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Abstract  

The pharmaceutical manufacturing industry operates in a challenging environment, guided 

by continuous improvement, characterized by high quality standards and regulatory 

compliance. While the industry faces some fundamental obstacles like increasing competition, 

rising R&D (research and development) costs, and changing dynamics of business; AI, a 

disruptive yet efficient option- can drive the manufacturing processes by way of enhancing 

efficiency, quality, and safety all-around. This article provides a holistic view of the profound 

AI influence in pharmaceutical manufacturing with five major applications: predictive 

maintenance, process optimization, quality control, drug discovery, and regulatory 

compliance. Using R&D data and industry statistics, this review considers how AI 

applications, e.g., machine learning, robotics, and computer vision, can change existing 

processes and bring about innovations in the pharmaceutical field. Encounters with issues 

such as data quality, explainability, and regulatory compliance are ways through which AI 

can be overcome to also reveal all it is capable of. The results show that AI integration in 

pharmaceutical generation is capable of providing production efficiency and drug quality 

improvement and speed up the procedure of drug development and global patient' care on a 

professional level.  

Keywords:  Pharmaceutical manufacturing, artificial intelligence, AI, efficiency, quality 

control, predictive maintenance, process optimization, drug discovery, regulatory 
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Introduction  

The pharmaceutical manufacturing industry encompasses a vast array of processes involved 

in the production of medications, from drug discovery and development to formulation, 

production, packaging, and distribution. Regulated strictly by the quality standards and 

compliance requirements of the pharmaceutical industry, the efficacy and safety of the drug 

could be ensured. The pharmaceutical sector is a multifaceted stage with R&D laboratories, 

manufacturing plants, distribution networks, and supply chains. Innovation is the major fuel 

that drives the pharmaceutical industry, allowing it to advance by creating new drugs that 

close treatment gaps (Kalyane et. al, 2020). Pharmaceutical manufacturers are beset with 

various problems emanating from the competition, enhanced research and development 

expenditure, regulatory barriers, and dynamic market environment (Lodhi et al., 2022; 

Vijayan et al., 2021). However, The pharmaceutical industry faces unique hurdles in 

producing the drugs that patients all over the world need and which are designed to further 

clinical studies and economic development.  

Efficiency, quality, and safety are paramount in pharmaceutical manufacturing because they 

directly impact patient health outcomes, regulatory compliance, and overall industry 

sustainability. Efficiency implies that a pharmaceutical product is manufactured at the right 

time, simultaneously satisfying market demand and reducing expenses (Kolluri et al., 2022). 

Efficient manufacturing strategies would allow companies to introduce medications into the 

market faster, thus covering important health needs and broadening patients' access to key 

medications (Alowais et al., 2023). High regulatory standards on purity, potency, and 

consistency cannot be violated in pharmaceutical manufacturing, but quality cannot be 

sacrificed. It is critical to keep high-quality standards to protect the patient's safety, prevent 

adverse effects, and preserve the confidence of healthcare professionals and consumers 

(Pazhayattil & Konyu-Fogel, 2023). Agencies like the FDA and EMA ensure that 

manufacturers adhere to quality control measures, Good Manufacturing Practices (GMP), 

and other regulatory demands. Security is vital in pharmaceutical manufacturing for 

safekeeping of workers as well as consumers from harmful chemicals, contaminants and 

other risk factors during the production process (Kulkov, 2021). Effective workplace safety 

protocols and training programs reduce on-the-job accidents, contamination incidents, and 

other safety-related risks, creating a safe working environment for employees and providing 
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patients with high-quality drugs.  

The role of artificial intelligence (AI) in revolutionizing manufacturing processes in the 

pharmaceutical industry is multifaceted and transformative. Artificial intelligence (AI) 

technologies involving machine learning, natural language processing, and robotics have 

found applications in several aspects of drug development. They can perform better, be more 

productive, and innovate more than prior approaches. AI can also be used for process 

optimization, wherein deep learning algorithms go through large amounts of manufacturing 

data and examine the patterns, trends, and chances for improvement. Balancing parameters 

like temperature, pressure, and reaction time, AI promotes productivity, reduces waste, and 

minimizes the cost of production (Lodhi et al., 2022). Besides, predictive maintenance systems 

employ AI to continuously monitor engine health in real-time, leading to failure detection 

before the actual occurrence of failure, thus minimizing downtime. In this way, 

pharmaceutical producers can perform continuous production programs steadily and 

provide high-quality and safe goods. AI revolutionized quality control through fast and 

accurate inspection of pharmaceutical products for defects, contaminants, and deviations 

from prescribed specifications (Kolluri et al., 2022). There are AI systems that can rely on 

image recognition and computer vision tools to analyze the visual data from the production 

processes to detect any irregularities and comply with the regulations in place (Pazhayattil & 

