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Abstract 

The paper discusses the quantitation of atenolol, nifedipine, aspirin and dipyridamole in tablet preparations by 
derivative spectrophotometry. Atenolol and nifedipine in combined preparations have been quantified using the 
second-order derivative spectra of their solutions in 0.1 N hydrochloric acid. Aspirin and dipyridamole were 
quantified using the second-derivative difference spectra obtained by scanning equimolar drug solutions in 0.1 N 
HC1 and 0.1 N NaOH. The method has been applied to pure drug mixtures as well as commercial preparations and 
is found to be precise and reproducible. The detection limits at 2.5% level of significance for the drugs of atenolol, 
nifedipine, aspirin and dipyridamole were found to be 1.53, 0.72, 1.30 and 1.46/zg/ml respectively. 
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1. Introduction 

The combination of atenolol and nifedipine as 
a tablet preparation has been recently introduced 
in the market for essential hypertension (Martin- 
dale, 1989). The combination of aspirin and 
dipyridamole as a tablet is being widely used for 
secondary prevention of myocardial infarction 
(Martindale, 1989). Some methods have been re- 
ported for the estimation of atenolol (Bryan and 
Copsey, 1975; Mehvar, 1989), nifedipine (Bruno 
and Suresh, 1988; Schmid et al., 1988; Suzuki and 
Fuji, 1988), aspirin (Norman and Joseph, 1967; 
Norman and and Marie 1968; Miles and Schenk, 
1970) and dipyridamole (Berberi et al., 1991; 
Ganescu et al., 1991) individually as well as in 

0378-5173/94/$07.00 © 1994 Elsevier Science B.V. All rights 
SSDI 0378-5173(93)E0368-Z 

combined dosage forms by GLC (Ramana Rao et 
al., 1990). The present work investigates the si- 
mul taneous de terminat ion  of atenolol  and 
nifedipine and aspirin and dipyridamole in com- 
bined preparations without prior separation from 
each other as well as formulation excipients by 
UV derivative spectrophotometry. 

2. Experimental 

2.1. Materials, reagents and apparatus 

Hydrochloric acid, A.R. grade (E. Merck India 
Ltd), sodium hydroxide, A.R. grade (E. Merck 

reserved 
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India Ltd), methanol, spectroscopic grade (spec- 
trochem, India) were obtained from the indicated 
source: aspirin IP, dipyridamole USP, atenolol 
BP and nifedipine USP were obtained as gift 
samples. 

The following commercial samples were as- 
sayed: Betatrop, atenolol 50 mg + nifedipine 20 
mg (Sun Pharmaceuticals, India); Depten, 
atenolol 50 mg + nifedipine 20 mg (Cadila Chem- 
icals, India); Presolar atenolol 50 mg + nifedipine 
20 mg (Cipla Ltd, India); Cardiwell Plus, aspirin 
50 mg + dipyridamole 75 mg (Torrent Pharma- 
ceuticals Ltd India); Dynaspirin, aspirin 60 mg + 
dipyridamole 75 mg (US Vitamin Ltd, India); 
Thrombospirin, aspirin 100 mg + dipyridamole 75 
mg (Sun Pharmaceuticals, India). 

The second-order derivative spectra were 
recorded at a scan rate of 240 nm/min with a 
Jasco 7800 UV-visible double-beam scanning 
spectrophotometer using 1 cm matched quartz 
cuvettes. 

2.2. Standard and sample solutions 

The stock solutions of the drugs containing 1 
mg/ml of the drug were prepared in methanol by 
dissolving the pure drugs in methanol. Appropri- 
ate volumes of aliquots from the stock solutions 
were used to prepare eight series of solutions. 

