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Abstract : Analytical chemistry is an essential field for identifying and quantifying chemical components
in materials. This study focuses on developing and validating analytical methods for Alfuzosine HCI using
UV-Visible spectrophotometry and High-Performance Liquid Chromatography (HPLC). The UV method was
developed and validated by determining the maximum wavelength of absorption at 242 nm and then assessing
its linearity, precision, and accuracy. Similarly, a robust HPLC method was established using a Reverse-Phase
(RP-HPLC) technique. The optimal conditions included a C18 column, an isocratic mobile phase of
acetonitrile and orthophosphoric acid (OPA), and a flow rate of 0.7 mL/min.

Both methods underwent rigorous validation according to ICH guidelines, which confirmed their suitability
for analyzing Alfuzosine HCI in a tablet formulation. The validation parameters, including linearity, precision,
accuracy, robustness, and recovery, met all acceptance criteria. Notably, the HPLC method demonstrated a
linear response in the 50-100 pg/mL concentration range and showed excellent recovery (98-119%),
confirming its accuracy. The results prove that the developed RP-HPLC method is a simple, precise, and
accurate tool for the routine analysis of Alfuzosine HCI, ensuring the quality and integrity of the drug.

INTRODUCTION:-

ANALYTICAL CHEMISTRY IS THE BRANCH OF CHEMISTRY CONCERNED WITH THE SEPARATION,
IDENTIFICATION, AND QUANTIFICATION OF THE CHEMICAL COMPONENTS OF NATURAL AND ARTIFICIAL
MATERIALS. IT ISBROADLY DIVIDED INTO TWO CATEGORIES:

1. Qualitative analysis identifies the components present in a sample.
2. Quantitative analysis determines the amount or concentration of each component.

Classification of Analytical Methods
Analytical methods can be classified as either classical or instrumental.
Classical Methods
Also known as non-instrumental methods, these techniques are based on chemical reactions and the
measurement of mass or volume.
I.  Volumetric (or Titrimetric) Method: This involves measuring the volume of a standard reagent

required to react completely with the analyte.
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1. Gravimetric Method: This technique determines the mass of the analyte or a compound derived from
it.
Instrumental Methods
Instrumental methods measure a physical property of the analyte, such as conductivity, light absorption, or
mass-to-charge ratio.

Advantages of Instrumental Methods:

< They require only a small amount of sample.

>

B

> They are fast.

D3

> They can analyze complex mixtures with or without prior separation.

o

They offer high reliability and accuracy.

Limitations of Instrumental Methods:

< The sensitivity and accuracy depend on the specific instrument used.
< They require specialized training to operate.
< They can be costly.

Instrumental Techniques
Instrumental analysis is based on how matter interacts with energy. Various techniques are available for
material analysis:

I.  Electrochemical Analysis: Measures the interaction of a material with an electric field. Examples

include potentiometry, amperometry, and conductometry.

1. Mass Analysis: Measures the interaction of charged particles with electric and magnetic fields. Mass

spectrometry is a key example.

1. Thermal Analysis: Measures the interaction of a material with heat. Examples include calorimetry and

thermogravimetric analysis.

IV.  Spectroscopic Analysis: Measures the interaction of a material with electromagnetic radiation. This
includes techniques like UV-Visible spectroscopy, infrared (IR) spectroscopy, and nuclear magnetic

resonance (NMR).

V.  Chromatographic Technique: A separation process used to decrease the complexity of a material

mixture.

Chromatography
Chromatography is a powerful separation technique where the components of a mixture are distributed
between two phases: a stationary phase (a solid or liquid) and a mobile phase (a gas or a liquid) that moves

over the stationary phase.
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Classification of Chromatography
Chromatography is classified based on the nature of the stationary and mobile phases:
« Partition Chromatography: Separation is based on the differential partitioning of analytes between a

liquid stationary phase and a mobile phase.

« Adsorption Chromatography: Separation is based on the differential adsorption of analytes onto a solid

stationary phase.

