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INTRODUCTION

FUR [4-chloro-2-(furan-2-ylmethylamino)-5-sulfa 
moylbenzoic acid] as in Figure 1.a is a potent diuretic 
acting by inhibiting electrolytes’ active reabsorption in 
kidney and increasing chloride ions, calcium, potassium 
and sodium excretion(Reynolds, 1982).

SPR [7α-acetylthio-3-oxo-17α-pregn-4-ene-21, 
17-carbolactone] as in Figure 1b is a potent diuretic acting
by inhibiting aldosterone’s effect, leading to an increase in
water and sodium excretion and a decrease in potassium
excretion(Reynolds, 1982).

FIGURE1 – Structural formulae for (a) FUR, (b) SPR.
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Combinations of FUR and SPR are frequently 
prescribed to treat congestive heart failure, renal diseases 
and hypertension.

Various analytical methods were established for 
the analysis of each of these of them, either alone or 
in combination with other drugs. Various methods 
were established for analysis of FUR, including 
polarographic and electrochemical methods(Semaan et 
al., 2008, Santini et al., 2009, Malode et al., 2012; Kor, 
Zarei, 2016; Medeiros et al., 2016), spectrophotometric 
methods(Bosch et al., 2013; Sawant Ramesh et al., 2015; 
Emam et al., 2018) and chromatographic methods. These 
were to include also HPLC (Bosch et al., 2013)and 
HPTLC methods(Kher et al., 2013).

Various methods were established for analysis 
of SPR, including polarographic and electrochemical 
methods (Al-Ghamdi, Al-Ghamdi, Al-Omar, 2008; El-
Shahawi et al., 2013; Smajdor, Piech, Paczosa-Bator, 
2018), spectrophotometric methods (Dinç, Üstündağ, 
2003; Tekerek, Şukuroglu, Okan, 2008; Hegazy et 
al., 2010; Golher, Kapse, Singh, 2011; Patel, Solanki, 
2012, Kundu et al., 2017; Emam et al., 2018) and 
various chromatographic methods. These included 
HPLC (Vaidya, Khanolkar, Gadre, 2002; Baranowska, 
Markowski, Baranowski, 2009; Ma et al., 2010; Vlase 
et al., 2011; Ram, Dave, Joshi, 2012; Walash et al., 2013; 
Woo et al., 2013; Lee et al., 2015; Rajalakshmi et al., 
2018), HPTLC (Sharma et al., 2010; Kher et al., 2013).

Various methods were established for simultaneous 
analysis of FUR and SPR, including spectrophotometric 
methods (Millership, Parker, Donnelly, 2005; Israt et 
al., 2016; Chavan et al., 2018; Emam et al., 2018) and 
chromatographic methods (Maulik, Ketan, Shital, 2012; 
Patel, Solanki, 2012; Ram, Dave, Joshi, 2012; Walash et 
al., 2012; Ram, Ram, Joshi, 2015; Naguib et al., 2018). 

Creating simple spectrophotometric methods which 
were able to resolve the spectral overlapping of FUR 
and SP is the main aim of this work. The proposed 
spectrophotometric methods could be easily used for 
accurate and precise concurrent determination of FUR 
and SPR binary mixture applying simple manipulation 
steps. The proposed methods could be utilized in 
estimation of their market formula named Lasilactone® 
tablet. A comparative study was performed between the 

attained results to check the efficiency of the proposed 
methods in FUR and SPR determination.

MATERIALS AND METHODS

Experimental

Devices and operating system

The analysis was performed using a Shimadzu UV-
1800 spectrophotometer attached to ACER computer. 
Quartz cells-1.0 cm were used for recording the absorption 
spectra of both reference and test solutions at the range 
of 200 nm - 400 nm. 

Materials

•	 Authentic materials 
FUR and SPR were generously provided by Mina 

Pharm Company, Cairo, Egypt. Their purity detected as 
99.90 ± 0.61 and 99.87 ± 0.60 for FUR and SPR, respectively, 
as stated in the official BP method(Pharmacopoeia,2007) 
and EP method(Pharmacopoeia,2002)for FUR and SPR, 
conjointly. 

•	 Dosage form 
Lasilactone® 20/50 tablets were used with batch 

number 6EG021. Every tablet is claimed to have 20 mg 
and 50 mg of FUR and SPR, conjointly. Lasilactone® 
20/100 tablets were also used. Its number of batch is 
6EG015. Every tablet is claimed to have 20 mg of FUR 
and 100 mg of SPR. Both dosage forms were produced 
by Sanofi Aventis Company for Pharmaceuticals, Cairo, 
Egypt, and were obtained from the local market.

•	 Chemicals and solvents
Methyl Alcohl was kindly obtained from El Nasr 

Chemicals & Pharmaceutical Company, Cairo, Egypt.

Standard Solutions

•	 Standard stock solutions
Preparation of standard stock solutions of FUR and 

SPR (1.0 mg/mL, each), were carried out by dissolving 
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accurately weighed 100.0 mg of each drug in methanol 
into two separate 100-mL volumetric flasks. The volume 
was adjusted till the mark with the same solvent and 
stored in the refrigerator. 

•	 Standard working Solutions
Preparation of stock solutions of FUR and SPR (50.0 

µg/mL, each) was carried out by transferring 5-mL of 
stock standard solution of each drug (1000.0 µg/mL, 
each), into two 100-mL volumetric flasks, separately 
then the volume was adjusted till the mark by using the 
same solvent and kept in the refrigerator.

Procedure

Spectrophotometric scanning of FUR and SPR

Solutions of FUR (12.0 µg/mL) and SPR (30.0 µg/
mL) were prepared using their standard working solutions 
(50.0 µg/mL of each), and scanned in a wavelength region 
200-400 nm against methanol as blank, then their spectra 
of zero order absorption were obtained.

Construction of calibration graphs

Aliquots equivalent to (20.0- 220.0 µg) FUR and 
(30.0-300.0 µg) SPR had been transmitted from their 
standard working solutions of FUR and SPR (50.0 µg/
mL, each) to two separate sets of volumetric flasks (10-
mL), the volume was then adjusted till the mark using 
methanol. Scanning of the spectra of absorption of 
previously performed standard solutions was conducted 
in the region from 200-400 nm and recorded onto the 
computer. The calibration graphs were done applying an 
average of three experiments.