The first series (Series A) consisted of solu- 
tions of atenolol of varying concentrations (10-30 
/xg/ml) prepared by pipetting out appropriate 
volumes of aliquots (1.0, 1.4, 1.8, 2.2, 2.6, 3.0 ml) 
from the stock solution of atenolol (1 mg/ml) 
into 100 ml volumetric flasks and making up the 
volume with 0.1 N HC1. The second series (series 
B) consisted of solutions of nifedipine of varying 
concentration (5-20 /.Lg/ml) prepared in a simi- 
lar fashion in 0.1 N HCI. The third series (series 
C) consisted of mixtures of the drugs having a 
constant concentration of nifedipine (10 /zg/ml) 
and a varying concentration of atenolol (10-30 
/zg/ml) prepared by pipetting out the same vol- 
umes of aliquots from atenolol stock solution as 
in the preparation of series A solutions into 100 
ml volumetric flasks, adding 1 ml of nifedipine 
stock solution (1 mg/ml) to each flask and mak- 
ing up the volume with 0.1 N HC1. Similarly, the 

fourth series (series D) of solutions were pre- 
pared by using appropriate volumes of aliquots 
from the atenolol and nifidepine stock solutions 
so as to give solutions containing various concen- 
trations of nifedipine (5-20/xg/ml) along with a 
constant concentration of atenolol (20/~g/ml) in 
0.1 N Hcl. 

The quantitation of aspirin and dipyridamole 
was performed using the second-order derivative 
difference spectra. Hence, the four series of drug 
solutions were prepared in a slightly different 
manner from that of the solutions of atenolol and 
nifedipine. In the case of aspirin as well as dipyri- 
damole, each series was prepared in duplicate as 
equimolar solutions in 0.1 N HCI and 0.1 N 
NaOH to record derivative difference spectra 
(Fell, 1985). Thus, each of the series comprised 
12 solutions out of which the first six were in 0.1 
N HC1 and the remaining six were in 0.1 N 
NaOH. The first series (series E) of solutions 
were equimolar solutions in 0.1 N HC1 and 0.1 N 
NaOH of varying concentrations of aspirin (20-40 
/xg/ml). These were prepared by pipetting out 
appropriate volumes of aliquots (2.0, 2.4, 2.8, 3.2, 
3.6, and 4.0 ml) of the aspirin stock solution in 
methanol (1 mg/ml) into 12 volumetric flasks. 
Each volume of aliquot was pipetted out twice, 
i.e., in duplicate, so as to prepare equimolar 
solutions of each concentration in 0.1 N HCI and 
0.1 N NaOH. Hence, the volume in six out of the 
12 flasks was made up with 0.1 N HC1 and in the 
rest with 0.1 N NaOH. The second series (series 
F) consisted of equimolar solutions of dipyri- 
damole in 0.1 N HC1 and 0.1 N NaOH of varying 
concentration (20-40/xg/ml) and were prepared 
in a similar fashion to that of series E. The third 
and fourth series consisted of equimolar solutions 
of mixtures of aspirin and dipyridamole. The third 
series (series G) consisted of equimolar solutions 
containing a varying concentration of aspirin (20- 
40 /zg/ml) and a constant concentration of 
dipyridamole (30 ~g/ml)  and the fourth series 
(series H) consisted of equimolar solutions con- 
taining a varying concentration of dipyridamole 
(20-40 /~g/ml) along with a constant concentra- 
tion of aspirin (30/xg/ml) in 0.1 N HCI and 0.1 N 
NaOH, prepared in a similar manner to that of 
the mixtures of atenolol and nifedipine. 
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20 tablets of atenolol and nifedipine (of each 
brand) were finely ground and a weight of the 
powder equal to the average weight of the tablet 
was dissolved in methanol, filtered (Whatman 
No. 1 filter paper) and appropriate volumes of 
aliquots of the filtrate were used to prepare sam- 
ple solutions containing approx. 25 /.Lg/ml of 
atenolol (and 10 /xg/ml of nifedipine) respec- 
tively. Similarly, 20 tablets of aspirin and dipyri- 
damole (of each brand) were processed to obtain 
solutions containing approx. 25, 30 or 38 /zg/ml 
of dipyridamole (and approx. 33, 24 or 25/zg/ml 
of aspirin) respectively. 

