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This research study discusses two rapid, sensitive and specific 
methods for simultaneous determination of rosuvastatin (ROS) 
and amlodipine (AML) in pharmaceutical preparations using the 
differential pulse voltammetry (DPV) and high-performance 
liquid chromatography (HPLC). Electrochemical behavior and 
simultaneous voltammetric determination of ROS and AML were 
investigated using the platinum disk electrode. HPLC was also 
developed for the comparison. The flow rate of the mobile phase 
was 1.0 mL/min and all the detections were carried out at 225 
nm using the UV detection. The calibration curve was established 
over the concentration range of 0.5-4 g/mL for DPV and 0.1-
2 g/mL for HPLC. The intra- and inter-day relative standard 
deviation was less than 2.96 and 3.07% for DPV and HPLC, 
respectively. Limits of quantification were determined as 
0.21 and 0.06 g/mL for DPV and HPLC, respectively. Both the 
drugs along with their degradation products were separated in 
less than 8 min. No interference was found from tablet excipients 
at the selected assay conditions. The methods were applied for 
the quality control of the commercial ROS and AML drug. 
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Introduction 

Hypertension is a major risk factor for 

developing the atherosclerosis and its 

associated conditions such as ischemic 

cerebrovascular disease, coronary heart 

disease and peripheral vascular disease[1-3].  

Rosuvastatin (ROS) (Figure 1-a), is used for 

treatment of hyperlipidaemia [4, 5]. The dose 

dependent peak plasma concentration 

reached 3-5 h after oral administration of a 10- 

to 80-mg dose [6-8]. Amlodipine (AML) 

(Figure 1-b) is prescribed for the treatment of 

hypertension and angina pectoris.  
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FIGURE 1 Chemical structures of ROS (a) and 

AML (b) 
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It has a long elimination half-life and the large 

volume of distribution. The combination of 

ROS and AML exerts more beneficial effects on 

cardiomyocyte hypertrophy and fibrosis [9, 

10]. To our knowledge, no scientific papers 

regarding the simultaneous determination of 

ROS-AML by use of DPV method have been 

published. In literature, a few methods using 

HPLC method applied for the simultaneous 

determination of these drugs have been 

reported [11-13]. The reported methods 

although utilized isocratic elution with low 

retention times of both the analytes but they 

lack stress testing on the drugs and therefore 

unable to separate degradation products. We 

also focused our attention to develop and 

validate a simple and precise stability 

indicating HPLC method for the concurrent 

determination of ROS and AML.  

The development of a new method is 

important for the determination of the drug 

amount in pharmaceutical preparations. 

Redox reactions of drugs in invitro conditions 

can inform us about what kind of reaction they 

can get in the body after are taken into the 

body [14-16]. Despite the analytical 

importance of the electrochemical behavior 

and oxidation mechanism of ROS-AML, no 

report has been published on the 

voltammetric study of the electrochemical 

oxidation of ROS-AML in nonaqueous media. It 

is well known that the experimental and 

instrumental parameters directly affect the 

electrochemical process and voltammetric 

response of drugs. Consequently, it is of a great 

importance to investigate the oxidation 

process of the ROS-AML in aprotic media.  

Therefore, this study discussed two new 

DPV and HPLC methods for the simultaneous 

determination of ROS-AML. The DPV method 

was aimed at developing an easy and rapid 

assay method for ROS-AML without any time 

consuming sample preparation steps for 

routine analysis. HPLC method was attempted 

to demonstrate the utility of UV detection for 

the simultaneous determination of ROS-AML 

with simple sample preparation and 

reasonable analysis time with high precision. 

Also, the developed methods were used to 

determine the total drug content in 

commercially available tablets of ROS-AML. 

Experimental  

Materials 

ROS calcium (99.55% ) and AML (99.06%) 

standards were obtained from the Sigma (St. 

Louis, MO, USA). HPLC grade acetonitrile, 

lithium perchlorate (LiClO4) and other 

chemicals were purchased from Fluka. 

Rosucor® film coated tablet was obtained 

from pharmacy (Erzurum, Turkey).   

Voltammetric and chromatographic system 

Electrochemical experiments were performed 

on a Gamry Potentiostat Interface 1000 

controlled with software PHE 200 and PV 220. 

