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ABSTRACT 
In the current research, a effecient, and consistent RP-HPLC technique was developed to the precise quantification of 
doxazosin in commercial pharmaceutical preparations. Method development entailed a systematic optimization of 
chromatographic conditions to develop an efficient separation and a precise estimation of the analyte in the dosage form. 
They were separated chromatographically using a C18 column (250 mm × 4.6 mm, 5 μm). Detection was done at 254 nm 
and the elution of doxazosin was at a retention time of 4.513 minutes. The method has been validated according to 
regulatory guidelines and has been shown to possess good validation parameters. Altogether, the designed RP-HPLC 
technique can be used in the routine analysis of doxazosin in the pharmaceutical formulation and drug substance. 
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INTRODUCTION 
Doxazosin mesylate is an antagonist of selective alpha1-
adrenergic receptor, which is used in the treatment of 
hypertension and benign prostatic hyperplasia. It decreases 
the blood pressure by decreasing the peripheral vascular 
resistance and enhances the urinary flow by relaxing the 
smooth muscles of the bladder neck and prostate. Due to 
its pharmacological significance, it is critical to develop 
effective analytical techniques to determine its content in 
pharmaceutical dosage forms [1]. The determination of 
doxazosin in different matrices has been reported to use 
some analytical methods. Saldanha Krai J et al. [2] 
developed an LC-UV technique to analyse the tablets and 
Nageswara Rao R et al. [3] reported a RP-LC method with 
PDA and ESI-MS to profile the impurities. Sripalakit P et 
al. [4] and Erceg M et al. [5] developed bioanalytical 
techniques to estimate plasma, and Rao KS et al. [6] 

developed a stability-indicating RP-HPLC technique. But 
the vast majority of these methods are based on 
conventional optimization and are not systematic robust 
enough to be QbD-based methodologies. 

In order to address these constraints, a QbD-based 
methodology was used to develop systematic approaches 
to method development using CCD to define the design 
space and optimize critical parameters. An RP-HPLC 
system was optimized to doxazosin separation using a 
QbD-based RP-HPLC system with the mobile 
composition of the phase and flow rate optimal to achieve 
efficient separation. The method has been shown to have 
good robustness and sensitivity and has been validated 
following to  guidelines of ICH and is therefore deemed to 
be suitable to be used in routine quality control. 
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Figure 1 Structure of doxazosin 

MATERIALS AND METHODS 

Reagents 
DOXA was received as a gift sample of Synpure Labs Pvt. 
Ltd., India. The purchase was of Cardura (4 mg) tablets 
(Pfizer, India) that were bought in a local pharmacy. 
Analytical-grade reagents, such as acetic acid and 
ammonium acetate were purchased through Fisher 
Scientific. Acetonitrile (ACN) and water of HPLC grade 
were obtained at Merck (India) and used without further 
purification. 

Statistical assessment 
Analysis of the data was done using Microsoft Excel 2007 
and ANOVA, 3D response surface plot and optimization 
were done using Design-Expert. 

Instrumentation 
Analysis Data were analyzed using LC Solution and 
chromatographic analysis was performed on an HPLC 
system (Shimadzu, LC-20AD, Japan) with a PDA 
detector. Weighing was done using a Mettler Toledo 
analytical balance (ML303T) and UV-Vis measurements 
were taken with the help of a Lab India 
spectrophotometer. 

Chromatographic parameters 
The chromatographic separation was done with 
Phenomenex Luna C18 (250 x 4.6 mm, 5 mm) using 
isocratic mobile phase of ACN and 15 mM ammonium 
acetate buffer (63.5:36.5, v/v) at 0.95 mL/min with 
detection at 254 nm under ambient temperature. 

Preparation of buffer system 
A 15 mM ammonium acetate buffer was made by 
dissolving 1.156 g of Ammonium acetate in HPLC-grade 
water, adjusting the pH to 6 with dilute acetic acid, making 
up to 1000 mL, and filtering (0.45 μm) followed by 
degassing before use. 