3. Results and discussion 

The technique of derivative spectrophotometry 
may be used for the quantitation of one analyte 
whose peak is obscured by a larger overlapping 
peak of some other analyte with minimum error 
(Haver, 1979). The advantage of second-order 
derivative spectrophotometry in eliminating the 
background absorption due to formulation excipi- 
ents has been studied previously (Traveset et al., 
1980). The first derivative of an absorption spec- 
trum represents the gradient at all points of the 
spectrum and may be used to locate hidden peaks 
since d A / d h  = 0  at peak maximum, but the 
higher even-order derivatives are potentially more 
useful for analysis. The even-order derivatives are 
bipolar functions of alternating signs at the cen- 
troid (negative for second, positive for fourth, 
etc.) whose position coincides with that of the 
original peak maximum (Fell, 1985). Therefore, 
the absorption of two or more compounds in the 
same wavelength region which would create in- 
separable interference in direct absorption spec- 
trophotometry can often be resolved in the 
derivative mode by choosing a wavelength at 
which one analyte's derivative signal goes through 
a value of zero. Although the derivative centroid 
peak width of a Guassian peak decreases to 53, 
41 and 34% of the original peak width in the 
second, fourth and sixth orders, respectively, re- 
sulting in increased resolution of overlapping 
peaks, the increasingly complex satellite patterns 
detract from resolution enhancement in higher 

derivative spectra (Fell, 1985). Hence, the sec- 
ond-order derivative spectra of the drugs were 
chosen for quantitation. For quantitation of 
atenolol and nifedipine, the wavelengths of 227 
and 219 nm were chosen, since the peak of the 
second-order spectrum of atenolol lies at or near 
the zero value of nifedipine and vice versa at 
these wavelengths. 

For the quantitation of aspirin and dipyri- 
damole, the second-order derivative difference 
spectra of the drugs recorded with the 0.1 N 
NaOH solutions in the sample path and the cor- 
responding equimolar 0.1 N HC1 solutions in the 
reference path were used (Fig. 3 and 4). This 
involves the successful combination of difference 
spectrophotometry with derivative spectropho- 
tometry to give second-derivative difference spec- 
tra when enhanced discrimination against inter- 
fering substances and sharpened fine structural 
features were observed (Fell, 1985). 

The technique of difference spectrophotome- 
try has proved particularly useful in the determi- 
nation of medicinal substances by eliminating 
specific interference from degradation products 
and co-formulated drugs and involves the repro- 
ducible alteration of the spectral properties of 
the analyte in equimolar solutions and the mea- 
surement of the absorbance difference between 
the two solutions provided the absorbances of the 
other absorbing interferents are not affected by 
the reagents used for the spectral property alter- 
ation. Simple aqueous acids, alkalis and buffers 
are most frequently used for inducing spectral 
alterations, since many drugs are weak acids or 
bases whose state of ionisation and absorptivity 
depend on the pH of the solution (Doyle and 
Fezzari, 1974). 

In the present investigation, the second-order 
derivative difference spectra were produced from 
the zero-order difference spectra recorded by 
scanning the 0.1 N HCI and 0.1 N NaOH equimo- 
lar drug solutions in the spectrophotometer. The 
zero-order difference spectra of aspirin were 
recorded with a 0.1 N HCI solution of aspirin in 
the reference path and an equimolar 0.1 N NaOH 
solution of aspirin in the sample path. Similarly, 
the zero-order difference spectra of dipyridamole 
were recorded with a 0.1 N HC1 solution of 
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÷ 0 . 0 5 0  dipyridamole in the reference path and an 
equimolar 0.1 N NaOH solution of dipyridamole 
in the sample path. These zero-order difference 
spectra were then converted to second-order 
derivative difference spectra using digital algo- 
rithms. The pK  a values of aspirin and dipyri- 
damole are 3.5 and 6.4, respectively (Martindale, 
1989). Hence, equimolar solutions of the drugs in 

od 
0.1 N HCI (pH = 1) and 0.1 N NaOH (pH = 13.0) ~ o.ooo 
which were at least 2.0 pH units away from the 

Od 
pK  a values produced about 90% of individual = 
species and small changes in the pH values of 0.1 
N HC1 and 0.1 N NaOH did not result in large 
alteration in the absorbance values (Doyle and 
Fezzari, 1974) during the recording of the zero- 
order  difference spectra. The peaks of the sec- 
ond-order derivative difference spectra of aspirin 
and dipyridamole lie at or near the zero value of 
one another  at the chosen wavelengths of 272 and 
310 nm and hence the heights of the spectra at 
these wavelengths have been used for quantita- 
tion of the drugs. 

