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development, and evaluation of medicines within the pharmaceutical
formulation. The main aim of this review article was to check the

“Corresponding Author development and validation of the procedure employed for the
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medication from the starting of the formulation to the complete
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India 410205. commercial batch of product. At the point when an analytical
technique is applied to produce outcomes for the quality of medicine
associated samples, it's necessary that the outcomes are reliable. In the Pharma industry,
validation policy is documented for a way to perform validation, sorts of validation and
validation policy are complied with the necessities of excellent manufacturing practice
(GMP) regulations. Validation is extremely important for the effective running of the
pharmaceutical firms. At every stage from staple to the finished, stability, everywhere
validation was performed. The method was developed properly, and validation parameters
are explained in terms of accuracy, specificity, and precision, limit of detection (LOD), limit
of quantitation (LOQ), ruggedness, robustness, and system suitability testing with the
example of certain drugs. All validation parameters are utilized in the routine and stability

analysis.
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INTRODUCTION

Analysis is vital in any product or service, and it is also important in drug because it
involves life.!! Analytical chemistry is the analysis of separation, quantification and
chemical additives identification of herbal and synthetic materials constituted with
one or more compounds or factors. Analytical chemistry is separated into two
predominant classes, a qualitative evaluation that is to say the identification with
regard to the chemical additives exists in the sample, whereas quantitative evaluation
estimates the amount of positive detail or compound within the substance, i.e. the
sample.”! The quantity of medication brought into the marketplace is growing each
year. These medicines could also be either new entities or partial structural alteration
of the present one. Medicines ought to be accessible in such a type that quality as
well as bioavailability, adequate plasma concentration, desired period, the onset of
action, correct dose, safety, effectiveness and stability on storage of product, will be
assured throughout the storage of the products.l®! The advancement of a medication
Is a long procedure including drug invention, a research lab trial, preclinical testing,
clinical testing, and regulatory registration. To additionally improve the adequacy
and protection of the medication after acceptance, numerous administrative
organizations, for example, the united states food and drug administration (USFDA)
likewise require that the drug product is evaluated for its identification, potency,
characteristics, quality, stability, and purity before it can be discharged for utilizing.
Thus, pharmaceutical validation and process controls are vital in disregarding the
issues that might be encountered.[”! Frequently, there is a time lag from the date of
introduction of a medication into the market to the date of its consideration in
pharmacopeias. This occurs because of the possible vulnerabilities within the
continuous and more extensive use of those drugs, reports of ongoing toxicity
(bringing about their withdrawal from the market), development of affected person
resistance and improvement of higher medicine with the aim of competition. Under
these situations, requirements and analytical techniques for those medicines that may
not be approachable within the pharmacopoeias. It becomes necessary, so as to
develop newer analytical strategies for such medications.”® Analytical approach
improvement and validation perform important functions in the discovery,
improvement, and manufacturing of medications. The main aim of an analytical
measure is to get consistent, realistic, and correct information. Validated analytical

strategies play a significant role in achieving this goal. Outcomes from methodology
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validation may be used to choose the standard, reliability, and consistency of
analytical results, that is associated as an integral part of any sensible analytical
practice. Validation of analytical strategies is also needed by most rules and quality

standards that impact laboratories.™

Analytical method development

When there are no definitive techniques are present, new methodologies are being
progressed for evaluation of the novel product. To investigate the presence of either
pharmacopoeial or non-pharmacopoeial product novel techniques are developed to
reduce the value besides time for higher precision and strength. These methodologies
are optimized and valid through preliminary runs. Alternate ways are planned and
place into practice to exchange the present procedure within the comparative

laboratory information with all accessible merits and demerits.

Development of Method Required due fo Change

i
Validation of the Method 4= Revalidation Needed due to
Change

y

’——bMethod in Routine Use
y

Validated & Reformed s Change the Method

Validated yet Changed

Fig. 1: Life cycle of the analytical method.[”]

Necessity of method development

Drug evaluation exhibits the identity characterization and determination of the drugs
together like dosage forms and organic fluids. At some point of producing technique
and development of drug the principal purpose of analytical strategies is to generate
data regarding efficiency (which might be directly connected with the need of a
identified dose), impurity (related to safety of the medication), bioavailability
(consists of key drug traits like crystal kind, uniformity of drug and release of drug),
stability(that shows the degradation product), and effect of producing parameters to

verify that the assembly of drug product is steady.
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Analyst before the event of latest technologies, don't forget below mention criteria:

Is this technique possesses the needful sensitivity?

