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Abstract— Artificial Intelligence (AI) has emerged as a 

transformative technology in the pharmaceutical 

industry by improving efficiency, accuracy, and speed in 

various healthcare and drug development processes. The 

pharmaceutical sector faces major challenges such as 

high research costs, lengthy drug discovery procedures, 

clinical trial failures, and complex manufacturing 

systems. AI technologies including machine learning, 

deep learning, natural language processing, and robotics 

are increasingly being used to overcome these limitations 

and optimize pharmaceutical operations. AI assists in 

drug discovery by identifying potential drug candidates, 

predicting molecular behavior, and reducing the time 

required for new drug development. In clinical trials, AI 

helps in patient selection, data analysis, disease 

prediction, and monitoring treatment outcomes with 

improved precision. AI-based systems are also widely 

used in pharmaceutical manufacturing for quality 

control, process optimization, inventory management, 

and reducing human errors. Furthermore, AI supports 

personalized medicine by analyzing patient data and 

recommending customized treatments according to 

individual health conditions. The integration of AI in 

pharmacovigilance and disease diagnosis enhances 

patient safety and improves healthcare decision-making. 

Despite its advantages, challenges such as data privacy, 

regulatory issues, high implementation costs, and lack of 

technical expertise still exist. Overall, AI plays a 

significant role in revolutionizing the pharmaceutical 

industry by accelerating drug development, improving 

healthcare services, reducing operational costs, and 

enhancing the quality of patient care.  

 

Index Terms— Artificial Intelligence, Pharmaceutical 

Industry, Machine Learning, Drug Discovery  

 

I. INTRODUCTION 

 

Artificial Intelligence (AI) is one of the most rapidly 

developing technologies that has significantly 

transformed various sectors, including healthcare and 

the pharmaceutical industry. AI refers to the 

simulation of human intelligence by computer systems 

capable of performing tasks such as learning, 

reasoning, problem-solving, decision-making, and 

pattern recognition. In recent years, the 

pharmaceutical industry has increasingly adopted AI 

technologies to improve efficiency, reduce operational 

costs, accelerate drug development processes, and 

enhance patient care. The integration of AI into 

pharmaceutical applications has revolutionized 

traditional methods of drug discovery, manufacturing, 

clinical trials, disease diagnosis, and personalized 

medicine.  

The pharmaceutical industry plays a critical role in the 

development, production, and distribution of 

medicines for the prevention and treatment of 

diseases. However, the industry faces several 

challenges such as lengthy drug development 

procedures, high research and development costs, low 

success rates of clinical trials, complex regulatory 

requirements, and increasing demand for innovative 

therapies. Traditionally, the process of discovering 

and developing a new drug may take more than ten 

years and involve billions of dollars in investment. 

Moreover, many drug candidates fail during clinical 

trials due to lack of efficacy or safety concerns. 

Therefore, there is a growing need for advanced 

technologies that can improve productivity and reduce 

the time and cost involved in pharmaceutical 

operations. Artificial Intelligence offers powerful 

solutions to overcome these limitations by enabling 

faster and more accurate data analysis, prediction, and 

automation. AI technologies such as machine learning, 

deep learning, natural language processing, robotics, 

and big data analytics are increasingly being used in 

different stages of pharmaceutical research and 

development. Machine learning algorithms can 

analyze large volumes of biological and chemical data 

to identify potential drug molecules and predict their 

interactions with target proteins. This significantly 

accelerates the drug discovery process and increases 

the probability of successful drug development. AI 

also helps researchers identify new therapeutic targets 
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and repurpose existing drugs for treating different 

diseases.  

One of the most important applications of AI in the 

pharmaceutical industry is drug discovery and 

development. AI-based systems can rapidly screen 

thousands of chemical compounds and predict their 

biological activity, toxicity, and pharmacological 

properties. This reduces the dependency on traditional 

trial-and-error methods and minimizes laboratory 

experiments. AI also supports virtual drug design and 

molecular modeling, allowing researchers to develop 

effective medicines with improved precision. During 

the COVID-19 pandemic, AI played a major role in 

vaccine development, disease prediction, and 

identification of potential antiviral drugs within a short 

period. AI is also transforming clinical trials by 

improving patient recruitment, monitoring, and data 

management. Clinical trials are essential for 

evaluating the safety and effectiveness of new drugs, 

but they are often time-consuming and expensive. AI 

tools can analyze patient records, genetic information, 

and medical histories to identify suitable candidates 

for clinical studies.  

Additionally, AI-based monitoring systems help 

researchers track patient responses, predict adverse 

drug reactions, and improve decision-making during 

trials. This leads to more efficient clinical studies and 

higher success rates.  

In pharmaceutical manufacturing, AI contributes to 

process automation, quality control, predictive 

maintenance, and supply chain management. AI-

powered robotic systems and intelligent machines help 

improve production efficiency, minimize human 

errors, and ensure consistent product quality. AI also 

supports inventory management and demand 

forecasting, which helps pharmaceutical companies 

maintain an uninterrupted supply of medicines. 

Furthermore, AI plays a vital role in personalized 

medicine by analyzing patient-specific data to 

recommend customized treatment plans based on 

genetic and clinical information. Despite its numerous 

advantages, the implementation of AI in the 

pharmaceutical industry also presents certain 

challenges. Issues related to data privacy, 

cybersecurity, ethical concerns, regulatory 

compliance, and high implementation costs remain 

significant obstacles. In addition, the lack of skilled 

professionals and standardized guidelines for AI 

applications may affect its widespread adoption. 

Nevertheless, continuous advancements in technology 

and increasing investments in AI research are expected 

to further strengthen its role in pharmaceutical and 

healthcare sectors.  