Konyu-Fogel, 2023). In addition, AI technologies are undergoing modifications in 

manufacturing culture through automation of basic tasks, minimizing error rate, and 

increasing overall productivity. The adoption of AI in the manufacturing process by 

pharmaceutical companies helps them achieve high operational excellence along with 

product quality that strictly follows the regulations, which finally leads to the success of the 

industry ecosystem in the long run.  

This article aims to provide a comprehensive overview of the application of artificial 

intelligence (AI) in pharmaceutical manufacturing facilities. It demonstrates AI's ability to 

increase productivity, quality, and safety at different stages of the production process. The 

article demonstrates how AI is reshaping pharma manufacturing through the review of the 

challenges of the pharmaceutical industry now, the discussion of the role of AI technologies 

in handling these challenges, and the presentation of case studies and examples of AI 

implementation. Moreover, the article aims to explore regulatory concerns, ethical 
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considerations, and future possibilities for AI application in pharmaceutical manufacturing, 

offering experts and industry players some guidance on utilizing AI to spur innovation and 

boost patient outcomes.  

Artificial Intelligence and Pharmaceutical Manufacturing 

In pharmaceutical manufacturing, the reliable equipment operation is crucial for maintaining 

production schedules and ensuring product quality. Lodhi et al. (2022) infer that AI-based 

predictive maintenance systems utilize sensor data, machine learning, and advanced 

analytics in real-time to forecast equipment health and detect potential failures before they 

happen. Through investigation of the patterns in equipment operation data like temperature, 

vibration, and pressure, AI algorithms can find anomalies and patterns which are precursors 

of imminent equipment failures (Ka & Zhang, 2023). The preemptive approach to 

maintenance saves unplanned downtime, decreased maintenance costs, and extended 

lifetime of critical devices in pharmaceutical plants. It is to improve the operational efficiency 

of production and profitability.  

AI is vital in optimizing manufacturing processes and automating repetitive tasks to improve 

efficiency and productivity. Machine learning algorithms extrapolate data from various 

sources, such as production sensors, laboratory analysis, and historical records, to identify 

optimization opportunities and adjust process parameters (Paul et al., 2020). AI algorithms 

can optimize parameters like temperature, pressure, and reaction time, which in turn 

increases process efficiency, reduces cycle times, and manifests minimum waste generation. 

Moreover, AI-driven automation solutions conduct such activities as data entry, document 

processing, and inventory management for human workers, making the latter available for 

more strategic and value-added operations (Kolluri et al., 2022). Pharmaceutical 

manufacturers can attain higher efficiency, consistency, and quality in their plants using 

process optimization and automation.  

Maintaining product quality and compliance with regulatory standards is paramount in 

pharmaceutical manufacturing. Artificial intelligence aids a pharmaceutical hub's quality 

control and quality assurance processes by facilitating the speedy yet accurate detection of 

anomalies, impurities, and discrepancies (Kolluri et al., 2022). AI-enabled inspection systems 

analyze visual data from the manufacturing processes, such as tablet appearance, packaging 
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integrity, and label accuracy, to match the quality standards and identify defects (Kassekert 

et al., 2022). Through the automation of quality control mechanisms and the real-time 

detection of defects, AI assists pharmaceutical manufacturers in minimizing the instances of 

product recalls, scrappage rates, and reputation for satisfying patients with safe and effective 

drugs.  

AI is powering whole new drug development and formulation approaches by expediting 

research and development processes, optimizing drug candidates, and predicting drug 

properties with greater precision. Machine learning models process large volumes of 

biomedical, chemical, and medical data to determine the drug targets, design new molecules, 

and predict their drug characteristics. High-speed AI-driven virtual screening is now used to 

select new classes of lead compounds with the desired biological activity. In contrast, AI-

assisted QSAR (Quantitative structure-activity relationship) models are used to predict drug 

properties such as solubility, permeability, and toxicity (Sharma et al., 2023). Through AI-

based drug invention and making, pharmaceutical companies can cut the time and the cost 

of producing new drugs, treat currently unanswered medical issues, and enhance patient 

results.  

