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Abstract 

Creating quality standards, creating processes, and offering training are all part of quality assurance (QA). auditing and 
ongoing surveillance. guarantees that, in order to continuously produce high-quality products, all stages of the product 
development life cycle from planning to production and maintenance—follow efficient procedures.[1] Methods like 
Processing Analytical Technology (PAT) and Quality by Design (Q50) improve control and clarity when developing 
dosage forms. The goal of quality control (QC) is to find variations or flaws in the finished product through testing and 
inspection.[3] Activities include conducting product testing, checking manufactured goods, testing software for faults, 
and frequently performing instrumental analysis at the conclusion of it. Both are essential for guaranteeing the quality, 
safety, and effectiveness of pharmaceutical products, but they take different approaches. [4] QC is concerned with 
identifying and fixing flaws prior to product release, whereas inspection is usually carried out during the inspection 
phase, often during production, even if the product satisfies predetermined specifications. [6] The FDA, USFDA, WHO, 
MHRA, TGA, and CDSCO are among the regulatory agencies that have documentation, validation, certification, and 
calibration requirements. [8] Pharmacopeia standards compliance guarantees that pharmaceutical dosage forms, 
instruments, and processes are safe and effective.[10] Validated techniques, including Thin Lap Chromatography (TIC), 
High-Performance Liquid chromatography (HPLC meter), UV-Visible spectroscopy, and potentiometry, are used in the 
instrumental analysis of product to enforce guidelines and produce safe and effective results. [11] The significance of 
QA and QC in preserving openness and enhancing safety management systems is demonstrated by case studies on 
patent analysis and pharmaceutical audits. [ 14] For instance, the commonly used medication paracetamol, which is 
mild to pain, shows therapeutic efficacy.[2] But excessive dosage can cause serious harm or even death, which 
emphasizes the necessity of strict quality standards.   

Keywords: Quality Control; Quality Assurance; Regularity Bodies; Analytical Analysis; Drug Qualification; Raw 
Material 

1. Introduction

QC focuses on finding and fixing flaws in the finished product, QA focuses on preventing problems through methodical 
processes. Similar rules are used in the pharmaceutical industry to maintain quality standards. 
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1.1. [15] Good Laboratory Practices (GLP) 

GLP consists of recognized guidelines for reliable laboratory data. These guidelines offer a structure for organizing and 
carrying out research while guaranteeing the accuracy and reproducibility of the findings. 

1.2. Good Manufacturing Practices (GMP) and Current GMP 

GMP regulations guarantee reliable production and product quality assurance. Strong systems for planning, observing, 
and overseeing manufacturing processes and facilities in accordance with quality requirements are emphasized by GMP. 

1.2.1. [17] ICH CSEM Guidelines 

Guidelines on City (0) Safety (5) May and Multidisciplinary (M) aspects of pharmaceutical development are provided by 
the International Council for Harmonization (ICH). With a focus on quality,   aims to standardize requirements for 
worldwide drug registration in order to guarantee high-quality, safe, and effective medications. 

1.2.2. [16] Analysis of Materials 

In sectors like pharmaceuticals, this procedure is essential for confirming that raw materials fulfill precise physical, 
chemical, and microbiological requirements. Material analysis preserves quality and efficacy, avoids production 
problems, and guarantees product safety. 

 

Figure 1 Quality Control and Quality Assurance 

1.3. [18] Authorities in Charge of Regulation 

1.3.1.  FDA Regulations 

Deals with medications, medical devices, biologics, food, cosmetics, and radiation-emitting goods are safe, effective, and 
secure. 

1.3.2. USFDA Regulations 

In order to guarantee the safety and efficacy of products, the USFDA establishes and enforces rules for clinical studies, 
manufacturing procedures, labelling, and advertising. 

In order to encourage evidence-based practices, the World Health Organization (WHO) creates global guidelines. WHO 
guidelines cover a wide range of information products that offer recommendations for public health policy or clinical 
practice. In order to get the best possible individual or group health outcomes, these guidelines help end users make 
well-informed decisions regarding therapeutic interventions, diagnostic procedures, or public health initiatives. 

