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Abstract

The combination of furosemide (furo) and spironolactone (spiro) is very effective in the treatment of heart failure. In that case, maintaining
good quality of these drugs in commercial tablets is must. Therefore, a simple, economical, precise and accurate method, i.e; chemometric
assisted UV spectroscopy, for simultaneous determination of furosemide and spironolactone in combined dosage form has been developed.
In this study, principal component regression (PCR) has been reported for this purpose. A calibration set of 36 mixture solutions containing
furosemide and spironolactone in methanol in the concentration range of 2.0-12.0 pg/ml and 5.0-30.0 pg/ml respectively has been prepared
by means of an orthogonal experimental design. The absorbance data for the concentration set have been obtained by direct measurement
in UV spectrophotometer at 101 wavelength points in the spectral region of 200-300 nm for the zero order spectra. The chemometric tech-
nique is also successfully applied to available pharmaceutical formulations, tablets, with no interference from excipients. The analytical per-
formances of principal component regression are characterized by relative prediction errors and recoveries (%). The good recoveries
obtained in this case proved that the proposed chemometric technique could be applied efficiently in the quality control of the studied drugs
simultaneously in their mixture as well as in the commercial dosage form with satisfactory precision and accuracy as alternative analysis

tools.
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Introduction

Spironolactone (spiro) called a potassium-sparing diuretic
and furosemide (furo), a loop diuretic are widely used and
frequently co-formulated in pharmaceutical preparations.
Diuretics function in our kidneys. They work by causing the
kidneys to increase the amount of salts, such as potassium
and sodium, which are filtered out of the blood and into the
urine. When these salts are filtered out of the blood by the
kidneys, they draw water alongside them. As diuretics
increase the removal of salts from the blood, they also cause
more water to be drawn out from the blood into the urine.
Removing water from the blood decreases the volume of
fluid circulating through the blood vessels. This subsequent-
ly decreases the pressure within the blood vessels. Diuretics
such as spironolactone and furosemide can therefore be used
to lower high blood pressure.

Loop diuretics like furosemide are strong diuretics that cause
lots of potassium to be filtered out of the blood. This can
sometimes cause the level of potassium in the blood to fall
too low. A low potassium level blood is called hypokalaemia
and can sometimes be dangerous, particularly for people
with heart disease or liver disease. Spironolactone works by
blocking the actions of a hormone in the body called aldos-
terone. It inhibits the effect of aldosterone by competing for
intracellular aldosterone receptors in the distal tubule cells.
This increases the excretion of water and sodium, while
decreasing the excretion of potassium. Spironolactone is also
used in heart failure, where the pumping mechanism of the
heart is less effective. It is used to relieve the symptoms of
heart failure, such as the shortness of breath seen with fluid
on the lungs. It can also be used to remove excess fluid that
can accumulate in the body in people with cirrhosis of the
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liver. This fluid may accumulate in the abdomen (ascites) or
in the legs (oedema).

Spironolactone has a fairly slow onset of action, taking sev-
eral days to develop; similarly, the effect diminishes slowly
(Ram et al., 2012). In clinical practice, spironolactone is fre-
quently given in combination with loop diuretic like
furosemide. The advantages of this combination over
spironolactone alone include a greater natriuretic potency,
earlier onset of dieresis and fewer tendencies to induce
hyperkalemia (Gings et al., 2010). Therefore, the spironolac-
tone-furosemide combination is widely prescribed.

Quality control of dosage form preparations of drug needs
reliable and quick analytical methods. UV/vis spectropho-
tometry is by far the instrumental technique of choice in
industrial laboratories, owing mainly to its rapidness, sim-
plicity, and sensitivity and often requiring low-cost equip-
ment. Simultaneous determination of pharmaceuticals con-
taining multi-active absorbing ingredients is difficult to per-
form by classical spectrophotometric technique due to spec-
tral overlap.