All the measurements were carried out in a 

single-compartment electrochemical cell with 

a standard three-electrode arrangement. A 

platinum disk (Pt) and a platinum wire were 

used as the working and the counter 

electrodes, respectively. All potentials were 

reported versus Ag/AgCl/KCl (3.0 M) 

reference electrode at room temperature. 

Operating conditions for DPV were pulse 

amplitude 50 mV, pulse width 50 ms and scan 

rate 20 mV/s. 

HPLC analysis was carried out on an 

Agilent 1260 series HPLC system was used for 

the method development and validation 

studies. This chromatographic system was 

equipped with a quaternary pump (G7111A), 

auto injector (G7129A), and UV detector 

(G71144A). The separations were performed 

at 25 °C using Ace C18 (250×4.60 mm ID, 5μm) 

analytical column.  

Preparation of standard and quality control 
solutions 

For the DPV method, the stock standard 

solutions of ROS and AML were prepared in 

0.1 M LiClO4/acetonitrile to a concentration of 
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100 g/mL. For the HPLC method, the stock 

solutions of ROS and AML were prepared in 

methanol solution to a concentration of 100 

g/mL. Standard solutions were prepared as 

0.5-4 g/mL (0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0 and 

4.0 g/mL) for DPV and 0.05-2 g/mL (0.10, 

0.25, 0.50, 1.0, 1.5 and 2.0 g/mL) for the 

HPLC method. The quality control (QC) 

samples were prepared by adding aliquots of 

standard working solution of ROS and AML to 

final concentrations of 0.60, 1.25 and 2.75 

g/mL for the DPV and 0.15, 1.25 and 1.75 

g/mL for the HPLC.  

Procedure for pharmaceutical preparations 

Ten tablets of ROS and AML (Rosucor®) 

accurately weighed and powdered.  For the 

DPV method, an amount of this powder 

corresponding to one tablet ROS and AML 

content was weighed and accurately 

transferred into 100 mL calibrated flask and 

50 mL of 0.1 M LiClO4/acetonitrile was added 

and then the flask was sonicated to 10 min at 

room temperature. The flask was filled to 

volume with 0.1 M LiClO4/acetonitrile. The 

resulting solutions in both the cases were 

filtered through Whatman filter paper no 42 

and suitably diluted to get final concentration 

within the limits of linearity for the respective 

proposed method. For the HPLC method, an 

appropriate volume of the filtrate was diluted 

further with methanol so that the 

concentration of ROS and AML in the final 

solution was within the working range, and 

then analyzed by HPLC. 

Results and discussion 

Electrochemical behavior of ROS and AML 

Electrochemical behaviors of the ROS and 

AML were investigated at the Pt disc electrode 

in anhydrous acetonitrile solution containing 

0.1 M LiClO4 as the supporting electrolyte by 

using cyclic voltammetry (CV). The 

electrochemical behavior of ROS and AML on 

Pt was investigated by use of CV. Figure 2 

demonstrates the CV profile of the 

electrochemical oxidation of ROS and AML at 

10 and 5.0 μg/mL concentration in 0.1 M 

LiClO4/acetonitrile solution at the Pt 

electrode,  respectively. It is clear that the 

electrochemical reactions of these compounds 

at the Pt are irreversible. As can be seen in 

Figure 2, ROS and AML exhibit only one well-

defined oxidation peak at 1.65 V and 1.19 V, 

respectively, without the presence of any 

cathodic peak on the reverse scan.  

 

FIGURE 2 CV voltammogram for the oxidation of ROS (10 μg/mL and AML (5 μg/mL) in 
acetonitrile containing 0.1 M LiClO4 at Pt disk electrode, scan rate: 0.1 V/s 
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FIGURE 3 DPV voltammogram of ROS (10 μg/mL and AML (10 μg/mL) in acetonitrile containing 
0.1 M LiClO4 at Pt disk electrode, scan rate: 0.1 V/s 

In order to gain a deeper insight into the 

voltammetric waves, the effect of scan rate on 

the anodic peak currents (Im) and peak 

potentials (Ep) was studied in the range of 

0.01-1 V/s of the potential scan rates in 

LiClO4/acetonitrile solution containing 5 

g/mL concentration of ROS and AML. A plot 

of the logarithm of the peak current versus the 

logarithm of the scan rate for ROS and AML 

gave a straight line with a slope of 0.468 and 

0.449, respectively. If this curve is linear, 

diffusion or adsorption process can be 

expected due to the slope value. If the slope is 

nearly 0.5, diffusion process can be expected 

[17]. 

