
Introduction 
For pharmaceutical products with several 

active compounds. high performance liquid chroma
tography (HPLC) is a recognized method for 
multicomponent analysis. The strength of HPLC is 
the resolution of multiple components. However, 
HPLC requires specialized instrumentation, and 
isocratic analysis of each sample can take a mini
mum of 5-10 minutes. 

Although UV-visible speclroscopy is widely 
used in pharmaceutical applications. it has been used 
limitedly for multicomponent analysis of pharmaceu
tical products. Multicomponent analysis using 
multiple discrete wavelengths or a continuous 
spectrum has been successfully applied when spectral 
overlap among components was minimal and the 
contribution by each component to the absorbance of 
the mixture was independent of the other components. 
In pharmaceutical applications, multicomponent 
analysis was done by multiple linear regression with 
instrument based computers for determination of two, 
three and four component mixtures '-

J . 

Full Spectrum 

Features of FSQ 
FSQ derives the Fourier transform of the 

absorbance spectrum. The Fourier transformation 
results in data reduction, 70 terms per spectrum, with 
optimal information retention over the wavelength 
range, and the signal-to-noise ratio is increased. The 
lower Fourier terms contain information of the 
background absorbance in the spectrum and the higher 
terms contain high frequency noise information. FSQ 
allows the elimination of these Fourier terms in the 
analysis. The standards used to establish a calibration 
matrix in FSQ are mixtures of the components to be 
analyzed. Principal component analysis is applied to 
the Fourier transform of the standard mixtures. and a 
set of orthogonal eigenvectors and eigenvalues are 
derived. The number of significant eigenvalues 
represents the spectrally distinct chemical components 
in the mixtures. When the number of eigenvalues is 
larger than the number of components, this suggests 
that there are matrix effects, impurities and/or interac
tions between components. In this situation. the 
additional eigenvectors account for these effects and 
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Full Speclrum Quanlilalion (FSQ) is an ad
vanced spectroscopic method for multicomponent 
analysis that is based on principal component regres
sion and uses Fourier transform preprocessing of the 
absorbance spectrum4

• FSQ has been successfully 
applied to multicomponent dissolution testing of two 
different pharmaceutical formulations: one contained 
pseudoephedrine hydrochloride and chlorpheniramine 
maleate; the other contained phenylpropanolamine 
hydrochloride and chlorpheniramine maleate5

• 

This article will describe the fealures of FSQ 
and outline the steps to perform an analysis. Also. the 
analysis of a three component pharmaceutical 
formulation by FSQ will be compared to thal by 
HPLC. 

can be retained for the calibration. Regression 
analysis is used to correlate the orthogonal representa
tions to the concentrations of the components in the 
standard mixtures. The derived regression coefficients 
are used to quantitate the components in an unknown 
sample from its Fourier transformed spectrum. 

FSQ addresses the limilations of previous 
spectroscopic methods of multicomponent analysis. 

Vector analysis of the spectrum allows components 
with considerable overlap to be analyzed. 
FSQ accounts for interactions between components, 
which could result in deviations from the Beer
Lambert law. and these interactions are included in 
the calibration. 
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If the unknown contains a component(s) that 
contributes a background absorbance but does not 
require quantilation, this component can be left out 
of the calibration set. The effects of these compo
nents. for example excipients, are eliminated by not 
using the lower Fourier terms for the calibration 6. 

mixtures and including a baseline of 10-20% of the 
spectrum. The last three steps in the above protocol 
are done with FSQ. 

The validation of the FSQ calibration is done 
with controls that are mixtures of components at 
concentrations other than those used for the calibration 
standards. The validation is confirmed by comparison 

of the standards' error 

Full Spectrum Quantitation: term, the standard error 
of estimate (SEE), to the 
controls' error term, the 
standard error of predic
tion (SEP). The stan
dards need not be 
prepared and read before 
each analysis of un
known samples. Instead, 
a previously saved 
standard file can be 
recalled and several 
freshly prepared controls 
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Steps To Perform FSQ 
The protocol for FSQ involves five steps: 7 

can be read prior to an analysis. If the SEP for these 
controls is similar to that of the original SEE, then the 
analysis of samples can be performed using the 
recalled standard calibration set. If these error param
eters do not agree, then new calibration standards 
should be prepared and read prior to analysis of the 

I. Determine the concentration range of each compo
nent that has a linear absorption relationship. 

2. Prepare standards, which are mixtures of compo
nents, and scan selected mixtures to determine the 
analytical wavelength range. 

samples. 