•	 Calibration graphs based on absorbance of zero 
order absorption spectra for FUR and SPR
Construction of calibration graphs of FUR was 

carried out by plotting the absorbance at 274 nm versus 
the correlative FUR concentrations and the equation 
of regression was computed. The absorbance factor of 
different concentrations of pure FUR at 254.8 nm and 

340 nm [A254.8 / A340] was calculated, and the average was 
taken while construction of calibration graphs of SPR 
was carried out by plotting the absorbance at 238 nm 
and 254.8 nm (isoabsorbtive point) versus the correlative 
concentrations of SPR. The equation of regression was 
then accurately computed.

•	 Calibration graphs based on amplitude of ratio 
spectra for FUR and SP FUR: The use of SPR (25 
µg /mL) as a divisor
Previously stored spectra of zero order absorption 

of FUR were divided by the spectrum of zero order 
absorption of SPR (25 µg/mL) to obtain ratio spectra, and 
the amplitudes at 260 nm and 263 nm were recorded. The 
amplitude difference between the selected wavelengths 
was calculated. Construction of calibration graph was 
conducted by plotting the amplitudes difference against 
the correlative FUR concentrations, then equations of 
regression were accurately computed.

SPR: Amplitude of ratio spectra by using of FUR (18 µg /mL) 
as a divisor

Previously stored spectra of zero order absorption of 
SPR were divided by the spectrum of absorption of FUR 
(18.0 µg/mL) to obtain ratio spectra, and the amplitudes at 
238 nm and at 249 nm were recorded, then the amplitude 
difference between the two selected wavelengths was 
calculated. Construction of calibration graph was 
conducted by plotting the amplitudes difference against 
the SPR concentrations, then equations of regression 
were accurately computed.

SPR: Amplitude of ratio spectra by using of normalized FUR 
as a divisor

Previously stored spectra of zero order absorption 
of SPR (3.0-22.0 µg/mL) were divided by the spectrum 
of absorption of normalized FUR to obtain ratio spectra, 
and the amplitude values at 254.8 nm were recorded 
against the correlative SPR concentrations. Equations 
of regression were then accurately computed.
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Analysis of prepared mixtures in laboratory

Aliquots were accurately transferred from standard 
working solutions (50.0 µg/mL) of FUR and SPR. 
Laboratory prepared mixtures with various ratios of the 
mentioned drugs were prepared and the volume was 
adjusted till the mark by methanol. Scanning of spectra of 
previously prepared mixtures was carried out at wavelength 
region (200-400 nm) and recorded into the computer.

•	 Manipulation of zero order absorption spectra of 
the mixtures 
(AS) for FUR and SPR
The spectrum of zero order absorption of each 

laboratory prepared mixtures were measured at 254.8 
nm and 340 nm. The absorbance of FUR at 254.8 nm (λiso) 
in the mixtures could be obtained by using previously 
calculated absorbance factor of pure concentrations of 
FUR. This obtained absorbance was subtracted from 
the absorbance at 254.8 nm (λiso), which was recorded 
previously to acquire the absorbance related to SPR. Both 
FUR and SPR concentrations could be calculated with 
accuracy using unified equation of regression at 254.8 
nm. 

•	 Manipulation of the ratio spectra of the mixtures 
using FUR (18.0 µg/mL) as a divisor 

Division of the scanned spectrum of each lab prepared 
mixture in laboratory by the spectrum of zero order 
absorption of FUR (18.0 µg/mL) was performed and 
the ratio spectrum was obtained.

(RS) coupled with (CM) for SPR and FUR, conjointly 

Measuring the constant of each of the mixture was 
performed in the plateau region from 285 – 374 nm, 
where the FUR spectrum extended farther than SPR 
spectrum. The spectrum of zero order absorption of 
SPR was obtained by the subtraction of the previously 
measured constant value of each mixture from the 
correlative ratio spectrum of the mixture, followed by 
multiplication by the spectrum of the divisor FUR (18.0 

µg/mL), while the spectrum of zero order absorption 
of FUR was obtainedby multiplying the value of the 
constant by the divisor’s spectrum (FUR 18.0 µg/mL). 
Both FUR and SPR concentrations were calculated using 
their correlative regression equations at 238 nm and 274 
nm, conjointly.

(RD) for SPR

Using the obtained ratio spectra of each mixture, 
the amplitude difference between 238 nm and 249 nm 
was recorded. SPR concentration for each of previously 
laboratory prepared mixture was attained using relative 
equation of regression.

•	 Manipulation of the ratio spectra of previously 
prepared mixtures using SPR (25.0 µg/mL). 

(RD) for FUR

Using the obtained ratio spectra of each mixture, 
the amplitude difference between 260 nm and 270 nm 
was recorded. FUR concentration in each of laboratory 
prepared mixture was attained using relative equation 
of regression.

1.	 Manipulation of the ratio spectra of previously 
prepared mixtures using normalized spectra as a 
divisor.
(AM) for FUR and SPR
Division of the scanned spectrum of each of the 

previously prepared mixture by the absorption spectrum 
of normalized FUR was performed. Amplitudes were 
recorded in the plateau region at wavelength region 285-
374 nm (the constant of each mixture) was recorded and 
subtracted from correlative recorded amplitude at 254.8 
nm (the isosbestic point) of each mixture in order to obtain 
amplitude related to SPR. FUR and SPR concentrations 
were calculated, using the correlative unified equation 
of regression, as well as the previously recorded constant 
value for FUR and the previously calculated amplitude 
value of SPR.
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FIGURE 2 – Figure 2: Zero order absorption spectra of FUR (---------) 12.0μg/mL, SPR (-------) 30.0 μg/mL and their binary 
mixture (--  --  --  --  --) as in pharmaceutical dosage form ratio. 