For  quantitative work, the amplitude of a 
derivative peak can be measured in various ways. 
In the present investigation, the amplitudes have 
been measured with respect to derivative zero 
which is the true derivative amplitude (Fell, 1985). 
Using the amplitudes of the peak to derivative 
zero of the corresponding second-order derivative 
spectra (denoted by h 1 in Fig. 1) atenolol was 
quantified at 227 nm (where the derivative spec- + o.o2o 
trum of nifedipine shows a value of zero) and 
nifedipine was quantified by using the amplitudes 
of the spectra (denoted by h 2 in Fig. 2) at 219 nm 
(where the derivative spectrum of atenolol has 
zero value), respectively. -o 

,~ 0.000 
Similarly, using the true derivative amplitudes N 

of the derivative difference spectra (Fig. 3 and 4), 
aspirin was quantified by using the derivative 
amplitudes (denoted by h 3 in Fig. 3) at 272 nm 
(where the d2A/dA 2 value of the derivative dif- -0 .020 
ference spectrum of dipyridamole is zero) and 
dipyridamole by using the amplitudes (denoted by 
h 4 in Fig. 4) at 310 nm (where the d2A/dA 2 value 
of the derivative difference spectrum of aspirin is 
zero). The amplitudes of the derivative spectra of 
solutions of different concentrations of drugs (Ta- 
ble 1-4) were directly measured from the video 

hl 

1 

2 

-0 .0 7 5  
220 260 300 

WAVELENGTH (nm) 
Fig. 1. Second-order derivative spectra of pure atenolol in 0.1 
N HCl (atenolol concentration: 10, 20 and 30/zg/ml in curves 
1, 2 and 3, respectively). 

220 260 300 
WAVELENGTH ( n m )  

Fig. 2. Second-order derivative spectra of pure nifedipine in 
0.1 N HCl (nifedipine concentration: 5, 10 and 20 /zg/ml in 
curves 1, 2 and 3, respectively). 
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Table 1 
Selectivity of the 
etry 

method for the determination of atenolol in the presence of nifedipine by second-order derivative spectrophotom- 

Composition of mixture Mean value a of d2A/dA 2 Confidence b limit F test values c 

( /~g/ml) (at 227 nm) (95%) Crt Cal 

ATN NIF 

10 10 - 0.0161 5:0.0003 5:0.0003 4.72 4.00 
14 10 - 0.0217 i 0.0004 + 0.0003 4.72 2.25 
18 10 - 0.0279 + 0.0004 + 0.0002 4.72 2.25 
22 10 - 0.0359 + 0.0004 + 0.0003 4.72 2.25 
26 10 - 0.0410 + 0.0003 + 0.0001 4.72 4.00 
30 10 - 0.0475 + 0.0005 + 0.0001 4.72 1.44 

ATN, atenolol; NIF, nifedipine; Crt, critical value; Cal, calculated value; 
a Mean value of 10 replicate determinations. 
b Based on Student's t-test distribution. 
¢ Based on F test for non-linearity; F critical = Ft~(4,9) values from % F table for a tail area, a = 0.0025 (2.5% level of 
significance); F calculated = (Sy2/Ss 2) where S r is the standard error of estimate and S s is the standard deviation of the single 
measurement of y. 

monitor by positioning the cursor at the appropri- 
ate wavelengths for quantitation. They may also 
be measured from the curves obtained on chart 
paper as recorder output (Fig. 1-4). 

The regression equations and correlation coef- 
ficients obtained from the data in Tables 1-4 at 
the appropriate chosen wavelengths are given in 
Tables 5 and 6. 

The similarity of the regression equations of 
pure drug solutions to that of their mixtures as 
well as the high correlation coefficient values in 
the order of 0.99 indicate the non-interference of 

one drug on the absorption measurement of the 
other at the chosen wavelengths. In addition, the 
values of the test for significance of evidence of 
correlation based on Students's t-test (Roach 
and McCormick, 1987) presented in Tables 5 and 
6 show that the calculated t values with four 
degrees of freedom at a significance level of 0.1% 
are larger than the critical t values obtained from 
the t table for the same number of degrees of 
freedom and level of significance and clearly con- 
firm the existence of strong positive correlation 
between the concentrations of the drugs in solu- 

Table 2 
Selectivity of the method for the 
etry 

determination of nifedipine in the presence of atenolol by second-order derivative spectrophotom- 

