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Abstract 

Analytical methods development and validation play important roles in the 

discovery, development and Manufacture of pharmaceuticals. Method development 

is the process of proving that an analytical method is acceptable for use to measure 

the concentration of an API in a specific compounded dosage form which allow 

simplified procedures to be employed to verify that an analysis procedure, 

accurately and consistently will deliver a reliable measurement of an active 

ingredient in a compounded preparation. The analytical method validation is 

essential for analytical method development and tested extensively for specificity, 

linearity, accuracy, precision, range, detection limit, quantization limit, and 

robustness. In summary, analytical method development and validation allows to 

confirm that an accurate and reliable potency measurement of a pharmaceutical 

preparation can be performed.  
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Introduction 

The number of drugs introduced into 

the market is increasing every year. 

These drugs may be either new 

entities or partial structural 

modification of the existing one. Very 

often there is a time lag from the date 

of introduction of a drug into the 

market to the date of its inclusion in 

pharmacopoeias. This happens 

because of the possible uncertainties 

in the continuous and wider usage of 

these drugs, reports of new toxicities 

(resulting in their withdrawal from the 

market), development of patient  
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resistance and introduction of better 

drugs by competitors. Under these 

conditions, standards and analytical 

procedures for these drugs may not be 

available in the pharmacopoeias. It 

becomes necessary, therefore to 

develop newer analytical methods for 

such drugs.
 [1-5] 

 

Analytical Method Development 

Analytical chemistry deals with 

methods for identification, separation, 

and quantification of the chemical 

components of natural and artificial 

materials. 
[6]

 The choice of analytical 

methodology is based on many 

considerations, such as: chemical 

properties of the analyte and its 
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concentration sample matrix, the 

speed and cost of the analysis, type of 

measurements i.e., quantitative or 

qualitative and the number of samples. 

A qualitative method yields 

information of the chemical identity 

of the species in the sample. A 

quantitative method provides 

numerical information regarding the 

relative amounts of one or more of the 

analytes in the sample. The steps of 

method development and method 

validation the steps of method 

development and method validation 

Method development plan definition 

Background information gathering 

Laboratory method development, it 

includes various stages namely sample 

preparation, specific analytical 

method, detection and data processing 

Generation of test procedure. A well-

developed method should be easy to 

validate. A method should be 

developed with the goal to rapidly test 

preclinical samples, formulation 

prototypes, and commercial samples. 

There are five common types of 

analytical methods, each with its own 

set of validation requirements 

Identification tests Potency assays 

Quantitative tests for impurities Limit 

test for the control of impurities 

Specific tests. The first four tests are 

universal tests, but the specific tests 

such as particle-size analysis and X 

ray diffraction are used to control 

specific properties of the active 

pharmaceutical ingredient (API) or the 

drug product. 
[7-8]

 

The most widely used methods for 

quantitative determination of drugs 

and metabolites in biological matrices 

such as blood, serum, plasma, or urine 

includes Gas chromatography, (GC) 

High-performance liquid 

chromatography, (HPLC) 
[9-10]

 Thin 

layer chromatography, (TLC) 

combined GC and LC mass 

spectrometric (MS) procedures such 

as LC-MS 
[11-12]

 LC-MS-MS, 
[13-14]

 

GC-MS, 
[15-16]

 and GC-MSMS, 

techniques like NMR is used for 

structure identification. 

Chromatography in different forms is 

the leading analytical method for 

separation of components in a 

mixture. The chromatographic 

procedure for the separation of 

substances is based on differences in 

rates of migration through the column 

arising from different partition of the 

compounds between a stationary 

phase (column packing) and a mobile 

phase transported through the system. 
[17]

 Chromatographic methods can be 

classified according to the physical 

state of the mobile phase into the 

following basic categories: gas 

chromatography, (GC) supercritical 

fluid chromatography (SFC) and 

liquid chromatography (LC). The 

technique was originally developed by 

the Russian botanist M.S. Tswett in 

1903. 
[18-19]