Assessment of pharmaceutical dosage form

Ten tablets of Lasilactone® tablets of each 
concentration (20/50), (20/100) of (FUR/SPR) were 
accurately weighed and the average was computed, then 
they were grinded to obtain fine powder. An accurate 
amount equal to one tablet containing 20 mg FUR 
and 50 mg of SPR for dosage form (20/50) & 20 mg 
FUR and 100 mg of SPR for dosage form (20/100) 
were separately transmitted to two separate 100-mL 
beakers, followed by the addition of 50-mL methanol, 
then sonication of the solution was performed using 
ultrasonic bath for ten minutes. The solution was 
filtered using filter paper (Whatman No.10 filter paper 
with pore size = 11 μm) into 100 mL volumetric flasks. 
Using methanol, the volume was adjusted till the mark. 
Appropriate dilution was performed to obtain final 
concentration claimed to have 3.0 µg /mL FUR, 7.5 
µg/mL in dosage form (20/50) and 2.5 µg /mL FUR, 
12.5 µg/mL SPR in dosage form (20/100). The proposed 

methods were applied for estimation of the studied 
drugs through the procedures previously cited under 
analysis of prepared mixtures in laboratory for every 
method. Using relative equations of regression, FUR 
and SPR concentrations were calculated.

RESULTS AND DISCUSSION

FUR and SPR were scanned in a wavelength range 
200-400 nm and maxima for FUR (274 nm) and SPR (238 
nm) in spectra of zero order absorption was measured 
as revealed in Figure 2. The two cited drugs have 
shown same absorptivity, acting as one compund at the 
isoabsorptive point. Experimentally, this was confirmed 
by recording the spectra of zero order absorption of FUR 
and SPR (10.0 µg/mL) of each, conjointly, in methanol 
and in their binary mixture of 5.0 µg/mL of each as 
revealed in Figure 3.
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The aim of this work is to create simple, accurate 
and sensitive methods for concurrent of FUR and SPR 
determination concurrently, either in their authentic 
form or their combined pharmaceutical formulation with 
acceptable precision, besides statistically comparing the 
proposed methods’ ability for the determination of the 
two cited drugs. 

Univerate techniques have many advantages over 
other chemometric and chromatographic techniques 
for being able to offer simple, low cost, needing few 
preparation steps and availability of the instrument in 
research labs, where as regarding chemometric method, 
it is complex and involves high level mathematics that 
require a statistical program to analyze the data and these 
statistical programs can be expensive for an individual 
to obtain and regarding the chromatographic method, it 
is high cost teqnique and need sophisticated instrument 
with well trained person. 

A comparative review has been carried out 
between the proposed methods, ratio difference (RD), 
ratio subtraction (RS), constant multiplication (CM)‎, 
absorbance subtraction (AS) and amplitude modulation 
(AM) and reported methods for this binary mixture, 
simultaneous equation and derivative ratio method 

DD(Millership, Parker, Donnelly, 2005; Chavan et al., 
2018) indicating satisfactory results. RS and CM methods 
have a privilege over other univariate spectrophotometric 
reported methods for resolving the overlapping spectra 
that it regains D0 absorption spectrum of each component 
in the mixture which acts as a spectral profile ‎of each 
cited drug and uses its maxima for the determination and 
calculation of concentration. In addition, the recovered 
D0 absorption spectrum can be regarded as a suitable 
parameter which is useful in drug identity and purity. AS 
and AM methods are superior to the RS, CM and reported 
methods since one regression equation at iso-point can be 
used in estimation of both drugs in the binary mixtures. 

The main drawback of the reported method 
(simultaneous equation) is tedious mathematical 
calculation and for reported method (DD) is requiring 
derivatization steps that increase noise, that could affect 
the accuracy and precision of he result. Furthermore, the 
choice of divisor is critical ‎ to maximize ‎sensitivity and 
‎minimize noise

Different types of solvents were tried, including 
methanol and acetonitrile. Methanol showed satisfactory 
results for the two drugs FUR and SPR regarding 
selectivity, precision and the ability to determine 

FIGURE 3 – Zero order Absorption spectra of FUR (---------) 10.0μg/mL, SPR (-------) 10.0 μg/mL and their binary mixture 5μg/
mL of each (--  --  --  --  --) which showing the isoabsorptive point.
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TABLE I - Validation parameters of the proposed spectrophotometric methods for determination of FUR and SPR in pure form

Drug name FUR SPR

Methods D0

(274 nm) RD D0

(238 nm) RD AM at
(254.8 nm) AS

Rangea

(µg/mL) 2.00- 22.00 3.00-30.00 3.00-22.00

Regressions 
Parameters

Slope 0.0666 0.1217 0.0470 0.0804 0.9996 0.0218

intercept 0.0064 0.0603 0.0219 0.0418 0.0393 0.0002

Correlation 
coefficient :(r) 1.0000 0.9999 0.9999 0.9999 1.0000 0.9999

each drug with one preparation as it was successful in 
dissolving the mentioned amounts of drugs.

The divisor concentration which is to be selected 
should compromise between negligable noise and maximum 
sensitivity. Various concentrations of FUR and SPR were 
tested and it was found that the concentration of FUR’ (18.0 
µg/mL) and the concentration of SPR’ (25.0µg/mL) were 
the best concerning sensitivity, repeatability and average 
recovery percent when utilized as divisor. Selection of the 
divisor affects the results of manipulating ratio spectra 
techniques as in amplitude modulation method. So, to 
eliminate the divisor, the normalized spectrum of FUR 
or SPR (the sum of the zero order absorption spectra of 
different concentrations within linearity range divided by 
their concentrations and represents absorptivity curve) was 
utilized versus all the measured wavelengths. 

Using the absorbance of the scanned spectra of 
zero order absorption

AS for FUR and SPR

This method (Lotfy, Hegazy, 2013; Saleh et al., 2013) 
depends on analysis of elements where their spectra of zero 
order absorption have isosbestic point which is known as 
the isoabsorptive point.Those elements at this point showing 
equal absorptivities. For FUR and SPR determination, their 
isoabsorptive point at 254.8 nm was used as revealed in 

Figure 3. Calculation of the absorbance correlating to FUR 
or SPR, separately at isoabsorptive point 254.8 nm, was 
performed by using the previously calculated absorbance 
factor [abs254.8 / abs340] which is calculated by taking the 
average of the absorbance ratio of various concentrations 
of pure FUR at 254.8 nm (λiso) to that at 340 nm which 
exhibits no interference of SPR. Then, subtraction was 
performed, and FUR absorbance was obtained.