Recently, multivariate calibration methods appear to be the
proper techniques that show the best performance for com-
plex mixture resolution (Vigneau et al., 1997, Massart et al.,
1998; Lavine 2000; Haaland et al., 2000; Fearn, 2001;
Brereton, 2003; Geladi, 2003; Ragno et al, 2004).
Multivariate calibration is an effective calibration method in
which the chemical information (absorbance, emission,
transmission, etc.) of a set of standard mixtures recorded at
different variables (wavenumbers) are related to the concen-
tration of the chemical compounds present in the mixtures
(Martens and Naes, 1991). The popular calibration way used
in chemical analysis is the univariate calibration in which the
chemical information of a set of solution recorded at one
variable (i.e. wavenumber) is related to the solute concentra-
tion in the solution. Univariate calibration has no fault-detec-
tion capabilities. The presence of interference results in the
overestimation of the concentration of the analyte of interest.
In addition, the analyst will not be aware of the problem.
Using univariate measurement schemes, there are two ways
to avoid interferents problems-physically separating the ana-
lytes of interest from all interferents and /or using selective
measurements. Although both approaches are often accept-
able and successful, considerable effort can be expended in
developing the separations and/ or measurements. Improved
precision and accuracy over univariate methods can often be
realized because of the multivariate advantage. The most
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applied multivariate calibration tools are classical least
squares (CLS), inverse least squares (ILS), principal compo-
nent regression (PCR), and partial least squares (PLS) and
support vector machine (SVM). The diagnostics are excel-
lent in both the calibration and prediction phasesand used as
satisfactory solution in most cases, where a linear relation-
ship is present between the analytical signal and the proper-
ty to be determined (Beebe ef al., 1998). Among them prin-
cipal component regression (PCR) is a regression technique
based on principal component analysis (PCA). PCR does not
require wavelength selection. Any number can be used; usu-
ally the whole spectrum, or large regions. Larger number of
wavelengths gives averaging effect, making model less sus-
ceptible to spectral noise.

One major use of PCR lies in overcoming the multi-
collinearity problem which arises when two or more of the
explanatory variables are close to being collinear. PCR can
aptly deal with such situations by excluding some of the low-
variance principal components in the regression step. In
addition, by usuing regressing on only a subset of all the
principal components, PCR can result in dimension reduc-
tion through substantially lowering the effective number of
parameters characterizing the underlying model. This can be
particularly useful in settings with high-dimensional covari-
ates. Also, through appropriate selection of the principal
components to be used for regression, PCR can lead to effi-
cient prediction of the outcome based on the assumed model.
PCR offers an analytical chemist several advantages. One
can separate and retain PCs that describe relevant informa-
tion and discard PCs that contain noise, thereby eliminating
sources of random error. PCs that describe relevant informa-
tion should have larger projections because they describe
more of the collected data set than those that describe noise,
which should be a small percentage of the overall measured
signal. There are numerous ways to decide how many PCs to
keep, but all rely on the same basic assumption that PCs that
describe relevant information will describe more of the col-
lected data than PCs that describe only noise. Second, the
size of a data matrix is drastically reduced. An entire spec-
trum can be replaced by its distance (or projection) along a
few PCs (Keithley et al., 2009)

In spite of their wide use and the availability of many analyt-
ical methods only a few scattered reports are available on
either individual or in a combination of spironolactone and
furosemide simultaneous

including quantification of
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with furosemide in combination formulations by ultraviolet
(UV) absorption and UV derivative spectrophotometry,
respectively (Parimoo ef al.,1995; Salem et al., 1991); spec-
trophotometric determination using complex formation with
Cu(II) (Gole Cure, 2006); liquid chromatography for biolog-
ical samples (Shaikh, 1995; Overdiek et al., 1985,
Basavaiah, and Chandrashekar, 2005), first order derivative
spectrophotometric method (Patel and Solanki, 2012) and
thin-layer chromatographic determination (Wesley-Hadzija
and Mattocks, 1982). None of these methods entails the use
of multivariate procedures such as chemometrics, in spite of
their recognized high-resolution potential that has been used
advantageously for the elimination of interferences and the
resolution of overlapped signals. Furthermore, described in
this paper is a rapid, precise and accurate procedure (without
loss of prediction accuracy) for the simultaneous determina-
tion of furosemide and spironolactone in commercial com-
bined tablet preparations, based on the joint use of the PCR
and UV-visible spectrophotometric data. As far as the
authors know this is the first application of PCR in the direct
spectrophotometric determination of diuretics in pharmaceu-
tical formulations.