Standard solution preparation 
A stock solution was made by dissolving 25 mg of DOXA 

in ACN in a 25 mL calibrated flask (sonicated 15 min), 
diluted to volume, further diluted with mobile phase to 30 
µg/mL, and passed through a 0.45 μm membrane before 
analysis. 

Preparation of sample solution 
Ten Cardura tablets (4 mg) were powdered, and an amount 
equivalent to 25 mg of DOXA was transferred to a 25 mL 
volumetric flask, dissolved in ACN (sonicated 12 min), 
diluted to volume to obtain 30 μg/mL, and clarified 
through a 0.45 μm membrane prior to analysis. 

Analytical method development based on Quality by 
Design (QbD) principles. 

Analytical target profile (ATP) 
Development of the ATP guided method was done to 
ensure the interference-free HPLC quantification of 
DOXA, targeting ≥3000 theoretical plates (N) and tailing 
factor (Tf) of 1.0-1.5 to ensure accurate analysis in 
formulations. 

Risk assessment 
HPLC performance was measured as severity and 
likelihood to guarantee consistency in results and 
adherence to good laboratory practice. 

Experimental design 
The application of the CCD was used after risk assessment 
to optimize two factors (flow rate and proportion of ACN) 
that influence N, and Tf. Initial experiments and QbD 
software defined the critical parameters, and 13 
randomized runs were studied with the help of Design-
Expert (Table 1). 

Table 1. Experimental runs based on CCD 

Run 
F1 F2 R1 R2 

A:ACN 

(mL) 
B:Flow rate 
(mL/min) 

DOXA (Tf) DOXA (N) 

01 63.5 0.95 1.2478 5737 
02 63.5 0.80 1.3374 4536 
03 63.5 0.95 1.2421 5797 
04 50 0.70 1.1101 2547 
05 85 0.85 0.9237 1369 
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06 63.5 0.95 1.2412 5744 
07 63.5 1.0 1.2368 5835 
08 63.5 1.0 1.2311 5634 
09 85 0.95 0.8310 1639 
10 50 1.0 1.0623 3921 
11 63.5 0.95 1.2421 5774 
12 85 1.0 0.8126 1864 
13 35 0.95 0.8334 955 

F1: Factor 1; F2: Factor2; R1: Response 1; R2: Response 
2 

Results Assessment and Optimization 
The experimental data were analyzed with the help of 
Design-Expert, and responses were evaluated with the 
help of ANOVA, 3D contour plots and equations of 
predictive models. 

Method Validation 
In line with ICH guidelines and relevant literature7-19, 
system suitability tests and method validation parameters 
were evaluated using established standard procedures. 

RESULTS AND DISCUSSION 

Development of Analytical Method using QbD Approach 
A QbD strategy had been used to make sure that the 
development of the methodology was systematic by 
defining the targets, assessing the risks, and optimizing the 
variables. The optimal ACN: buffer ratio of 63.5:36.5 

(v/v) was found to give rapid separation with good peak 
symmetry and was considered to be a key factor in 
determining retention. Ishikawa analysis and preliminary 
experiments identified ACN content and flow rate as the 
most important variables. Their effects on tailing factor 
(Tf, R1) and theoretical plates (N, R2) were studied using 
13 runs using CCD. Model validation using ANOVA in 
Design-Expert (Table 2) confirmed significant quadratic 
models with adequate precision (>4), high Adj. R², low 
%CV, and good agreement with Pred. R². Regression 
equations were obtained of R1 and R2. Figure 2 shows 
perturbation plots of Tf and N in response to flow rate and 
ACN proportion and Figure 3 presents the chromatogram. 
Figure 4(A) show effect of flow rate and ACN proportion 
on the tailing factor of DOXA, while Figure 4(B) shows 
their influence on the theoretical plates. 