Absorbance of FUR in the mixture at λ254.8 

= [abs254.8nm / abs340nm] × abs340nm (Mix) 

Absorbance of SPR in the mixture at λ254.8 =  
abs λ254.8nm (Mix) - [abs254.8nm / abs340nm] × abs340nm (Mix) 

Where, abs λ254.8nm (Mix) or abs340nm (Mix) is FUR and SPR 
absorbance at 254.8 nm or 340 nm and abs 254.8 / abs 340 
is the calculated absorbance factor of pure FUR at 254.8 
nm to 340 nm and it was found to be 1.3051.

The previously calculated values of absorbance 
correlating to FUR and SPR was utilized to derermine 
their concentration through using the unified equations 
of regression at λiso 254.8 nm.

A linear correlation between the absorbance values of 
SPR at 254.8 nm (λiso) against the correlating concentrations 
(3.0 µg/mL - 22.0 µg/mL) was used, and the equation of 
regression was computed as revealed in Table I.

(continues on the next page...)
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Using the amplitudes of the ratio spectra of the 
spectra of zero order absorption

AM for FUR and SPR

This method (Lotfy et al., 2014; Saleh et al., 
2014) depending on presence of an isoabsorptive point 
in the spectra of zero order absorption of two cited 
components which subsequentaly will be remained 
as an isosbestic point at the same wavelength of their 
ratio spectra after division by normalized spectrum of 
the extended drug. 

Division of binary mixture (FUR+SPR) spectrum 
showing the isoabsorptive point by the normalized 
spectrum of FUR as a divisor was performed, and the 
ratio spectrum was obtained as revealed in Figure 4. 
In each mixture, the amplitude value of the constant 
was measured at the plateau region at (285 - 374 nm), 
which is representing FUR amplitude constant value 

throughout the whole spectrum. At λiso (254.8 nm), the 
amplitude of the ratio spectra represents the sum of 
FUR and SPR amplitudes, then the recorded amplitude 
at 254.8 nm was subtracted from the previously measured 
constant at (285 - 374 nm). The correlating recorded 
amplitude of SPR was acquired, which is equal to SPR 
recorded concentration in the mixture (CRecorded of SPR). 
Nevertheless, the recorded amplitude of constant value 
will be directly equal to the FUR recorded concentration 
in the mixture (CRecorded of FUR). To eliminate any error 
which may be occurred due to signal to noise ratio, FUR 
or SPR actual concentration could be determined by 
using their correlative unified equation of regression 
equation at λiso (254.8 nm).

CRecorded = 0.9941 CActual+ 0.1256.
CRecorded is the ratio spectrum’s recorded amplitude at 
254.8 nm, and CActual is the correlating FUR or SPR 
concentration. 

TABLE I - Validation parameters of the proposed spectrophotometric methods for determination of FUR and SPR in pure form

Drug name FUR SPR

Methods D0

(274 nm) RD D0

(238 nm) RD AM at
(254.8 nm) AS

Accuracy
(Mean±SD) 99.75±0.44 99.26± 1.05 100.07± 0.28 99.66± 1.00 99.31±1.08 100.04±0.60

Precision

Repeatabilityb 99.84±0.463 100.41± 0.644 100.25 ±0.697 100.21±0.980 99.97±0.068 100.24±0.890

Inter-day 
precisionc 100.24± 0.697 100.01± 1.044 100.16 ± 1.030 99.38±1.199 100.00±0.138 99.63±0.917

Robustness
(%RSDd) 0.756 0.983 0.956 0.791 0.882 0.855

a Six and Seven calibration points in (µg/mL) for FUR and SPR respectively, average of three experiments.
b Intra-day precision (n=9), average of 3 different concentrations (6.00, 14.00 and 18.00 µg/mL) for FUR and (10.00, 20.00 
and 25.00 µg/mL) for SPR for D0 and RD methods while(7.00, 13.00 and 19.00 µg/mL)for AM and AS methods, repeated 3 
times each within the same day.
cInter-day precision (n=9), average of 3 different concentrations (6.00, 14.00 and 18.00 µg/mL) for FUR and (10.00, 20.00 and 
25.00 µg/mL) for SPR for SPR for D0 and RD methods while(7.00, 13.00 and 19.00 µg/mL)for AM and AS methods, repeated 
3 times each on 3 successive days.
d Average of changing of the working wavelength (±0.1 nm).
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A linear relationship was obtained between peak 
amplitudes of the ratio spectra of SPR at λiso 254.8 nm 
against the corresponding concentrations (3.0 - 22.0µg/
mL). The equation of regression was computed as 
revealed in Table I.

(RD) for FUR and SPR

In this method, the difference in amplitude between 
the two selected wavelengths on the mixture’s ratio 
spectra is in direct relationship with the desired element’s 
concentration; it doesn’t depend on one of the interfering 
elements (Lotfy, Hagazy, 2012). 

In case of determining the concentration of FUR: 
The scanned absorption spectrum of the mixture is to 
be obtained first, and then divided by SP absorption 
spectrum as a divisor.  Accordingly, the ratio spectrum, 
(which could be represented as  + constant) is obtained.

In case of determining the concentration of SPR: 
The scanned absorption spectrum of the mixture is 

to be obtained first, and then it is divided by FUR 
absorption spectrum as a divisor. Accordingly, the 
ratio spectrum, (which could be represented as  + 
constant) is obtained. Selection of two wavelength for 
ratio spectra of FUR and SPR and subtraction these two 
amplitudes 1 – 2 in case of determination of 
FUR and 1- 2 in case of determination of SPR 
was performed, so the constant will be omitted and the 
contribution of the divisor element will be omitted as 
revealed in Figure 5 and 6, while the concentration of the 
other element will be directly related to the previously 
calculated difference. FUR and SPR concentrations 
in each mixture were determined through its relative 
equation of regression showing linear relation between 
the amplitude difference at (DP260-270nm) in case 
of determination of FUR, while at (DP238-249nm) in 
case of determination of SPR against their correlative 
concentrations of FUR (2.0 - 22.0 µg/ mL) and SPR 
(3.0 - 30.0 µg/ mL), and the equations of regression 
were computed as revealed in Table I. 