 Today TLC is rapidly 

becoming a routine analytical 

technique due to its advantages of low 

operating costs, high sample 

throughput and the need for minimum 

sample preparation. The major 

advantage of TLC is that several 

samples can be run simultaneously 

using a small quantity of mobile phase 

unlike HPLC thus reducing the 

analysis time and cost per analysis .
[20-

21]
 An enhanced form of thin layer 

chromatography (TLC) is called as 

High performance thin layer 

chromatography (HPTLC). 
[22-23]

 A 
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number of enhancements can be made 

to the basic method of thin layer 

chromatography to automate the 

different steps, to increase the 

resolution achieved and to allow more 

accurate quantitative measurements, 

Liquid chromatography can be 

categorized on the basis of the 

mechanism of interaction of the solute 

with the stationary phase as: 

adsorption chromatography ,(liquid-

solid chromatography) partition 

chromatography, (liquid-liquid 

chromatography) ion-exchange 

chromatography ,(IEC) size exclusion 

chromatography (SEC) and affinity 

chromatography. Early work in liquid 

chromatography was based on highly 

polar stationary phases, and nonpolar 

solvents served as mobile phases, this 

type of chromatography is now 

referred to normal-phase liquid 

chromatography (NPLC).
[24]

 

Chromatography on bare silica is an 

example of normal-phase 

chromatography. In reversed-phase 

high performance liquid 

chromatography, (RP-HPLC) the 

stationary phase is nonpolar, 
[25-26]

 

often a hydrocarbon, and the mobile 

phase is relatively polar. 
[27]

 In RP-

HPLC, the most polar component is 

eluted first, because it is relatively 

most soluble in the mobile phase. The 

definite break-through for liquid 

chromatography of low molecular 

weight compounds was the 

introduction of chemically modified 

small diameter particles (3 to 10μm) 

e.g., octadecyl groups bound to silica 

in the late 1960s. The new technique 

became rapidly a powerful separation 

technique and is today called high 

performance liquid chromatography 

(HPLC). HPLC-UV diode-array 

detection (DAD) 
[28-29]

 and HPLC-MS 

techniques take advantage of 

chromatography as a separation 

method and DAD or MS as 

identification and quantification 

methods. The HPLC equipment 

consists of a high-pressure solvent 

delivery system, a sample auto 

injector, a separation column, a 

detector (UV or DAD) a computer to 

control the system and display results. 

Ultra performance liquid 

chromatography (UPLC) is a recent 

technique in liquid chromatography, 

which enables significant reductions 

in separation time, solvent 

consumption and analysis time as 

compared to the conventional HPLC. 
[30-31]

 

Sample preparation 

The purpose of sample preparation is 

to create a processed sample that leads 

to better analytical results compared 

with the initial sample. The prepared 

sample should be an aliquot relatively 

free of interferences that is compatible 

with the HPLC method and that will 

not damage the column. 
[32]

 The main 

sample preparation techniques are 

liquid-liquid extraction (LLE) 
[33-34] 

and solid-phase extraction (SPE). 
[35]

 

In these methods the analyte of 

interest was separated from sample 

matrix, so that as few potentially 

interfering species as possible are 

carried through to the analytical 

separation stage. 

Detection 

After the chromatographic separation, 

the analyte of interest is detected by 

using suitable detectors. Some 

commercial detectors used in LC are: 

ultraviolet (UV) detectors, [
36]
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fluorescence detectors, 

electrochemical detectors, refractive 

index (RI) detectors and mass 

spectrometry (MS) detectors. The 

choice of detector depends on the 

sample and the purpose of the 

analysis. The UV detectors are the 

most common HPLC detectors since 

they are robust, cheap, easy to handle, 

and since many solutes absorb light in 

this frequency range. 
[37]

 The ordinary 

UV detector measures the absorbance 

at one single wavelength at the time. 