These results suggested that, the redox 

species are diffusing freely from solution and 

not precipitating onto the electrode surface. 

The reason for this behavior may be due to the 

solubility of the intermediate species in 

acetonitrile or poor adherence of products on 

the electrode surface. 

Optimization of HPLC conditions 

It was difficult to set chromatographic 

conditions that produced sharp peak shape 

and adequate response for ROS and AML due 

to their different physicochemical properties. 

These parameters should be suitably 

monitored to produce the better resolution 

from endogenous components which in turn 

affect sensitivity and reproducibility of the 

analytical method. Once the above mentioned 

parameters were optimized the flow rate, 

column temperature and buffer type and 

concentration can be altered for optimal 

response. For this reason, an isocratic mobile 

phase system consisting of acetonitrile:water 

with the addition of 0.1% H3PO4 (40:60; v/v) 

was selected. The injection volume was 10 μL 

and the mobile phase flow rate was kept 

constant at 1 mL/min. Different conditions, for 

instance, analytical columns, mobile phase 

composition, flow rate, and column 

temperature were varied to obtain efficient 

separation between ROS and AML for HPLC 

experiments. 

Different acetonitrile ratios, such as 35 to 

50, were tested and 40% (v/v) acetonitrile 

was approved for all studies. No interferences 

with other compounds that originated from 
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excipients were observed even with this 

percentage. Different acidic and basic 

additives were added for the preparation of 

buffer. In order to arrange the total separation 

time, flow rate was altered between 0.75 and 

1.25 mL/min. The best resolution was 

achieved at 1.0 mL/min. The temperature of 

the column oven and detection wavelength 

was adjusted to 30 °C and to 225 nm, 

respectively, for all compounds. Final 

optimized conditions were as follows: mobile 

phase composition consisting of a mixture of 

acetonitrile/water (40:60; v/v), containing 

0.1% H3PO4, (pH 3.0). This mobile phase 

composition was found to be optimal for 

symmetrical peaks as well as to achieve 

minimal background noise.  

Method validation 

To ensure the optimization of the methods in 

light of the standardization rules, we 

developed these methods along with the 

process of validation. The assay methods were 

evaluated through determination of 

specificity, linearity, accuracy, precision, limit 

of detection, limit of quantification, recovery 

and the stability was investigated by analyzing 

the pure ROS and AML solution and drug 

samples [18,19]. 

Specificity 

ROS and AML were determined by 

simultaneously changing their equal 

concentrations (Figure 4 and 5).  

 

FIGURE 4 DPV voltammograms for different concentrations of AML in acetonitrile solution 
containing 0.1 M LiCIO4 (0.5, 0.75, 1.0, 1.5, 2, 2.5, 3 and 4 g/mL)
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FIGURE 5 DPV voltammograms for different concentrations of ROS in acetonitrile solution 
containing 0.1 M LiCIO4 (0.5, 0.75, 1.0, 1.5, 2, 2.5, 3 and 4 g/mL) 

For chromatographic separations,  the 

retention times were obtained 5.4 min for 

AML and 7.4 min for ROS, being extremely 

stable among injections (Figures 6 and 7). 

 

FIGURE 6 HPLC chromatograms of AML (0.10, 0.25, 0.50, 1.0, 1.5, and 2 g/mL) 
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FIGURE 7 HPLC chromatograms of ROS (0.10, 0.25, 0.50, 1.0, 1.5 and 2 g/mL) 

Linearity 

For DPV and HPLC measurements, the 

solutions were prepared by dilution of the 

stock solution of ROS and AML to reach a 

concentration range of 0.5-4 g/mL (0.5, 0.75, 

1.0, 1.5, 2, 2.5, 3 and 4 g/mL) and 0.10-2 

g/mL (0.10, 0.25, 0.50, 1.0, 1.5 and 2 g/mL), 

respectively. Calibration curves were 

constructed for ROS and AML standards by 

plotting the concentration of ROS and AML 

versus voltammogram and peak area 

response. The calibration curve constructed 

was evaluated by its correlation coefficient. 