FIGURE 4 – Ratio spectra of FUR (---------) 10.0μg/mL, SPR (-------) 10.0g/mL and their binary mixture 5.00μg/mL of  
each (--  --  --  --  --) using normalized spectrum of FUR as a divisor. 
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FIGURE 5 – The amplitude difference at 270 nm and 260 nm (ΔP 270-260 nm) of ratio spectra FUR (---------) 12.0 µg/mL,  
SPR (-------) 30.0 µg/mL and their binary mixture (--  --  --  --  --) using SPR (25.0 µg/mL) as a divisor.

Appropriate selection of the two wavelengths 
and the divisor is very important. The divisor which 
will be selected should make compromising between 
negligible noise and maximum sensitivity, meanwhile, 
the prerequisite of the two selected wavelengths is that 
the drug of interest has highest amplitudes difference at 
the contribution region with the interfering substances, 
so the selected wavelengths were 260 and 270.0 nm 
for determination of FUR and 238 nm and 249nm 
for determination of SPR in each mixture, using SPR 
divisor (18.0 µg/mL) and FUR divisor (25.0 µg/mL) for 
determination of FUR and SPR, conjointly. 

Using the amplitudes of their ratio spectra

RS) coupled with (CM) 

The ratio spectra of each mixture could be obtained 
using FUR (18.0 µg/mL) as a divisor, the constant (FUR/
FUR’) at 285-374 nm was measured. Subtracting this 
constant from the mixture’s ratio spectra and the ratio 
spectra of (SPR/FUR’) in every mixture was obtained, 
then multiplying the result by the divisor FUR (18.0 µg/
mL) to obtain the spectrum of zero order absorption of 
SPR in every mixture as revealed in Figure 7. a, b, c. 
While obtaining the spectrum of zero order absorption 
of FUR was achieved by multiplying by the previously 
recorded constant value of every mixture by the divisor 
FUR (18.0 µg/mL) as revealed in Figure 7.c.
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FIGURE 6 – The amplitude difference at 249 nm and 238 nm (ΔP 249-238 nm) of ratio spectra FUR (---------) 12.0 µg/mL,  
SPR (-------) 30.0 µg/mL and their binary mixture (--  --  --  --  --) using FUR (18.0 µg/mL) as a divisor.

	

FIGURE 7 – (a) Zero order Absorption spectra of of binary mixture of FUR 12.0 µg/mL, SPR 30.0 µg/mL, (b) Ratio spectrum 
of the binary mixture of FUR and SPR (---------) using FUR (18.0 µg/mL) as a divisor and (-------) the obtained ratio spectrum of 
binary mixture after subtraction of the constant., (c) The obtained zero order absorption spectrum of SPR after multiplication of 
resolved ratio spectrum obtained after subtraction of the constant by the spectrum of the divisor (--  --  --  --  --) and also the obtained 
zero order absorption spectrum of FUR after multiplication of constant by the spectrum of the divisor using FUR (18.0 µg/mL) 
(---------). 
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TABLE II - Determination of FUR and SPR in the laboratory-prepared mixtures by the proposed spectrophotometric methods

%Recoverya±SD

FUR: SPR FUR SPR

Ratio Concentrations
(µg/mL) CM RD AM AS RS RD AM AS

(1:2.5) * 3:7.5 99.02 100.00 99.79 99.44 99.93 99.76 101.47 99.91

(1:5) * 3:15 100.00 100.17 99.86 100.10 100.00 99.71 100.19 99.98

(1:3) 4:12 100.57 100.00 100.02 99.43 100.13 99.93 100.59 100.16

(2:3.6) 5:9 100.47 100.28 99.82 99.85 99.86 100.49 100.35 100.02

(1: 6) 3:18 99.42 99.91 98.96 100.10 100.39 100.23 99.46 99.66

Mean±SD 99.90
±0.67 100.07±0.15 99.69±0.42 99.78

±0.33 100.06±0.21 100.02
±0.33

100.41
±0.73

99.95
±0.18

a Average of three determinations.
*Ratio of the cited drugs as in the dosage form.

A linear correlation was obtained between the 
absorbance values of FUR and SPR at its maxima 
274 nm and 238 nm, conjointly against the correlating 
concentrations (2.0 - 22.0 µg/mL) for FUR and (3.0 – 30 
µg/mL) for SPR and the equations of regression were 
computed as revealed in Table I.

Method validation

Validation was performed relative to the guidelines 
of ICH (1997) as revealed in Table I.

Linearity

The linearity of the proposed methods was assessed 
through analyzing different concentrations of FUR and 
SPR ranging from 2.0–22.0 µg/ml and 3.0–30.0 µg/mL, 
conjointly. Replication of each concentration was conducted 
three times. The analysis was performed as per as previously 
mentioned experimental conditions. Demonstration of 
linear equations was conducted in Table I.

Accuracy

Accuracy was investigated by applying the proposed 
methods for determination of various samples of FUR 

and SPR and and the standard addition technique was 
performed where various well-known concentrations 
of pure standard FUR and SPR were added to the 
pharmaceutical formulation before proceeding 
in previously mentioned methods. Obtaining the 
concentrations of both PSE and LOR was performed 
using the relative equations of regression. Notable good 
accuracy of the proposed spectrophotometric methods 
was attained. This was shown by the obtained percentages 
of recovery presented in Table I. 

Range

The range of the calibration was made through 
using the practical range necessary according to loyalty 
to Beer’s law and the concentration of both FUR and 
SPR which exist in their combined dosage form to 
afford linear, precise and accurate results as revealed 
in Table I.

Selectivity

Selectivity of the proposed methods was attained 
by the analysis of various laboratory prepared mixtures 
of FUR and SPR within the linearity range. Acceptable 
results were revealed in Table II.
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Statistical analysis

The comparison of the statistical data which obtained 
either by the proposed analytical methods or those 
obtained by the official BP method (Pharmacopoeia,2007) 

and EP method (Pharmacopoeia,2002) for FUR and 
SPR, respectively, showed insignificant differences as 
revealed in Table IV. To relate the ability of the proposed 
methods for the determination of FUR and SPR, the 
results obtained by applying the proposed methods were 

Precision

•	 Repeatability and Intermediate Precision 
They could be determined through using three 

concentrations of FUR and SPR conjointly, then they 
were examined intra-daily and inter-daily three times on 
three different days using the proposed spectrophotometric 
methods. The correlating standard deviations which is 
correlative to every concentration were computed in Table I. 

