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INTRODUCTION 

The method of analysis used for the routine analysis of 

pharmaceutical drug substance and drug product in 

quality control should produce reproducible result; 

incense the method should be stability indicating. Hence 

it is necessary to evaluate the new developed method is 

most suitable and is giving the exact result. The target for 

analytical estimation for quantitative as well qualitative 
analysis is to obtain consistent, reliable and accurate 

reproducible result and hence validated analytical 

method help to achive the goal.  

 

REGULATORY AGENCIES REQUIRMENT 

The industrial guidelines provided by USFDA for 

method validation viz. one for analytical2 and other for 

bio-analytical methods validation3. The chapter 1225 of 

USP contained a specific guidelines regarding method 

validation. It focuses the validation of compendia 

procedures by providing definitions for validation of 

different analytical parameter. USP 2011 classifies the 

validation methods into four different categories depends 

on their use which covers the different validation 

parameter. The categories are as follows 

Category I: Analytical procedures for quantitation of 

major components in bulk drug substances or active 
ingredients (including preservatives) in drug products. 

Category II: Analytical procedures for determination of 

impurities in bulk drug substances or degradation 

compounds in drug products. These procedures include 

quantitative assays and limit tests. 

Category III: Analytical procedures for determination of 

performance characteristics (e.g., dissolution, drug 

release, etc.). 

Category IV: Identification tests. 

 

Table 1: different category with validation element as per USP 

Data Element Required for Validation 

Analytical 

Performance 

Characteristic 

Category I 

Category II 
Category 

III 

Category 

IV 
Quantitative 

Limit Limit Test 

Accuracy Y Y # # N 

Precision Y Y N Y N 

Specificity Y Y Y # Y 
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Detection Limit N N Y # N 

Quantitation Limit N Y N # N 

Linearity  Y Y N # N 

Range Y Y # # N 

 Note: Y- Yes, N-No and #-May be required, depending on the nature of specific test.  

 

International Conference on the Harmonization “ICH” is elaborate the differrent terminology and definitions and 

published guideline to determine the basic requirements of validation of Analytical Procedures in quality guideline 

Q2R(1) which is summarize as follow. 
 

Table 2: Basic requirements of Analytical Procedures validation in Q2R(1) guideline 

Type of analytical 

procedure 

characteristic 

Identification 

Testing For Impurity Assay/ Dissolution 

content / potency 

(measurement only) 
quantitation Limit 

Accuracy - + - + 

Precision     

 
Repeatability - + - + 

Interm.Precision - +# - + # 

Specificity$ + + + + 

Detection Limit - -
@

 + - 

Quantitation Limit - + - - 

Linearity - + - + 

Range - + - + 

+ : Signifies that characteristic is normally evaluate  

 - : Signifies that characteristic is not normally evaluate  

# : In case where reproducibility ( see glossary ) has been performed, intermediate precision is not needed. 

$ : Lack of specificity of one analytical procedure could be compensated by other supporting analytical procedure ( s ) 

@ : May be needed in some cases. 

 

The terms validation and verification of analytical 

methods are interchangeably used. The difference is best 
explicated by USP Chapters <1225> and <1226>. 

Chapter <1225>4 is titled: “Validation of Compendial 

Methods” which describes the validation of analytical 

methods with all validation parameters from 

introduction. The result is a validated method for a 

specific sample. This procedure is recommended for the 

validation of methods developed internally. Chapter 

<1226>5 is titled “Verification of Compendial Methods.” 

It provides recommendations of compendial methods 

that demonstrate a laboratory‟s ability to successfully run 

the method. Methods are also verified during method 
transfer by the receiving laboratory.  

 

STRATEGY FOR ANALYTICAL METHOD 

VALIDATION AND VERIFICATION OF DRUG 

SUBSTANCES AND DRUG PRODUCT 

Based on different validation guidelines the common 

approach for method validation and/or verification of 

drug substances and drug product is summarized in table 

3 and table 4, respectively. 

 

Table 3 : Validation/verification characteristics for Drug Substances 

Type of analytical 

procedure 
Identificafication Related Substances 

Assay ( measurment 

only) 

content / potency 

characteristic Valida. Verifi. Valida. Verifi. Valida. Verifi. 

Accuracy No No Yes No Yes No 

Repeatability No No Yes Yes Yes Yes 

Interm.Precision No No Yes No Yes No 

Specificity$ Yes Yes Yes Yes Yes May be 

Detection Limit No No Yes No No No 

Quantitation Limit No No Yes Yes No No 

Linearity No No Yes No Yes No 

Range No No Yes No Yes No 
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Table 4 : Validation/verification characteristics for Drug Product 

Type of analytical 

procedure 
Identification 

Specific Test 

Uniformity Content 

Dissolution 

Related Substances 

Assay  

(measurement only) 

content / potency 

characteristic Valida. Verifi. Valida. Verifi. Valida. Verifi. Valida. Verifi. 