The correlation coefficient (r) of all the 

calibration curves were consistently greater 

than 0.99. The results are shown in Table 1.  

TABLE 1 The linearity of ROS and AML 

Parameters 
DPV HPLC 

AML ROS AML ROS 

Measured potential (V) 1.19 1.61 - - 
Linearity (μg/mL) 0.5-4 0.5-4 0.1-2 0.1-2 

Slope 126.5 121.1 6.763 5.324 
Intercept 186.1 160.3 27.26 32.67 

R 0.995 0.991 0.999 0.998 
Sa 2.95 2.83 0.045 0.106 
Sb 0.765 1.624 0.024 0.041 

LOD (μg/mL) 0.07 0.07 0.02 0.06 
LOQ (μg/mL) 0.21 0.21 0.02 0.06 

Intra-day precision (RSD%)a 1.98 3.27 1.36 2.11 
Inter-day precision (RSD%)a 2.84 3.07 1.94 2.49 

Intra-day accuracy (% relative error) 1.12 2.14 1.16 1.43 
Inter-day accuracy (% relative error) 2.69 2.47 2.18 1.97 

RSD: Relative standard deviation, Sa: Standard deviation of intercept of the regression line, Sb: Standard deviation of 
slope of regression line, aAverage of six replicate determinations, R: Coefficient of correlation, LOD: Limit of detection, 
LOQ: Limit of quantification 
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Precision and accuracy   

The precision of the DPV and HPLC methods 

was determined by repeatability (intra-day) 

and intermediate precision (inter-day). 

Repeatability was evaluated by analyzing QC 

samples six times per day, at three different 

concentrations which were QC samples. The 

intermediate precision was evaluated by 

analyzing the same samples once daily for two 

days. The relative standard deviation (RSD) of 

the predicted concentrations from the 

regression equation was taken as precision. 

The accuracy of this analytic method was 

assessed as the percentage relative error. 

These results are presented in Table 1. 

Limits of detection (LOD) and quantitation 
(LOQ) 

For DPV measurements, LOD and LOQ of ROS 

and AML were determined using calibration 

standards. The LOD and LOQ values were 

calculated as 3.3 σ/S and 10 σ/S, respectively, 

where S is the slope of the calibration curve 

and σ is the standard deviation of y-intercept 

of regression equation (n=6) [20].  

For HPLC measurements, the LOD and LOQ 

of ROS and AML were determined by injecting 

progressively low concentration of the 

standard solution under the chromatographic 

conditions. The lowest concentrations assayed 

where the signal/noise ratio was at least 10:1, 

this concentration was regarded as LOQ. The 

LOD was defined as a signal/noise ratio of 3:1. 

The LOD and LOQ for DPV were 0.07 and 0.21 

g/mL, for HPLC 0.020 and 0.060 g/mL, 

respectively. Among the two methods, HPLC is 

more sensitive than DPV (Table 1). 

Recovery 

To determine the accuracy of the DPV and 

HPLC methods and to study the interference of 

formulation additives, the recovery was 

checked as three different concentration 

levels. Analytical recovery experiments were 

performed by adding a known amount of pure 

drugs to pre-analyzed samples of commercial 

dosage forms. The recovery values were 

calculated by comparing concentration 

obtained from the spiked samples with actual 

added concentrations. These values are also 

listed in Table 2. 

TABLE 2 Recovery of ROS and AML in pharmaceutical preparation 

 
DPV HPLC 

AML ROS AML ROS 

Labeled claim (mg) 5 20 5 20 
Amount found (mg)a 4.95 20.08 5.04 5.03 

RSD% 2.43 1.84 2.73 2.81 
Bias% -0.60 0.40 0.53 0.69 

Added (mg) 10 10 10 10 
Found (mg) 9.94 10.03 10.08 10.12 
Recovery% 99.4 100.3 100.9 101.2 

RSD% of recovery 2.512 2.91 1.31 1.97 
a Each value is the mean of six experiments 

Forced degradation studies  

Stress studies were performed to evaluate the 

specificity of the method [19]. All the samples 

were diluted with mobile phase to give a final 

concentration of 1.0 μg/mL and filtered 

through 0.45 μm nylon filter before injection. 