Composition of mixture Mean value a of d2A/dA 2 Confidence b limit F test values ¢ 

( /zg/ml)  (at 219 nm) (95%) Crt Cal 

NIF ATN 

05 20 0.0054 + 0.0002 + 0.0001 4.72 1.00 
08 20 0.0093 5:0.0001 5:0.0001 4.72 4.00 
11 20 0.0127 + 0.0001 +0.0001 4.72 4.00 
14 20 0.0159 5:0.0003 + 0.0002 4.72 0.44 
17 20 0.0190 + 0.0002 + 0.0002 4.72 1.00 
20 20 0.0223 5:0.0002 + 0.0001 4.72 1.00 

ATN, atenolol; NIF, nifedipine; Crt, critical value; Cal, calculated value. 
a Mean value of 10 replicate determinations. 
b Based on Student's t-test distribution. 
c Based on F test for non-linearity at 2.5% level of significance. 



16 P. Umapathi / International Journal of Pharmaceutics 108 (1994) 11-19 

- 0.030 

+ 0.030 

0 . 0 0 0  

I J I t I 
250 300 350 

% 
"I0 

W A V E L E N G T H  ( n m ]  

Fig. 3. Second-order derivative difference spectra of pure 
aspirin obtained by scanning 0.1 N NaOH solutions vs corre- 
sponding equimolar  0.1 N HCI solutions (aspirin concentra- 
tion: 10, 20 and 3 0 / z g / m l  in curves 1, 2 and 3, respectively). 
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Fig. 4. Second-order derivative difference spectra of  pure 
dipyridamole obtained by scanning 0.1 N NaOH solutions vs 
corresponding equimolar 0.1 N HCI solutions (dipyridamole 
concentration: 10, 20 and 30 ~ g / m l  in curves 1, 2 and 3, 
respectively). 

tion and the d2A/dA 2 values (i.e., heights) of the 
respective derivative spectra. The small standard 
deviation values associated with the determina- 
tion of the amplitudes of the derivative spectra 
(Table 1-4) of the drug mixtures indicate the 

high level of precision associated with the deter- 
mination of derivative values at the appropriate 
wavelengths for quantitation as well as the inde- 
pendence of one drug from the absorption mea- 

Table 3 
Selectivity of  the method  for the  determinat ion of aspirin in the presence of dipyridamole by second-order derivative difference 
spectrophotometry 

Composit ion of mixture Mean  value a of  d2A/d)t  2 Confidence b limit F test values c 

( /xg /ml)  (at 272 nm) (95%) Crt Cal 

ASP DIP 

20 30 0.0054 + 0.0001 + 0.0001 4.72 1.00 
24 30 0.0066 + 0.0002 ± 0.0002 4.72 0.25 
28 30 0.0078 + 0.0002 ± 0.0002 4.72 0.25 
32 30 0.0093 ± 0.0002 ± 0.0001 4.72 0.25 
36 30 0.0101 ± 0.0001 ± 0.0001 4.72 1.00 
40 30 0.0117 ± 0.0001 ± 0.0001 4.72 1.00 

ASP, aspirin; DIP, dipyridamole; Crt, critical value; Cal, calculated 
a Mean  value of 10 replicate determinations.  
b Based on Student ' s  t-test distribution. 
c Based on F test for non-linearity at 2.5% level of  significance 

value. 
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Table 4 
Selectivity of the method for the determination of dipyridamole in the presence of aspirin by second-order derivative difference 
spectrophotometry 

Composition of mixture Mean value a of d2A/dA 2 Confidence b limit F test values c 

( ~ g / m l )  (at 310 nm) (95%) Crt Cal 

DIP ASP 

20 30 -0.0277 + 0.0002 _+ 0.0001 4.72 4.00 
24 30 - 0.0325 _+ 0.0003 _+ 0.0002 4.72 1.78 
28 30 -0.0377 ± 0.0002 ± 0.0002 4.72 4.00 
32 30 - 0.0435 ± 0.0002 ± 0.0002 4.72 4.00 
36 30 - 0.0484 ± 0.0003 ± 0.0002 4.72 1.78 
40 30 - 0.0545 ± 0.0002 ± 0.0002 4.72 4.00 

ASP, aspirin; DIP, dipyridamole; Crt, critical value; Cal, calculated value. 
a Mean value of 10 replicate determinations. 
b Based on Student's t-test distribution. 
c Based on F test for non-linearity at 2.5% level of significance 

surement of the other. The negligible intercepts 
of the equations indicate regression through or 
close to the origin at the chosen wavelengths. 