Accuracy No No May be May be Yes May be Yes May be 

 Repeatability No No Yes Yes Yes Yes Yes Yes 

 Interm.Precision No No Yes No Yes No Yes No 

Specificity  Yes Yes May be Yes Yes No Yes Yes 

Detection Limit No No No No Yes Yes No No 

Quantitation Limit No No No No Yes Yes No No 

Linearity  No No May be No Yes No Yes No 

Range No No May be No Yes No Yes No 

 

EXPERIMENTAL PROCEDURE AND 

ACCEPTANCE CRITERIA: 

When the relevant validation characteristics have been 

identified, the experimental procedure which will be 

used to investigate those characteristics needs to be 
defined. 

 

Specificity 
Specificity demonstrates that the response due to analyte 

of interesting the sample is not affected by potential 

interferences which may also be present in sample. 

Specificity should be conducted during the validation of 

identification test, impurities determination and assay. 

The general requirement that the sample and standard 

chromatograms should corresponds in retention time. 

The easiest way to perform the specificity for HPLC 

method is to perform this test in conjugation with forced 
degradation study. The utilization of mass spectrometry 

(MS) detector in series after Photo Diode Array (PDA) 

detector to obtain more information is encouraged in 

terms of mass-to charge ratio of parent ions, initial 

fragmentation pattern, and peak purity. Specificity is 

confirmed when API and impurities peak(s) is pure and 

there is no interference from placebo and blank solution 
at the retention time of peak.  

 

Forced Degradation 

Forced degradation (also called as stress testing) studies 

may provide the information to the degradation pathway 

and degradation product that could from during storage 

drug substance or drug product. The Overstressing can 

destroy the relevant compound or generate the irrelevant 

compounds. The extent of targeted degradation should be 

approximately anywhere 5% to 10%. Forced degradation 

studies carried out either in the solution state and/or in 

the solid state. Usually the on one batch of drug 
substance and/or one formulation blend (capsules and 

tablets) 

 

Table 5: Solid state forced degradation studies. 

Stress Test Condition Duration 

Thermal 

( close container) 

50°C/80°C 

(ambient RH) 
1 wk and 2wks 

Thermal / oxidative 

(open container) 

50°C/80°C 

(ambient RH) 
1 wk and 2wks 

Thermal / humidity 

(open container) 
40°C/75%RH 1 wk and 2wks 

Light 

(closed container) 
Ambient 

Maximum 1.2 million lux hours 

and 200 watt hours / squares meter 

Light / oxidative 

(open container) 
Ambient 

Maximum 1.2 million lux hours 

and 200 watt hours / squares meter 

 

Table 6: Solution state forced degradation studies 

Test factor Condition  Duration  

PH 

10 mg in 2mL water 

1 day and 3 days 

10 mg in 2mL water of 0.1M to 5M HCl 

10 mg in 2mL water of 0.1M to 5M NaOH 

All in amber volumetric flask and at room  

temperature 10mg / 2mL 3% H2O2  

Oxidation 
( H2O2) 

At 5°C and room temperature in amber 

volumetric flask. If DS is not soluble , then 
pH modifications may be necessary 

1, 2, and 3 days 

Light 50mg / 10mL water ambient Maximum 1.2 million lux hour 
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and 200 watt hours / squares 

meter, 6hrs, 1 day and 2 day 

Heat 10mg in 2 mL water at 80°C 6 hrs, 1 day and 2 day  

 

LINEARITY 

The linearity of an analytical procedure is its ability 

(within a given range) to obtain test results which are 

directly proportional to the concentration (amount) of 

analyte in the sample. It may be directly demonstrated on 
the analyte, or on spiked samples using at least five 

concentrations over the whole working range. 

 

Appropriate statistical calculations are to be done, such 

as a linear regression cofficent, slope and intercept, 

residual sum of squares with a graphical presentation of 

the data. 

 

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. For 

assay test, it requires a minimum of 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 quantitation, to, 150 percent of the 

specification. 

 

LIMIT OF DETECTION 

It is the lowest concentration of analyte in a sample that 

can be detected, but not necessarily quantified. In 

chromatography, the detection limit is the injected 
amount that results in a peak with a height at least three 

times as high as the baseline noise level. As per ICH this 

signal/noise method describes three more methods.  

 Visual inspection: The detection limit is determined 

by the analysis of samples with known 

concentrations of analyte and by establishing the 

minimum level at which the analyte can be reliably 

detected. 

 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. 

 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. 

 

LIMIT OF QUANTITATION 
The limit of quantitation 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. 