Table 2. ANOVA results 

Response SD Mean r2 C.V(%) r²(adj) r²(pred) Adeq. 
Precision 

Lack 
of fit p 
value 

Sequenti
al p 

value 
R1 0.0008 1.12 1.0000 0.082 1.0000 0.9999 932.84 0.2836 <0.0001 

R2 63.09 3871.52 0.9993 1.52 0.9982 0.9967 124.28 0.0871 <0.0001 
 

 
Figure 2 Residual Normal Plots from R1 and R2 

 
Figure 3 Chromatogram from the standard solution of DOXA(A) and Sample(B) 
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Figure 4 3-D plots of flow rate and ACN on Tf of DOXA(A), N of DOXA(B) 

Model Prediction and Verification 
The best conditions that were predicted in CCD and 
response surface methodology are 63.5% (v/v) ACN and 
0.95 mL/min flow rate and the Tf = 1.2011 and N = 5639 

with desirability = 1 (Figure 5). Experimental validation 
revealed that there were only a few deviations between 
prediction and experimental validation, indicating that 
model-driven optimization was validated (Table 3). 

 
Figure 5 2-D plots for responses and desirability 

Table 3: Predicted mean relative to Actual value 
Response Actual Predicted Mean 

R1 1.2478 1.2011 
R2 5737 5639.27 

3.2 System Suitability 
System suitability parameters are within acceptance limits, 
confirming method reliability. The method was validated 
following ICH Q2 (R1) guidelines, and 254 nm was 
selected as the detection wavelength based on UV 
absorbance of DOXA. 

Method Validation 
DOXA exhibited maximum absorbance at 254 nm, 
selected for detection. The method, validated following 
ICH Q2 (R1), exhibited >3000 theoretical plates, Tf < 1.5, 
and %RSD < 2% for key parameters, confirming system 
suitability (Table 4). 

Table 4. Results of validation studies 
Validation DOXA 

Range limits 6.25-50 (µg/mL) 
r² value 0.9981 

Calibration equation Y= 341514x - 2493.8 
Repeatability 1.04 – 1.63 (%RSD) 

Interm. precision 0.92 – 1.41 (%RSD) 
Accuracy  
50% level 99.64% 
100% level 99.78% 
150% level 100.18% 

Robustness (%RSD)  
Wavelength Variation 1.56 

Flow Variation 1.64 
Mobile phase Variation 1.31 

Linearity 
DOXA exhibited linearity over 6.25–50 µg/mL with Y = 
341514x − 2493.8 and R² = 0.9981, indicating reliable 

quantification. 

Precision 
Precision was determined by evaluating repeatability and 
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intermediate precision at 15, 30, and 45 µg/mL (n = 3). 
The %RSD values were all below 2%, indicating good 
method reliability. 

Precision was ascertained by assessing the repeatability 
and intermediate precision at 15, 30 and 45 ug/mL (n = 3). 
All of the values of the %RSD were less than 2 which 
means the reliable method. 

Accuracy 
Recovery studies were used to determine the accuracy of 
the method by using the standard addition method at the 
levels of 50,100 and 150 (n =3). Percent recovery of 
DOXA ranged between 99.64% and 100.18% which 
validated the accuracy and validity of the method. 

Robustness 
The method was resistant to small changes in the flow rate 
(0.93-0.97 mL/min), ACN content (62.5-64.5 mL), 
wavelength (252-256 nm) and sonication time (10-30 min) 
with all the system suitability parameters falling within the 
range and the %RSD value being less than 2%. 

Assay of pharmaceutical formulation 
The proposed method was used to analyse DOXA tablet 
formulations and the resulted mean recovery and %RSD 
values were close to the labelled content (Table 5), which 
is why the proposed method can be considered suitable to 
the quantification of DOXA in marketed products. 

Table 5. Analysis of DOXA in formulation 
Drug product Labelled quantity 

(mg) 
Exp. quantity 

(mg) 
Recovery ± RSD 

Cardura (4) 4 3.988 99.72±0.12 

CONCLUSION 
In this work, RP-HPLC procedure was designed based on 
the principles of quality by design and verified in terms of 
the quantification of DOXA in pharmaceutical 
formulations. The method showed good performance in 
terms of accuracy, precision, specificity, robustness, and 
reproducibility. The assay of DOXA was carried out using 
chromatographic separation with a C18 column using an 
optimised mobile phase. The technique also showeed 
sufficient sensitivity to detect and quantify DOXA at low 
concentrations which makes it suitable in QC analysis and 
also in ensuring the safety and efficacy of the formulation 
throughout its shelf life. 
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