Materials and methods
Chemicals

Active pharmaceutical ingredients such as furosemide and
spironolactone were kindly donated by Acme Laboratories
Limited (Bangladesh) and were used without further purifi-
cation. Five different commercial pharmaceutical prepara-
tions like Edeloss by Incepta Pharmaceuticals, Edenil® 20
by Eskayef Bangladesh Ltd, Frulac® by Orion Pharma Ltd,
Fusid® Plus by Square Pharmaceuticals Ltd, and Resitone®
by Beximco Pharma, were purchased from the local
resources and analyzed by the proposed chemometric
method. Their declared content in the label was as follows:
furosemide 20 mg and spironolactone 50 mg in each tablet.

All chemicals used throughout the work were of spectro-
scopic grade. After assessing the solubility of drugs in differ-
ent solvents methanol, (MeOH) has been selected as com-
mon solvent for developing spectral characteristics.
Methanol was purchased from Sigma-Aldrich Chemie
Gmbh (Munich, Germany). The water utilized in all studies
was double-distilled and deionized.

Apparatus and software

Shimadzu UV-visible spectrometer (Model: UV-1800,
Shimadzu, Kyoto, Japan), equipped with lcm matched
quartz cells was used for spectrometric measurements.
Experimental design was performed by using the software
SPSS (version 22.0). CAMO the UNSCRAMBLER 10.3 has
been used for PCR.

Procedure

One-component calibration: About 10 mg of each
furosemide and spironolactone working standards were
accurately weighed out, transferred to two separate 100 ml
volumetric flask and dissolved in methanol. The volume was
made up to the mark to obtain the final concentration of
100pg/ml for each of the two drugs. The above standard
stock solutions of furosemide and spironolactone were used
for constructing the individual calibration lines, the
absorbances were measured at 272, and 235 nm against the
blank for furosemide and spironolactone, respectively. The
linear dynamic ranges determined by regressing absorbances
at the corresponding A, Vs. concentrations were 2.0-
12.0pg/ml for furosemide and 5.0-30.0ug/ml for spironolac-
tone.

Calibration mixtures

Six different concentrations (ppm) within the linear range of
furosemide (2.0, 4.0, 6.0, 8.0, 10.0 and 12.0) and spironolac-
tone (5.0, 10.0, 15.0, 20.0, 25.0 and 30.0) were considered to
make mixture solution of standard sample by following
orthogonal experimental design (OED). Thus 36 solutions
were prepared where correlation of concentrations of
furosemide and spironolactone were zero. Table I shows the
compositions of all calibrations mixtures.

To develop the chemometric calibration, thirty six prepara-
tions (calibration set) of standard solutions containing mix-
ture of furosemide and spironolactone were prepared as fol-
lows: Appropriate volume of standard stock solutions of
furosemide and spironolactone in the concentration ranges
between 2.0-12.0pg/ml for furosemide and 5.0-30.0pg/ml
for spironolactone were added in separate 10 ml flasks. Then
the solutions were diluted to 10 ml with methanol. After that
a vortex mixer was used to mix the solutions of furosemide
and spironolactone uniformly with the solvent for each of the
thirty six preparations.

UV spectra of the mixtures were recorded in the wavelength
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range of 200-300 nm versus a solvent blank and digitized
absorbance was sampled at 1 nm intervals. 101 absorbance
data were obtained from the spectrum in the wavelength
range of 200-300 nm for each sample.

Table I. Mixing proportion of furosemide and
spironolactone by OED

Sample ID  Furosemide (ppm) Spironolactone (ppm)
1. 12 30
2. 10 5
3. 10 10
4. 2 20
5. 2 25
6. 10 30
7. 12 15
8. 8 25
9. 6 10
10. 10 20
11. 8 20
12. 4 25
13. 8 30
14. 8 10
15. 6 20
16 10 15
17. 12 10
18. 8 5
19. 12 5
20. 4 30
21. 6 15
22. 2 5
23. 4 5
24, 4 20
25. 6 25
26. 4 10
27. 2 30
28. 6 30
29. 2 15
30. 8 15
31 12 20
32. 2 10
33. 10 25
34. 6 5
35. 4 15
36. 12 25
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Real sample preparations

Ten tablets were weighed and average weight was calculat-
ed. The tablets were ground to finely powdered in a mortar.
A portion of the powder equivalent to the average tablet
weight was accurately weighed, transferred into a 100 ml
volumetric flask, suspended in methanol and then the flask
was half filled with the same solvent. The suspension of the
flask was mechanically shaken for thirty minutes, filtered
into a 100ml volumetric flask through a filter paper and
made up to the mark. The final tablet solution was further
diluted quantitatively with methanol to obtain the working
concentration range in a 10 ml volumetric flask for UV
measurements. The absorption spectra of these drugs were
recorded by using the procedure mentioned above for PCR
application.

