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Abstract
Alfuzosin hydrochloride and tadalafil fixed-dose combination tablets were recently formulated for the treatment 
of individuals with lower urinary tract symptoms caused by benign prostatic hyperplasia. Herein, the first 
spectrophotometric methods for quantitative analysis of alfuzosin hydrochloride and tadalafil in their binary mixture 
were established. The spectral overlapping of alfuzosin hydrochloride and tadalafil made direct simultaneous 
analysis unfeasible. Therefore, two mathematical methods were used to solve these overlapping spectra: 
absorbance subtraction and ratio difference. The absorbance subtraction method manipulates the zero absorption 
spectra of the studied drugs at the isoabsorptive point (272 nm) and uses the absorbance factor of pure ALF to 
calculate the absorbance of the studied drugs in the mixture at the isoabsorptive point. The ratio spectra method, 
on the other hand, manipulates the ratio spectra of the studied drugs, which are obtained by dividing each drug’s 
zero absorption spectra by a divisor spectrum from the second drug. The ratio amplitude difference between 
251 nm and 211 nm was directly proportional to alfuzosin hydrochloride, whereas between 292 nm and 222 nm it 
was directly proportional to tadalafil. The methods used were verified in accordance with the recommendations of 
the ICH and demonstrated adequate linear regression in working ranges of 1–15 µg/mL for alfuzosin hydrochloride 
and 3–40 µg/mL for tadalafil. The methods were accurate, precise, and selectively employed to quantify alfuzosin 
hydrochloride and tadalafil in their combined tablets.

Keywords  Benign prostatic hyperplasia, Alfuzosin hydrochloride, Tadalafil, Absorbance subtraction, Ratio difference

Utilization of absorbance subtraction 
and ratio difference green spectrophotometric 
methods for the quantification of alfuzosin 
hydrochloride and tadalafil in their binary 
mixture
Ali Alqahtani1, Taha Alqahtani1 and Sherif Ramzy2*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13065-024-01201-7&domain=pdf&date_stamp=2024-5-6


Page 2 of 6Alqahtani et al. BMC Chemistry           (2024) 18:96 

Introduction
Benign prostatic hyperplasia affects many elderly men 
and is accompanied by lower urinary tract symptoms and 
erectile dysfunction [1, 2]. Combination treatment with 
a selective alpha-1 blocker and a phosphodiesterase 5 
inhibitor could significantly improve lower urinary tract 
symptoms and sexual function in patients [3, 4]. Alfuzo-
sin hydrochloride (ALF), Fig.  1, is a second-generation 
uroselective alpha-1 adrenoreceptor inhibitor used for 
improving the symptoms of benign prostatic hyperplasia 
[5]. It selectively and competitively inhibits alpha-1 adre-
noreceptors located in the prostate, bladder, and urethra, 
causing smooth muscle relaxation, and improving lower 
urinary tract symptoms and urine flow [6]. Tadalafil 
(TAD), shown in Fig. 1, is a phosphodiesterase 5 inhibi-
tor that is used to treat erectile dysfunction and benign 
prostatic hyperplasia [7]. It increases blood flow and 
improves lower urinary tract symptoms by modulating 
nitric oxide/cyclic guanosine monophosphate levels in 
the corpus cavernosum [8]. In comparison to monother-
apy, the combination of ALF and TAD has a synergistic 
relaxant effect on the corpus cavernosum and consider-
ably improves lower urinary tract symptoms and sexual 
performance [9–11].

Recently. ALF and TAD fixed-dose combination tablets 
have been formulated. Only chromatographic [12] and 
synchronous spectrofluorometric [13] approaches for 

simultaneous detection of ALF and TAD were found in 
the literature. So far, no spectrophotometric approach for 
simultaneously determining ALF and TAD in their com-
bination has been published.

The goal of this research was to provide the first spec-
trophotometric methods for determining ALF and TAD 
in their combination. The developed methods were 
absorbance subtraction [14] and ratio difference [15, 
16]. The absorbance subtraction method simply manipu-
lates the zero absorption spectra using an isoabsorptive 
point (λiso) and an absorbance factor, whereas the ratio 
difference method manipulates the ratio spectra. The 
methods were validated using ICH criteria and selec-
tively employed for determining ALF and TAD in phar-
maceutical tablets without interference. The developed 
spectrophotometric methods offer an advantage over the 
reported methods in terms of procedure simplicity and 
affordability.