Robustness

The suggested methods’ robustness was determined 
in order to evaluate the impact of small but intentional 
variations of the applied conditions on the proposed 
drugs’ determination. When small changes in the working 

wavelength (±0.1 nm) were applied and minor change in 
the absorbance was noticed as shown in table I. 

Application of the proposed analytical methods in 
assessment of Lasilactone®Tablet

The proposed spectrophotometric methods were used 
for the determination of concentration of both FUR and 
SPR in their combined dosage form, Lasilactone tablet® 
and the results are revealed in Table III. The validity of the 
proposed procedures is further evaluated by applying the 
technique of standard addition showing no interference 
from excipients. Good percentage recoveries were shown 
for all the proposed methods and this allows their usage 
for regular analysis of FUR and SPR in their combined 
formulation. The obtained results were revealed in Table III.

TABLE III - Determination of FUR and SPR in the pharmaceutical dosage form Lasilactone® (20/ 50) and (20/100) by proposed 
spectrophotometric methods and application of standard addition technique

FUR SPR

CM RD AM AS RS RD AM AS

Pharmaceutical dosage 
forma (found%±SD): 99.70±0.36 99.78±0.42 100.52±0.37 98.94±0.32 100.44±0.34 98.58±0.42 99.51±0.37 100.30±0.32

D.F (1:2.5)

D.F (1:5) 98.97±0.31 100.51±0.39 99.21±0.38 99.86±0.31 100.43±0.49 99.45±0.39 100.00±0.41 101.07±0.41

Standard Additionb 
(Recovery%±SD): 100.19±0.17 100.09±0.16 99.95±0.16 99.37±0.63 100.00±0.49 99.90±0.72 100.02±0.49 100.14±0.57

D.F (1:2.5) c

D.F (1:5) d 100.12±0.21 100.28±0.13 99.68±0.67 99.76±0.24 100.13±0.27 99.95±0.36 99.88±0.36 99.79±0.19

aAverage of three experiments.
bAverage of three experiments.
c D.F (1:2.5) claimed amount (3 µg/ml of FUR and 7.5 µg/ml of SPR) was used and 3, 6, 9 µg/ml of pure FUR and 4,8,12 µg/ml of pure 
SPR were added.
d D.F (1:5) claimed amount (2.5 µg/ml of FUR and 12.5 µg/ml of SPR) was used and 2.5, 4, 8 µg/ml of pure FUR and 4,6, 8 µg/ml of pure 
SPR were added.
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subjected to statistical analysis through one-way ANOVA 
test for pure and the obtained values were less than the 
theoretical ones indicating that there was no significant 

difference between the proposed and the official methods 
with respect to accuracy and precision as revealed in 
Table V.

TABLE IV - Statistical comparison of the results obtained by the proposed spectrophotometric methods and those obtained by the 
official ones for the determination of FUR and SPR in their pure powdered form

Parameters

FUR SPR

D0 
(274 nm)

RD
(ΔP270-260nm)

Official method 
(Pharmacopoeia, 2007)a

D0 
(238 nm)

RD
(ΔP 249-238nm)

AM at
(254.8 nm)

AS
Official method 

(Pharmacopoeia, 
2002)

Mean 99.93 100.23
99.90

99.84 99.80 99.92 100.09 99.87

SD 0.54 0.88 0.61 0.78 0.98 0.32 1.05 0.60

n 6 6 6 7 7 7 7 6

Variance 0.2916 0.7744 0.3721 0.6084 0.9604 0.1024 1.1025 0.3600

Student’s 
t-test

0.090
(2.228)

0.755
(2.228)

0.077
(2.201)

0.273
(2.201)

0.192
(2.201)

0.452
(2.201)

F test 1.28
(5.05) 

2.08
(5.05) 

1.69
(4.95) 

2.67
(4.95) 

3.52
(4.39) 

3.06
(4.95) 

a BP method for FUR is a potentiometric titration method, while EP method for SPR is spectrophotometric method.
b The figures in parenthesis are the corresponding theoretical values at P = 0.05(MR, LJ 1999).

TABLE V - ANOVA (single factor) for comparison of the results of the proposed spectrophotometric methods and those of the 
official methods for determination of FUR and SPR in pure powdered form

Source of variation Sum of squares DF Mean Square F value P value F crit

FUR

Between exp. 1.208779 2 0.402926 1.005032 0.411089 3.098391

Within exp. 8.018183 15 0.400909

Total 9.226963 17

SP

Between exp. 0.359199 4 0.0898 0.140694 0.965665 2.701399

Within exp. 18.50957 29 0.638261

Total 18.86877 33

-At the 0.05 level.
-The population means are not significantly different
Spiegel MR, Stephens LJ. Theory and problems of statistics. Schaum’s Outline Series.1999:345-349.
Pharmacopoeia, B. The Stationery Office on behalf of the Medicines and Healthcare products Regulatory Agency 
(MHRA),London, United Kingdom. 2007;6.
Pharmacopoeia, E. European pharmacopoeia. Strasbourg: Council of Europe. 2002.
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Advantages and limitations of the proposed methods

The main advantage of AM is that it is not affected 
by the divisor concentration since the normalized divisor 
is used. In addition, this method is also advantageous 
over AS method due to its ability to modulate directly 
the obtained amplitude at the ratio spectrum to the 
concentration of every drug through using the normalized 
divisor, and it could be applied without having to carry 
out calculation of absorbance factor. On the other 
hand, AS method has a privilege that it is applied on 
the zero-order absorption mode with no need of one of 
the interfering components as a divisor. The limitation 
for AS method and AM method is the presence of 
isoabsorptive point for the spectra of the studied drugs, 
thus the common concentrations in their linearity range 
of both drugs should be used. The most remarkable 
characters of the ratio difference method are simplicity 
with minimum manipulation steps and optimum accuracy 
and reproducibility. The RD method has no limitations 
and it is characterized by the ability of analysing the 
overlapped spectra without any necessary to preliminary 
steps. The main advantage of RS and CM is restoring 
the original spectra of proposed drug which allow their 
analysis using their maxima with maximum precision 
and accuracy. Meanwhile both methods are limited for 
analyzing binary mixtures with overlapped spectra where 
one of them showing extension over the other one. All the 
applied methods do not need any sophisticated devices 
or software.