High-Performance Liquid Chromatography (HPLC)
HPLC is a widely used and highly effective separation technique.
e Normal-Phase HPLC: Uses a polar stationary phase and a non-polar mobile phase. Polar analytes are

retained longer, so the least polar compounds elute first.

e Reverse-Phase HPLC (RP-HPLC): This is the most common type. It uses a non-polar stationary phase
(such as silica treated with C18 or C8 groups) and a polar mobile phase. Non-polar analytes are

retained longer, so the most polar components elute first.

Components of an HPLC System
An HPLC system consists of several key components:

i.  HPLC Pump: Delivers the mobile phase at a consistent, high pressure and a precise flow rate.

i. HPLC Gradient Mixer: Blends different solvents to create a mobile phase with a changing composition

for gradient elution.
iii.  Autosampler: Automatically injects a precise volume of sample into the system.

iv.. HPLC Column: The "heart" of the system, a stainless steel tube packed with fine particles (the

stationary phase) where the separation occurs.

o Internal Diameter (ID): Determines the sample capacity and sensitivity. Larger ID columns are
for preparative work, while narrow-bore and capillary columns offer higher sensitivity for

small samples.
o Particle Size: Smaller particles provide better separation but require higher pressure.

o Pore Size: Affects the surface area and the kinetics of separation, especially for larger

molecules.

e« HPLC Detector: Monitors the mobile phase as it leaves the column and generates a signal

corresponding to the analyte concentration. Common types include:
o UV-Visible Detector: Measures the absorption of UV or visible light.

o Refractive Index (RI) Detector: Measures changes in the refractive index of the mobile phase.

It is a universal detector but is temperature sensitive.
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o Fluorescence Detector: Highly sensitive and selective, it measures emitted light from

fluorescent compounds.

o Electrochemical Detector: Measures the current associated with the oxidation or reduction of

the solute.

HPLC Method Development
Developing an effective HPLC method requires careful consideration of several parameters to achieve optimal
separation.
Key Steps:
1. Literature Survey: Review existing methods to avoid duplication and understand the physiochemical

properties of the drug.

2. Selection of Chromatographic Method: Start with reverse-phase chromatography as it is the most

common. If unsuccessful, consider normal phase.

3. Selection of Stationary Phase: Choose a column (e.g., C18, C8) based on the polarity of the sample

and mobile phase.

4. Selection of Mobile Phase: For ionizable compounds, use a buffered mobile phase to ensure
reproducible results. The pH of the mobile phase is critical for the separation of ionizable compounds.

5. Role of Different Parameters:

o pH: Adjusting the pH of the mobile phase can control the ionization state of an analyte, which

in turn affects its retention time.

o Temperature: While less significant than other factors, controlling the column temperature can

improve resolution and retention time reproducibility.

o Flow Rate: Adjusting the flow rate can slightly improve resolution, though this comes at the

cost of longer run times.

o Sample Preparation: The sample must be homogeneous and soluble in a solvent compatible
with the mobile phase.

System Suitability Parameters
System suitability tests are an integral part of most analytical methods. They ensure that the chromatographic
system is performing as expected before analysis begins.
Method Validation
Method validation is the documented proof that an analytical procedure is suitable for its intended purpose.
The International Council for Harmonisation (ICH) provides guidelines for key validation parameters.

a) Linearity: The ability of a method to produce results directly proportional to the concentration of the

analyte within a specified range.
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b) Accuracy: The closeness of the measured value to the true value.

c) Precision: The degree of agreement between multiple measurements of the same homogeneous
sample. This is assessed at three levels: repeatability (intra-assay precision), intermediate precision

(within-laboratory variation), and reproducibility (between-laboratory variation).

d) Limit of Detection (LOD): The lowest amount of an analyte that can be reliably detected but not

necessarily quantified.
a. LOD=3.3xSc

e) Limit of Quantitation (LOQ): The lowest amount of an analyte that can be accurately and precisely

quantified.
a. LOQ=10xSo

b. Inboth formulas, o is the standard deviation of the response and S is the slope of the calibration

curve.

f) Specificity: The ability to measure the analyte without interference from other components like

impurities, degradants, or matrix components.

g) Range: The interval between the upper and lower concentrations of the analyte for which the method

is proven to be accurate, precise, and linear.

h) Robustness: The capacity of a method to remain unaffected by small, deliberate changes in method

parameters (e.g., flow rate, column temperature).