3. Perform calibration step with the standard 
mixtures. 

Comparison of FSQ to HPLC 
The capability of FSQ will be evaluated and 

compared to HPLC in the quanti tat ion of a mixture of 
components found in an over-the-counter analgesic 8. The 
components are acetaminophen, aspirin and caffeine. 

4. Validate the calibration with control mixtures. 
5. Analyze unknown samples. 

The first three steps are 
performed once initially, and 
subsequent analyses only 
require the last two steps. 

To determine the 
concentration range that is 
linear to absorbance. single 
component analysis is done 
for each component. The 
concentration range of each 
component in the standard 
mixtures must bracket the 
expected component concen
trations in the unknown. 
Prepare a number of standard 
mixtures that is at least equal 
to the number of components. 
Overspecifying the number of 
standards will increase the 
accuracy of the calibration 
regression coefficients. The 
analytical wavelength range 
used in FSQ is ascertained by 
scanning selected standard 
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Figure L The individual absorbance spectra of 20 I1g/mL acetaminophen, 
20 I1g/mL aspirin and 20 I1g/mL caffeine in water, methanol and glacial 
acetic acid (69:28:3). 



Materials and Methods 
The sample tablets with a 

Trace Function Autoscale Annotate PrJ nt 
label claim of 250 mg acetami
nophen, 250 mg aspirin and 65 mg 
caffeine were Excedrin Extra 
Strength Pain Reliever (Bristol
Myers Products). 

Functions: Scan 
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HPLC analysis was per
formed on a Beckman Instruments 

[Abs] 
System Gold equipped with the 
programmable 502 Autosampler, 126 
solvent delivery module with 
programmable eight solvent selec
tion, the 166 variable UV detector 
and controlled with Gold Software. 
Reversed-phase chromatography was 
done with an Ultrasphere C- I 8 
column (4.6mm x I 50mm, 5 Il 
particle size) at 23'C with an 
isocratic mobile phase at a flow rate 
of2 mllmin. The mobile phase 
composition was water, methanol 
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and glacial acetic acid (69:28:3). 
Components were detected by 
absorbance at 280 nm. For each 

Figure 2. Absorbance spectra of a three component standard mixture used for 
FSQ calibration. The mixture contained 12.5 I!g/ml acetaminophen, 12.5 Ilg! 
mI aspirin and 3 Jlg/ml caffeine. The mixtures were made in water, methanol 
and glacial acetic acid (69:28:3). 

component, standards were prepared in the mobile 
phase and a calibration was done by a least squares 
fit. The concentration ranges of the standards for each 
component were 65-85 ).Ig!ml for acetaminophen and 
aspirin, 12-28 ).Ig!ml for caffeine, and 0.5- 16.5 ).Ig!ml for 
salicylic acid. 

Muiticomponent analysis by UV-visible 
spectroscopy was done with a Beckman Instruments 
DU 650 spectrophotometer equipped with FSQ. 
Spectra were measured with a 10 mm quartz cell. All 
standard mixtures. validation mixtures and samples 

were prepared 
in water, 
methanol and 
glacial acetic 
acid (69:28:3). 
The analytical 
wavelength 
range for FSQ 
was 240-325 
nm. Fifteen 
standard 
mixtures were 

used for 
calibration and 
the concentra
tions of ac
etaminophen 
and aspirin 
were 10. 12.50r 
15 Ilg/ml, and 
those for 
caffeine were 2, 

3 or 4 Ilg/ml. These concentralions correspond to 80, 
100 or 120%, respectively, of the label claim after a 
200-fold di lution of a single tablet dissolved in 100 ml 
of solvent. The calibration standard mixtures were 
validated with a set of five mixtures made up at 
component ratios that were different from those used 
in the respective calibration standards. 

