Shinde et al. / SGVU Journal of Pharmaceutical Research & Education, 2025, 10(1), 1083-1105

ISSN: 2456-4508

Review Article JPRE

SGVU Journal of Pharmaceutical Research & Education

Journal homepage: http://www.gyanvihar.org/researchjournals/

Analytical Method Validation: A Comprehensive Review of Current Practices
and Applications

Sachin S. Shinde®*, Dr. Preeti Khulbe?

1Gyan Vihar School of Pharmacy, Suresh Gyan Vihar University, Jaipur,
Rajasthan, India.
*Corresponding Author: Sachin S. Shinde
E-mail: sachinshinde1l8@gmail.com
ABSTRACT:

Analytical technique authentication is imperative in the pharmaceutical, food safety,
biotechnology and environmental monitoring industries. It makes sure that outcomes are reliable,
can be repeated and follow the necessary rules. The review examines whether current validation
practises are in line with the procedures from ICH Q2(R2), USP and EMA. The technique is
assessed by measuring accuracy, precision, specificity, detection limits and robustness to decide if
it is suitable. Due to automation, Al, ML and AQbD, the way validation is done is being updated
to make it more efficient and flexible. The review looks at matrix effects, the link between
sensitivity and specificity and the problems that come with transferring methods from one
laboratory to another. Validated techniques are used in food safety, pharmaceuticals, biologics,
and environmental monitoring to ensure that regulations are followed and to safeguard the public.
They show how chromatographic methods and lifecycle management are effectively used. The
review concludes by suggesting that worldwide unification is necessary and that using green
analytical chemistry and real-time validation can boost the progress of analytical technique

endorsement.

Keywords: Analytical quality, regulatory compliance, analytical method validation, automation,

artificial intelligence.
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INTRODUCTION:
Importance of Analytical Method Validation

Validating analytical procedures is essential for ensuring that results from pharmaceuticals, food
safety, environmental monitoring and biotechnology are accurate and reliable. It demonstrates that
the method is suitable for the job by proving it is reliable, can be used again and follows the rules
set by the EMA (2017).

Validated analytical approaches are necessary for drug expansion, quality control and sending
results to regulators in the pharmaceutical industry. Method validation ensures that drugs are safe,
operative, and of high quality (Guy, 2014) and is a main topic in the ICH guidelines, especially
Q2(R2). The USP and EMA entail those analytical approaches be thoroughly legalize to comply
with “Good Manufacturing Practice” (GMP) standards (USP, 2021; Patil & Deore, 2024).

The use of validated analytical procedures makes it easier to comply with regulations, improves
how the lab works, reduces errors, and lowers risks. Because of this, these methods are useful for
global operations and are becoming more important as industries use automation and Al. This
means that there is a rising need for flexible and powerful validation approaches to keep up with

new analytical needs (Umoh et al., 2024).

The ICH Q2 (R2) guideline discusses what should be considered when validating 2 analytical
procedures in registration applications for the ICH regulatory authorities. The document elucidates
how to design and assess the authentication tests for every analytical method. This standard
compiles a list of terminology along with definitions. These definitions and terminology are
intended to help clarify the discrepancies that frequently occur between different ICH member

regulatory agency compendia and papers.

Plan for strategy validation: assessment of current expansion or validation data supported by
arguments. Extra tests and analysis using Q2 (standard) technique or a different strategy supported

by evidence.
Experiments and/or evaluation of data, Authentication protocol
Validation report:

Document authentication findings and data:
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Assessment in contradiction of acceptance criteria or parameter variations

Conclusions and receiving of analytical processes performance and ICH Q14, ICH Q2 guideline

with AP Lifecycle management

Table 1: Reportable ranges for common uses of analytical procedures

Utilization of an analytical | Low end of reportable High end of reportable

process range range

Assay of a drug substance or | 80% of declared content or | 120% of declared content or

a finished (drug) product 80% of the lower 120% of the upper
specification limit specification limit

Potency Lowest specification Highest specification
acceptance criterion -20% acceptance criterion +20%

Content uniformity 70% of declared content 130% of declared content

Dissolution testing Q-45% (immediate release) | 130% of the declared content

of the dosage form strength, | of the dosage form
first measurement timepoint,

or QL (modified release)

Impurity testing Reporting threshold 120% of the specification

limit

Purity testing (as area% %) | 80% of the specification | 100% of the specification

limit limit

Validation across an analytical procedure’s lifecycle:

The analytical procedure can require changes at some point during its lifecycle. Sometimes,
revalidation of part or all of the qualification is necessary. Science and risk-based ideas can help
decide if a performance characteristic should be revalidated. The amount of revalidation 90
depends on how the change affects the analytical performance characteristics. A subset of

validation studies is frequently carried out when moving analytical processes to a new facility.
ESSENTIALS FOR THE VALIDATION OF ANALYTICAL METHODS:

Key necessities for Analytical System Validation
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Analytical method authentication is, planned progression that checks the presentation of analytical
tools to ensure they are appropriate for their intended tasks. The evaluation checks that the methods

are accurate, reliable, and meet all regulations.
USP Standards:

The United States Pharmacopeia (USP) gives directives for analytical method validation using
“General Chapter <1225>: Validation of Compendial Procedures”. The chapter describes essential
parameters for validation of analytical approaches for submission to the USP-NF. It is consistent
with ICH Q2(R2), covering important topics like robustness, quantitation limit, accuracy, linearity,
range, detection limit, precision, and specificity (USP, 2021).

USP points out that you should run test samples through the system before starting any analysis.
They are carried out to check if the system is working properly, measure its sensitivity, resolution,
and ability to repeat results for the needed analysis.

EMA AND OTHER REGIONAL GUIDELINES:

The EMA has ensured that the “ICH Q2(R2)” recommendation is applied in all European Union
countries. This way of working shows how EMA member states collaborate to check analytical

methods.

Besides the ICH regions, some regulatory authorities have made their validation guidelines to suit
their local needs. They are designed using the main ideas from ICH Q2(R2) and assist in addressing

the unique needs of the industry.
KEY PARAMETERS IN ANALYTICAL METHOD VALIDATION:

The procedure of assessing different presentation features to prove that a procedure is suitable for
its envisioned use is known as analytical process authentication. Among the crucial features

evaluated during authentication are:

Accuracy: This quantifies how well test discoveries resemble an identified concentration sample's
actual value. To approve that the technique can precisely quantify the analyte in samples, accuracy
must be guaranteed (ICH, 2024).
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Precision: The consistency of consequences when a procedure is utilized repeatedly on several

samples of a homogeneous substance is referred to as precision. Among them are:

-Repeatability: The consistency of findings over a brief period under the same operating

situations.

-Intermediate Precision: The repeatability of outcomes in a single lab, taking into account

differences in equipment, analysts, and days.

-Specificity: This describes how well the method can quantify the analyte even when there are
contaminants, degradants, and matrix components present. Accurate identification and

interference-free quantification are guaranteed by a highly specific approach.
Detection Limit (LOD) & Quantitation Limit (LOQ):
-LOD: The minimum analyte concentration that is noticeable but not always computable.

-LOQ: The lowest amount of a substance that can be measured accurately and precisely with a
quantitative method. These criteria are necessary for techniques that focus on finding and

measuring small amounts of analytes.
Linearity & Range:

-Linearity: The capability of a methodology to yield outcomes that are unswervingly connected
to the concentration of analytes within a specific series.

-Range: The range, from the lowest to the highest, of analyte concentrations that are quantifiable
precisely, linearly, and accurately. These features, which include higher-than-expected

concentration levels, ensure that the results are accurate.

-Robustness: Robustness assesses the methodology’s presentation even in the presence of small,
deliberate adjustments to the analytical parameters. It contributes to defining critical elements that
are Organizable to assure approach reliability when used regularly.

System Suitability Testing: They check aspects of the system, for example, resolution,
“repeatability and signal-to-noise ratio,” and this can be done either before or while examining the
sample. System suitability studies should be done regularly and whenever a technique is validated
(USP, 2021).

1087



Shinde et al. / SGVU Journal of Pharmaceutical Research & Education, 2025, 10(1), 1083-1105

r.A Detection Limit & Quantitation
LGJJ . .
—~ Limit

” ( \

Repeatability ? LOD

Intermediate Precision @ LOQ
] Analytical
O Method
[ System Suitability Testing @ J Validation [ % Linearity & Range J
Resolution ~— Linearity

Signal-to-Noise Ratio Ranee

Figure 1: Key Parameters for Analytical Method Validation
SPECIFICITY, SELECTIVITY, LINEARITY, AND RANGE
Specificity and Selectivity:

If impurities, degradants, or excipients are found, an analytical method’s specificity refers to how
well it quantifies the target analyte. The ability of the method to tell apart the analyte from

molecules that are chemically or structurally similar is called selectivity, and it is tied to specificity.