Results and discussion
Spectral characteristics of the analytes

The electronic absorption spectra of pure furosemide (8ppm)
and spironolactone (10ppm), as well as the spectrum of a
mixture (by weight) of both drugs in MeOH over the wave-
length range 200-300 nm are shown in Fig. 1. Furosemide
displays an absorption maximum at 272 nm and spironolac-
tone exhibits a maximum at 235 nm. Data analysis anticipat-
ed that the severe spectral overlapping observed coupled to
the high spiro/furo ratio present in the pharmaceutical prepa-
rations could seriously hinder the resolution of the mixture
by conventional spectrophotometry. Simultaneous determi-
nation of furosemide and spironolactone by evaluating the
absorbance readings at several different wavelengths also
proved to be impractical in the present case, mainly due to
the presence of small amounts of declared absorbing excipi-
ents, which are different in the various commercial brands
subjected to analysis. In addition, it also precluded the use of
derivative spectrophotometry. Thus, PCR is sought as an
alternative, since this method can handle severe spectral
overlap and a high analyte concentration ratio, and knowl-
edge of the spectra of all the absorbing species is not
absolutely necessary.

PCR analysis and evaluation

The score plot is a projection of data onto subspace. It is used
for interpreting relations among observations. The values
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Fig. 1. Absorption spectra of 8 ppm furosemide (at 272 nm), 10 ppm spironolactone (at 235 nm) and their

mixture in methanol and commercial tablet

that the spectra have in the PC coordinate system are called
scores. So the 2D graphical representation is called a score
plot. Each data-point in the score plot represents a spectrum.
The score plot graphs each component's calculated values in
relation to the other, adjusting each value for the mean and
standard deviation. The Fig. 2 shows that the PC1 express

88% and 48% of the variation whereas PC2 express 11% and
50% of the total variation in case of furosemide. But from
principal component regression (PCR) of spironolactone, the
Fig. 3 shows that the PC1 express 88% and 51% of the vari-
ation whereas PC2 express 11% and 49% of the total varia-
tion.
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Fig. 2. Score plot of PC1 and PC2
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Fig. 3. Score plot of PC1 and PC2

Score plots in the above figures show that the samples are
independently scattered without following any pattern.

Correlation loadings explain that some of the data are posi-
tively correlated and others are negatively correlated for both
furosemide and spironolactone as shown in the following
Figs. 4 &5. In addition explained variance plot (figure not
shown) predicts that highest explained variance is found
with 2 PCs for both furosemide and spironolactone.

In Figs. 6 & 7 the predicted values according to PCR model
are plotted against the reference values for furosemide and
spironolactone respectively. The straight lines as shown in
figures indicate the real values of furosemide and spironolac-
tone that has been obtained in the analysis. But, the values
obtained in the figures are indicated by points. The distribu-
tion pattern of majority data points very close to the 45
degree solid line demonstrates a good agreement between
predicted and reference values.
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Fig. 4. Correlation loading plot (furosemide)
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Application to pharmaceutical formulations

In order to access the applicability of the proposed PCR
method to the analysis of the real samples, it has been
applied to the determination of these drugs in pharmaceuti-
cal formulations. Five replicate measurements for each real
sample have been carried out in the present investigation.
The percentage recoveries and relative standard deviations
are indicated in table II. The good agreement between these
results and the label claims indicate the successful applica-

bility of the proposed procedures for the simultaneous deter-
mination of furosemide and spironolactone in real sample.

