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ABSTRACT  

The present study describes the development of a novel analytical approach that can reduce the consumption of 
organic solvents in the charge transfer (CT)-based spectrophotometric analysis of losartan potassium (LOS) by 50-
fold. The proposed approach employed 96-microwell assay plates for carrying out the reaction. In this approach, 

the CT reaction between LOS and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) as a -electron acceptor was 
performed in the microwells (200-µl of organic solvent). The color signals of the CT complex were measured at 
460 nm by microwell-plate reader. The optimum conditions for the proposed approach were established and the 
analytical procedures were recommended. The proposed approach offered high sensitivity and precision; the lim-
its of detection and quantitation were 2.47 and 7.49 µg ml

-1
, respectively. The proposed approach was successfully 

applied to the analysis of pharmaceutical dosage forms that contain LOS with good accuracy and precision, and 
the results were compared favorably with a reference method. The approach described herein has great practical 
value in the routine analysis of LOS in quality control laboratories, as it offers the reduction in the exposures of the 
analysts to the toxic effects of organic solvents, reduction in the analysis cost by 50-fold, and it has a high 
throughput property. Although the approach was validated for LOS, however, the same methodology could be 
used for any electron-donating analyte for which a CT reaction can be performed. 

Keywords: Charge-transfer reaction; Organic solvents; Spectrophotometry; High throughput analysis; Losartan 
potassium. 

1. INTRODUCTION  

Losartan potassium (LOS); 2-butyl-4-chloro-1-[p-(o-1H-
tetrazol-5-ylphenyl)benzyl-imidazole-5-methanol po-
tassium, is a new non-peptide angiotensin II receptor 
antagonist with antihypertensive activity, due mainly 
to selective blockade on AT1 receptors and the conse-
quent reduced pressor effect of angiotensin II (Martin-
dale, 2002). LOS is used in the management of hyper-
tension with a lower incidence of side effects such as 
cough, which develops with typical angiotensin-
converting enzyme inhibitors. It can be used alone or 
combined with the diuretic hydrochlorothiazide (HCT) 
in patients with moderate heart failure (Reid, 2001)  

The therapeutic importance of LOS was behind the 
growing interest in the development of many methods 
for its analysis in bulk drug, dosage forms, and/or bio-
logical fluids. These methods include high-performance 
liquid chromatography (Hertzog, 2002), thin-layer 

chromatography (McCarthy, 1998), gas chromatogra-
phy (Maurer, 1998), capillary electrophoresis (Gonza-
lez, 2002), and radioreceptor assay (Soldner, 1998). 
These methods are not simple to perform, time-
consuming, and/or utilize expensive instruments that 
are not available in most quality control laboratories.  

 

Spectrophotometry is the most widely used technique 
in pharmaceutical analysis because of its inherent sim-
plicity and wide availability in most quality control la-
boratories (Darwish, 2007; Darwish, 2008; Darwish, 
2009, Darwish, 2010). The molecular interactions be-
tween electron-donating pharmaceutical compounds 
and electron acceptors are generally associated with 
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the formation of intensely colored charge-transfer (CT) 
complexes, which absorb radiation in the visible re-
gion. The rapid formation of these CT complexes leads 
to their widespread utility in the development of sim-
ple and convenient spectrophotometric methods for 
many pharmaceutical compounds (Bebawy, 1999; 
Darwish and Refaat, 2006; Khashaba, 2000; Saleh, 
2003). In a previous study (Darwish, 2005), the elec-
tron-donating capability of LOS has been proved, and 
CT-based spectrophotometric methods for determina-
tion of LOS in its dosage forms have been described. 
However, these methods suffered a major drawback 
which was the consumption of large volumes of organ-
ic solvents. This leads to high analysis cost, and more 
importantly, the incidence of exposure of the analysts 
to these toxic solvents.  

Many studies supported the positive association be-
tween the exposure to laboratory work with organic 
solvents and occurrence of dose-related neurotoxic 
symptoms (Fidler, 1987), increased risk of some repro-
ductive outcomes (especially preterm and posterm 
births) among the women working with certain labora-
tory tasks (Wennborg, 2002), increased risk of sponta-
neous abortion among pregnant women (Lindbohm, 
2007; Wennborg, 2000), and increased risk of lympho-
haemalopoietic cancer (leukemia and lymphomas) in 
both men and women (Kristensen, 2008). Reduction of 
human exposure to organic solvents is one of the main 
objectives of hygienists, public authorities, World 
Health Organization, environment protection agencies, 
and occupational safety and health administrations. 
For these reasons, investigating new alternative me-
thodological approaches to reduce the consumption of 
organic solvents in CT-based spectrophotometric anal-
ysis is very important.  