Multicomponent analysis by HPLC and FSQ 
was performed on the same 10 tablet samples from a 
single batch. Each tablet sample was pulverized, 
taken up in 100 ml of water, methanol and glacial 
acetic acid (69:28:3) and sonicated for nine minutes. 
For HPLC, the samples were diluted 33.33-fold prior 
to injection. The same samples were diluted 200-fold 
and analyzed spectrophotometrically with FSQ. 
Statistical comparison between the two analytical 
methods of the results for each component was done 
by a paired t test. 

Results 
HPLC separation of the three components 

was achieved within 4 minutes. There was baseline 
resolution between each component. The retention 

times for each component were 1.02 min for acetami
nophen, 1.53 min for caffeine and 3.08 min for 
aspirin. 

The UV absorbance spectrum of each of the 
four compounds is shown in Figure I. The spectra for 
aspirin and caffeine have considerable overlap. The 
absorbance spectra of one of the standard mixtures is 
shown Figure 2. This mixture was lIsed in the 
calibration for FSQ. None of the distinctive spectral 
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(cot/firmed from page 5) TABLE I 
elements observed in 
the scans of the 
individual compo
nents are present in 
the scan of the 
mixtures. 

Comparison Of Three Component Sample 
Results By HPLC And FSQ 

Concentration (mg/tablet) 
Sample Acetaminophen Aspirin Caffeine 

HPLC FSQ HPLC FSQ HPLC FSQ 

I 245.0 224.3 243.5 225.2 66.1 59.6 
2 246.0 240.4 244.3 240.3 69.1 67.0 
3 255.0 246.3 247.8 235.9 69.0 66.5 
4 248.0 239.4 247.3 235.9 67.5 65.3 
5 243.1 253.1 241.3 243.1 65.8 68.3 
6 255.7 261.7 238.3 234.4 64.2 65.1 
7 225.1 229.4 235.7 248.0 66.6 67.8 
8 249.2 255.5 234.0 246.3 67.1 67.7 
9 244.9 235.5 240.4 228.4 66.3 63.2 
10 247.4 249.7 242.6 238.3 65.7 66.0 

The results of 
the content unifor
mity determination 
by HPLC and FSQ 
are given in Table I. 
The individual 
component content 
for each of 10 
tablets are com
pared between the 
two analytical 
methods. Paired 
comparison of each 
sample for each 
component by 
HPLC and FSQ 
indicated the results 

*p> 0.40 *p> 0.20 *p> 0.20 

*Results of paired I test between HPLC and FSQ analysis of each component. 
Table reproduced by permission from Spectroscopy. 

are not statistically different between the two methods. 
The results demonstrated thaI the advanced 

spectrophotometric method. FSQ. gave equivalent 
results to those by an accepted and approved HPLC 
method for multicomponent analysis of a dosage 
formulation with acetaminophen, aspirin and caffeine. 
It should be emphasized that accurate quantitation of 
these components by FSQ was achieved even with 
significant spectral overlap of two of the compo
nents. aspirin and caffeine (Figure I). 

Conclusion 
The spectrophotometric method FSQ proved to 

be suitable for analysis of a multicomponenl phar
maceutical product with three active ingredients. 
FSQ has been verified as accurate as an approved 
HPLC method of analysis for this multicomponent 
formulation. 

The advantage of FSQ is the speed of sample 
analysis as compared to HPLC. In this study. the 
HPLC separation and analysis of each sample required 
4 min. In contrast, these mixture were read 
and analyzed by FSQ in less than 10 sec per 
sample. FSQ is self contained and built into 
the spectrophotometer and therefore requires 
no off-line computations or user pre-process-
ing of the spectral data. FSQ uses standards 
that are mixtures of components and thus takes 
into account any chemical interaction and 
subsequent effects on the spectra. These 
characteristics of FSQ make it a useful 
alternative to HPLC for pharmaceutical 
multicomponent analysis, including dissolu-
tion testing s. 
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