A diode-array detector (DAD) can 

measure several wavelengths at the 

same time, and since no parts are 

moved to change wavelength or to 

scan, there are no mechanical errors or 

drift with time. DAD detectors have 

been proposed for various 

applications, such as preliminary 

identification of a steroidal glycoside 

in seed,
[38]

 peptide mapping ,
[39]

 assay 

of sulfamethazine in animal tissues, 
[40]

 or identification of pesticides in 

human biological fluids. 
[41]

 HPLC 

with a mass spectrometer detector 

(LC-MS)
[42-43]

 showed superior 

sensitivity and selectivity compared to 

HPLC-UV methods. 
[44]

 

Analytical Method validation  

Successful acceptance of the 

validation parameters and 

performance criteria, by all parties 

involved, requires the cooperative 

efforts of several departments, 

including analytical development, QC, 

regulatory affairs and the individuals 

requiring the analytical data. The 

operating procedure or the Validation 

Master Plan (VMP) should clearly 

define the roles and responsibilities of 

each department involved in the 

validation of analytical methods
.[45] 

Quality control plan and 

implementation for routine  

For any method that will be used for 

routine analysis, a QC plan should be 

developed. This Plan should ensure 

that the method, together with the 

equipment, delivers consistently 

accurate results. The plan may include 

recommendations for the following, 

 Selection, handling and testing 

of QC standards  

 Type and frequency of 

equipment checks and 

calibrations (for example, 

should the wavelength 

accuracy and the baseline 

noise of an HPLC UV detector 

be checked after each sample 

analysis, or on a daily or 

weekly basis?)  

 Type and frequency of system 

suitability testing (for 

example, at which point during 

the sequence system should 

suitability standards be 

analyzed?)  

 Type and frequency of QC 

samples (for example, should a 

QC sample be analyzed after 

1, 5, 20 or 50 unknown 

samples, and should there be 

single or duplicate QC sample 

Analysis, or should this be run 

at one or several 

concentrations?)Acceptance 

criteria for equipment checks, 

system suitability tests and QC 

sample Analysis Action plans 

in case criteria 2, 3 and/or 4 

are not met.  

Validated routine methods are 

transferred between laboratories at 

the same or different sites when 
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contract laboratories offer services 

for routine analysis in different 

areas or when products are 

manufactured in different areas. 

When validated routine methods 

are transferred between 

laboratories and sites, their 

validated state should be 

maintained to ensure the same 

reliable results in the receiving 

laboratory. This means the 

competence of the receiving 

laboratory to use the method 

should be demonstrated through 

tests, for example, repeat critical 

method validation experiments 

and run samples in parallel in the 

transferring and receiving 

laboratories. The transfer should 

be controlled by a procedure, most 

likely some method parameters 

have to be changed or adjusted 

during the life of the method if the 

method performance criteria fall 

outside their acceptance criteria. 

The question is whether such 

change requires revalidation. In 

order to clarify this question 

upfront, operating range should be 

defined for each method, either 

based on experience with similar 

methods or else investigated 

during method development. 

These ranges should be verified 

during method validation in 

robustness studies and should be 

part of the method characteristics. 

Availability of such operating 

ranges makes it easier to decide 

when ultra method should be 

revalidated. A revalidation is 

necessary whenever a method is 

changed, and the new parameter 

lies outside the operating range. If, 

for example, the operating range 

of the column temperature has 

been specified to be between 30 

and 40°C, the method should be 

revalidated if, for whatever reason, 

the new operating parameter is 

41°C. Revalidation is also 

required if the scope of the method 

has been changed or extended, for 

example, if the sample matrix 

changes or if operating conditions 

change. Furthermore, revalidation 

is necessary if the intention is to 

use instruments with different 

characteristics, and these new 

characteristics have not been 

covered by the initial validation. 

For example, an HPLC method 

may have been developed and 

validated on a pump with a delay 

volume of 5 mL, but the new 

pump has a delay volume of only 

0.5 mL. Whenever there is a 

change that may require part or 

full revalidation, the change 

should follow a documented 

change control system. The 

change should be defined, 

authorized for Implementation and 

documented
.[46-47] 

Possible changes may include 
 

 New samples with new 

compounds or new 

matrices,  

 New analysts with different 

skills,  

 New instruments with 

different characteristics,  

 New location with different 

environmental conditions,  

 New chemicals and/or 

reference standards and  
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 Modification of analytical 

parameters.  

When should methods be validated?  

A method should be validated when it 

is necessary to verify that its 

performance parameters are adequate 

for use for a particular analytical 

problem. Eg. 