Theory of absorbance subtraction method
If a mixture contains two drugs, X and Y, with overlap-
ping spectra that intersect at an isoabsorptive point, 
where Y has a greater extension than X, and X does not 
exhibit any absorbance (A2) at a different wavelength 
(λ2), the isoabsorptive point (λiso) may be utilized for the 
individual quantitative analysis of both X and Y within 
the mixture (X + Y). This determination can be achieved 
through the utilization of a mathematically derived factor 
specific to one of the components. Through a straight-
forward manipulation process, the absorbance values 
corresponding to X and Y can be separately obtained. 
Consequently, the concentration of each component can 
be determined using the regression equation based on 
the isoabsorptive point, eliminating the necessity for an 
additional analytical method.

The absorbance values for X and Y at the isoabsorp-
tive point were determined through the utilization of the 
absorbance factor {Aiso / A2}, a fixed value specific to 
pure Y that signifies the mean ratio between the absor-
bance readings of varying concentrations of pure Y at the 
λiso (Aiso) compared to those at λ2 (A2).

	

Absorbanceof Y in themixtureat iso

= abs1
abs2

× abs2(X+Y )
� (1)

	

Absorbanceof X in themixtureat iso

= absiso(X+Y ) − abs1
abs2

× abs2(X+Y )
� (2)

Where, abs1, abs2 is the absorbance of pure Y at λiso and 
λ2;

abs1/abs2 is called the absorbance factor and abs λiso 
(X + Y) and abs λ2(X + Y) are the absorbance of the mix-
ture at these wavelengths (λiso, λ2).

Fig. 1  ALF and TAD chemical structures
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The quantification of individual X and Y components 
involves the utilization of isoabsorptive point regres-
sion equations, which are derived from the absorbance 
values of zero order curves for X and Y plotted against 
their respective concentrations at the isoabsorptive point 
(λiso).

Experimental
Materials
The standard for ALF and TAD were provided by EVA 
Pharma, Egypt. Laboratory manufactured tablets were 
prepared, with each tablet containing ALF 10  mg, TAD 
5 mg, 20 mg of talc powder, 15 mg of maize starch, and 
7  mg of magnesium stearate. HPLC grade Ethanol was 
procured from Sigma-Aldrich, located in Darmstadt, 
Germany.

Instruments
All spectra were collected using a UV-Visible Spectro-
photometer (Model-1800 Shimadzu, Japan).

Solutions
Standard solutions of ALF and TAD with a specified 
final concentration of 100 µg/mL were meticulously and 
freshly prepared through the precise process of transfer-
ring precisely 10 milligrams of each drug powdered into 
two distinct 100-milliliter volumetric flasks, followed by 
the addition of 60 milliliters of ethanol. The solutions 
were then subjected to rigorous agitation, ensuring thor-
ough mixing, before being topped up to the calibrated 
volume with additional ethanol, in order to achieve the 
desired concentration levels.

Calibration curves
Eight calibration standards of ALF (1–15  µg/mL) and 
TAD (3–40  µg/mL) were separately prepared by dilut-
ing definite aliquots of their respective standard solutions 
with ethanol. The absorption spectra of these solutions 
were measured between 200 and 400 nm.

Absorbance subtraction method
The absorbance values of pure ALF and TAD at λiso 
(272  nm) were graphed against their respective con-
centrations to construct the calibration graphs and the 
regression equations were derived. The absorbance fac-
tor of pure ALF was computed at 272  nm and 330  nm 
(A272/A330) and used to determine the absorbance of ALF 
and TAD in the mixture at λiso. The concentrations of the 
studied drugs in the mixture were then calculated using 
the corresponding regression equation at λiso.

Ratio difference method
ALF ratio spectra were obtained by dividing ALF absorp-
tion spectra by 20 µg/mL TAD spectrum, whereas TAD 

ratio spectra were obtained by dividing TAD absorption 
spectra by 7  µg/mL ALF spectrum. The difference val-
ues between ALF ratio spectra amplitudes at 251 nm and 
211 nm were computed and plotted against the matched 
ALF concentrations to generate the calibration curve and 
the regression equation. Similarly, the difference values 
between TAD ratio spectra amplitudes at 292  nm and 
222 nm were computed and plotted against the matched 
TAD concentrations to generate the calibration curve 
and the regression equation.