 

Acidic degradation  

Acidic degradation was performed by treating 

the drug solution mixture (containing each of 

1.0 µg/mL ROS and AML) with 0.1 M 

hydrochloric acid for 30 min in a thermostat 

maintained at 80 °C. The drug solution 

mixture was cooled, neutralized with 0.1 M 
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sodium hydroxide and then diluted with 

mobile phase as per the requirement and 10 

μL of the solution was injected into the HPLC 

system. 

Alkaline degradation  

Alkaline degradation was performed by 

treating the drug solution mixture (containing 

each of 1.0 µg/mL ROS and AML) with 0.1 M 

sodium hydroxide for 30 min in a thermostat 

maintained at 80 °C. The drug solution 

mixture was cooled, neutralized with 0.1 M 

hydrochloric acid and then diluted with 

mobile phase as per the requirement and 10 

μL of the solution was injected into the HPLC 

system (Figure 8).  

 
FİGURE 8 Typical Chromatograms of ROS and AML on acidic (a), alkali (b), oxidation (c) and 
thermal (d) degradations

Oxidation degradation  

Oxidation degradation was performed by 

treating the drug solution mixture (containing 

each of 1.0 µg/mL ROS and AML) with 30% 

H2O2 for 30 min in a thermostat maintained at 

80 °C. The drug solution mixture was cooled 

and then diluted with mobile phase as per the 

requirement and 10 μL of the solution was 

injected into the HPLC system. 

Thermal degradation  

The drug solution mixture (containing each of 

1 µg/mL ROS and AML) was in a thermostat 

maintained at 80 °C for 10 h, cooled and 10 μL 
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of the solution was injected into the HPLC 

system. 

The specificity of the developed method 

can be determined from the stress studies and 

the percentage drug recovery was calculated 

from the peak area of the resultant 

chromatograms. 30.26 % of ROS has 

undergone alkaline degradation. The 

carboxylic acid group present in the ROS 

chemical structure is highly responsible for 

the alkaline degradation. AML also has 

undergone alkaline degradation (43.96 %) 

and the -CO2H, -CO2R, amide group present in 

the chemical structure may be responsible for 

it. During the oxidation an extra peak was 

observed at 4.36 min. During the acidic, 

oxidative and thermal degradations the 

percentage of decomposition was found to be 

less than 20.0 %. The results obtained during 

the stress degradation conditions are 

presented in Table 3. 

TABLE 3 Stability of ROS and AML in solution (n=3)

Stress 
conditions 

 
% Drug 

recovery 
% Drug 

decomposed 
Theoretic
al plates 

Tailing 
factor 

% 
RSD 

ROS 

Standard drug     0.57 
Acidic degration 98.93 1.07 26081.4 1.08 0.42 

Alkaline degration 69.74 30.26 25983.7 1.09 0.85 
Oxidative 
degration 

92.62 7.38 26127.2 1.08 0.74 

Thermal degration 99.64 0.36 26047.2 1.08 0.21 

AML 

Standard drug     0.35 

Acidic degration 80.92 19.08 38604.2 1.08 0.23 

Alkaline degration 56.04 43.96 39011.8 1.03 0.54 

Oxidative 
degration 

89.44 11.56 38886.1 1.02 0.56 

Thermal degration 96.21 3.79 38375.7 1.04 0.62 

System suitability 

The suitability of the HPLC system was tested 

before each stage of validation. The system 

suitability parameters for all the degradation 

studies were shown in Table 3. The number of 

theoretical plates (N) is used to determine the 

performance and effectiveness of the column. 

The efficiency of a column can be measured by 

the number of theoretical plates per meter. It 

is a measure of band spreading of a peak. 

Columns with N ranging from 5,000 to 

100,000 plates / meter are ideal for a good 

system. Efficiency can be calculated by using 

the formula: N=5.54 [Rt/Wh/2]2  

Where ‘W’ is the peak width, ‘h’ is the height of 

the peak and ‘Rt’ is the retention time of the 

drug peak. The theoretical plates were found 

to be more than 2000 and the tailing factor 

was less than <1.5 -2 or <2 indicating that the 

method is more selective and specific. 