Mean recoveries of furosemide for PCR are found as 92.72%
in Edeloss tablets, 93.44% in Edenil tablets, 96% in Frulac
tablets, 95.05% in Fusid Plus Tablets and 101.36% in
Resitone tablets. Similarly, mean recoveries of spironolac-
tone for PCR are obtained as 87.52% in Edeloss tablets,
80.96% in Edenil tablets, 87.54% in Frulac tablets, 75.41%
in Fusid Plus tablets and 89.94% in Resitone tablets.
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Table II. Assayed results of simultaneous determination of furosemide (furo) and spironolactone (spiro) in commer-
cial tablets by the proposed chemometric technique

Manufacturer Samples Label Claim Furosemide Spironolactone % Label Claim
(mg) (mg) (mg) PCR
Furo Spiro PCR PCR Furo Spiro
Incepta Pharmaceuticals Edeloss 1 17.63 41.41 88.15 82.82
Edeloss 2 17.54 41.04 87.7 82.08
Edeloss 3 20 50 19.88 45.73 99.4 91.46
Edeloss 4 19.45 45.13 97.25 90.26
Edeloss 5 19.42 45.49 91.1 90.98
Mean 18.78 43.76 92.72 87.52
SD 1.11 2.32 5.53 4.66
Eskayef Bangladesh Ltd Edenil 1 19.27 40.36 96.35 80.72
Edenil 2 18.89 40.27 94.45 80.54
Edenil 3 20 50 18.39 40.44 91.95 80.88
Edenil 4 18.42 40.67 92.1 81.34
Edenil 5 18.47 40.66 92.35 81.32
Mean 18.69 40.48 93.44 80.96
SD 0.38 0.18 1.91 0.36
Orion Pharma Frulac 1 19.03 42.89 95.15 85.78
Frulac 2 18.95 43.22 94.75 86.44
Frulac 3 20 50 19.31 43.68 96.55 87.36
Frulac 4 19.29 44.59 96.45 89.18
Frulac 5 19.42 44.47 97.1 88.94
Mean 19.20 43.77 96.00 87.54
SD 0.20 0.75 1.00 1.50
Square Pharmaceuticals Ltd Fusid Plus 1 20.82 39.88 104.1 79.76
Fusid Plus 2 20.34 38.99 101.7 77.98
Fusid Plus 3 20 50 19.82 38.13 99.1 76.26
Fusid Plus 4 17.23 35.93 86.15 71.86
Fusid Plus 5 16.84 35.59 84.2 71.18
Mean 19.01 37.70 95.05 75.41
SD 1.84 1.88 9.21 3.77
Beximco Pharma Resitone 1 18.35 40.54 91.75 81.08
Resitone 2 18.29 40.5 91.45 81
Resitone 3 20 50 18.52 40.31 92.6 80.62
Resitone 4 23.19 52.00 115.95 104
Resitone 5 23.01 51.51 115.05 103.02
Mean 20.27 44.97 101.36 89.94
SD 2.58 6.19 12.92 12.39

SD- Standard Deviation
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Fig. 7. Prediction vs. reference plot

Again, in order to measure the performance of PCR several
tools are used. Root mean squared error (RMSE) for predic-
tion and coefficient of determination (R2) for prediction and
classification are very much popular in statistics.

The tools for evaluating the model for prediction of
furosemide and spironolactone and the prediction efficien-
cies are shown in the table III. In order to develop the model,
75% samples have been used for calibration and the rest are
used for validation. From the table III it is obvious that pre-
diction and validation results are significant for both
furosemide and spironolactone.

Table III. Prediction efficiencies of PCR for furosemide

and spironolactone

Sample PCR
RMSE R2
Furosemide Prediction 0.3993393  0.9863309
Validation 0.4173273  0.9875642
Spironolactone  Prediction 0.3993393  0.9863309
Validation 0.4117160  0.9878666
Conclusion

A convenient method by using electronic absorption meas-
urements in conjunction with PCR multivariate calibration
analysis has been developed for the simultaneous determina-
tion of furosemide and spironolactone in pharmaceutical
tablets. The proposed model has been evaluated by coeffi-

cient of determination (R2) and root mean squared error
(RMSE). The method needs simple instrumentation, offers
high sample throughput and avoids time-consuming separa-
tions or complex sample treatments, while providing a good
accuracy and precision regardless of the presence of small
amounts of different absorbing excipients. The results
obtained in this paper demonstrate once again the capabili-
ties of principal component regression (PCR) and encourage
its application for quality control or routine analysis of phar-
maceuticals.
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