AI technologies are changing the supply chain and logistics landscape in pharmaceutical 

enterprises by improving inventory management, demand forecasting, and distribution. 

Machine learning systems can forecast the demand for pharmaceutical products based on 

historically obtained sales data, trends of the market, and external factors (Lodhi et al., 2022). 

Through more precise forecasting of the demand, pharmaceutical companies can keep the 

optimum inventory levels, avoid stockout situations, and save on excess inventory carrying 

costs. Artificial Intelligence (AI) driven logistics solutions can effectively plan routes and 

schedule vehicles and transport modes to ensure timely and cost-effective delivery of 

pharmaceutical products to customers and patients (Kassekert et al., 2022). Due to artificial 

intelligence in supply chain management and logistics, manufacturers of pharmaceutical 

products can increase operational efficiency, lower costs, and raise customer satisfaction 

levels, thus making the business more competitive in the global market.  

 

Current Challenges in Pharmaceutical Manufacturing  
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Ensuring the highest quality control and assurance standards is a paramount challenge in 

pharmaceutical manufacturing. Due to the rigorous requirements of regulatory bodies and 

the expectation that therapeutic products are effective and safe, pharmaceutical companies 

need to guarantee this is done using reliable quality control systems during manufacturing 

(Kulkov, 2021). The difficulties encountered are the detection and prevention of 

contamination, accurate dosing and proper formulation, and consistency of the product 

quality from batch to batch. Furthermore, as pharmaceutical products get more sophisticated 

and precise, the need for quality control becomes more influential (Sharma et al., 2023). 

Consequently, advanced analysis tools, instruments, and technologies will be needed to make 

the manufacturers follow these regulations and fulfill the patients’ expectations in terms of 

safety and effectiveness.  

Regulatory compliance is the top challenge facing the drug manufacturing industry because 

it deals with the intricate framework of the regulations and directives set by the FDA, EMA, 

and other global regulatory agencies. Major drug-producing companies should strictly follow 

GMP (Good Manufacturing Practices), GLP (Good Laboratory Practices), and other quality 

systems in their operations to assure the safety, efficacy, and quality of their products 

(Kulkov, 2021). The rules compliance is associated with the production of detailed reports and 

hard tests also as it forces the implementation of rigid rules and regulations. Overstepping 

the regulations may bring about product recalls, fines, legal liability, or reputational harm. 

The results show that as a part of a good compliance strategy, it is also vital to have 

regulations that are not only proactive.  

Maximizing production efficiency and optimization is important for increasing production 

capacity and lowering costs while staying competitive in a dynamic industry environment. 

The pharmaceutical manufacturing of the most effective production is difficult due to the 

complexity of the process, changes in raw materials, and the existence of regulatory 

requirements (Visan & Negut, 2024). Challenges are minimizing cycle times, reducing waste 

generation, augmenting resource utilization, and increasing overall equipment effectiveness 

(OEE). Investments in cutting-edge technologies, including automation, robotics, and data 

analytics, are crucial for the pharmaceutical industry to expedite production and increase 

usability while adhering to quality standards and regulatory requirements.  

Drug development and formulation is the most challenging part for pharmaceutical 
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companies because of the huge cost, highly time-consuming, and risky nature of bringing 

new drugs to market. Some challenges include target identification, molecule design, 

formulation optimization for stability and bioavailability, and compliance with regulatory 

requirements (Sharma et al., 2023). Drug discovery and development are a research effort that 

unites scientists, doctors, engineers, regulatory authorities, and the tools aiming to screen, 

synthesize, and preclinical tests. Furthermore, drug makers have to deal with the upcoming 

problems in drug development like individualized medicine, precise dosing, and the 

manufacturing of biologics and gene therapies that demand new methods and technologies 

(Visan & Negut, 2024). Development and formulation of drugs illustrate the constant hurdles 

the manufacturers of pharmaceutical products need to overcome, necessitating further 

investments in research, innovation, and collaboration to bring new and effective remedies to 

patients. 