The present study describes the development of a 
novel approach that can reduce the consumption of 
organic solvents in the CT-based spectrophotometric 
analysis of LOS by 50-fold. In this approach, the reac-
tion was carried out in 96-microwell plates (200-µl vo-
lume) instead of the conventional volumetric flasks 
(10,000-µl volume). The color signals were measured 
by microwell-plate reader. The analytical approach 
described herein offered some additional advantages: 
(1) reduction in the exposures of the analysts to the 
toxic effects of organic solvents, (2) reduction in the 
analysis cost by 50-folds, and (3) providing a high 
throughput analytical methodology that can facilitate 
the processing of large number of samples in a relative-
ly short time. This property was attributed to the use of 
multi-channel pipettes for rapid and efficient dispens-
ing the solutions, carrying out the analytical reaction in 
96-well plates (as reaction vessels), and measuring the 
color signals in the 96 wells at ~ 30 seconds by the 
plate reader.  

 

 

2. EXPERIMENTAL 

2.1. Apparatus 

Microwell-plate reader (ELx 808 IU, Bio-Tek Instru-
ments Inc. Winooski, USA). Microwell plates were a 
product of Corning/Costar Inc. (Cambridge, USA). 
Finnpipette adjustable 8 channel-pipette (Sigma Chem-
ical Co. St. Louis., USA). 

2.2. Chemicals and dosage forms 

LOS (Hetero Drugs Ltd., Hyderabad, India) was ob-
tained and used as working standard. DDQ (Merck, 
Schuchardt, Munich, Germany) was 0.25% (w/v) pre-
pared fresh daily in methanol. Losartan

®
 tablets 

(Amriya Pharmaceutical Industries, Alexandria, Egypt) 
are labeled to contain 50 mg LOS per tablet. Lozapress 
H

®
 tablets (Sigma Pharmaceutical Industries, Egypt) are 

labeled to contain 50 mg LOS and 12.5 mg HCT per 
tablet.  

2.3. Preparation of standard and tablets sample solu-
tions 

2.3.1. Preparation of stock standard solutions 

Into a 5-ml calibrated flask, 10 mg of LOS was accurate-
ly weighed, dissolved in 2 ml methanol, and completed 
to volume with the same solvent. This stock solution 
was diluted with methanol to obtain concentrations in 
the range of 16-240 µg ml

−1
. 

2.3.2. Preparation of tablets sample solutions 

Twenty tablets were weighed and finely powdered. A 
quantity of the powder equivalent to 20 mg LOS was 
transferred into a 10-ml calibrated flask, dissolved in 2 
ml methanol, swirled and sonicated for 5 min, com-
pleted to volume with the methanol, shaken well for 
15 min, and filtered. The first portion of the filtrate was 
rejected, and a measured volume of the filtrate was 
diluted quantitatively with methanol to concentrations 
range of 16-240 µg ml

−1
. 

2.5. General analytical procedure 

One hundred microliters of the standard or sample 
solution (16–240 µg ml

−1
) was transferred into wells of 

microwell-plates. One hundred microliters of DDQ so-
lution (0.25%, w/v) was added, and the reaction was 
allowed to proceed at room temperature (25±5 ◦ C) for 
10 min. The absorbances of the resulting solutions 
were measured at 460 nm by the microwell-plate 
reader. Blank wells were treated similarly except 100 µl 
of methanol was used instead of sample, and the ab-
sorbances of the blank wells were abstracted from 
those of the other wells.  

3. RESULTS AND DISCUSSION 

3.1. Strategy for development of the proposed analyt-
ical approach 

The present study was directed to the development of 
a novel approach that can reduce the consumption of 
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organic solvents in the CT-based spectrophotometric 
analysis of LOS. LOS was selected was based on its the-
rapeutic importance, its proven electron-donating ca-
pability, and the urgent need to overcome the major 
drawback of the previously reported CT-based spec-
trophotometric analysis of LOS, which is the consump-
tion of large volumes of organic solvents (Darwish, 
2005). Previous studies for the CT reactions of polyha-
lo-/polycyanoquinones electron acceptors revealed 
that DDQ was one of the most reactive reagents, as its 
CT reaction proceeds rapidly, and yielded high sensitive 
assays when compared with other polyhaloquinones 
(Bebawy, 1999; Darwish, 2005; Khashaba, 2000). For 
these reasons, DDQ was selected as electron acceptor 
in the development of the approach described herein.  

The following sections describe the establishment of 
the optimization factors that influence the chemical 
reaction and the analytical performance of the pro-
posed approach. 

3.2. Optimization of the analytical conditions  

The interaction of LOS with DDQ, and the spectral cha-
racteristics of the formed chromogen, and reaction 
mechanism have been demonstrated in a previous 
study (Darwish, 2005). The optimization of experimen-
tal conditions affecting the reaction in the 96-well for-
mat was investigated by altering each reaction variable 
in a turn while keeping the others constant. In all cases, 
measurements were carried out at 460 nm, as this 
maximum gave the highest absorptivities and ultimate-
ly the highest analytical sensitivity. The results of varia-
tions in the DDQ concentrations indicated that 100 µl 
of 0.25% (w/v) was the optimum DDQ concentration, 
as this concentration gave the highest absorbances. 
Previous studies (Darwish, 2005; Khashaba, 2000) 
demonstrated that the interaction of electron-donors 
with DDQ in polar solvents (e.g. acetonitrile and me-
thanol) produces CT complexes with molar absorptivity 
values higher than those produced in non-polar sol-
vents (e.g. chloroform). Methanol was selected for the 
subsequent experiments because it offered high sensi-
tivity. The optimum reaction time was determined by 
monitoring the color development in the microwells at 

room temperature (25 5 C). Complete color develop-
ment was attained after 10 min. The developed colors 
remained stable at room temperature for at least a 
further 30 min.  

