%) respect zero time to evaluate stability at 4 and 25 °C of acetylsalicylic acid (ASA) and caffeine (CAF) in 0.1 
M phosphate buffer pH 7.4 

Drug  °C Conc. (µg/ml) 24 h 48 h 
ASA 4 50.0 -7.61 -13.96 

100.0 -8.94 -16.94 
25 50.0 -39.55 -51.24 

100.0 -50.45 -80.85 
CAF 4 8.0 2.85 5.37 

22.0 3.10 5.94 
25 8.0 18.02 26.87 

22.0 18.76 32.41 

 Data are expressed as mean (n=5). 
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Results indicate that the proposed UV-derivative method, for 
simultaneous quantification of ASA and CAF in tablets is linear, 
accurate, and precise. According to complementary ICH guideline 
[20], the limit of detection and limit of quantitation are 
characteristics not normally evaluated in dissolutions assays. 

For both drugs, a lack of linearity, accuracy, and precision was 
found at concentrations out of the proposed ranges of the 
standard calibration curves. 

In vitro release curves of ASA and CAF are shown in fig. 4. The Q60, 
MDT, DE, t50%, and t85% values are shown in table 4. 

 

 

Fig. 4: In vitro release curves of acetylsalicylic acid (ASA) and caffeine (CAF) obtained with the USP Apparatus 2 at 75 rpm and 900 ml of 
0.1 M phosphate buffer pH 7.4. Mean value±standard deviation, n=12 

 

Table 4: Model-independent and model-dependent parameters of ASA and CAF 

Drug Q60 (%) MDT (min) DE (%) t50% (min)† t85% (min)† 
ASA 102.09±0.94 8.18±0.33 88.15±0.70 2.91±0.22 11.98±0.72 
CAF 99.17±1.15 5.21±0.39 90.54±1.11 1.09±0.15 5.70±0.97 

Mean value±standard error medium, n=12. Q60: dissolved drug at 60 min. MDT: mean dissolution time. DE: dissolution efficiency. †: derived data 
from the hyperbola adjustment. 
 

The in vitro release performance of ASA and CAF from commercial 
tablets shown a complete drugs release at 60 min (100%). 
Application of the UV-derivative method showed that excipients do 
not affect the accuracy of results since recovery (expressed as Q60 
data) is equivalent to the dose indicated on the label. An 
electrochemical method applied to analysis of ASA/CAF tablets 
reported 101.99 and 103.96% of the detected drug, respectively, 
with RE values less than 3.96% [15]. 

A dissolution study of ASA and CAF formulations combined with 
phenacetin has been previously published [25]. Tablets of two 
different sources were tested with the USP basket apparatus at 100 
rpm and 1000 ml of 0.1 M HCl as dissolution medium. More than 
80% of ASA and 100% of CAF were dissolved at 30 min. In our study 
and at the same time, but with different in vitro conditions, the 
complete dose of both drugs was also released. On the other hand, 
acetaminophen/CAF tablets were tested with the USP basket 
apparatus at 100 rpm and 900 ml of fat-rich media as dissolution 
medium. Under these conditions, more than 80% of CAF was 
released at 20 min [7]. Similar results were reported when CAF, in a 
ternary mixture of drugs (tablets), was dissolved with USP 
Apparatus 1 at 100 rpm and 900 ml of 0.1 N HCl [25]. 

Due no UV-derivative spectrophotometric method for the 
simultaneous quantification of ASA and CAF in commercial 
formulations has been reported, we consider that the obtained 
results are adequate for the previously defined purposes. The results 
suggest that this procedure could be successfully applied for the 
simultaneous determination of ASA and CAF without the 
interference of each other and the matrix effect. The method is 
inexpensive and requires simple laboratory equipment. 

CONCLUSION 

The proposed UV-derivative method was an analytical procedure 
successfully used to the simultaneously quantification of ASA and CAF in 
commercial tablets. This kind of methods avoid the use of toxic 
dissolvents such as those used by chromatographic methods or 
expensive laboratory equipment requiring specialized maintenance. The 
proposed method is an analytical procedure that can be easily adopted 
for routine analysis of ASA and CAF mixture. The method is rapid, simple, 
and inexpensive without the need of high-cost investment. 
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