Is this method sufficiently selective for direct use without interference by means
of the opposite element within the sample?

Is the accuracy and precision doable with this technique?

Are the reagents and equipment required on this method available or obtained at a
reasonable price?

Is the time requires to perform this technique applicable?

Steps for developing a method

Various steps are involved in the development of an analytical method are as follows:

>

Characterization of analyte and standard

All the known necessary data concerning the analyte and its structure that is to mention
the physical and chemical properties such as solubility, optical isomerism, etc., are
collected.

The standard analyte is equal to 100% purity is acquired. Necessary arrangement is to be
created for the proper storage (refrigerator, desiccators, and freezer).

In the sample matrix, when multiple parts are to be measured the amount of elements is
observed duly presenting the information and the accessibility of standard are calculated.
Techniques like spectroscopy (UV-Visible, FTIR, atomic absorption spectroscopy, etc.),
high-performance liquid chromatography and gas chromatography so on and, are
however about once coordinated with the stability of samples.!?

Requirement of the technique: Requirement of analytical methodology is essential to
build up the analytical fig. of advantage like linearity, selectivity, specificity, range,
accuracy, precision, LOD; LOQ etc. shall be outlined.™

Selecting the tactic

Utilizing the info obtained from the literature, the methodology is evolving since the
method is being modified wherever needed. Sometimes, it's important to accumulate
additional instrumentation to make, alter or replicate and validate existing procedures for
analytes and tests.

If there aren't any past appropriate ways available to research the analyte to be

examined.?
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» Proper instrumentation and initial studies: Installation qualification (1Q), operation
qualification (OQ), and performance qualification (PQ) of instrument pertinent to
research standard methodology is examined by an appropriate found out of instruments.

» Optimization: While performing optimization, once a parameter is modified at a time
and a gaggle of conditions are differentiated, before utilizing trial and error approach.
This work is required for accomplished basing on a scientific organized method plan duly
all necessary points and documented with reference to dead ends.?

» Proper documentation of analytical fig. of merits: The true determined analytical
fig. of benefit consisting of LOD, LOQ, cost, linearity and evaluation time and
planning of samples, etc. are also recorded.?

» Evaluation of produced technique with actual specimen: The specimen solution
needs to prompt specific, complete recognition of the peak interest of the
medication other than all different matrix parts.

» Estimation of percent recovery of real samples and demonstration of
quantitative sample analysis: Percentage recovery of spiked, actual standard
medication into a sample grid which includes no analyte is evaluated.
Optimization to reproducibility of recuperation from test to test must have
appeared. It is not always essential to get 100% restoration so far as the outcomes

are reproducible to perceive with a high level of assurance.!

Validation

Validation is a thought that has developed in the U. S. in 1978. The idea of validation has
extended during that time to grasp an extensive variety of activities from analytical
approaches utilized for the quality control of medication to computerized systems for clinical
trials, marking or process control, validation is established on, however not endorsed by
regulatory specifications and is best seen as a critical and necessary part of current good
manufacturing practice (cGMP).

The phrase validation basically implies for evaluation of validity or activity of demonstrating
viability. Validation is a workforce effort where it entails humans from various departments
of the plant. Validation is needed for any new or amended technique to confirm that it is
capable of giving consistent and reliable results, once utilized by different operators using
similar instrumentation within the same or completely different laboratories.” Validation is

an important component of quality assurance; it includes the efficient investigation of
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systems, facilities, and procedures aimed toward deciding if they execute their planned

capacities sufficiently and reliably as determined.

Validation should in this way be considered in the accompanying circumstances:

e Completely new procedure.

e Latest equipment.

e Procedure and equipment which have been adjusted to suit altered needs and,

e Procedure where the finished result test is a poor and undependable marker of product

quality.!

Important stages in validation

The action identifying with validation studies can be categorized mainly into three stages:
Stage 1

This includes pre-validation qualification stage which covers all exercises identifying with
product studies and improvement, formulation pilot batch testing, scale-up research,
exchange of innovation to business scale groups, setting up stability conditions, and
managing of in-process, finished pharmaceutical formulations, qualification of equipment,

master documents, and process limit.™!