Artificial Intelligence for Pharmaceutical Manufacturing Facilities  

Predictive maintenance, powered by artificial intelligence (AI), is revolutionizing how 

pharmaceutical plants manage their equipment and assets. Utilizing sophisticated data 

analytics and machine learning algorithms, AI-based predictive maintenance systems 

examine in-time data from sensors, equipment logs, and previous maintenance records in a 

way that enables them to forecast equipment failures before they occur (Sharma et al., 2023). 

Hence, through these systems, it is possible to sense early signs of malfunction, for instance, 

vibratory abnormality, high temperature, or parts of equipment being worn; hence, 

maintenance teams can be sent to replace the parts or schedule repairs before the breakdown 

takes place. With scheduled maintenance instead of unexpected breakdowns and fewer risks 

of equipment failure, this AI-based predictive maintenance helps pharmaceutical plants to 

increase processing and operating efficiency while the possibility of quality issues becomes 

fewer (Kolluri et al., 2022). In addition, by lengthening useful lives and reducing maintenance 

costs of critical assets, predictive maintenance enables the highest possible return on 

investment in the pharmaceutical industry. Also, this capability supports businesses to be an 

advantage and to achieve growth.  

AI-based instant process optimizations make it possible for pharmaceutical companies to 

adjust dynamically and adaptively to respond to variable conditions and production 

requirements. AI algorithms use the data from the sensors, production indicators, and 
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environmental factors in real time to detect improvements or production optimization 

possibilities (Kolluri et al., 2022). The AI algorithms monitor vital real-time process 

parameters like temperature, pressure, and flowrate to detect deviations from the optimal 

conditions. AI algorithms then will autonomously regulate the process settings to eliminate 

waste and increase efficiency. Thus, quality is guaranteed. In addition, AI-governed operation 

optimization systems can study and examine production data to find correlations and 

patterns not distinguished by the human operators, leaving the companies with progressed 

processes that will maximize their performance and productivity (Lu et al., 2023). AI for real-

time process optimization can be implemented in pharmaceutical production facilities where 

operational excellence can be achieved by spending less on inputs.  

Quality control and assurance are paramount in pharma production, and AIs have changed 

how companies guarantee the quality and integrity of their medicinal products. AI-

implemented inspection systems are equipped with computer vision, image recognition, and 

machine learning methods, which help them evaluate visual data generated during the 

production processes and identify defects, anomalies, and discrepancies from specifications 

(Kolluri et al., 2022). They can examine the packages, labels, and dosage forms for the 

imperfection of products and find contaminants, foreign particles, or issues with the product's 

appearance. AI-enabled inspection systems that automate the inspection process and catch 

mistakes during production help manufacturers minimize the likelihood of a product recall, 

thus cutting scrap rates and complying with regulatory principles (Paul et al., 2020). In 

addition, their characteristic of rapid quality control checks can increase production efficiency 

and productivity, leading to lower costs and supply chain advantages for pharmaceutical 

manufacturers. 

Integrating artificial intelligence (AI) in drug discovery and formulation processes is 

revolutionizing the pharmaceutical industry by accelerating innovation and improving drug 

development efforts' efficiency and effectiveness. AI technologies like machine learning, deep 

learning as well as natural language processing are currently in use to analyze large-scale 

biochemical and clinical data to discover new drug targets, design completely novel drug 

molecules, and predict their pharmacological properties (Kalyane et al., 2020; Vijayan et al., 

2021). Moreover, pharmaceutical companies can use AI algorithms to analyze complex data 

sets and find patterns and relationships that human researchers cannot pinpoint. As a result, 
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the time necessary for identifying lead compounds with desired therapeutic effects and 

improving formulations concerning stability, bioavailability, and effectiveness is shortened. 

Additionally, the AI-powered virtual screening methods enable scientists to quickly sift 

through a huge collection of compounds and look for those best suited for drug-like 

properties (Paul et al., 2020). By applying AI in drug discovery and formulation, drug 

companies can reduce the time, cost, and risk related to new drug development and patient 

care. Almost eliminating the unmet medical needs and improving treatment outcomes.  

Regulatory Considerations and Compliance  

The deployment of AI in the pharmaceutical industry comes with important regulatory 

issues, especially concerning organizations like the FDA and other international 

organizations for drug regulation. Thus, the regulations suggest AI applications in different 

pharmaceutical manufacturing operations (e.g., quality control and process optimization) 

and drug development (Yadav et al., 2024). The FDA issued a guidance on computer software 

assurance and data integrity to recommend that the AI systems used in the pharmaceutical 

industry should be reliable, accurate, and secure. On the other hand, regulations could 

mandate the manufacturer to perform validation tests, carry out risk assessments, and 

determine the performance of AI technologies before they are applied in the production line 

(Ka & Zhang, 2023). By actively implementing the rules and regulations involving the 

regulatory authorities, producers will comply with the regulation, and thus, the risks of 

recalls, fines, and legal issues will be minimized.  