 Method just developed  

 Revised method or 

established method adapted 

to a new problem;  

 When a review of quality 

control indicates an 

established method is 

changing with time;  

 When an established method 

is used in a different 

laboratory, with different 

analysts or with    different 

equipment  

 Demonstration of the 

equivalence between two 

methods, e.g. a new method 

and a Standard. Certain areas 

of analytical practices, such 

as in clinical chemistry will 

specify Validation 

requirements relevant to the 

method. This ensures that 

particular validation 

Terminology together with 

the statistics used is 

interpreted in a manner 

consistent within the relevant 

sector. Official recognition of 

a method may require 

characterization using a 

collaborative study. 

Parameters for method validation  

The parameters for method validation 

have been defined in different 

working groups of National and 

international committees and are 

described in the literature. 

Unfortunately, some of the definitions 

vary between the different 

organizations. An attempt at 

harmonization was made for 

pharmaceutical applications through 

the ICH where representatives from 

the Industry and regulatory agencies 

from the United States, Europe and 

Japan defined Parameters, 

requirements and, to some extent, 

methodology for analytical methods 

validation
[48-49] 

 

The various parameters are:
 

1. Selectivity/Specificity 

2. Precision and Reproducibility 

3. Accuracy and Recovery 

4. Stability 

5. Range 

6. Limit of Detection 

7. Limit of Quantization 

8. Repeatability 

9. Reproducibility 

10. Measurement Uncertainty 

11. Sensitivity 

12. Ruggedness 

 

1. Selectivity/specificity                                                                                                        

The terms selectivity and specificity 

are often used interchangeably, the 

term specific generally refers to a 

method that produces a response for a 

single analyte.Another aspect of 

selectivity which must be considered 

is where an analyte may exist in the 

sample in more than one form such as 

free or complexes; inorganic or 

organo metallic; or the possibility of a 

component such as Chromium ion 

being present in different oxidation 

states such as Cr3+ or Cr6+. Precision 

and reproducibility Precision is 
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method and concentration specific, 

which in practice can be very varied. 

The two most common precision 

measures are ‘repeatability’ and 

reproducibility’.
[50]

 The term ‘set’ is 

defined as referring to a number (n) of 

independent replicate measurements 

of some property. Standard deviation 

is the square root of the sum of 

squares of deviations of individual 

results for the mean, divided by one 

less than the number of results in the 

set. The standard deviation S is given 

by, 

   

 
 

Standard deviation has the same units 

as the property being measured.  The 

square of standard deviation is called 

variance (s
2
). Relative standard 

deviation is the standard deviation as a 

fraction of the mean, i.e. S/x. It is 

sometimes multiplied by 100 and 

expressed as a percent relative 

standard deviation. It becomes a more 

reliable expression of precision. 

 

% Relative Standard Deviation (RSD) 

= S*100/x 

 

2. Reproducibility  

From the reproducibility standard 

deviation oR or sR it is useful to 

calculate the ‘Reproducibility limit 

‘R’, ‘which enables the analyst to 

decide whether the difference between 

duplicate analyses of a sample, 

determined under reproducibility 

conditions, is Significant. These 

calculations can be performed directly 

with the built-in statistics function of 

the instrument, if available, or by 

using a pocket calculator or a PC 

(Personal Computer) with a suitable 

software package
[51]

 (e.g. spreadsheet 

program).  
 

3. Accuracy and recovery 

Accuracy can be assessed by 

analyzing a sample with known 

concentrations (e.g., a control sample 

or certified reference material) and 

Comparing the measured value with 

the true value as supplied with the 

material. If certified Reference 

materials or control samples are not 

available, a blank sample matrix of 

interest can be spiked with a known 

concentration by weight or volume. 