Comparison of methods 

In this work, both DPV and HPLC methods 

were applied for the simultaneous 

determination of ROS and AML from their 

pharmaceutical preparations (Figures 9 and 

10).  
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FIGURE 9 DPV voltammogram of Rosucor® film coated tablet (5 g/mL) 

 

FIGURE 10 HPLC chromatogram of Rosucor® film coated tablet (5 g/mL) 

Electrochemical behaviors of ROS and AML 

were also assessed and the electrochemical 

process was found to be irreversible and 

controlled by diffusion. By using DPV method, 

simultaneous determination of both 

compounds was achieved. Under optimized 

conditions, current responses of both 

compounds significantly increased. The 

repeatability results of the voltammetric 

responses are in good agreement with the 
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validation requirements (RSD< 3%). Recovery 

experiments also showed that the proposed 

method was not affected from the matrix in 

the pharmaceutical dosage form. The results 

of ROS and AML were compared to published 

papers (Table 4). According to the results, the 

most sensitive responses were obtained in 

this study. From the analytical point of view, 

the developed isocratic HPLC method has 

advantages when compared to published 

papers. First of all, in the present study, two 

compounds including ROS and AML were well 

separated. The solvent consumption of the 

present work is less than those in the already 

published methods [12, 13]. Furthermore, the 

present work was fully validated according to 

the ICH guidelines. 

TABLE 4 Comparison of proposed and reported methods for determination of ROS and AML 

Compound 
Linear range 

(μg/mL) 
LOD 

(μg/mL) 
Reference 

AMLP 0.57-39.7 0.34 [21] 
AML 13.8-19.6 - [22] 
ROS 0.10-24.1 0.013 [23] 
ROS 0.20-10 0.07 [24] 
ROS 0.27-26.5 0.034 [25] 

Simulteneous determination of ROS and AML 0.5-4 0.21 
Present study 

(DPV) 

Simulteneous determination of ROS and AML 0.05-2 0.020 
Present study 

(HPLC) 

Banerjee et al. [13] used 10-cm analytical 

column for the separation of two compounds 

using the gradient conditions and the 

separation time was found to be very close to 

that of the present study, and both of them 

were completed in 5 min. Tajane et al. [12] 

completed their analysis in 6 min for two 

compounds [12]. The resolution factor for the 

present study was higher than those for the 

published ones. From the sensitivity point of 

view, the proposed methods were found to be 

more sensitive than the reported ones. In this 

study, the LOD values were reported as 0.11 

and 0.06 μg/mL for ROS and AML, respectively 

[12]. In our proposed method, LOD values 

were found as 0.020 and 0.060 μg/mL in HPLC 

method, respectively. The present method has 

the following advantages over the reported 

methods. Calibration curves of ROS and AML 

were linear over the concentration range of 

0.10-2.0 μg/mL which is as good as or superior 

to that reported in other papers [21-26]. For 

all the concentrations studied, intra- and inter-

day RSD values were 3.07% and for all 

concentrations of ROS and AML the relative 

errors were 2.69%. These results are well 

within the acceptance limits  [27-32]. 

Conclusion 

In the present work, two new methods were 

developed and validated for simultaneous 

routine determination of ROS and AML in 

pharmaceutical preparations. All the 

proposed methods were found to be accurate, 

precise, specific, and sensitive. They found to 

be better than previously reported methods. 

This was due to their wide range of linearity, 

use of an economical, readily available, and 

greener solutions and lack of extraction 

procedures. Both the DPV and HPLC methods 

involved a sensitive, simple, rapid, cost-

effective process for the simultaneous 

quantification of ROS and AML in 

pharmaceutical preparations without the 

necessity of sample pretreatment, and time 

consuming evaporation or extraction steps 

prior to analysis. All the proposed methods 

were found to be suitable for quality control 

laboratory, where economy and time are 

essential. High percentage recoveries revealed 
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that, the proposed methods are free from 

interferences of the commonly used excipient 

and additives in pharmaceutical preparations. 
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