CONCLUSIONS

Different spectrophotometric methods were applied 
for concurrent analysis of FUR and SPR in their pure 
powdered form, prepared mixtures in laboratory and 
pharmaceutical formulation, using different manipulating 
pathways for calculation of the values of absorbance for 
either spectra of zero order absorption or ratio spectra.

The validation of the proposed methods was 
performed using the guidelines of ICH and satisfactory 
results were obtained. Those methods could also be 
conducted in laboratories of the quality control for regular 
FUR and SPR analysis. The results were subjected to 

the statistical comparison against to each other and to 
the official methods of pure studied drugs. Insignificant 
difference was attained.

ACKNOWLEDGEMENTS

The authors would like to thank Mina Pharm Company 
for supplying authentic materials used in this work.

CONFLICT OF INTEREST STATEMENT

The authors affirm that there is no conflict of 
interests concerning this manuscript.

REFERENCES

Al-Ghamdi AH, Al-Ghamdi AF,Al-Omar MA. 
Electrochemical studies and square-wave adsorptive 
stripping voltammetry of spironolactone drug. Anal Lett. 
2008;41(1):90-103.

Baranowska I, Markowski P,Baranowski J. Development and 
validation of an HPLC method for the simultaneous analysis 
of 23 selected drugs belonging to different therapeutic groups 
in human urine samples. Anal Sci. 2009;25(11):1307-1313.

Bosch ME, Sánchez AR, Rojas FS,Ojeda CB. Analytical 
determination of furosemide: the last researches. Int J Pharm 
Biol Sci. 2013;3(4):168-181.

Chavan RR, Bhinge SD, Bhutkar MA,Randive DS. 
Development and validation of spectrophotometric 
methods for simultaneous estimation of furosemide and 
spironolactone by Vierordt’s method in bulk and combined 
tablet dosage form. Acta Chem Iasi. 2018;26(1):74-90.

Dinç E,Üstündağ Ö. Spectophotometric quantitative 
resolution of hydrochlorothiazide and spironolactone in 
tablets by chemometric analysis methods. Il Farmaco. 
2003;58(11):1151-1161.

El-Shahawi MS, Bashammakh AS, Al-Sibaai AA,Bahaidarah 
EA. Analysis of spironolactone residues in industrial 
wastewater and in drug formulations by cathodic stripping 
voltammetry. J Pharm Anal. 2013;3(2):137-143.

Emam AA, Abdelaleem EA, Naguib IA, Abdallah FF,Ali 
NW. Successive ratio subtraction as a novel manipulation 
of ratio spectra for quantitative determination of a mixture 
of furosemide, spironolactone and canrenone. Spectrochim 
Acta Part A. 2018;192:427-436.

Golher HK, Kapse K,Singh SK. Simultaneous 
spectrophotometric estimation of torsemide and 



Page 16/17	 Braz. J. Pharm. Sci. 2022;58: e19487

Hayam M. Lotfy, Sara El-Hanboushy, Yassmin M. Fayz, Mohammed Abdelkawy

spironolactone in tablet dosage form. Int J Pharmtech Res. 
2011;2(4):2246-2250.

Hegazy MA, Metwaly FH, Abdelkawy M,Abdelwahab 
NS. Spectrophotometric and chemometric determination of 
hydrochlorothiazide and spironolactone in binary mixture in 
the presence of their impurities and degradants. Drug Test 
Anal. 2010;2(5):243-251.

ICH. International Conference on Harmonization (ICH),Q2B: 
Validation of Analytical Procedures: Methodology,62,US 
FDA Federal Register. 1997.

Israt S, Uddin M, Jahan R,Karim M. Simultaneous 
determination of furosemide and spironolactone in 
pharmaceutical formulations by spectrophotometric method 
using principal component regression. Bangladesh J Sci Ind 
Res. 2016;51(4):297-306.

Kher G, Ram V, Kher M,Joshi H. Development and validation 
of HPTLC method for simultaneous determination of 
furosemide and spironolactone in its tablet formulation. Res 
J Pharm Biol Chem Sci. 2013;4(1):365-377.

Kor K,Zarei K. Development and characterization of an 
electrochemical sensor for furosemide detection based on 
electropolymerized molecularly imprinted polymer. Talanta. 
2016;146:181-187.

Kundu P, Pani NR, Barik A,Mishra B. analysis of carvedilol 
and spironolactone in pharmaceutical dosage form and 
dissolution samples by simultaneous equation method and 
derivative method. Biopharm J. 2017;2(3):77-86.

Lee J-H, An T-G, Kim SJ, Shim W-S,Lee K-T. Development 
of liquid chromatography tandem mass spectrometry 
method for determination of spironolactone in human 
plasma: application to a bioequivalence study of Daewon 
Spiracton tablet® (spironolactone 50  mg). J Pharm Invest. 
2015;45(6):601-609.

Lotfy HM,Hagazy MA-M. Comparative study of novel 
spectrophotometric methods manipulating ratio spectra: 
an application on pharmaceutical ternary mixture of 
omeprazole, tinidazole and clarithromycin. Spectrochim 
Acta Part A. 2012;96:259-270.

Lotfy HM, Hegazy MA, Rezk MR,Omran YR. Novel 
spectrophotometric methods for simultaneous determination 
of timolol and dorzolamide in their binary mixture. 
Spectrochim Acta Part A. 2014;126:197-207.

Lotfy HM,Hegazy MAM. Simultaneous determination of 
some cholesterol-lowering drugs in their binary mixture by 
novel spectrophotometric methods. Spectrochim Acta Part 
A. 2013;113:107-114.

Ma Y, Peng Y, Xu Y, Yang G,Hu Q. Determination of 
atenolol, rosuvastatin, spironolactone, glibenclamide and 

naproxen in blood by rapid analysis liquid chromatography. 
Asian J Chem. 2010;22(2):1136-1140.

Malode SJ, Abbar JC, Shetti NP,Nandibewoor ST. 
Voltammetric oxidation and determination of loop diuretic 
furosemide at a multi-walled carbon nanotubes paste 
electrode. Electrochim Acta. 2012;60:95-101.