Synthetic mixed solutions analysis
Five synthetic mixed solutions were meticulously cre-
ated to test the selectivity of the applied methods by 
incorporating different concentration ratios of ALF and 
TAD. This was achieved through the precise transfer of 
specific volumes of ALF, amounting to 50, 80, 100, 120, 
and 120  µg, alongside corresponding volumes of TAD, 
measuring 50, 40, 50, 30, and 60 µg, into a series of five 
volumetric flasks, each with a capacity of 10 mL. Subse-
quently, the total volume within each flask was carefully 
adjusted using ethanol. The absorption spectra of these 
solutions were measured between 200 and 400 nm.

Absorbance subtraction method
The absorbance values of ALF in the mixtures at λiso 
(272  nm) were calculated using absorbance factor. The 
absorbance values related to TAD in the mixtures at λiso 
were then calculated by subtracting the absorbance val-
ues of the mixtures at λiso from the calculated absorbance 
values of ALF. The concentration of each drug was then 
calculated using the corresponding regression equation 
at λiso.

Ratio difference method
The absorbance spectra of the mixture were divided by 
the divisor spectrum of ALF and TAD to get the ratio 
spectra. The difference values between 251  nm and 
211 nm and between 292 nm and 222 nm were used to 
calculate the concentrations of ALF and TAD, respec-
tively, using the corresponding regression equations.

Pharmaceutical tablets analysis
Ten laboratory manufactured tablets, each comprising 
ALF 10  mg and TAD 5  mg, were powdered after being 
weighed. A quantity of powder equivalent to one tablet 
was dissolved in 50 mL ethanol, vortexed, and filtered 
into a 100-mL volumetric flask, and the volume was 
adjusted with ethanol. Five working samples of different 
concentrations were prepared by further dilution with 
ethanol. The samples were analyzed using the procedure 
described under synthetic mixed solutions analysis.
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Results and discussion
Method development
The goal of this study was to develop straightforward 
spectrophotometric methods for determining ALF and 
TAD in their fixed-dose combination tablets. In the wave-
length range of 200–310  nm, the UV absorption spec-
tra of ALF and TAD were completely overlapping, with 
the isoabsorptive point (λiso) at 272  nm. Furthermore, 
TAD has no absorption responses in the wavelength 
range 310–400  nm, whereas ALF exhibits a significant 
extended absorption peak at 330 nm (Fig. 2). These spec-
tral overlaps make direct simultaneous determination of 
the studied drugs difficult. As a result, two mathematical 
methods, absorbance subtraction and ratio difference, 
were used to resolve the overlap and selectively quantify 
the studied drugs in synthetic mixed solutions and phar-
maceutical tablets without interference.

Absorbance subtraction method
This method utilizes the isoabsorptive point (λiso) at 
272 nm for mathematical quantification of ALF and TAD 
in the mixture. The calibration curve for pure ALF and 
TAD at λiso were constructed against the corresponding 
drug concentrations, and the regression equations at λiso 
were derived. The absorbance factor for pure ALF was 
computed and used to determine the absorbance values 
of ALF and TAD in the mixture at λiso. The absorbance 
factor for pure ALF (AALFat λiso/AALFat λ2) was com-
puted as the average of the ratio of absorbance values 
at 272 nm (λiso) to those at 330 nm (λ2) of different ALF 
concentrations. The absorbances of ALF and TAD in the 
mixture were determined at λiso using the following two 
equations:

	

Absorbance of ALF in themixture at λiso

= AALFatλiso
AALF atλ2

×AMix.atλ2

	

Absorbance of TAD in themixture atλiso

= AMix.atλiso −
(
AALF atλiso
AALFatλ2

× AMix.atλ2

)

Where AALF denotes the absorbance value of pure ALF 
and AMix. denotes the absorbance value of the mixture of 
ALF and TAD.

The determined absorbance values of ALF and TAD in 
the mixture at λiso were then used to calculate the con-
centration of each drug using the corresponding isoab-
sorptive point regression equation.

Ratio difference method
This method is based on the theoretical concept that 
dividing an absorption spectrum by a spectrum of the 
same substance yields a straight line parallel to the base-
line. However, when the absorption spectrum of one 
molecule (X) is divided by the absorption spectrum of 
another compound (Y), a ratio spectrum is formed. The 
ratio spectrum’s difference in peak amplitudes between 
two specified wavelengths is proportional to the concen-
tration of X without interference from Y.