Stage 2
This involves process validation phase. It is intended to check that every installed limit of the
vital process parameter is substantial and that satisfactory products can be created even below

the worst situations.[*!

Stage 3

It is also called as the validation maintenance stage, it requires constant review of all
procedure related archives, including validation of the review reports, to guarantee than
modifications, departure, failures, and alteration to the production procedure and that all
standard operating procedures (SOPs), involving change control procedures, had been
observed. At this phase, the approval team involving people representing all essential
departments also guarantees that there have been no Modifications/deviations that ought to

have brought about requalification and revalidation.™
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Validation is classified into following types:

Equipment Process Analytical Method Cleaning
Validation Validation Validation Validation

Prospective

Validation

Installation
Qualification

Operational Cfln_ﬂll'r_em
Qualification Validation
Retrospective
Validation

Fig. 2: Validation types.™

Performance
Qualification

A

Equipment validation

>

The key concept of validation is to provide a high degree of reported confirmation that
the equipment and the procedure conform to the written guidelines. The degree (or
intensity) is dictated by the complexity of the device or system. The validation should
give the essential data and test methods required to give that the device and technique
meet determined prerequisites. Equipment Validation includes the following:

Installation qualification (1Q): 1Q guarantees all crucial processing, packaging system,
and ancillary items are in compliance with the installation. It checks that the equipment
has been established or installed as per the manufacturer’s suggestion during a systematic

way and positioned in surrounding appropriate for its meant purpose.[*”

Installation qualification points include

Equipment layout character that is the material of construction clean ability and many
others.

Installation situations like wiring, functionality, utility and so forth.

Calibration, preventative protection, cleansing plans.

Safety characteristics.

Supplier documentation, prints, illustrations, and hand operated.

Software documentation.

Enlist the spare components.

Environment-related conditions like clean room necessities, humidity, and

temperature.™
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Operational qualification (OQ): OQ performed to give a high level of degree of affirmation

that the equipment works as proposed.*”

OQ concerns consist of:

e Process control limits like temperature, time, and stress, line velocity, found out
conditions, and so on.

e Software parameters.

e Crude material details.

e Process operating methods.

e Material managing necessities.

e Process change control.

e Training.

e Short-term balance and capability of the technique.

e The use of statistically valid procedures inclusive of screening examinations to optimize

the technique is often utilized throughout this stage.™

Performance qualification (PQ): PQ checks that the device is repeatable and it's uniformly

producing a top quality item.!*"

PQ concern consists of:

e True product, procedure parameters, and process found out in OQ.
e Adequacy of the merchandise.

e Guarantee of technique ability as built up in OQ.
e Process repeatability, prolonged process stability.[*!

Process validation

The process validation is a component of the coherent prerequisites of a quality management
system.™ Process Validation is the most essential and perceived parameters of current good
manufacturing practices. The objective of a quality system is to produce items that are
matched with their proposed use uniformly. Process approval is a key component in

guaranteeing that these standards and objective are met.

Process validation is reported evidence which gives a high level of affirmation that a
particular procedure will produce a product meeting its determined prerequisites. It mainly

involves the following.®!
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Prospective validation: It is described as the well-known reported program that a device

does what it indicated to do based on pre-planned protocols. This validation is normally

performed previously for distribution both of a newer item or item made under a revised

production process.!*?

In this validation, the protocol is accomplished before the procedure is placed into industrial

use.l®!

Prospective validation ought to incorporate, however, not be limited to the subsequent:

Short depiction of the procedure.

Summary of the important processing steps to be evaluated.

Equipment/facilities list is to be utilized (involving calculation, observing/recording
equipment) collectively with its calibration status.

Finished dosage forms for discharge.

List of analytical techniques, as suitable.

Proposed in-process controls with specification criteria.

Additional testing to be completed, with specification limits and analytical approval, as
suitable.

Sampling design.

Techniques for recording and assessing outcomes.

Functions and obligations.

Proposed timetable.[**!

Concurrent validation: It is same as prospective validation with the exception of the
working firm, will offer the product at the time of qualification runs, to the society at its
market cost, and furthermore like retrospective validation. This type of validation
includes in-process observing of vital processing steps and product checking out. This

helps to supply and reported proof to demonstrate that the manufacturing technique is

during a condition of control.'?