The specificity of a pharmaceutical formulation is checked by observing the reaction of the
technique to the analyte and considering that degradation products or excipients might interfere.
Chromatographic methods that successfully separate closely related chemicals, such as high-
performance liquid chromatography (HPLC), offer significant specificity. Additionally, coupling
chromatography with mass spectrometry has further enhanced specificity in intricate matrices
(Rial, 2024).

Linearity and Range:

Analytical results that stay exactly proportionate to analyte concentration within a given range are

evaluated for linearity. It is typically evaluated using a calibration curve that plots analyte
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concentration against instrument response. A strong linear relationship is demonstrated when the

correlation coefficient (R2) exceeds 0.99.

The range refers to the period of concentration where the technique produces accurate, precise,
and linear results. This interval is typically defined within twice the detection limit. Methods with
broader ranges are particularly valuable for applications requiring both low- and high-
concentration analyte detection (Li et al., 2020). Recent advancements, such as weighted
regression models, have been explored to recover linearity valuations, particularly for low levels

of analytes where heteroscedasticity could impact measurement accuracy (ICH Guideline, 2022).

SYSTEM SUITABILITY, ROBUSTNESS, QUANTITATIVE LIMIT, AND DETECTION
LIMIT:

Limit of Detection (LOD) and Limit of Quantitation (LOQ):

LOD means the lowest amount of an analyte that can be found, but not always measured accurately
and precisely. In contrast, LOQ is the minimum concentration measurable accurately and

precisely.

Usually, the “signal-to-noise ratio” method is employed to analyze LOD and LOQ, where LOD is
3:1 and LOQ is 10:1. In environmental and pharmaceutical work where detecting small amounts
of analytes is required, these parameters play a key role (USP, 2021). With the help of UHPLC

and LC-MS/MS, it is now much easier to detect and measure low-level analytes (Rial, 2024).
Robustness:

Robustness refers to how much an analytical method can keep its accuracy and precision when
there are small, intentional changes in pH, flow rate, and temperature. It guarantees that the method

works well in regular situations.

In robustness testing, you change only one parameter at a time and keep the others unchanged to
check how the method responds. In HPLC, small changes to the mobile phase or the column
temperature can show how well the method will perform under different conditions. Using better
analytical methods means you need to revalidate them less often, which saves resources in regular
analysis (Li et al., 2020).

System Suitability:
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To ensure that the system is operating correctly, system suitability tests (SSTs) are conducted
either before or during method validation. Among the primary factors taken into account are

retention duration, theoretical plates, resolution, and tailing factor (USP, 2021).

System appropriateness ensures that the results are accurate, regardless of the chromatographic
method used, and guarantees the system can be trusted and used again. The USP advises that SST
be performed regularly to keep the quality and accuracy of analytical results. SST assessments are
done regularly to ensure the system is always performing well and to reduce the chances of

technical failures.
VALIDATION APPROACHES AND STRATEGIES:
One-Time Validation vs. Continuous Validation:

In this phase, the procedure is checked only once to confirm it meets the necessary criteria by
comparing it to four important parameters. The method does not take into account that equipment
and the environment can change over time which may eventually influence reliability (Daksh &
Goyal, 2020).

On the other hand, Analytical Quality by Design (AQbD) suggests checking and observing the
procedure throughout its entire time in use. With this approach, labs can maintain their quality and
catch any changes as soon as they happen (Bairagi et al., 2024). When performance of analytical

systems and processes changes, it is very useful to keep validating them.

The process of validation involves making a method, getting approval and sending it. Every action
must be carefully recorded and important decisions made to ensure the regulations are met. This

method supports thorough analysis and can be modified when industrial needs change.
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Figure 2: Workflow for Analytical Method Validation Process (Bretnall & Clarke, 2011)
FAILURE MODES AND EFFECTS ANALYSIS (FMEA):

To discover where an analytical process could fail, “Failure Modes and Effects Analysis (FMEA)”
is applied. FMEA allows you to focus on important actions that reduce risks and make a method
more reliable by considering severity, how often something occurs and how easily it can be

detected.

FMEA helps labs predict issues and design more dependable and effective methods during
analytical validation. This strategy helps the analysis become more precise and the procedures are

made better (Bairagi et al., 2024).
Problems that arise during the validation of analytical methods.