1.3.3. [20] Records in the pharmaceutical sector 

A systematic, interdisciplinary method to developing novel drugs to address unmet medical needs is drug discovery and 
development. It involves multiple crucial phases, aided by cutting-edge technology like high-throughput drug design. 
Identification and validation of the target. Finding and identifying a biological target, illness cause, or prospective 
treatment is the main goal of this first step. 
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1.3.4. Lead Discovery 

Screening procedures are used to uncover compounds with potential drug molecules (leads). 

1.3.5. potential for therapy  

are improved to improve their pharmacokinetic, safety, and effectiveness characteristics. 

1.3.6. Preclinical Development 

Analytical and laboratory research is conducted to assess the biology, safety, and effectiveness of product. 

A crucial component of Good Manufacturing Practices (GMP), validation is a documented process that scientifically 
verifies that a system, process, method, or piece of equipment consistently produces results that meet predetermined 
quality and regulatory standards. It ensures drug safety, efficacy, and quality by confirming that processes are 
repeatable, patient risks are minimized, and regulations from organizations like the EMA are followed. 

1.4. [25] Why is validation crucial? 

1.4.1. Assures Product Quality and Safety 

It confirms that medications are regularly potent, pure, and sold for medical purpose. 

1.4.2. Regulatory Compliance 

Pharmaceutical firms must verify their procedures to adhere to international regulatory standards, such as those set 
forth by the FDA and WHO. 

 

Figure 2 Process of Validation 

1.4.3. Patient and manufacturing risk reduction 

Reduces the possibility of product recalls and possible harm to 

1.4.4. Process Consistency 

It proves that production procedures are repeatable. 

1.4.5. Stakeholder Trust 

By demonstrating a dedication to quality, a robust validation program increases credibility and trust among patients, 
healthcare providers, and regulators. 

1.5. Crucial elements of validation 

1.5.1. Documentation 

To produce unbiased, recorded proof, it entails gathering and assessing product lifecycle data. 
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1.5.2. Scientific Evidence 

The procedure demonstrated that gathering and evaluating evidence in a way that is scientifically sound can supplying 
a high-quality item Characteristics of Quality: Validation assesses important factors such dose precision, efficacy, and 
stability. 

1.5.3. Effective risk mitigation 

lowers the risks connected to industrial systems and processes. 

1.5.4. Continuous Improvement 

Validation is a continuous procedure that enables constant observation, evaluation, and 

1.6. [26] Validation types 

1.6.1. Validation of the process 

Affirms that production procedures invariably result in goods that fulfill predetermined quality standards. 

Validation of Equipment confirms that the equipment fits the standards and functions consistently. 

1.6.2. Analytical Method Validation 

Verifies the accuracy and dependability of analytical testing techniques. 

1.6.3. Cleaning Validation 

Shows that residues are successfully removed by cleaning methods, avoiding cross-contamination. 

1.6.4. Computer System Validation 

Verifies the functionality of computer systems used in quality assurance and manufacturing. 

1.7. [30] Calibration (accurately and consistently Adjustment) 

Pharmacological calibration and quality assurance Verifying and modifying the accuracy of the tools used in the 
production process guarantees consistent and trustworthy measurements, supporting patient safety and product 
quality. 
 
[35] Design Qualification (DQ), Installation Qualification (IQ), Operational Qualification (CQ), and Performance 
Qualification (PQ) are the four official phases of the industry. In accordance with industry standards and laws, these 
phases guarantee that systems and equipment are developed, implemented, upgraded, and maintained to fulfill their 
intended uses. 

A methodical, science-based approach to product creation, Quality by Design  

(Qbd) focuses on integrating high-quality goods from the outset rather than depending just on post-production testing. 
It entails establishing precise quality goals, defining the product's Critical Quality Attributes (COA), and identifying the 
Critical Process Parameters (CPP) that affect them. 

 QbD creates a design space and control strategies to guarantee consistent quality by using statistical analysis and risk 
assessment.  

This proactive approach, which is popular in sectors like pharmaceuticals, minimizes failures, lowers returns, and 
launches products on schedule. 



World Journal of Biology Pharmacy and Health Sciences, 2025, 24(01), 364-372 

368 

 

Figure 3 Quality by Design 

1.8. The Design Principle and History of Quality 

The idea behind Quality by Design (CBD) is to incorporate quality into products by means of methodical design and 
process management, rather than depending solely on post-production testing. According to the International Council 
for Harmonization (ICH) principles, specifically ICH Q8, quality must be included into a product from the beginning and 
cannot be tested into it. 