This approval includes in-process observing of essential processing steps and product testing.

This creates and recorded proof to demonstrate that the production procedure is in a condition

of the control.
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e In remarkable conditions, it might be acceptable not to finish the validation program
before routine manufacturing begins.

e The choice to complete simultaneous approval must be supported, archived and accepted
by authorized personnel.

e Documentation prerequisites for simultaneous validation are similar as designated for

prospective validation.™

Retrospective validation: It is characterized by the established reported confirmation that a
system does what it implies to do on the audit and investigation of historical data. This is
accomplished by the survey of the ancient manufacturing testing information to demonstrate
that the procedure has always remained in control. This kind of approval of a procedure for
an item already in distribution. Retrospective validation is adequate for well- established
procedures and will be wrong where there have been current modifications within the

composition of the product, working methods or device.!*!

Few basic components of retrospective validation are:

e Batches are produced for a definite duration (last 10 successive batches). The number of
lots discharged every year.

e Batch size/strength/producer/year/period.

e Master manufacturing/packaging files.

e Current particulars for active ingredients/finished materials.

e List of process deviations, corrective actions, and modification to production archives.

e Data for stability study for a few batches.[**]

Revalidation: Revalidation gives the proof that modifications in the procedure, as well as the
procedure condition that are presented don't unfavorably influence process attributes and
product quality. Organizations, facilities, equipment and methods which include cleaning,
ought to be periodically assessed to affirm that they stay valid. Where no remarkable
modifications have been made to the approved status, a review with proof that facilities,
organizations, equipment and procedures address the recommended necessities satisfies the

need for revalidation.!**
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Revalidation becomes vital in specific circumstances. Few of the modifications that require

validation are mentioned below:

Modifications in crude materials.

Modifications in the equipment.

Modifications in the source of active crude material producer.

Alteration of packing material.

Modification of the procedure.

Modifications inside the plant/facility.

A selection is no longer to carry out revalidation studies have to be completely justified

and reported.[**]

Analytical method validation

Validation of an analytical approach is established through laboratory research, that the

execution attributes of the procedure meet the necessities for the proposed scientific

application. Validation is required for any new or altered procedure to verify that it is fit for

giving predictable and dependable outcomes, once used by various administrators by usage of

comparable instrumentation inside the similar or absolutely distinct laboratories.

[14]

Method validation is a reported program that offers with that the processing system will give

a high level of affirmation to meet its predicated acceptance basis.

It consists of mainly five different steps which are as follows:

» Qualification of the system: System qualifications permit to check that the instrument is

appropriate for the planned investigation, the materials are appropriate to be used in
analytical judgments, the analysts have the correct instruction, capabilities, and foregoing
documentation such as analytical inclusive of analytical approaches, proper authorized
protocol with pre-set up standards have been reviewed. On the off chance that the general
qualifications of a device are overlooked, and trouble arises, the source of the issue will
be hard to recognize.[**!

Sampling: Sampling assists in the choice of a representative part of the fabric which is
along these lines subjected to evaluation. The selection of a suitable sampling technique is
of significant importance since it gives assurances that the sample chose is really
illustrative of the material as a whole for the purpose of important statistical inferences.

Inside the statistical literature, there is a considerable collection of work on sampling
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techniques, anyway the relative expenses and time engaged with every technique ought to
be assessed ahead of time.**)

» Preparation of sample: Preparation of the sample is a key component to
effective method validation. It has been mentioned that sample planning
represents 60 to 80% of the work action and working expenses in an investigative
lab. The literature on the preparation of the sample is enough and properly
documented. In any case, the investigator ought to recall that the choice of a
particular preparation technique relies upon concentrations of analytes, sample
matrix, size of the sample and the instrumental method.**

» Analysis of sample: The evaluation is associated with the instrument utilized to
extract qualitative or quantitative data from the samples with an adequate
vulnerability level. The investigation could be predictable, in a great sense, as the
device has 3 interconnected fundamental components, namely input, converter,
and output. The input and output are assigned by the letters x and y, and they
represent the concentration and response individually. The selection of a specific
analysis depends on many considerations, for example, the chemical properties of
the analytical species, the concentration of the analytes in the sample, sample
matrix, speed, cost, and so forth.[**

» Assessment of data: The essential reason behind information assessment is to
outline and pick up knowledge into a specific informational index by utilizing
numerical and statistical techniques. Data assessment permits extracting valuable
data and reaching inferences about the inputs and outputs, and in particular about

the validation procedure in general .[**]

Cleaning validation

Cleaning validation is a reported proof with a high level of confirmation that can uniformly
clean a system or equipment to already determined and specification criteria. Cleaning
approval may be a reported procedure that demonstrates the efficacy and consistency in
cleaning pharmaceutical production equipment. The goal of cleaning approval is to see the
viability of the cleaning system for the expulsion of product deposits, degradants, additives,

excipients, or cleaning agents and in a the control of potential microbial contamination.