Maulik B, Ketan D,Shital F. Development and validation of 
RP-HPLC method for simultaneous estimation of furosemide 
and spironolactone in their combined tablet dosage form. J 
Pharm Sci Biosci Res. 2012;2(3):144-147.

Medeiros RA, Baccarin M, Fatibello-Filho O, Rocha-Filho 
RC, Deslouis C,Debiemme-Chouvy C. Comparative study 
of basal-plane pyrolytic graphite, boron-doped diamond, and 
amorphous carbon nitride electrodes for the voltammetric 
determination of furosemide in pharmaceutical and urine 
samples. Electrochim Acta. 2016;197:179-185.

Millership J, Parker C,Donnelly D. Ratio spectra derivative 
spectrophotometry for the determination of furosemide 
and spironolactone in a capsule formulation. Il Farmaco. 
2005;60(4):333-338.

Naguib IA, Abdelaleem EA, Emam AA, Ali NW,Abdallah 
FF. Development and validation of HPTLC and green HPLC 
methods for determination of furosemide, spironolactone 
and canrenone, in pure forms, tablets and spiked human 
plasma. Biomed Chromatogr. 2018;32(10):e4304.

Patel H,Solanki S. Development and validation of 
spectrophotometric methods for simultaneous estimation of 
furosemide and spironolactone in combined tablet dosage 
form. Int J Pharm Pharm Sci. 2012;4(4):383-386.

Patel H,Solanki S. Simultaneous Estemation of Furosemide 
and Spironolactone in Combined Pharmaceutical Dosage 
Form by RP-HPLC. Asian J Pharm Clin Res. 2012;5(3):195-
198.

Pharmacopoeia B. The Stationery Office on behalf of the 
Medicines and Healthcare products Regulatory Agency 
(MHRA),London, United Kingdom. 2007;6.

Pharmacopoeia E. European pharmacopoeia. Strasbourg: 
Council of Europe. 2002.

Rajalakshmi S, Kumar LK, Priyanka VK,Manohar Y. 
simultaneous estimation of torsemide and spironolactone 
and forced degradation studies in bulk and combined dosage 
form by RP-HPLC. Int J Pharm Bio Sci. 2018;9(1):143-150.

Ram RR, Ram VR,Joshi HS. Analytical Method Validation 
of Simultaneous determination of Spironolactone and 
Furosemide in tablet formulation and its Statistical 
evaluation. Int Lett Chem, Phys Astron. 2015;42:25-35.

Ram VR, Dave PN,Joshi HS. Development and validation of 
a stability-indicating HPLC assay method for simultaneous 



Smart Spectrophotometric Methods for Concurrent Determination of Furosemide and Spironolactone Mixture in Their Pharmaceutical Dosage Forms

Braz. J. Pharm. Sci. 2022;58: e19487	 Page 17/17

This is an open-access article distributed under the terms of the Creative Commons Attribution License. 

determination of spironolactone and furosemide in tablet 
formulation. J Chromatogr Sci. 2012;50(8):721-726.

Reynolds JE. Martindale: the extra pharmacopoeia, London, 
UK; The Pharmaceutical Press. 1982.

Saleh SS, Lotfy HM, Hassan NY,Elgizawy SM. A 
comparative study of validated spectrophotometric and 
TLC- spectrodensitometric methods for the determination 
of sodium cromoglicate and fluorometholone in ophthalmic 
solution. Saudi Pharm J. 2013;21(4):411-421.

Saleh SS, Lotfy HM, Hassan NY,Salem H. A comparative 
study of progressive versus successive resolution techniques 
applied for pharmaceutical ternary mixtures. Spectrochim 
Acta Part A. 2014;132:239-248.

Santini AO, Pezza HR, Sequinel R, Rufino JL, Pezza L. 
Potentiometric sensor for furosemide determination in 
pharmaceuticals, urine, blood serum and bovine milk. J Braz 
Chem Soc. 2009;20(1):64-73.

Sawant Ramesh L, Bharat Anjali V, Tanpure Kallyani 
D,Jadhav Kallyani A. Spectroscopic methods for the 
simultaneous estimation of theophylline and furosemide. 
Pharm Lett. 2015;7(2):199-205.

Semaan FS, Pinto EM, Cavalheiro ET, Brett C. A graphite-
polyurethane composite electrode for the analysis of 
furosemide. Electroanalysis. 2008;20(21):2287-2293.

Sharma M, Sharma S, Kohli D,Sharma A. Validated TLC 
densitometric method for the quantification of torsemide 
and spironolactone in bulk drug and in tablet dosage form. 
Scholars Res Libr. 2010;2(1):121-126.

Smajdor J, Piech R,Paczosa-Bator B. Spironolactone 
voltammetric determination on renewable amalgam film 
electrode. Steroids. 2018;130:1-6.

Tekerek E, Şukuroglu M,Okan A. Quantitative determination 
of hydrochlorothiazide and spironolactone in tablets by 
spectrophotometric and HPLC methods. Turk J Pharm Sci. 
2008;5(2):53-66.

Vaidya V, Khanolkar M,Gadre J. Isocratic, simultaneous 
HPLC determination of frusemide and spironolactone in 
pharmaceutical dosage form by ion-pair chromatography. 
Indian Drugs. 2002;39(7):373-377.

Vlase L, Imre S, Muntean D, Achim M,Muntean D-L. 
Determination of spironolactone and canrenone in human 
plasma by high-performance liquid chromatography 
with mass spectrometry detection. Croat Chem Acta. 
2011;84(3):361-366.

Walash M, El-Enany N, Eid M,Fathy M. Micellar high 
performance liquid chromatographic determination of 
furosemide and spironolactone in combined dosage forms. 

Application to human plasma. J Pharm Res. 2012;5(5):2648-
2656.

Walash M, El-Enany N, Eid M,Fathy M. Simultaneous 
determination of metolazone and spironolactone in raw 
materials, combined tablets and human urine by high 
performance liquid chromatography. Anal Methods. 
2013;5(20):5644-5656.

Woo H, Kim J, Han K, Lee J, Hwang I, Lee J, et al. 
Simultaneous analysis of 17 diuretics in dietary supplements 
by HPLC and LC-MS/MS. Food Addit Contam A. 
2013;30(2):209-217.

Received for publication on 25th November 2019
Accepted for publication on 26th October 2020


