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Abstract

Irbesartan (IRB) is one of the drugs used for the treatment of hypertension. The present 
work develops and validates two methods for the evaluation of irbesartan in bulk and tablets. 
Sulfonephthalein acid dyes, bromophenol blue (BPB), and bromocresol purple (BCP) were used 
to produce stable yellow ion-association complexes with the basic drug IRB in dry chloroform. The 
colored products are quantifi ed spectrophotometrically at their corresponding λmax. The relation 
between the absorbed signal and the drug concentration was linear up to 45.0 μg mL-1 (n = 6, 
r ≥ 0.9998). LOD reaches 40 ng mL-1. The composition of the ion associates was found 1:1 by 
Job’s and mole ratio methods. Application of the suggested methods to dosage forms is presented 
with percentage recoveries ranging from 99.33% to 101.67%. The results of the analysis were 
validated statistically and compared with the offi  cial method. No interference was observed from 
common pharmaceutical adjuvants.

irbesartan with picric acid, BCG, BTB, Co(II) thiocyanate, 
and Mo(V) thiocyanate [38] and with naphthol blue-black 
[39]. Extractive spectrophotometric procedures are the best 
choice for quality control because of their high sensitivity, 
selectivity, and low limit of detection in the assay of drugs 
[39–41].

To date, an extractive spectrophotometric method for 
the estimation of irbesartan with bromophenol blue and 
bromocresol purple has not been published in the open 

Introduction
Irbesartan, 2-butyl-3-[[4-[2-(2H-tetrazol-5-yl)phenyl]

phenyl]methyl]-1,3-diazaspiro [4.4]non-1-en-4-one, is 
anti-hypertensive [1]. Clinically irbesartan is administered 
in tablets for the treatment of hypertension. Based on its 
mechanism of action, irbesartan has the potential to offer 
advantages in safety and tolerability over previous classes of 
drugs in the treatment of hypertension, diabetic nephropathy, 
and heart failure [2]. BP [1] and USP [3] reported the 
HPLC method for the estimation of irbesartan. Several 
different techniques were presented for the quantitative 
determination of IRB in pharmaceutical formulations. The 
methods described include kinetic spectrophotometry 
[4,5], spectroϐluorometry [6–8], spectrophotometry [7–10], 
HPLC [7,11–14], HPTLC [15], titrimetry using NaOH [16] 
and voltammetry [17]. Irbesartan with other drugs was 
determined in the combined formulations by UV derivative 
spectrophotometry [18–24], spectrophotometry [25,26], 
capillary electrophoresis [27,28], and HPLC [29–37]. 

The literature is still poor in analytical assay methods 
based on extractive spectrophotometry for the determination 
of irbesartan in tablets. Two extractive spectrophotometric 
methods were found which are based on the extraction of 
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literature. Therefore, this paper reports new simple and 
sensitive methods for the evaluation of irbesartan based on 
the interaction of the basic drug with sulfonephthalein acid 
dyes.

Experimental
Instrumentation

UV–VIS spectrophotometer (Jasco V-530, Japan) with 
1 cm quartz cells and pH meter (Suntex-SP 701, Taiwan) 
equipped with combined glass pH electrode was used. The 
operating conditions are scan speed medium (400 nm/min),
scan range 360–500 nm, and slit width 2 nm. Spectra were 
automatically obtained by Jasco system software. The 
temperature was maintained at 25 ± 2 °C.

Materials and chemicals

Pharmaceutical grade irbesartan (IRB) supplied by 
Cipex Specialities, India. Irbesartan purity was determined 
according to BP [1] and found to be 99.67%. Aprovel® (Sanoϐi, 
France) and Rovil (BPI, Aleppo, Syria) tablets are labeled to 
contain 150 mg of irbesartan per tablet. Bromophenol blue 
(BPB) and bromocresol purple (BCP) 1×10-3 M solutions 
in water, chloroform, anhydrous sodium sulfate, and bi-
distilled water were used. The pH value was adjusted using 
Britton buffers (pH 1.3 to 4.0), these buffers were prepared 
by mixing certain volumes of 0.2 M boric acid, 0.2 M acetic 
acid, and 0.2 M phosphoric acid. All chemicals and reagents 
were of AR grade (Merck, Germany).