It is vital to validate cleaning techniques for the following motives:

e Pharmaceutical products and active pharmaceutical ingredient (API) can be contaminated
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by other products and microbes.

It is an administrative prerequisite in pharmaceutical product manufacture the worry is the
same-guarantee that the equipment is properly clean and safety and quality is kept up.

It is likewise guaranteed from an inside control and consistency perspective the quality of
manufacture.

To protect product integrity.

To reuse the equipment.[6*7]

Necessity for cleaning validation

To check the viability of cleaning techniques and to make sure that no risks are related

to cross-contamination of API or detergents.

Cleaning validation protocol

The goal of the validation procedure.

Obligations regarding performing and endorsing the validation study.

Equipment details.

The interval between the end of production and the start of the cleaning
techniques.

Cleaning methods to be utilized for every product, each manufacturing device or
each piece of equipment.

The quantity of the cleaning cycle to be performed continuously.

Routine checking equipment.

Sampling techniques, including the basis for why a specific sampling technique is
utilized.

Clearly defined sampling areas.

Information on recovery studies, where suitable.

Analytical techniques including LOD and LOQ.

The acceptance criteria, along with including the method of reasoning for setting

specified limits.[*®

Importance of validation

Assured high quality.
Time boundation.

Optimization of the method.
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e Minimum batch product failure, enhanced efficiency, manufacturing, and
productivity.

e Quality cost decreased.

e Rejection decreased.

e Yieldincreases.

e Fewer complaints about process related issues.

e Fast and realistic start-up of new equipment’s.

e Increased worker consciousness of the process.!

Validation parameters

The main aim of method validation is to produce proof that the method will what it is
supposed to do, accurately, reliable and consistent. The validation parameters as per ICH
guidelines are described below:

» Accuracy: Accuracy is expressed as the nearness of agreement between the values found
and values that are already available. It can also be defined as the closeness between the true
value and the observed value. It is sometimes called as trueness, and it could be determined
by using at least 9 determinations over a minimum of 3 concentrations over the specified
range.l'!
Accuracy of prochlorperazine maleate (PRO) and betahistine hydrochloride (BET) was
studied by the quality addition method at three different levels (50%, 100%, and 120%). A
known amount of drug was added to the pre-analyzed sample and percentage recovery
calculated. When this method was used for accuracy, the recovery was found to be 99.38%
for betahistine hydrochloride and 99.11% for prochlorperazine maleate.2”

For the concurrent determination of nitazoxanide and ofloxacin accuracy was studied by the
standard addition method at five different levels (50%, 75%, 100%, 125%, and 150%). The
results indicate that the recoveries were observed to be within the range of 80% to 120%,
therefore, the tactic is accurate.*!

Accuracy of paracetamol was studied by preparing standard solution of different
concentrations (10, 35, 55 ug/ml) and injected to check the % recovery. The percent recovery

of the drug was found in the range of 98.8 to 102.0% respectively for all concentrations.??

> Precision: The exactness of an analytical procedure expresses the nearness of agreement
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(degree of scatter) between a group of measurements obtained from different sampling of
a uniform sample underneath the prescribed conditions.!”®! Precision may be taken into
consideration at 3 levels:

e Repeatability: It expresses the exactness below a similar operating condition over a brief
interval of time and also referred as intra-assay precision. A minimum of six replicates
test preparation of a similar or consistent sample ready at the 100% check."

e Intermediate precision: It expresses the exactness under inside research laboratories, in
distinct days, through distinct analyst, on distinct instruments/equipment. Two different
analysts each preparing six sample solutions, as per specified method.?>

e Reproducibility: It refers to the precision between different analytical labs. Every
research facility set up an aggregate of six sample solutions, according to the analytical

technique.?”