i) Ruggedness: The reproducibility of results under different conditions, such as different labs, analysts,

or instruments.
2.SELECTION OF ANALYTICAL METHOD

UV METHOD DEVELOPMENT AND VALIDATION

Wavelength determination:

An accurately weight quantity 10 mg of alfuzosine hcl were transferred to 100 ml volumetric flasks
containing a diluent water acetonitrile and methanol (40:40:20), and volume was made up to mark with
same solvent to obtain concentration 100 pg/ml . The absorbance of the latter was recorded using UV

visible spectrophotometer in range 200-400nm.
Preparation of stock solutions
An accurately weight quantity 10 mg of alfuzosine hcl transferred to three separate 100 ml volumetric

flasks containing 20 ml of diluent, and volume was made up to mark with same solvent to obtain

concentration 100 pg/ml
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Preparation of working solution

Aliquots portion 1.0 ml of alfuzosine hcl were transferred to three 10 ml volumetric flask, diluted to
mark with diluent to obtain concentration of 10 pg/ml The resultant solutions were scanned in UV range
(400 nm — 200 nm) in 1.0 cm cell against solvent blank The spectrum drugs were recorded 242nm

METHOD VALIDATION OF UV

7.2.2 Linearity

From stock solution 0.2, 0.4, 0.6, 0.8, 1.0 ml solutions were pipetted out and diluted up to 10ml using
mobile phase to obtain resultant solutions of 2, 4 , 6, 8, 10 ug/ml. Absorbance’s for each of these solutions
were recorded in triplicate and calibration curve was constructed considering mean absorbance of each test

solution. From the calibration curve equation of line, correlation coefficient and intercept were determined.

PRECISION

From the calibration range three QC standard decided viz. 3, 5 and 9 pg/ml as LQC, MQC and NQC
respectively. The solutions for QC standards were prepared by diluting stock solution of 0.3, 0.5 and 0.9
ml solutions up to 10ml. Absorbance of each QC standard were recorded for intraday and interday precision

in triplicates as per ICH guidelines Q2 R1

ACCURACY

% Accuracy was determined using observations of precision study using following formula. Limit for %
accuracy is NMT 5% RSD.

mean measured concentration - Nominal
*100

nominal

LOD AND LOQ
LOD and LOQ were determined using following formulas

LOD =3.3*1/(SD) LOQ = 10*I/(SD)
Where,

I = Intercept of the graph, SD = Standard Deviation

7.3HPLC MEeTHOD DEVELOPMENT

Selection of Chromatographic parameter Selection of Column: id 4.6*250mm length, S5Sum
For RP-HPLC, various columns were available, but as the main aim of the method to resolve

C18( PRIMESILDrug peak, a C18 column was preferred over the other column, after many trial. id
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4.6*250mm length, 5um column was chosen to give a good peak shape, good, high resolution on compared
to other C18 column.

Mobile phase selection:-

Initially the composition and the flow rate of mobile phase were selected according to separation
condition using the standard solution and sample solution. After number of trial it was established that
isocratic flow suitable for high eluting power compare to acid, base and other phosphate buffer, and still

found suitable for closely eluting peaks.

Acetonitrile: OPA was used as mobile phase for good peak shape and plate count. It was seen that not

any effect of change in pH. Hence the mobile phase used was rugged.

PREPARATION OF STOCK SOLUTION:

An accurately weighed quantity of ALFUZOSINE HCL (10 mg) were transferred in A 10ml water. To
obtain standard solution having concentration of Alfuzosine Hel (1000 pg/ml) and then take 0.1ml stock

solution and make with mobile phase Acetonitrile: OPA (10 pg/ml.).