Standard solutions to the drug 

A standard stock solution of IRB was provided (0.5 mg 
mL-1) by dissolving the required weight of irbesartan in 5 
mL of glacial acetic acid, the volume was diluted in a 100 mL 
volumetric ϐlask to the mark with bi-distilled water. Working 
standard solutions were then prepared by diluting the stock 
standard solution with the same water. The solutions were 
stable for a period not exceeding 10 days when kept in a dark 
place and at a temperature of 2–8 °C.

General procedure

4 mL of buffer solution of pH 1.6 or 2 mL of buffer solution 
of pH 2 and 6 mL of BCP or 5 mL of BPB were added into a 
series of 50 mL separating funnels, respectively. A required 
volume of IRB 0.5 mg mL-1 standard solution (30–860 μL for 
BCP; 36–900 μL for BPB) and 10 mL of chloroform were added 
to each funnel. The funnels were shaken vigorously for 2 min 
and then left for clear separation of the water and chloroform 
phases. The separated chloroform phase was transferred 
to a 50 mL beaker, dried over anhydrous Na2SO4, and then 
transferred to a volumetric ϐlask of 10 mL. Finally, the extract 
was made up to the mark with chloroform and mixed. The 
absorbance of the chloroform phase was measured at 420 
nm for both BCP and BPB against a reagent blank similarly 

prepared. The calibration graph was constructed to calculate 
the amount of the analyst drug in unknown samples. The 
color is stable for at least 48 hrs up to 30 °C.

Stoichiometry of the formed ion-pairs

Job’s of continuous variation and molar ratio methods 
were applied to determine the reaction stoichiometry 
between IRB and dye [42]. In the ϐirst method, a series of 
IRB−dye solutions was kept at 2.0 mL (0:2, 0.2:1.8, 0.4:1.6, 
0.6:1.4, 0.8:1.2, 1.0:1.0, 1.2:0.8, 1.4:0.6, 1.6:0.4, 1.8:0.2, 2:0) 
where CIRB+Cdye=2×10−4 M. The reagent was mixed in various 
proportions and then diluted to volume in a 10 mL calibrated 
ϐlask with chloroform. The absorbance of the resulting 
solutions was measured at 420 nm against similarly treated 
reagent blanks. While in the second method, equimolar 
solutions of IRB and dye (1×10−3 M) were used. Different 
aliquots of dye were added to ϐixed aliquots of IRB solution 
–total volume 10 mL– and the absorbance was measured at 
420 nm against similarly treated reagent blanks.

Procedure for tablets

Twenty tablets containing irbesartan were weighed and 
ϐinely powdered. A portion of the powder equivalent to 25 
mg of IRB was accurately weighed, dissolved in 5 mL of glacial 
acetic acid, and swirled for 15 minutes. 5 mL of bi-distilled 
water was added and then ϐiltered. The solution was diluted 
in a 25 mL volumetric ϐlask to the volume with bi-distilled 
water. The general assay was then applied within the Beer’s 
law limit of the developed method.

Results and discussion
Irbesartan forms yellow ion-pair complexes, in an acidic 

buffer, with sulfonephthalein acid dyes such as BCP and 
BPB. The absorption spectra of the quantitatively extracted 
complexes IRB−BCP and IRB−BPB into chloroform exhibited 
maximum absorbance at 420 nm and the colorless reagent 
blanks showed negligible absorption, as shown in Figure 1.

Figure 1: Spectra of IRB-dye complexes in chloroform: (1) 12 μg mL-1 of IRB+6 
mL of 10-3 M BCP+4 mL of pH 1.6 buff er against its respective blank (2) and (3) 
20 μg mL-1 of IRB+5 mL of 10-3 M BPB+2 mL of pH 2 buff er against its respective 
blank (4).
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The required optimum conditions for quantitative 
and rapid formation of yellow ion-pair complexes were 
investigated. Chloroform was the best of the other used 
solvents for its quantitative and selective extraction. The 
suitable buffer was found to be a Britton buffer for both 
methods. The effect of pH on the IRB–reagent complex was 
investigated by extracting the colored complexes in the 
presence of Britton buffer over the pH range 1.3−3.0. The 
maximum color intensity and highest absorbance value were 
observed at pH 1.6 using 4 mL of buffer for BCP and at pH 2.0 
using 2 mL of buffer for BPB (Figures 2,3).