 

3.4. Validation of the proposed methodology 

3.4.1. Linearity and sensitivity 

Under the above mentioned optimum reaction condi-
tions, the calibration curve for the analysis of LOS by 
the proposed analytical approach was constructed by 
plotting the absorbances as a function of the corres-
ponding concentrations. The regression equations for 
the results were derived using the least-squares me-
thod. Beer’s law plot (n = 5) was linear with very small 
intercept (–0.0517) and good correlation coefficient 

(0.9978) in a general concentration range of 8 – 120 g 

ml
1
.
 
The limits of detection (LOD) and limits of quanti-

tation (LOQ) were determined (USP, 2008) using the 

formula: LOD or LOQ = SDa/b, where  = 3 for LOD 
and 10 for LOQ, SDa is the standard deviation of the 
intercept, and b is the slope. The LOD and LOQ values 

were 2.47 and 7.49 g ml
1
, respectively.  

3.4.2. Accuracy and precision 

Accuracy of the proposed methodology was assessed 
by the standard addition method. Known amount (30 
mg) of LOS was added to pre-determined drug-
containing dosage forms, and then determined by the 
recommended procedure of the proposed approach. 
The mean analytical recovery (calculated as the ratio 
between the concentrations measured to the concen-
trations taken for analysis, expressed as percentages) 

was found to be 101.01  0.63% indicating the accura-
cy of the proposed methodology.  

The precisions of the proposed methodology were de-
termined on samples of LOS solutions at three concen-

tration levels (10, 60, and 120 g ml
–1

) by analyzing 5 
replicates of each sample as a batch in a single assay 
run. The relative standard deviations (RSD) were 0.87, 
0.63, and 0.74% at the concentration levels of 10, 60, 

and 120 g ml
–1

, respectively. This data provided the 
high precision of the methodology for the routine ap-
plication in quality control laboratories. This high level 
of precision was attributed to the accuracy of the vo-
lumes that have been concomitantly dispensed in the 
microwells by multi-channel pipettes, and complete-
ness of the reaction the small volume (200 µl).  

3.5. Application of the proposed approach in the anal-
ysis of dosage forms  

Two commercially available pharmaceutical dosage 
forms for LOS were subjected to the analysis by the 
proposed and reported methods (Dawish, 2005), and 

Table 1: Analysis of LOS in its tablets by the proposed and reported methods 

Tablet 
Recovery (% ± SD) 

t-test 
b
 F-test 

b
 

Proposed method Reported method 
a
 

Lozapress H®  99.79±1.02 100.52±1.30 0.99 1.63 

Losartan®  100.98±1.31 101.66±1.51 0.76 1.34 

a
 Darwish, 2005. 

b
 The tabulated values of t and F at 95% confidence limit are 2.78 and 6.39, respectively. 
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the obtained results were then statistically compared 
with each other. The mean percentage recoveries, rela-
tive to the labeled amounts, obtained by the proposed 

procedures were 100.98  1.31 and 99.79  1.02% (Ta-
ble 1). In the t- and F-tests, no significant differences 
were found between the calculated and theoretical 
values of both the proposed and the reported methods 
at 95% confidence level. This indicated similar accuracy 
and precision of both the proposed and reported me-
thods.  

4. CONCLUSIONS 

The present study described the development and va-
lidation of a novel analytical approach for reducing the 
consumption of organic solvents in the spectrophoto-
metric analysis based on CT reactions by 50-fold. In this 
approach, the reaction was carried out in 96-microwell 
plates (200-µl reaction volume) instead of the conven-
tional volumetric flasks (10,000-µl volume). The color 
signals were measured by microwell-plate reader in-
stead of the conventional spectrophotometer. The 
analytical approach described herein has the following 
advantages:  

 Reduction in the consumption of organic solvents 
in the CT-based spectrophotometric analysis of 
LOS, accordingly reduction in the exposures of the 
analysts to the toxic effects of organic solvents. 

 Reduction in the analysis cost by 50-folds which 
can be reflected on the price for the finished do-
sage forms, thus it can reduce the expenses for the 
medications to the patients.  

 Providing a high throughput analytical methodolo-
gy that can facilitate the processing of large num-
ber of samples in a relatively short time. This 
property was attributed to the use of multi-
channel pipettes for efficient dispensing the solu-
tions, carrying out the analytical reaction in 96-
well plates (as reaction vessels), and measuring 
the color signals in the 96 wells at ~ 30 seconds by 
the plate reader.  

 Although the approach was developed and vali-
dated for the analysis of the antihypertensive drug 
LOS, however, it is also anticipated that the same 
methodology could be used for essentially any 
analyte that can exhibit electron-donating capabil-
ity.  
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