CHROMATOGRAPHIC PARAMETER

SUITABILITY TESTING PREPARATION OF STANDARD WORKING SOLUTION:

TABLE-CHROMATOGRAPHIC PARAMETER SYSTEM

Column C18 (4.6*250)mm, 5um
Flow rate 0.7 ml/min

wavelength 242 nm

Injection volume 0.7ml/min

Column temperature Ambient

Run time 10 min

An accurately weighed quantity of ALFUZOSINE HCL (10 mg) were transferred in A 10ml water. To
obtain standard solution having concentration of Alfuzosine Hcl (1000 pg/ml).And then take 0.1ml stock
solution and make with mobile phase Acetonitrile: OPA (10 pg/ml.). Six replicates of this solution were
injected and results were recorded for RT,Area,tailing factor and therotical plates. Mean,SD,%RSD were

calculated and other parameters were also verified for acceptability level.
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METHOD VALIDATION
A) Linearity
A set of five solutions of Alfuzosine HCI at concentrations ranging from 10 to 50ug/ml were prepared.
Each sample was analysed in triplicate calibration curve was constructed by plotting the peak area against

concentration using linear regression analysis.
Y=mX+c

Equation 10 Slope equation

Where, Y- area
X- Unknown concentration m-slope of graph

c- Intercept

B) % ACCURACY

% accuracy was determined from the observation of precision study using following formula. Limit
for % accuracy is NMT 5% RSD

% Accuracy=Mean Measured conc-nominal/nominal*100

C) PRECISION

From the calibration range three QC standard viz, 20, 30 and 40ug/mL LQC, MQC and NQC
respectively. The solution for QC standards were prepared by diluting stock solution of 0.2,0.3 and 0.4ml
solution up to 10 ml. area of each QC standard were recorded for intraday and inter day precision is seven
replicates as per ICH guidelines Q2R1. Results were recorded to calculate mean, % RSD.

D) ROBUSTNESS

20pg/mL solution was selected for robustness study for the parameters like mobile phase ratio, flowrate,
wavelengthetc. Thevariation should not be more than 5% RSD.one factor was changed at a time to estimate
the effect.

E) % RECOVERY

Preparation of stock from API

Accurately weighed 10mg of Alfuzosine HCI was added in volumetric flask containing some amount of
mobile phase and volume was made up to the mark using mobile phase. The resulting solution was filtered
through 0.45 p membrane filter and sonicated for three cycles each of 10 min. from the stock solution 1.0ml
of stock was pipetted out in triplicate and kept in three different volumetric flask, cleaned previously and
diluted up to 10ml by using mobile phase to obtain resultant solution 10ug/mL. This solution was injected

for given chromatographic system in triplicate and mean area was determined.
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PREPARATION OF STOCK FROM DOSAGE FORM

Twenty tablets (label claim 10mg of Alfuzosine HCI, cipla Itd) were weighed, average weight was
determined and powdered. Powder equivalent t010 mg (75) mg was transfer to 100ml of mobile phase. The
resulting solution was filtered through0.45 i membrane filter and sonicated for three cycleseach of 10 min.
from the stock solution 0.8,1.0,1.2ml solution were pipetted out and diluted with mobile phase to obtain

resultant solution of 8,10,12ug/m

PREPARATION OF TEST SOLUTION FOR %0RECOVERY

10pg/mL solution of Alfuzosine HCI was spiked into each of above dilutions of 8, 10, 12ug/mL to
obtain solution at 80%, 100%, 120% respectively. Each of these three levels were injected in triplicate and

mean area for each level was determined. The mean area

obtained on API injection was subtracted from the mean area of each of these three levels to obtain area
corresponding to test solution.% recovery was determined from the test and standard area using following

formula.

% RECOVERY=SAMPLE AREA/STD.AREA*STD.DILUTION FACTOR/SAMPLE DIL.FACTOR*AVG.WT/LABLE

CLAIM*100

F) LOD and LOQ

LOD and LOQ were determined using following formulas

LOD =3.3*1/(SD) LOQ = 10*I/(SD)
Where,

I = Intercept of the graph, SD = Standard Deviation

Here's a concise, two-page summary of the analytical method development and validation for Alfuzosine
HCI, focusing on both UV and HPLC methods, as you requested.

Analytical Method Development and Validation

This section details the development and validation of analytical methods for Alfuzosine HCI using both
UV-Visible Spectrophotometry and High-Performance Liquid Chromatography (HPLC).