The optimum reaction time was investigated by following 
the color development at ambient temperature (25 ± 2 °C). 
Complete color intensity was attained after 2 min of mixing 
for all complexes. The effect of several organic solvents was 
studied for the effective extraction of the colored ion-pair 
complexes from the aqueous phase. Chloroform was found to 
be the most suitable solvent for the extraction of complexes 
quantitatively. The extraction with 10 mL chloroform, yields 
maximum absorbance intensity and considerably lower 
extraction ability for the reagent blank and the shortest time 
to reach the equilibrium between both phases.

The effect of the reagent concentration was studied by 
measuring the absorbance of solutions containing a ϐixed 
concentration of IRB drug and varying amounts of the 

respective reagents. The maximum color intensity of the 
complex was achieved with 5.0 mL or 6.0 mL of 1.0×10−3 
M BPB or BCP, reagent solutions, respectively. The effect of 
the reagent’s concentration on the absorbance is shown in 
Figure 4. A larger volume of the reagent had no pronounced 
effect on the absorbance of the formed ion-pair complex.

The results of the reaction stoichiometry between IRB 
and dye revealed that the formation of ion-pair complexes 
IRB−BCP and IRB−BPB followed a ratio of 1:1 (Figures 5,6).

The stability constant (Kf) value of IRB complexes with 
BPB and BCP was determined by substituting the data 
of continuous variation in the equation (1) derived for 
calculating the stability constant spectrophotometrically.
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where A is the maximum observed absorbance and 
Am is the absorbance value when all the amount of drug is 
associated. CM is the mole concentration of the drug at the 
maximum absorbance and n is the combination ratio of the 
ion-pair considered [39]. The log Kf values obtained for the 
IRB-BPB and IRB-BCP ion-pair are 6.00 and 6.39, respectively.

The standard free energy of the reaction product is related 

Figure 3: Eff ect of buff er volume on absorbance at max of IRB (22.5 g mL-1)−
BPB (0.5 M) at pH 2 and IRB (25 g mL-1)−BCP (0.6 M) at pH 1.6.

Figure 2: Eff ect of pH on the absorbance at max of IRB (27.5 g mL-1)−BCP (0.6 
M) and IRB (27.5 g mL-1)−BPB (0.5 M) complexes.

Figure 5: Job’s method of continuous variations of IRB-dye complexes, CIRB+Cdye 
=210-4 M.

Figure 4: Reagent eff ect on the formation of IRB (19 μg mL-1)−BPB and IRB (25 
μg mL-1)−BCP.
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to the association or the formation constant by the equation 
(2), which was used to calculate ∆Go [43]:

∆G◦ = −2.303 RT log K                  (2)

where ∆G◦ is the free energy change of the complex, 
R is the gas constant 8.314 J k-1 mol-1, T is the temperature 
in Kelvin (k), and K is the formation constant of drug–the 
reagent complex. The value of Gibbs free energy (∆G‡) of 
activation of the reaction product was determined using 
equation 2, and its value was −34.24 and −36.46 KJ mol-1 for 
IRB−BPB and IRB−BCP, respectively. The negative value of 
the calculated free energy (ΔG‡) indicates the stability of the 
complex and its spontaneous formation.

Containing cationic nitrogen, IRB drug reacts with BPB or 
BCP in Britton buffer to form an ion-pair complex between the 
basic nitrogen of IRB and dye. Each IRB–dye complex, with 
two oppositely charged ions, behaves as a single unit held 
together by an electrostatic force of attraction (Scheme 1).
The formed complex is extracted into chloroform 
quantitatively.

Validation of the proposed methods 

Graph of absorbance versus concentration is described 
by regression equation obtained according to the least-
squares method [44]. A linear relationship was found 
between the absorbance at λmax and the concentration of IRB 
in the range 1.8-45.0 and 1.5-43.0 μg mL-1 for BPB and BCP 
method, respectively, in the ϐinal measured volume of 10 
mL. Beer’s law plots at λmax showed an excellent correlation 
with negligible intercept. Ringbom optimum concentration 
range was calculated for more accurate analysis [45]. Table 
1 represents the analytical parameters for the evaluation of 
IRB by the developed methods. The high molar absorptivity of 
the resulting colored complex indicates the high sensitivity of 
the method. The sensitivity of the method was determined by 
the limit of detection (LOD) and limit of quantiϐication (LOQ). 
The LOD and LOQ of IRB were calculated experimentally 

by the following equations: LOD(𝑘=3.3) = 𝑘×𝑆𝑎/𝑏 and LOQ(𝑘=10) 
= 𝑘×𝑆𝑎/𝑏 [46] (where 𝑏 is the slope of the calibration curve 
and 𝑆𝑎 is the standard deviation of the intercept) and given 
in Table 1. 