For the limit of quantitation, the ICH 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. Any results of limits of 

detection and quantitation measurements must be 
verified by experimental tests with samples containing 

the analytes at levels across the two regions. It is equally 

important to assess other method validation parameters, 

such as precision, reproducibility and accuracy, close to 

the limits of detection and quantitation. Figure 1 

illustrates both the limit of detection and the limit of 

quantitation. 

 

 
Fig. 1. Limit of detection and limit of quantitation via 

signal to noise 

 

ACCURACY  

Accuracy described as the closeness of agreement 
between the value that is adopted, either as a 

conventional, true, or accepted reference value, and the 

value found. It is the measure of the exactness of the 

analytical method developed. The accuracy of an 

analytical method may be determined by any of the 

following ways: 

• Analysing a sample of known concentration and 

comparing the measured value to the „true‟ value. 

However, a well characterized sample (e.g., 

reference standard) must be used. 

• Spiked – placebo (product matrix) recovery method. 

In this method, a known amount of pure active 
constituent is added to formulation blank [sample 

that contains all other ingredients except the 

active(s)], the resulting mixture is assayed, and the 

results obtained are compared with the expected 

result.  

• Standard addition method. In this method, a sample 

is assayed, a known amount of pure active 

constituent is added, and the sample is again 

assayed. The difference between the results of the 

two assays is compared with the expected anser. 

 
In both methods (spiked – placebo recovery and standard 

addition method), recovery is defined as the ratio of the 
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observed result to the expected result expressed as 

percentage. 

The accuracy should cover at least 3 concentrations (80, 

100 and 120%) in the expected range. 

 

PRECISION 
Precision of analytical method expresses the closeness of 

agreement (degree of scatter) between the series of 

measurements obtained from multiple samplings of the 

same homogenous sample under the prescribed condition 

Precision can be establish through Repeatability and 

Intermediate Precision. 

 

Repeatability: Repeatability represents the simplest 

situation and involves analysis of replicates by the same 

analyst, generally one injection after the other. 

Repeatability tests are mandatory for all tests delivering 

numerical data. Repeatability is divided into two parts: 
injection repeatability and analysis repeatability 

(multiple preparations). Results obtained by six different 

sample solution over the short period of time by the same 

analyst , on the same column, same equipment, on the 

same day . Determine the mean, standard deviation, 

%RSD and 95% confidence interval of the result 

obtained from six preparation. Repeatability can be 

calculated using Eq.(1) and Eq. (2) from a larger number 

of repeatedly prepared samples (at least six). 

 − − (1) 

% RSD = S/Mean*100 - - (2) 

 

4.6.2 Intermediate Precision 

Prepare the six different sample solutions from the same 

homogenous sample and analyse it typical variation 

include the analyst, instrument, day and column (if 

available). Calculate the result and determine the mean, 

standard deviation, relative standard deviation and 

95%confedance interval of the result obtained from six 

preparations.  

Calculate the absolute difference in the result obtained in 

Repeatability (mean value of six results) and 

intermediate precision ((mean value of six result) 

 

4.7 ROBUSTNESS AND RUGGEDNESS 

4.7.1 Robustness 

The robustness of an analytical method is a measure of 

its capacity to remain unaffected by small but deliberate 

variation in method parameters and provides an 

indication of its reliability during normal usage. The 

robustness of a method is evaluated by varying method 

parameters such as percent organic solvent, pH, ionic 

strength, temperature and determine the effect (if any) on 

the results of the method. The evaluation of robustness 

should be considered during the development phase and 
depends on the type of procedure under study. 

 

If measurements are susceptible to variations in 

analytical conditions, the analytical conditions should be 

suitably controlled or a precautionary statement should 

be included in the procedure. 

 

4.7.2 Ruggedness 

The ruggedness of an analytical method is the degree of 

reproducibility of test results obtained by the analysis of 
the same samples under a variety of normal test 

conditions such as different laboratories, different 

analysts, using operational and environmental conditions 

that may differ but are still within the specified 

parameters of the assay. The testing of ruggedness is 

normally suggested when the method is to be used in 

more than one laboratory.  

 

4.8 Stability and system suitability tests 

It is most important parameter to establish method is 

stability indicating method. Stability of the sample, 

standard and reagents is required for a reasonable time to 
generate reproducible and reliable results.  

System suitability test provide the assurance that on a 

specific occasion the method is giving, accurate and 

precise results. System suitability test are run every time 

a method is used either before or during analysis. The 

results of each system suitability test are compared with 

defined acceptance criteria and if they pass, the method 

is deemed satisfactory on that occasion.  

 

5. CONCLUSION 

Validation is a constant, evolving process that starts 

before an instrument is placed on‐line and continues long 

after method development and transfer. In this review 

article we discussed about the importance and types of 

validation of analytical methods. From the above 

discussed matter we concluded that the validation of 

developed analytical methods is 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. 
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