The ratio spectra for ALF (Fig. 3) and TAD (Fig. 4) were 
obtained using this procedure by dividing the absorption 
spectra of each drug by an appropriate spectrum (divi-
sor) of the second drug. This is an important step since 
the chosen divisor must strike a compromise between 
low noise and high sensitivity. Therefore, several ALF and 
TAD divisors were evaluated, and the best results were 
achieved with a 7 µg/mL ALF spectrum and a 20 µg/mL 
TAD spectrum. The ratio difference method calculates 
the difference in amplitude values of the ratio spectra at 

Fig. 3  ALF ratio spectra (1–15 µg/mL) using TAD (20 µg/mL) as a divisor

 

Fig. 2  Absorption spectra of ALF (10 µg/mL), TAD (10 µg/mL), and their 
mixture (5 + 5 µg/mL)
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the two given wavelengths. As a result, it is critical to test 
the linearity at many wavelength pairs to select the wave-
length pair with the best linearity and the lowest noise to 
signal ratio. The amplitude values of ALF ratio spectra at 
251 nm and 211 nm were determined to have best linear-
ity, and hence the difference between them was directly 
proportional to ALF with no interference from TAD. Fur-
ther, the amplitude values of TAD ratio spectra at 292 nm 
and 222 nm were determined to have best linearity, and 

hence the difference between them was directly propor-
tional to TAD with no interference from ALF. The cali-
bration curve and regression equation were generated 
by graphing the difference in amplitude values at 251 nm 
and 211 nm for ALF and 292 nm and 222 nm for TAD 
against the corresponding ALF and TAD concentrations.

Method validation and statistical comparison
The methods used were verified in accordance with ICH 
recommendations. Table  1 displays data on linearity 
range, regression equation parameters, accuracy, preci-
sion, as well as limits of detection (LOD) and quantitation 
(LOQ). The selectivity of the methods used was deter-
mined by their capacity to quantify the ALF and TAD 
in their synthetic mixed solutions and pharmaceutical 
tablets without interference from one another or tablet 
excipients. The results in Table 2 show that the methods 
used were able to selectively measure ALF and TAD in 
their synthetic mixed solutions without interference from 
one another. Furthermore, the results in Table 3 demon-
strate that the employed methods were used to selectively 
quantify ALF and TAD in pharmaceutical tablets without 
interference from excipients, as proven by the results of 
standard addition technique. The t-test and F-test were 
used to do a statistical comparison between the outcome 
data gained by the applied methods and those obtained 
by the previously published method [12]. As indicated in 

Table 1  Methods validation and regression data
Parameters Absorbance subtraction Ratio difference

ALF TAD ALF TAD
Linearity range 1–15 µg/mL 3–40 µg/mL 1–15 µg/mL 3–40 µg/mL
Slope 0.0211 0.0211 0.2530 0.4165
Intercept -0.0002 0.0035 0.0015 0.1064
Coefficient of determination (r2) 0.9999 0.9999 0.9999 0.9996
LOD 0.132 µg/mL 0.530 µg/mL 0.143 µg/mL 0.869 µg/mL
LOQ 0.401 µg/mL 1.606 µg/mL 0.432 µg/mL 2.633 µg/mL
Accuracy (%R)a 99.85 99.65 99.59 99.71
Repeatability precision (RSD)b 0.680 0.548 0.464 0.491
Intermediate precision (RSD)b 0.862 0.711 0.609 0.754
a Mean of nine measurments (three concentration levels were repeated three times)
b RSD of nine measurments (three concentration levels were repeated three times)

Table 2  The results of ALF and TAD synthetic mixed solution analysis
Taken (µg/mL) %Recovery

Absorbance subtraction Ratio difference
ALF TAD ALF TAD ALF TAD
5 5 99.10 98.72 99.25 98.90
8 4 100.31 99.96 99.68 99.56
10 5 100.42 99.36 99.82 100.58
12 3 99.22 100.26 99.13 100.98
12 6 99.01 98.73 98.96 99.78
Mean ± RSD 99.61 ± 0.694 99.41 ± 0.705 99.37 ± 0.370 99.96 ± 0.827

Fig. 4  TAD ratio spectra (3–40 µg/mL) using ALF (7 µg/mL) as a divisor
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Table  3, the data obtained demonstrate that no signifi-
cant differences were discovered.

Conclusion
In this work, absorbance subtraction and ratio difference 
spectrophotometric methods were used to determine the 
concentrations of alfuzosin hydrochloride and tadalafil in 
their combination The methods were accurate, precise, 
and selectively employed to quantify alfuzosin hydro-
chloride and tadalafil in their combined tablets. The 
developed spectrophotometric methods offer an advan-
tage over the reported methods in terms of procedure 
simplicity and affordability.
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