In order to assess the rectilinearity of the 
calibration curves represented by the regression 
equations, the F test for non-linearity (Roach 

and McCormick, 1987) which gives a quantitative 
measure of the strength of evidence for non-lin- 
earity was applied to the d2A/dA 2 values pre- 
sented in Tables 1-4 and the results are pre- 
sented in the last columns of the respective ta- 
bles. The values strongly indicate the existence of 

Table 5 
Regression analysis of atenolol and nifedipine standard solutions 

Sample Composition of sample Regression equation a Correlation 
(/.~g/ml) (at 227 nm for ATN coefficient 

ATN NIF and at 219 nm for NIF) 

Test for significance b 
of evidence of correlation 

Critical Calculated 

Series A 10-30 0 y = -0 .0016x + 0.0002 0.9987 
Series B 0 5-20 y = 0.0011x + 0.0001 0.9995 
Series C 10-30 10 y = -0.0015x + 0.0004 0.9990 
Series D 20 5-20 y = 0.0011x + 0.0001 0.9994 

7.17 39.81 
7.17 65.59 
7.17 46.77 
7.17 58.36 

ATN, atenolol; NIF, nifedipine. 
a Based on six calibration values; x, concentration of the drug (in/.~g/ml). 
b Based on Student's t-test at a significance level of 0.1% and 4 degrees of freedom. 

Table 6 
Regression analysis of aspirin and dipyridamole standard solutions 

Sample Composition of sample Regression equation a Correlation 
( /zg/ml)  (at 272 nm for ASP coefficient 

ASP DIP and at 310 nm for DIP) 

Test for significance b 
of evidence of correlation 

Critical Calculated 

Series E 20-40 0 y = 0.0003x - 0.0007 0.9990 
Series F 0 20-40 y = - 0.0013x + 0.0002 0.9993 
Series G 20-40 0 y = 0.0003x - 0.0006 0.9989 
Series H 0 20-40 y = - 0.0013x - 0.0003 0.9993 

7.17 46.60 
7.17 56.70 
7.17 43.63 
7.17 54.17 

ASP, aspirin; DIP, dipyridamole. 
a Based on six calibration values; x, concentration of the drug (in ~g /ml ) .  
b Based on Student's t-test at a significance level of 0.1% and 4 degrees of freedom. 
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Table 7 
Assay results of 
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atenolol and nifedipine in commercial formulations by second-order derivative spectrophotometry 

Sample Average weight a Label claim Mean recovery CV (%) c 
(per tablet in mg) (rag/tablet) (%) b 

ATN NIF ATN NIF ATN NIF 

Brand A 322.2 50 20 99.76 + 0.27 99.08 + 0.31 0.27 0.31 
Brand B 342.4 50 20 98.82 + 0.23 99.92 + 0.36 0.23 0.36 
Brand C 310.7 50 20 99.96 + 0.27 98.68 + 0.37 0.27 0.37 

ATN, atenolol; NIF, nifedipine. 
a Mean value of weights of 20 tablets. 
b Mean of five determinations; assay as percentage of label claim. 
c Coefficient of variance (%). 

a l inea r  r e l a t ionsh ip  be tween  d 2 A / d A  2 va lues  
and  the  d rug  concen t r a t i ons  at  a s ignif icance 
level of  2.5%. Thus,  the  a d o p t e d  g raph ica l  sec- 
o n d - o r d e r  der ivat ive  (ob t a ined  by using digi ta l  
a lgor i thms)  fulfills the  c r i t e r ion  of  l inea r  r e sponse  
with  concen t r a t i on  for  all  the  four  drugs.  T h e  
resul ts  of  the  assay o f  the  commerc i a l  fo rmula -  
t ions by the  p r o p o s e d  m e t h o d  a re  l i s ted  in Tab les  
7 and  8. 