Because accurate and reliable results are essential, analytical method validation is necessary in
pharmaceuticals, environmental monitoring and food safety. Even so, there are some things that

can make results less accurate and reliable such as variations in equipment and methods, issues
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with difficult samples and the trade-off between sensitivity and specificity. Moving methods from
one lab to another is often difficult because they might have to be modified to keep the results
correct. Fixing these issues helps create methods of data analysis that are dependable, repeatable,

and standardised.
Variability in Instrumentation and Techniques:

A major issue in analytical method validation is that results can differ between various instruments
and methods. How instruments are used, maintained, and their differences can bring about
different results. If calibration, detector sensitivity, or temperature are not correct, the results from

the analysis may not be accurate or precise (Szopa et al., 2002).

The problems can be minimized if you regularly check and maintain the equipment. SOPs ensure
that each instrument and person gives the same results. Before beginning analysis, System
suitability assessments are carried out to check the instrument’s performance and reduce the risk

of errors.
Matrix Effects in Complex Samples:

When substances in a sample change the signal for the target analyte, it is called matrix effects.
This problem is commonly found in complex matrices such as biological fluids, environmental
samples and food products. If substances are found in the same elution peak in mass spectrometry,

their ions might either enhance or decrease each other’s signals, leading to incorrect findings.

To avoid matrix effects, treat your samples with care and try to make your method better. Using
SPE, LLE and matrix-matched calibration, we can reduce the effect of interference. By separating
the sample using chromatography before detection, the method becomes more precise and accurate

because it reduces the chance of mixed detections (Kruve et al., 2008).
Balancing Sensitivity and Specificity:

It is frequently challenging to find the right balance between sensitivity and specificity when
testing how accurate an analytical method is. Detecting very small amounts of analytes is
important, but it might lead to false results due to other chemicals (Szopa et al., 2002).

To solve this problem, developers of analytical methods adjust the detection settings and choose

the best techniques to improve the accuracy of their results. Using MS/MS gives structural details
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about compounds to prevent any interference. Also, making small changes to chromatographic

process, it becomes easier to obtain accurate and reliable results (Bjarnadottir & Flengsrud, 2014).
Handling Method Transfers Between Laboratories:

It is not always easy to ensure that analytical methods are the same and can be used again in other
laboratories. The outcome of the method can be affected by differences in equipment, the
environment and the person carrying out the test. Whether required by regulations or for joint
studies, a validated method should always give the same outcomes in different conditions (Huber,
2010).

Having a clear protocol with important parameters and acceptance criteria is necessary for
successful transfers of methods. Because of these studies, differences between laboratories are
detected and solved, so the results are more accurate and reliable. In addition, when everyone is
trained in the same way and uses the same materials, the method can be used consistently in various

testing situations (Ermer & Nethercote, 2014).

EMERGING TRENDS AND INNOVATIONS IN ANALYTICAL METHOD
VALIDATION:

Because of new technologies and rules, analytical method validation is now quicker, more accurate
and follows all required standards. The way validation is carried out is changing thanks to

automation, Al, machine learning and Quality by Design.
Automation in Method Validation:

Automation is now commonly used in analytical method validation to prevent mistakes, make sure
the results are always the same and make the process faster. Automated systems are more efficient
and reliable at doing the same tasks repeatedly such as sample preparation, method improvement
and data analysis (Lee & Webb, 2008).

Researchers rely on robotic systems that deal with liquids and are managed by software to test
various methods and confirm their accuracy. Because of strict guidelines, it is necessary to quickly
and accurately validate processes in pharmaceutical and biotech industries. Also, by constantly
watching and collecting data, any unexpected changes can be found right away which improves

the accuracy of analysis (Khandagale et al., 2024).
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Use of Artificial Intelligence and Machine Learning:

Automating tasks and using data modelling and predictions with Al and ML is changing the way
analytical methods are verified. They help ML models forecast the results of changes in variables

on a strategy. For this reason, fewer tests are used in experimental trials (Olawade et al., 2024).

These platforms use Al to look for trends in data, decrease the chance of errors in predictions and
highlight unusual outcomes. With overlapping peaks in samples, Al together with chromatography
and spectroscopic techniques helps to improve peak detection. Furthermore, Al-based adaptive
validation allows for real-time changes to methods which demonstrates both flexibility and

agreement in analytical validation.
QUALITY BY DESIGN (QBD) AND ANALYTICAL QUALITY BY DESIGN (AQBD):
Quiality by Design (QbD) Approach

Analytical technique development and validation are completed in advance, rather than being
checked later in the QbD approach. With QbD, the characteristic is built into the process at the

start, not checked later and it follows the International Council for Harmonization’s (ICH) rules.