The precision was determined by repeatability (intraday 
precision) and intermediate precision (interday precision). 
Repeatability was estimated by using different levels of 
drug concentrations (same concentration levels taken in the 
accuracy study) and analyzed, during the same day (n = 6), 
under the same experimental conditions. The intermediate 
precision was studied by comparing the results obtained 
on three different days (Table 2). The low values of RSD% 
indicate good precision and reproducibility of the methods. 
Accuracy was evaluated as percentage recovery for IRB. 

Figure 6: Mole-ratio method of IRB-dye ion-pair complexes, (CIRB=510-5 M for 
BPB and BCP).

 

Bromophenol blue
     (lactoid ring)

(quinoid ring)

Irbesartan

Irbesartan (Protonated)

1. 1complex Irbesartan bromophenol blue 

Scheme 1: The possible reaction mechanisms.

Table 1: Analytical parameters for the evaluation of IRB by the developed methods.

Parameters
Extraction method with
BPB BCP

λmax (nm) 420 420
log Kf 6.00 6.39

Stability (hrs) 72 48
Beer’s law limit (μg mL-1) 1.8-45.0 1.5-43.0
Ringbom limit (μg mL-1) 4.0-28.0 4.0-24.0

LOD (μg mL-1) 0.040 0.080
LOQ (μg mL-1) 0.12 0.244
Ɛ (L mol-1 cm-1) 1.9×104 2.3×104

Sandell's sensitivity, μg cm-2 0.045 0.037
Regression equation A = mC+b*

Slope (m) 0.0430 0.0424
Intercept (b) 0.0057 0.0925

Correlation coeffi  cient (r ) 0.9999 0.9998
∆G‡ (KJ mol-1) −34.24 −36.46

Range of error %  ± 1.62  ± 0.44
*With respect to A = mC+b, where A is absorbance and C is the concentration 
(μg mL-1).
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The average percent recoveries obtained were quantitative, 
indicating good accuracy of the methods. 

The proposed methods were found to be selective for 
the determination of IRB in the presence of various tablet 
excipients. The recoveries were not affected by the excipients 
and the excipients blend did not show any absorption in the 
range of analysis. 

The robustness of an analytical procedure is a measure 
of its capacity to remain unaffected by small, but deliberate 
variations in method parameters and provides an indication 
of its reliability during normal usage. The method’s 
robustness was examined by evaluating the inϐluence of a 
small variation of method variables, using ϐive replicates at 
an IRB concentration level of 25 μg mL-1. Some parameters 
were interchanged: dye volume ( ±  0.1 mL), pH ( ±  0.1), and 
shaking time ( ±  1.0 min). The capacity remained unaffected 
by small deliberate variations and then the method is robust 
(Table 3).

Application to the pharmaceutical dosage forms

Various irbesartan pharmaceutical preparations were 
analyzed to assess the applicability of the developed methods 
for assaying IRB in tablets and the results obtained were 
compared with those of the ofϐicial method [1], as shown 
in Table 4. This comparison showed that the results are 
statistically identical, as there are no statistically signiϐicant 
differences in accuracy and precision between the developed 
and the ofϐicial methods, as evidenced by the t-value and 
variance ratio F - value at a 95% conϐidence level for ϐive 
degrees of freedom. The ingredients in the tablets did not 
interfere with the trials.

Conclusion
The developed extractive spectrophotometric methods 

describe the use of BPB and BCP acid dyes for the estimation 
of irbesartan in bulk and tablets. The reagents utilized in the 
proposed methods are cheaper and readily available; the 
procedures do not involve any critical reaction conditions 
and tedious sample preparation. The proposed methods 
are simple, accurate, precise, rapid, and sufϐiciently 
sensitive to permit determination even down to 40 ng mL-

1, which is higher than what is available in references for 
similar methods [38,39]. Although the high-performance 
liquid chromatographic methods have a higher selectivity, 
they require complicated sample pretreatment and use 
expensive apparatus. Moreover, the proposed methods 
have the advantages of inexpensive analytical reagents, 
available in any analytical laboratory along with the lower 
reagents consumption leads to an environmentally friendly 
spectrophotometric procedure, which makes it especially 
suitable for routine quality control analysis work. Those 
modalities had an excellent agreement of sample recovery 
from all formulations with their respective label claims, 
indicating that the excipients of the formulations did not 
overlap with the estimation. 
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