The precision of prochlorperazine maleate (PRO) and betahistine hydrochloride (BET)
method decided by interday and intraday variation (% RSD). Intra-day precision was
performed by analyzing standard drug solutions within the calibration range, three times on
the same day. Inter-day precision was performed by analyzing drug solutions within the
calibration range on three different days over a period of seven days. The low % RSD values
of interday (1.02 to 1.48% for BET at 252.9 nm and 0.67 to 0.82% for PRO at 260.15 nm)
and intraday (0.77 to 1.09% for BET at 252.9 nm and 0.27 to 0.61% for PRO at 260.15 nm

variation for BET and PRO, revealed that the method is precise.[?”

For simultaneous estimation of nitazoxanide and ofloxacin precision performed by injecting
six replicates of a sample prepared from commercial tablets and assay was calculated to work
out the repeatability of retention time and a peak area of standard and samples. The
percentage relative standard deviation (% RSD) values for the area of nitazoxanide and
ofloxacin were 0.44 and 0.2% and RSD values for a retention time of nitazoxanide and

ofloxacin were 0.44% for both the drugs.’

The precision of paracetamol was checked by injecting a solution of 80 pg/ml for six times in
same days, different days, and in a different time interval on the same day. The % RSD was

found to be less than 3%, which showed good precision.??

» Specificity: For every stage of development, the analytical technique should demonstrate

specificity. The technique was should have the facility to unequivocally assess the analyte of
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interest whereas within the presence of all expected parts, which may encompass degradants,

excipients/sample matrix, and sample blank peaks.’

Specificity was performed to determine the retention time of each drug in a mixture and in
the sample. The retention time of standard drugs individually was determined, and it was
found to be 3.750 min and 1.533 min for nitazoxanide and ofloxacin and retention time of
both drugs in the standard mix was found to be 3.760 min for nitazoxanide and 1.542 min for
ofloxacin respectively.’!

Limit of detection (LOD): Lowest quantity of an analyte which may be detected by the
chromatographical separation however it is not necessary that this quantity will quantify as a
precise value. A blank resolution is injected and peak to peak quantitative noise relation we
have to calculate from blank chromatograms. Then, calculate the concentration at the signal
to quantitative noise relation is concerning 3:1.

LOD can be expressed as LOD = 3.3SD/S

Where, SD = variance of response, S = Slope of calibration curve.?”

The LOD value of betahistine hydrochloride (BET) and prochlorperazine maleate (PRO) is
0.29pg/ml and 0.34pg/ml respectively.?”

LOD of the paracetamol was studied by the signal to noise ratio, and the result was found to

be 120ug/ml.1?

Limit of Quantitation (LOQ): It is characterized by the least quantity of an analyte that can
be quantified with exactness and precision.
LOQ can be communicated as LOQ = 10SD/S

Where SD = variance of response, S = Slope of calibration curve.!
The LOQ value of betahistine hydrochloride (BET) and prochlorperazine maleate (PRO) is

0.957pg/ml and 1.12pg/ml respectively.?”

LOQ of the paracetamol was studied by the signal to noise ratio, and the result was found to
be 360ug/ml.?4

Some usual techniques, methods for the assessment of LOD and LOQ are as follows:

e Visual inspection,
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e Signal to noise ratio,
e Standard deviation of the blank, and

e Regression line at low concentrations.?”

» Linearity: Linearity may be characterized as the capacity of an analytical
technique to produce outcomes which are directly related to the concentration of

an analyte in the.l*"!

Standard solution of betahistine hydrochloride (BET) and prochlorperazine maleate
(PRO) was taken in a 10 ml volumetric flask and diluted with 0.1 N HCL to get the
final concentration in the range of 4 to 24pg/ml for BET and 3 to 18ug/ml for PRO.
Prepared six times in this calibration range and absorbance determined at the
respective wavelength for each drug alone. The results show good linearity between
absorbance and concentration in the prescribed concentration range for both the
drugs.[*!