The main goal of QbD is to create a TMP and to identify the CMPs that affect the process. By
knowing these factors, researchers can create methods that are more dependable and stable
(Chiarentin et al., 2024). QbD also makes use of DoE to test several variables together and find

the best method conditions.
Analytical Quality by Design (AQbD) Applications:

To ensure that techniques are dependable, powerful and appropriate over time, Analytical Quality
by Design (AQbD) applies QbD concepts during analytical validation. AQbD uses risk and science
guidelines and “Failure Modes and Effects Analysis (FMEA)” to find problems in analytical
methods (Sathuluri et al., 2024).

AQDD is especially valuable because it goes well with the idea of continuous validation. With this
strategy, we can see how the method behaves, so the outcomes remain dependable when the
samples, instruments or conditions are different. When lifecycle management is given priority,
AQbD makes it easier to follow regulations and reduces the frequency of revalidations (Lee &
Webb, 2008).
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Figure 3: Quality by Design (QbD) Approach in Analytical Method Validation (Vogt &
Kord, 2011)

APPLICATIONS ACROSS INDUSTRIES:

Validating analytical methods is crucial for ensuring data correctness, dependability, and
regulatory compliance in a variety of businesses. Although its fundamentals stay the same,

validation adjusts to the particular difficulties and demands of every industry.
Pharmaceutical Industry:

Throughout the process of developing, making, and controlling drugs, validated analytical
methods are essential. They are used to measure APIs, check for signs of drug degradation under
stress, and confirm the dissolution rate needed for the drug to be effective. It is important that
method validation follows GMP guidelines established by the ICH, FDA, and EMA in 2005, as
not doing so can lead to problems with regulators, recalls, or delays in bringing the product to
market (Chiarentin et al., 2024).

Biologics and Biosimilars:

Biologics and biosimilars are difficult to validate because the molecules they contain are very
complex. To identify the structure, check for modifications, and find impurities, it is necessary to
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employ methods like capillary electrophoresis and liquid chromatography-mass spectrometry (LC-

MS). Furthermore, immunogenicity testing and potency assays need to be

thoroughly validated to check for their biological activity and safety. Because biosimilars are
becoming more widely accepted, strict testing guarantees they are the same as the original

biologics (Gyorgypal, 2023).
Food and Beverage Industry:

Food safety, finding contaminants, and confirming the authenticity of products all depend on
validated analytical methods. GC and LC-MS are the main methods used to detect pesticides. Both
chromatographic and spectroscopic methods are employed to confirm the legitimacy of olive oil
and honey. Besides, accurate measurement of vitamins, minerals, and nutrients in food requires
validated methods that help maintain honest labelling and follow food regulations (Kruve et al.,
2008).

Environmental Monitoring:

Validated processes are used in environmental testing to find pollutants, ensure rules are followed,
and protect the public. They are needed to find small amounts of heavy metals and pesticides in
drinking water and wastewater. GC-MS is often used to measure the amounts of VOCs and various
air pollutants. If there were no validated techniques, it would be hard to evaluate the environmental
impact of industry and keep the environment balanced (Bjarnadéttir & Flengsrud, 2014; Sathuluri
etal., 2024).

Analytical method validation is required in every industry to ensure safety, reliability, and
compliance. Since rules are becoming stricter and science is advancing, validation methods must

also adapt to the new challenges in analysis.
CASE STUDIES AND BEST PRACTICES IN ANALYTICAL METHOD VALIDATION:
Successful Validation of Chromatographic Methods:

Common methods for analysing mixtures are GC and HPLC. HPLC validation is very useful in

pharmaceutical work, mainly for checking active pharmaceutical ingredients (APISs).
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Olawade et al. (2024) demonstrated how to authenticate an HPLC technique for a medicinal

product that comprises both ibuprofen and paracetamol. The procedure was assessed for:

Accuracy “recoveries within 98-102%"

Precision “relative standard deviation < 2%

Specificity “no interference from excipients”

Robustness “minimal impact from pH and flow rate variations”
The lawful method met the ideals set by the ICH Q2(R2) guidelines.