Standard deviation of slope (Sb) 

Standard deviation of intercept, (Sa) 

Intercept values of least squares fits of 

data are often to evaluate additive 

errors between or Among different 

methods. Correlation coefficient, (r) 

the correlation coefficient r (x, y) is 

more useful to express the relationship 

of the chosen Scales. To obtain a 

correlation coefficient the covariance 

is divided by the product of the 

Standard deviation of x and y.
[52] 

 

 

 

It is best established by comparing the 

responses of extracted samples at low, 

medium and high concentrations in 

replicates at least 6 with those non- 

extracted standards, which represent 

100% recovery. 
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The correlation coefficient, y-

intercept, slope of the regression line, 

and residual sum of squares should be 

submitted. A plot of the data should 

be included. According to the Beers 

Lambert Law, Absorbance is the ratio 

of logarithm of Intensity of incident 

light and Intensity of transmitted light, 

or A = εCT. The absorbance (A) is 

proportional to the concentration (C) 

of the absorbing species, if absorptive 

(ε) and thickness of the medium (t) are 

constant. When concentration is in 

moles per liter, the constant is called 

molar absorptive. Beers Law limits 

and Emax values are expressed as 

µg/ml and moles/cm respectively. 

Sand ell’s Sensitivity refers to the 

number of µg of the drug to be 

determining, converted to the colored 

product, which in a column solution 

of cross section 1cmshows an 

absorbance of 0.001(expressed as 

µg/cm).
[53]

  
 

4. Stability  

System stability should be determined 

by replicate analysis of the sample 

Solution. SIf, on plotting the assay 

results as a function of time, the value 

is higher; the maximum duration of 

the usability of the sample solution 

can be calculated.       

      

5. Range    

The range of an analytical method is 

the interval between the upper and 

lower levels (including these levels) 

that have been demonstrated to be 

determined with precision, accuracy 

and linearity using the method as 

written. The range is normally 

expressed in the same units as the test 

results (e.g., percentage, parts per 

million) obtained by the analytical 

method. For assay tests, the ICH (5) 

requires the minimum specified range 

to be 80 to 120 percent of the test 

concentration, and for the 

determination of an impurity, the 

range to extend from the limit of 

quantization, or from 50 percent of the 

specification of each impurity, 

whichever is greater, to 120 percent of 

the specification. 
 

6. Limit of detection 

The limit of detection is the point at 

which a measured value is larger than 

the uncertainty associated with it. The 

limit of detection is frequently 

confused with the sensitivity of the 

method. The sensitivity of an 

analytical method is the capability of 

the method to discriminate small 

differences in concentration or mass 

of the test analyze.  

 

(a) Visual inspection 

The detection limit is determined 

by the analysis of samples with 

Known concentrations of analyze 

and by establishing the minimum 

level at which the Analyze can be 

reliably detected. 
[54] 

(b) Standard deviation of the 

response based on the standard 

deviation of the blank  

Measurement of the magnitude of 

analytical background response is 

performed by analyzing an 

appropriate number of blank samples 

and calculating the standard deviation 

of these responses. 
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(c)Standard deviation of the 

response based on the slope of the 

calibration curve 

A specific calibration curve is studied 

using samples containing an analyte in 

the range of the limit of detection. The 

residual standard deviation of a 

regression line, or the standard 

deviation of y-intercepts of regression 

lines, may be used as the standard 

deviation. 

 

7. Limit of quantification 

The limit of quantization is the 

minimum injected amount that 

produces quantitative Measurements 

in the target matrix with acceptable 

precision in chromatography, typically 

requiring peak heights 10 to 20 times 

higher than the baseline noise. If the 

required precision of the method at the 

limit of quantization has been 

specified, the EURACHEM (22) 

approach Can be used. It is important 

to use not only pure standards for this 

test but also spiked matrices that 

closely represent the unknown 

samples. For the limit of detection, the 

ICH (5) recommends, in addition to 

the procedures as described above, the 

visual inspection and the standard 

deviation of the response and the 

slope of the calibration curve. Figure 

3 illustrates the limit of quantization 

(along with the limit of detection, 

range and linearity). Fig. 4 illustrates 

both the limit of detection and the 

limit of quantization. 
 

8. Repeatability 

From the repeatability standard 

deviation are it is useful to calculate 

the ‘repeatability limit ‘r’’, which 

enables the analyst to decide whether 

the difference between duplicate 

analyses of a sample, determined 

under repeatability conditions, is 

significant. 
 