Data integrity and security are some of the main considerations when it comes to AI-driven 

processes applied in pharmaceutical manufacturing to protect personal information, preserve 

the trust of proprietary data, and block any unauthorized access or manipulation of data. AI 

technologies are data-intensive, applying large amounts of data from different sources such 

as production systems, laboratory instruments, and patient records to train machine learning 

algorithms and make proper decisions (Ka & Zhang, 2023). As a result, data integrity and 

security must remain to follow the regulations, respect the patient's privacy, and avoid data 

breaches and cyberattacks. Pharmaceutical companies should focus on designing data 

management protocols, encryption techniques, and access controls strong enough to preserve 

data integrity and security during the lifecycle of AI, which includes data acquisition, 

preprocessing, model training, and deployment. Companies must undertake frequent audits, 
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risk assessments, and vulnerability scanning to detect and minimize security threats and 

vulnerabilities in AI-driven systems (Yadav et al., 2024). By giving importance to data 

integrity and security, pharma companies obtain the confidence of regulators, healthcare 

professionals, clients, and AI-driven processes in pharma manufacturing. 

There are present unique challenges in terms of regulatory compliance. One con is that there 

are no well-drawn regulatory forums and prescriptions particular for AI technologies, so 

there are no clarity and ambiguity issues involving the rules and the expected qualities. 

Besides that, the high speed of technology evolution and improvements may get ahead of the 

regulatory standards. Hence, regulatory lag and compliance gaps may occur, too (Kalyane et 

al., 2020). Pharmaceutical companies must tackle these challenges head-on by proactively 

interacting with regulators, industry stakeholders, and tech experts to develop guidelines, 

standards, and best practices for applying AI technologies in drug manufacturing (Vora et al., 

2023). Through working in partnership with regulators and adopting emerging technologies 

such as blockchain and federated learning, drug developers can solve regulatory challenges, 

increase compliance, and use AI-driven solutions to the maximum to drive innovation and 

enhance patient results in the pharmaceutical sector.  

 

Discussion  

The table below shows the findings on AI applications in Pharmaceutical manufacturing. 

 

Sector AI Technologies Used  
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Applications Limitations/Challenge 

Sector AI Technologies Used Applications Limitations/Challenges 

Predictive 

Maintenance 

Machine Learning, 

Predictive Analytics 

Monitoring 

equipment health, 

predicting failures, 

scheduling 

maintenance 

Dependency on 

accurate data, Initial 

setup costs, Integration 

with existing systems 

Process 

Optimization 

Machine Learning, 

Robotics 

Optimizing process 

parameters, 

Automating tasks, 

Improving 

efficiency 

Complexity of 

manufacturing 

processes, 

Interpretability of AI-

driven decisions 

Quality Control 

and Assurance 

Computer Vision, 

Machine Learning 

Inspecting products 

for defects, 

Ensuring 

compliance with 

standards 

Training data quality, 

Adaptability to new 

products or variations, 

Validation, and 

regulatory compliance 

Drug Discovery 

and 

Formulation 

Deep Learning, 

Natural Language 

Processing 

Analyzing 

biological data, 

Predicting drug 

properties, Virtual 

screening 

Data availability and 

quality, Ethical 

considerations, 

Validation, and 

reproducibility of 

results 

Regulatory 

Compliance 

Data Analytics, 

Regulatory Expert 

Systems 

Ensuring 

compliance with 

regulations, 

Documentation and 

reporting 

Interpretability of AI 

driven decisions, 

Keeping up with 

evolving regulations, 

and Data privacy 

concerns 

The predictive maintenance approach introduced by AI-powered systems driven by machine 

learning algorithms redefines equipment management by providing real-time monitoring of 
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equipment health status and prediction of failure before it occurs. Through the data obtained 

from sensors and the historical maintenance records, these systems aid the pharmaceutical 

plants in optimizing the production schedule, minimizing downtime, and reducing 

maintenance costs. Nevertheless, issues of relying on accurate data and high initial setup costs 

constitute major obstacles that hinder the wide implementation. In Artificial Intelligence (AI), 

process optimization is another area where AI leaves a great mark. Machine learning 

algorithms analyze huge amounts of production data in search of possibilities for adjusting 

process parameters and automation of mundane jobs. This results in faster processing, fewer 

cycle times, and less generated waste. As such, benefits come along with challenges like the 

design complexity of manufacturing systems and the interpretability of AI-powered decision-

making.  