 QbD has its roots in race-back standards. Scientific research examined novel design ideas in a variety of industries, 
including computer networking and aerospace, by the 170s, when Toyota was at the forefront of this approach in the 
automobile industry, setting standards for quality in the 1980s and 1990s. The FDA emphasized the significance of QbD 
in pharmaceuticals in 2002 when it released recommendations on QbD in the context of the 21st century (GMP current 
Manufacturing Practices).  

1.9. [44] Intellectual Property 

Works of literature, art, inventions, designs, names, symbols, and pictures used in trade are all considered forms of 
intellectual property (IP). Patents, copyrights, trademarks, and trade secrets are examples of intellectual property laws 
that provide producers exclusive rights for a predetermined amount of time, encouraging innovation and creativity 
while making financial gains possible. 

1.9.1. Principal Categories of Intellectual Property 

● Patents: Protect innovations and technical breakthroughs by giving creators the sole authority to stop others 
from copying, utilizing, or selling their creations for a predetermined period of time. 

● Copyrights: Give authors the sole right to reproduce, distribute, and display their original works of authorship, 
including software, music, art, and books. 

● Trademark: Secure names, symbols, or logos that set one company's products or services apart from another 
are known as trademarks. 

1.10. [45] Investigations into pharmaceutical patents 

1.10.1. Background 

The gamma-crystalline form of an active ingredient, which was covered by a valuable Vietnamese patent that the 
European company possessed in 2015, was discovered by two Vietnamese distributors of pharmaceuticals.  
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This was the first instance of a crystalline structure of a copyrighted substance being implicated in a patent infringement 
lawsuit in Vietnam; previously, pharmaceutical patent disputes had only involved the medicine itself. 

Vietnam's poor testing capabilities meant that X-ray diffraction investigation was used in France to evaluate the 
violation.  

A French scholar and the Research Institute (VIPR) offered expert opinions regarding the possible patent infringement.  

The court issued its final verdict on July 17, 2013, concluding that the defendant had violated the patent by 
manufacturing and selling the infringing products while the patent was in effect. The matter went to trial on October 5, 
2018. 

The defendant was directed to remove all illegal pharmaceuticals from the market and conduct a recall. 

1.11. An analysis of an audit case 

 

Figure 4 Audit Case Study 

1.12. Goals of the Audit 

Verifying conformance or determining whether the quality meets the requirements to assess how well the quality 
system in place is accomplishing the established quality goals. 

To offer tam chances to improve the quality system to guarantee adherence to legal requirements. 

To make it possible for the quality system of the audited organization to be included into a register. 

In 2017, QA and specification A were confirmed by the quality unit. But according to the product testing release 
certificate of analysis month batch of P tablets meant for market release, which was certified by the QC chiefs on 
November 13, the tablets were distributed prior to the remedy these errors, the logbook recording the January incorrect 
analytical results system suitability was deleted, according to the firm's OC analyst, reviewer, and assistant QC manager. 

This problem was resolved via logbooks for housekeeping, DA, QC, and maintenance processes. which were destroyed. 

1.13. Suggestions for Reducing Problem 

Create a strong quality control department to guarantee reliable supervision. 

Maintain accurate and comprehensive records. 
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Improve stability studies to guarantee product conformity and dependability. 

1.13.1. ALKEM Audit news 

Alkem stated that it would prepare a comprehensive report "with adequate corrective id prevents measures to address 
the US FDA Observations and send it to the FD/within the agency's stipulated timeframe," without providing any 
specifics about the findings. 

Observations regarding the Daman facility The FDA Performs an Unexpected Audit at the ALKEM Iab Daman Plant of 
Alkem Lab. 

1.14. [43] Problems with quality assurance and quality control(challenges) 

● Challenges with Regulation and Compliance 
● Integrity of Data 
● Challenges in Analysis and Testing 
● Provide the Quality of Cham Raw Material 

2. Conclusion 

On basis of Peer reviews from articles, references we can conclude that Quality by design structure, an calibration, 
validation parameters are the building blocks of our pharma industry and it has been proven by means of studies on 
various case study for the same above. 

[44] Future Extent 

The quality assurance (QA) and control (QC) sectors of the pharmaceutical business are poised for expansion due to 
digital revolution. 

Big data, blockchain, machine learning, and Al usage are changing these domains and necessitating the use of expert 
digital tools and technology. 
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