UV Method Development and Validation

UV Method Development

7.2.2. Wavelength Determination:

A stock solution of Alfuzosine HCI1 (100 pg/mL) was prepared by dissolving 10 mg of Alfuzosine HCl in
100 mL of a diluent (water:acetonitrile:methanol in a 40:40:20 ratio). This stock was further diluted to obtain
a working solution of 10 pg/mL. The UV spectrum of this solution was scanned from 200-400 nm using a UV-
visible spectrophotometer against a solvent blank. The maximum absorbance (Amax) was observed and

recorded at 242 nm.
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7.2.3. Method Validation of UV

The developed UV method was validated for linearity, precision, accuracy, and Limit of Detection (LOD)
and Limit of Quantitation (LOQ) as per ICH guidelines Q2(R1).

7.2.4. Linearity:

A series of five standard solutions (2, 4, 6, 8, 10 pug/mL) were prepared from the stock solution by
appropriate dilutions. Absorbance for each concentration was recorded in triplicate. A calibration curve was
constructed by plotting mean absorbance against concentration. The equation of the line, correlation
coefficient, and intercept were determined from this curve.

7.2.5. Precision:

Precision was assessed by preparing three Quality Control (QC) standards: Low QC (LQC) at 3 pg/mL,
Medium QC (MQC) at 5 ug/mL, and High QC (NQC) at 9 ug/mL. These solutions were prepared by diluting
the stock solution. Absorbance of each QC standard was recorded in triplicate for both intraday and interday
precision. Results were evaluated as per ICH guidelines.

7.2.6. Accuracy:

Percentage accuracy was determined from the observations of the precision study. The formula used was:

$\text{%  Accuracy} = \frac{\text{Mean  Measured  concentration} - \text{Nominal
concentration} }{\text{Nominal concentration}} \times 100$

The limit for % accuracy was set at Not More Than (NMT) 5% Relative Standard Deviation (RSD).

7.2.7. LOD and LOQ:

LOD and LOQ were calculated using the following formulas derived from the calibration curve:

LOD=SD3.3xI

LOQ=SD10xI
Where, | = Intercept of the graph, and SD = Standard Deviation.

HPLC Method Development

Selection of Chromatographic Parameters

Selection of Column:

A C18 column (4.6 x 250 mm, 5 pm particle size, PRIMESIL) was chosen after multiple trials. This column
was preferred over other C18 columns due to its ability to provide good peak shape and high resolution for the
Alfuzosine HCI drug peak.

7.3.2. Mobile Phase Selection:

Initial trials involved various compositions and flow rates. An isocratic flow of Acetonitrile:OPA
(Orthophosphoric Acid) was ultimately selected as the mobile phase. This combination demonstrated good
eluting power, suitability for closely eluting peaks, and robustness, as changes in pH did not significantly affect

the peak shape or plate count.
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7.3.3. Preparation of Stock Solution:

A stock solution of Alfuzosine HCI (1000 pg/mL) was prepared by dissolving 10 mg of Alfuzosine HCl in
10 mL of water. A working solution of 10 pug/mL was then prepared by diluting 0.1 mL of the stock solution
with the mobile phase (Acetonitrile:OPA).

Chromatographic Parameters:

Parameter Value

Column C18 (4.6 x 250) mm, 5 um
Flow rate 0.7 mL/min

Wavelength 242 nm

Injection volume 0.7 mL

Column temperature Ambient

Run time 10 min

System Suitability Testing

A standard working solution of Alfuzosine HC1 (10 pg/mL) was prepared. Six replicates of this solution
were injected into the HPLC system. Parameters such as Retention Time (RT), Peak Area, Tailing Factor, and
Theoretical Plates were recorded. Mean, Standard Deviation (SD), and %RSD were calculated, and these
parameters were verified against pre-defined acceptability criteria.

Method Validation (HPLC)

The developed HPLC method was rigorously validated according to ICH guidelines Q2(R1) for linearity,
accuracy, precision, robustness, % recovery, LOD, and LOQ.

A) Linearity:

A set of five solutions of Alfuzosine HCI with concentrations ranging from 10 to 50 ug/mL were prepared.
Each sample was analyzed in triplicate. A calibration curve was constructed by plotting the peak area against
concentration using linear regression analysis. The equation of the line (Y=mX+c, where Y is area, X is
concentration, m is slope, and c is intercept) was determined.