T h e  concen t r a t i ons  o f  the  d rug  so lu t ions  were  
chosen  on  the  basis  of  the  p r o p o r t i o n  of  the  
drugs  in commerc i a l  fo rmula t ions  as well  as to 
have m i n i m u m  re la t ive  e r ro r  in abso rp t ion  m e a -  
s u r e m e n t  (Connors ,  1982). 

T h e  so lu t ions  of  aspir in ,  d i p y r i d a m o l e  and  
a teno lo l  were  p r e p a r e d  and  s to r ed  u n d e r  r o o m  
cond i t ions  ( t e m p e r a t u r e  = 25-28°C)  in o rd ina ry  
Pyrex glass vo lumet r i c  f lasks (class A).  T h e  solu- 
t ions con ta in ing  n i f ed ip ine  (pure ,  mix tures  wi th  
a t eno lo l  as well  as t ab le t  samples )  were  p r e p a r e d  
u n d e r  r ed  l ight  and  s to red  in low act inic  Pyrex 
vo lumet r i c  f lasks at  r oom t e m p e r a t u r e  unt i l  t he i r  

analysis  in o r d e r  to avoid p h o t o d e g r a d a t i o n  (Syed 
Ali ,  1989). T h e  stabi l i ty  of  the  so lu t ions  was mon-  
i t o red  s p e c t r o p h o t o m e t r i c a l l y  for  a pe r iod  of  3 h 
and  was found  to vary by the  fol lowing ab- 
so rbance  uni ts  (AU):  asp i r in  in 0.1 N HC1 by 
+0.001 A U  and  in 0.1 N N a O H  by +0 .009  A U ;  
d i p y r i d a m o l e  in 0.1 N HCI by +0.001 A U  and  in 
0.1 N N a O H  by +0 .009  A U ;  a t eno lo l  in 0.1 N 
HC1 by +0 .002  A U  and  n i fed ip ine  in 0.1 N HCI 
by + 0.005 A U .  Al l  the  m e a s u r e m e n t s  for  repl i -  
ca te  d e t e r m i n a t i o n s  were  r e c o r d e d  wi thin  a t ime 
in terval  of  6 0 - 9 0  min a f te r  p r e p a r a t i o n  of  the  
so lu t ions  in 0.1 N HC1 and  0.1 N N a O H  to 
min imise  the  var ia t ions  in a b so rba nc e  with t ime.  

4. Conclusion 

The  quan t i t a t i on  o f  two drug  c o m p o n e n t s  in a 
mix ture  by e ve n -o rde r  der ivat ive  s p e c t r o p h o t o m -  
e t ry  will d e p e n d  on the  for tu i tous  jux tapos i t ion  of  
the  spec t ra  so tha t  the  ma x imum a m p l i t u d e  of  

Table 8 
Assay results of aspirin and dipyridamole in commercial formulations by second order derivative difference spectrophotometry 

Average weight a Label claim Mean recovery CV (%) c 
(per tablet in mg) (mg/tablet) (%) b 

ASP DIP ASP DIP ASP DIP 

Brand A 387.7 60 75 98.90 + 0.19 100.36 + 0.32 0.19 0.32 
Brand B ' 354.8 60 75 99.94 + 0.34 99.90 + 0.25 0.34 0.25 
Brand C 345.4 100 75 98.90 + 0.28 99.00 + 0.47 0.29 0.47 

ASP, aspirin; DIP, dipyridamole. 
a Mean value of weights of 20 tablets. 
b Mean of five determinations; assay as percentage of label claim 
c Coefficient of variance (%) 
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the spectrum of one drug lies at or near the zero 
value of the spectrum of the other drug. The 
combination of atenolol and nifedipine as well as 
aspirin and dipyridamole fulfills this requirement. 
The quantitation of aspirin and dipyridamole has 
been carried out using derivative difference spec- 
tra which give enhanced discrimination against 
interfering substances. The data in Tables 1-6 
with high values of correlation coefficients and 
low standard deviations as well as the results of 
the F test for non-linearity and test for signifi- 
cance of evidence for correlation indicate the 
strong positive correlation, rectilinearity and pre- 
cision of the measurements by the proposed 
method. In the absence of official methods for 
the simultaneous quantitation of atenolol and 
nifedipine as well as aspirin and dipyridamole, 
the proposed methods are found to be very suit- 
able for the determination of the drugs in tablets. 
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