9. Measurement uncertainty 

Measurement uncertainty is a single 

parameter (usually a standard 

deviation with a Coverage factor or 

confidence interval) expressing the 

range of values possible on the basis 

of the measurement result. A 

measurement uncertainty estimate 

takes account of all Recognized 

effects operating on the result; the 

uncertainties associated with each 

effect are combined according to well-

established procedures. An 

uncertainty estimate for analytical 

Chemistry is often termed an 

‘uncertainty budget’ and should take 

into account .The overall, long-term 

precision of the method;
[ 55-56]

 

Bias and its uncertainty, including the 

statistical uncertainty involved in the 

bias measurements, and the reference 

material or method uncertainty. It may 

be necessary to increase the estimate 

where a significant bias is detected but 

left uncorrected.  

 Calibration uncertainties. As 

most equipment calibration 

uncertainties will be 

Negligibly small by 

comparison with overall 

precision and uncertainty in 

the bias; this needs only to be 

verified; 

 Any significant effects 

operating in addition to the 

above. For example, 

temperature or time ranges 

permitted by the method may 

not be fully exercised in 
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validation studies, and their 

effect may need to be added. 

Such effects can be usefully 

quantified by robustness 

studies (see ‘Ruggedness’ 

below) or related studies 

which establish the size of a 

given effect on the result. 

Where the contribution of 

individual effects is important, 

for example in calibration 

laboratories.  

10. Sensitivity  

This is effectively the gradient of the 

response curve, i.e. the change in 

instrument response, which 

corresponds; to a change in analyze 

concentration. Where the response has 

been established as linear with respect 

to concentration, i.e. within the linear 

range of the method, and the intercept 

of the response curve has been 

determined, sensitivity is a useful 

parameter to calculate and use in 

formulae for quantization
. [57]

  
 

11. Ruggedness (or robustness) 

Ruggedness is normally evaluated 

during method development, typically 

by the originating Laboratory, before 

collaborating with other laboratories 

and is a measure how well a method 

stands up to less than perfect 

implementation. Performance, and 

may even result in the method not 

working at all. These stages should be 

identified, usually as part of method 

development, and if possible, their 

influence on method performance 

evaluated using ‘ruggedness tests’, 

sometimes also called ‘robustness 

tests’
 [56 57] 

 

 

 

Conclusion 

The efficient development and 

validation of analytical methods are 

critical elements in the development 

of pharmaceuticals. Success in these 

areas can be attributed to several 

important factors, which, in turn, will 

contribute to regulatory compliance. 

Experience is one of these factors both 

the experience level of the individual 

scientists and the collective 

experience level of the development 

and validation department .Recent 

development in pharmaceutical and 

biotechnological field generates a 

cumulative demand for analytical 

methods. Rapid and accurate 

quantification of the substrate and 

drug product is important in the 

process development. Improvements 

in analytical instrumentation leads to 

development of new techniques like 

isocratic and gradient RP-HPLC, 

which evolved as the primary 

techniques for the analysis of 

nonvolatile APIs and impurities. 

These analytical methods are critical 

elements of pharmaceutical 

development so it is very important to 

develop efficient and accurately 

validated analytical methods to 

develop safe and effective drugs
. [58] 
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Fig. 1: Prerequisites for analytical method validation. 

 

 
Fig. 2: Shows Limit of Quantification & Detection. 
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Table 1: Use of analytical method–generics. 
 

CLINICAL PHARMACEUTICAL METHODS 

At Initial Phase of pharmaceutical Development 

To determine 

bioavailability in 

healthy volunteers 

To develop a stable and 

reproducible formulation 

for 

the manufacture of 

bioequivalence, 

dissolution, 

stability and pilot-scale 

validation batches 

To understand the 

profile of related 

substances and to 

study  stability, To 

start  measuring the 

impact of Key  

product and 

manufacturing 

process parameters on 

consistent FPP quality 

At advanced phase of pharmaceutical development 

To prove 

bioequivalence after 

critical variations to 

the  prequalified 

dossier 

To optimize,  scale-up 

and 

transfer a  stable and 

controlled manufacturing 

process for the 

prequalification product 

To be  robust, 

transferable, 

accurate and precise  

for 

specification setting, 

stability 

assessment and QC 

release of 

prequalified product 

batches 

 

 

Table 2: Method development life cycles. 

 
 

 

 

 

 

****** 