B) % Accuracy:

Percentage accuracy was determined from the observations of the precision study using the formula:

$\text{%  Accuracy} = \frac{\text{fMean  Measured concentration} -  \text{Nominal
concentration} }{\text{Nominal concentration}} \times 100$
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The limit for % accuracy was set at NMT 5% RSD.

C) Precision:

Three QC standards (LQC: 20 pg/mL, MQC: 30 pg/mL, NQC: 40 pg/mL) were prepared by diluting the
stock solution. The peak areas of each QC standard were recorded for intraday and interday precision in seven
replicates as per ICH guidelines. Mean and %RSD were calculated to assess precision.

D) Robustness:

Robustness was evaluated using a 20 ug/mL solution by intentionally varying parameters such as mobile
phase ratio, flow rate, and wavelength. Only one factor was changed at a time to estimate its effect on the
method's performance. The variation in results was required to be NMT 5% RSD to demonstrate method
robustness.

E) % Recovery:

Preparation of Stock from API:

A stock solution of Alfuzosine HCI (10 pg/mL) was prepared from the API (Active Pharmaceutical
Ingredient) by dissolving 10 mg in mobile phase and making up to 100 mL. This was filtered and sonicated.
Triplicate injections were made, and the mean area was determined.

Preparation of Stock from Dosage Form:

Twenty Alfuzosine HCI tablets (10 mg label claim) were weighed, powdered, and an amount equivalent to
10 mg was transferred to 100 mL of mobile phase. This was filtered and sonicated. Solutions of 8, 10, and 12
ug/mL were prepared from this stock.

Preparation of Test Solution for % Recovery & Calculation:

A 10 pg/mL solution of Alfuzosine HCI was spiked into the 8, 10, and 12 pg/mL tablet solutions to achieve
80%, 100%, and 120% recovery levels, respectively. Each level was injected in triplicate, and the mean area
was determined. The mean area obtained from the API injection was subtracted from the mean area of each
spiked level to obtain the area corresponding to the test solution.

Percentage recovery was calculated using the formula:

$\text{% Recovery} = \frac{\text{Sample Area}}{\text{Standard Area}} \times \frac{\text{Standard
Dilution Factor}}{\text{Sample Dilution Factor}} \times \frac{\text{ Average Weight}}{\text{Label Claim}}
\times 1003$

F) LOD and LOQ:

LOD and LOQ were determined using the same formulas as for the UV method:

LOD=SD3.3xI

LOQ=SD10xI

Where, | = Intercept of the graph, and SD = Standard Deviation.

Summary
The RP-HPLC analysis was performed on the idC18 (100*4.6) mm, 5um particle size in the isocratic mode,
at 400C column oven temperature using Acetonitrile: OPA (40:60) as mobile phase; flow rate was adjusted
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to 0.7ml/min. The detection was carried out at 242nm. The average retention time for candidate drug was
found to be

7.4 min. Linearity was observed in the concentration range of 50-100 pg/ml (r2=0.997). The method has been
successively applied for the determination of candidate drug in tablet formulation. There was no interference
from the excipients present in the tablet. The drug content was found to be 101.6% for candidate drug.
Accuracy of the method was studied by the recovery studies at three different levels 80%, 100%, 120% the %
recovery was found to be within the limit of the acceptance criteria with average recovery of 98-1109.
According to USP, system suitability tests are integral part of chromatographic methods. They are used to
reproducibility of the chromatographic system. The data obtained from proposed RP-HPLC method and
validation was summarized in table

Table- Developed method parameters

Column C18 (100*4.6)mm, 5um
Mobile phase ACN:OPA(40:60)

Run Mode Isocratic

Detection At 245nm

Column temperature 400C

Injection volume 20pl

Run time 10min

Flow rate 0.7 ml/min

Diluent ACN:OPA(40:60)

Conclusion
On the basis of the above table it was concluded that the developed method of assay for candidate drug was
validated as per the ICH guideline with following objectives.
A simple, precise, accurate, robust, and economical analytical for assay of candidate drug had been developed
by using RP-HPLC method. The developed method has been validated as per ICH guidelines, and it meets all
the accepted criteria given in ICH guideline. Here on the basis of the results of forced degradation study it
was proved that no any kind of degradation peak was merged that of the drug.
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