For simultaneous estimation of nitazoxanide and ofloxacin linearity perform as five
different concentrations of standard mixtures prepared, 50%, 75%, 100%, 125%,
150% were injected, and chromatogram was recorded. The correlation coefficient
was calculated and was observed to be greater than 0.99 for both the drugs which are

within the limit.[24

The linearity of paracetamol was performed by preparing different concentrations
(6.25, 12.5, 25, 50, and 100ug/ml) from a stock solution of 10 mg/ml. The solution of
20 pl was injected into column three times. Linearity of paracetamol was found in the

concentration range of 6.25-100ug/ml with a correlation coefficient of 0.999.1%

» Range: It can be characterized as the interval amongst upper and lower quantities
of analyte in the sample. Minimum of the specified range to be 80% to 120% of
the test sample for the assay test.!

» Ruggedness: Ruggedness is the degree or measure of reproducibility under
different situations such as in different laboratories, different analyst, different

machines, environmental conditions, operators etc.!*?
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In the simultaneous estimation of nitazoxanide and ofloxacin, ruggedness was

performed by different analyst and in different laboratories in different days to

checks for any variation in the chromatography. The % RSD for area and retention

time was calculated for determination.!?

» Robustness: It is characterized by the level of ability of an analytical technique, to stay
similar by minute purposely change in the technique parameter. The different technique
parameters which can be modified in high-performance liquid chromatography are pH,

drift rate, the temperature of the column and mobile phase composition.t*!

In the simultaneous estimation of nitazoxanide and ofloxacin, the robustness of the proposed
method verified by to perform analysis under variable flow rates. The flow as per the
developed method is 1.5 ml/min. Slight change in flow rate is 1.3 ml/min and 1.7 ml/min and
chromatogram recorded. Due to a slight change in the flow rate of method shows good results

and remain unaffected by that minute change. So, we can say that the method is robust.!?%

For robustness of paracetamol, small modification in the flow rate, % of acetonitrile and pH
of the mobile phase, the method remains unaffected and % RSD value obtained are

approximately near.’??

» System suitability parameters: System suitability test is used to check the
sensitivity, resolution, and reproducibility of the chromatographic system are well
for the analysis to be done. The factors mainly used in system suitability are

tailing factor, a number of the theoretical plate, retention time, resolution, etc.[*

Table 1: Acceptance criteria of system suitability parameters.

S. No. | Parameter name Acceptance criteria Reference
1. Tailing Factor <2
2. Number of theoretical plate >2000 35
3. Resolution >1.5
4. RSD <2

e Tailing factor (T): It is defined as the distance between the front edges of the
peak to the back edge of the peak divided by twice of the front edge of the peak.
T = (X+Y)/2X
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detector response

Fig. 3: Tailing factor.l*®
Where X = Front edge of the peak and, Y = Back edge of the peak.l**

e Capacity factor (K)): It can be expressed as how many times the analyte is retained

with respect town retained compound. It is denoted by the symbol k.

{:Fa'f?uh:r k

Fig. 4: Capacity factor.®

It can be calculated as:
K= (tR—t0)/t0

Where tx is the retention time of the peak and t0 is the column dead time.[?"!

It is mainly utilized to examine the efficiency of the column. It can be expressed as:

N = 16(tx/W)°
Where tg is the retention time and W is the width at the base of peak.*

e Retention time (Tr): It is the time of elution of the peak after injection of the compound.
The retention time of compounds will vary depending upon:
Temperature of the column, Composition of solvents, Nature of stationary used and, Pressure

used."
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e Resolution (R): It is the measure of separation power of the complete chromatographic
system. Resolution can be defined as the ratio of the distance between two peak maxima
to the mean value of peak width from its baseline.

R = 2[(tR) A-(tR) B]/WA+WB

Where, tR1 and tR2 are retention time of second and first compounds, respectively.®

Peak Resolution
(tyhy
(t)s

£

High Resolution %
— ), Al |% B

&
w.ll wl

Fig. 5: Resolution.

In the simultaneous estimation of nitazoxanide and ofloxacin, system suitability parameters
was checked by injecting five injections of standard mixed solutions and two injections of the
sample. The % RSD of both the drugs is less than 0.2%.12!

CONCLUSION

This article gives an idea that what is validation, its types, why it is necessary, how to
develop a method and how to carry out the validation procedure to demonstrate that the
technique is able for its proposed reason. All validation parameters such as linearity, LOQ,
LOD, Range, specificity, robustness, ruggedness and system suitability are defined well with
examples of certain drugs. Validation is a necessary technique in the Pharma department, and
it is used to assure that the quality is worked into the procedures supporting the development
of drug and production.
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