The quality and properness of the products depend on quality assurance and control 

processes in pharma industries; AI-based inspection systems are the main key for that 

revolution. These systems developed with computer vision and machine learning can scan 

for faults in pharmaceutical products and implement production standards lightning-quickly. 

However, the quality of data, the varying products, and so on are challenges that very often 

interrupt the AI integration into the sports field. In drug discovery and formulation AI tools 

such as AI neural networks and natural language processing considerably speed up the 

development process and the drug pipeline creation. Using AI systems, including bio-data 

analysis and drug property prediction, can speed up the search for potential candidates, and 

the formulation of the drug can be refined. In short, data availability, ethics, and the 

verification of the results aroused the most questions among the respondents. Meeting 

regulatory compliance standards is one of the most important things, and AI technologies are 

used to find a way in the complex regulatory landscape. Data analytics and regulatory expert 

systems allow companies to comply with regulations and hold exact standards for the 

documents and reporting. In addition, the interpretability of AI-based decisions, keeping up 

with the development of regulations, as well as ensuring data privacy are complications that 

remain.  
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Conclusion  

AI applications in pharmaceutical production are very important to increase the industry's 

performance and enhance the production process's quality and security. From predictive 

maintenance to process optimization, quality control, computer-assisted discovery, and 

regulatory compliance, AI applications are challenging conventional ways of working and 

open up new avenues for innovation in the pharmaceutical sector. Nonetheless, data quality, 

explainability, and regulatory compliance are hurdles, but by engaging in active partnerships 

with regulators, industry players, and tech professionals, the grievances can be sorted, and 

the path to automated process success can be laid. AI can increase effectiveness, lower costs, 

and promote quality. Pharmaceutical companies may gain a competitive advantage in a 

changing marketplace through this.  

 

Future Perspectives  

The concept of the future AI in the pharmaceutical industry and the directions of the industry 

transformations appear to provide alternative ways of the industry transformation. AI 

solutions are at the cutting edge of AI technology by implementing cutting-edge deep 

learning algorithms, reinforcement learning, and generative models. This leads to more 

sophisticated data analytics, forecasting, and decision-making, which then creates a chance 

for more cost-effectiveness, precision, and the use of innovation in producing drugs. 

Integrating innovative technologies such as AI, the Internet of Things (IoT), and blockchain 

into the pharmaceutical manufacturing process signals new possibilities for transformation. 

These devices can collect real-time information from machines and processes, thus facilitating 

AI analytics and prompt decision-making. Blockchain, the technology that makes traceability, 

transparency, and reliable chain of supply stronger, will affect pharmaceuticals' integrity and 

regulatory compliance. Drug manufacturers can develop integrated systems with AI and IoT 

joining the blockchain, improving the production, regulation, and quality control process.  

The effect of AI in the pharmaceutical world is not only comprehensive but also complicated 

as well. Artificial intelligence-based inventions could expedite drug discovery and 

development processes, shorten the time needed to market new medications, and improve 
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patients' outcomes using personalized medicine approaches. AI helps in achieving this by 

making the production process more productive, cost-efficient, and sustainable. Such skills 

empower pharmaceutical firms to stand out in this competitive environment. Furthermore, 

AI technology also provides data-driven decision-making and provides companies with up-

to-date information on current market dynamics and consumer behaviors which can be used 

to stay competitive. The ethical considerations and social consequences will probably 

determine how AI will be applied in pharmaceutical production in the future. The 

introduction of AI into manufacturing processes leads to the focus being directed away from 

data privacy, algorithmic bias, and job replacement. Pharmaceutical organizations have to 

emphasize ethical AI procedures such as transparency, fairness, and accountability to gain 

their stakeholders' trust and develop responsible AI adoption. Besides the societal factors like 

health and equal access to AI-provided technologies, proper attention should be paid to this 

area so the advantages would prevail over the risks.  
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