Another case study shows how GC techniques are used to detect volatile organic compounds
(VOCs) in environmental monitoring. VOCs in industrial effluents were studied using a GC-MS
technique. Because the LOD was 0.1 ppm, the technique was found to be reliable and suitable for

following regulations.
HANDLING ANALYTICAL METHOD LIFECYCLE MANAGEMENT:

Methods should be reliable from start to finish during their entire use. AQbD guides you through

managing a product, making sure you watch it and review it frequently.

Looking at the stability-indicating HPLC technique for an anti-diabetic medicine showed that
frequent checking and updates are needed to prevent changes from environmental or instrument
factors. It was demonstrated that using control charts made it easier to detect trends and changes

in the data during regular analysis.

For lifecycle management to be successful according to ICH Q12, it is important to use strong
documentation and risk assessment practices. They help maintain compliance with regulations and

prevent extra efforts to revalidate methods, so the results are always reliable.

FUTURE PERSPECTIVES AND RESEARCH DIRECTIONS:

Gaps in Existing Performances:

Even with major progress in validating analytical methods, some problems are still unresolved.

A significant problem is that there are no standardised rules for different industries worldwide.
ICH Q2(R2) offers a valuable framework, but because regulations differ in different regions, this

1097



Shinde et al. / SGVU Journal of Pharmaceutical Research & Education, 2025, 10(1), 1083-1105

can result in doing the same validation more than once, making things more complicated and costly
(Olawade et al., 2024). Moreover, a lot of laboratories depend on manual tasks, which can lead to
mistakes and inefficiency. Not using Al and machine learning very much limits the ability to

predict problems and deal with new validation issues ahead of time.

Matrix effects are another problem that often affects complex samples in LC-MS analysis. Such
effects often change the way analytes respond, so much effort is needed to optimise and validate
the process. A lack of standard methods to address matrix effects may cause the results from

different biomedical samples to be unreliable and difficult to compare.
Opportunities for Innovation:

New solutions are appearing thanks to new technologies and frameworks in dealing with the
challenges of creating and validating analytical methods. Al and ML are expected to improve
experimental design, predict the success of different methods, and find the main factors with the
least amount of experimentation. Also, predictive analytics allows issues to be spotted early, which

increases both the accuracy and efficiency of the approach.

Using AQbD gives you a great opportunity to follow a full lifecycle process for validation. Because
there is a greater need for immediate and on-site analysis, AQbD has started to rely on biosensors

and microfluidics (Chiarentin et al., 2024).

Green analytical chemistry is making it easier to practise sustainable validation. Adopting eco-
friendly practices and substances, laboratories can still obtain accurate results (Sathuluri et al.,
2024).

Analytical method validation is essential to confirm that findings are precise and consistent in
many sectors. It gives the foundation for obeying regulations, ensuring Products and procedures
are high-quality, safe, and efficient. It is recommended to use well-known frameworks such as
ICH Q2(R2), USP, and EMA during validation.

Although automation, Al, and AQbD can help simplify validation and make it more flexible, there
are still some problems. It is important to manage matrix effects, make the test sensitive and

specific, and ensure that results are the same in different laboratories to keep improving. As more
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emphasis is placed on validated techniques in food safety, medicines, biologics, and environmental

monitoring are crucial for preserving public health.

Going forward, addressing today's issues and adhering to new rules will require utilizing green
analytical chemistry, extending AQbD concepts, and incorporating Al-driven predictive analytics.
Analytical validation is now reliable and trustworthy because of worldwide coordination and

ongoing innovation to maintain standard, effective, and sustainable methods.
CONCLUSION:

Reliable and accurate results in many industries depend on the authentication of analytical
procedures. It is the main element in confirming that goods and procedures are high-quality, safe,
and efficient. The review points out that following strict guidelines such as ICH Q2(R2), USP, and
EMA is necessary, as these guidelines explain how to check accuracy, precision, and robustness

in validation.

Thanks to automation, Al, and AQbD, technology now provides many chances to improve how
validation is done and make it more flexible. Yet, some persistent problems exist, such as matrix
effects in difficult samples, the balance between sensitivity and specificity, and maintaining the

same results when transferring methods between labs.

The significance of validated methods for public health has increased as they are now widely used
in food safety, biologics, medicines, and environmental monitoring. To handle existing issues and
follow new rules, laboratories should use green analytical chemistry, apply AQbD more broadly,

and rely on Al-based prediction.

In the present day, the strength and accuracy of analytical methods are maintained by global

cooperation and ongoing progress, so they can support the changing needs of the industry.
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