Overall, Artificial Intelligence has become a powerful 

tool in modern pharmaceutical industries by 

improving drug discovery, clinical research, 

manufacturing efficiency, and patient care. The 

application of AI not only reduces the time and cost of 

pharmaceutical processes but also enhances accuracy, 

productivity, and healthcare outcomes. Therefore, AI 

is expected to play a major role in shaping the future 

of pharmaceutical research and global healthcare 

systems.  

II. REVIEW OF LITERATURE 

 

J. Smith and R. Anderson discussed the role of 

Artificial Intelligence in drug discovery and 

development processes within the pharmaceutical 

industry. The study highlighted that traditional drug 

discovery methods are time-consuming, expensive, 

and often associated with high failure rates during 

clinical trials. The authors explained that AI 

technologies such as machine learning and deep 

learning can analyze large biological and chemical 

datasets to identify potential drug candidates more 

rapidly and accurately. The study emphasized that AI-

based computational models help predict drug-target 

interactions, toxicity levels, and pharmacokinetic 

properties, thereby reducing experimental workload 

and research costs. Furthermore, the researchers noted 

that AI significantly shortens the time required for 

drug screening and optimization. The study concluded 

that AI has the potential to revolutionize 

pharmaceutical research by accelerating the discovery 

of safer and more effective medicines. P. Sharma and 

A. Gupta presented a detailed review of the 

applications of Artificial Intelligence in the 

pharmaceutical industry. The authors described how 

AI technologies are transforming various 

pharmaceutical operations including drug discovery, 

manufacturing, clinical trials, quality control, and 

supply chain management. According to the review, 

AI systems are capable of processing large volumes of 

healthcare data with high accuracy and efficiency, 

leading to improved decision-making and reduced 

human errors. The study also discussed the role of AI 

in predicting disease progression, identifying novel 

therapeutic targets, and enhancing patient care through 
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personalized medicine. Additionally, the authors 

highlighted the advantages of AI such as reduced 

operational costs, improved productivity, and faster 

drug development. The review concluded that AI will 

continue to play a major role in modernizing 

pharmaceutical industries and healthcare systems in 

the future.  

M. Patel and S. Kumar investigated the use of machine 

learning approaches in drug development and 

pharmaceutical research. The study explained that 

machine learning algorithms can learn patterns from 

large biomedical datasets and generate predictive 

models useful for drug design and therapeutic 

analysis. Different machine learning techniques such 

as support vector machines, neural networks, and 

decision trees were discussed for predicting drug 

efficacy, toxicity, and molecular interactions.  

The authors emphasized that machine learning 

improves the efficiency of pharmaceutical research by 

reducing trial-and-error methods and minimizing 

laboratory experiments. The study also highlighted the 

use of predictive analytics in identifying potential drug 

compounds and optimizing treatment strategies. 

According to the authors, machine learning techniques 

improve accuracy, reduce research costs, and enhance 

the overall success rate of drug development 

processes.  

R. Singh and P. Verma explored the role of Artificial 

Intelligence in clinical trials and pharmaceutical 

research. The study explained that clinical trials are 

one of the most expensive and time-consuming stages 

in drug development. AI technologies help improve 

patient recruitment, clinical monitoring, data 

management, and prediction of treatment outcomes. 

The authors discussed how AI algorithms analyze 

electronic health records, patient histories, and genetic 

information to identify suitable candidates for clinical 

studies. AI-based systems also help monitor patient 

responses and detect adverse drug reactions during 

trials. The researchers found that AI improves the 

accuracy and efficiency of clinical trial management 

while reducing human errors and operational costs. 

The study concluded that AI-driven clinical trials can 

accelerate drug approval processes and improve the 

success rate of pharmaceutical research. A. Brown and 

T. Wilson studied AI-based drug repurposing 

techniques in modern healthcare systems. Drug 

repurposing involves identifying new therapeutic uses 

for existing drugs, which significantly reduces the 

time and cost required for developing new medicines. 

The authors explained that AI models can analyze 

disease pathways, molecular structures, and 

biomedical databases to identify suitable drug 

candidates for different diseases. During the COVID-

19 pandemic, AI-based drug repurposing techniques 

were widely used to identify antiviral agents and 

vaccine targets. The study emphasized that AI 

improves prediction accuracy and accelerates the 

identification of effective treatments. Furthermore, the 

researchers highlighted that AI-based repurposing 

approaches reduce risks associated with traditional 

drug discovery methods. The study concluded that AI 

plays a critical role in enhancing modern healthcare 

and pharmaceutical innovation. S. K. Sharma and N. 

Jain examined the applications of Artificial 

Intelligence in pharmaceutical manufacturing and 

quality control systems. The study discussed the 

importance of AI-powered automation and intelligent 

systems in improving manufacturing efficiency, 

reducing production errors, and maintaining product 

quality. The authors explained that AI technologies 

can monitor manufacturing processes in real-time, 

predict equipment failures, and optimize production 

parameters. AI-based quality control systems help 

detect defects and ensure consistency in 

pharmaceutical products. The study also highlighted 

the use of robotics and machine learning algorithms 

for process automation and inventory management. 

According to the authors, AI significantly improves 

productivity and reduces operational costs in 

pharmaceutical industries.  

The research concluded that AI-based manufacturing 

systems are essential for achieving high-quality 

pharmaceutical production standards. D. Lee and J. 

Kim focused on deep learning applications in drug 

discovery and pharmaceutical research. The study 

explained that deep learning models are capable of 

analyzing complex biological and chemical data more 

effectively than conventional computational methods. 

The authors discussed the use of neural networks for 

predicting molecular properties, protein interactions, 

and drug responses. Deep learning algorithms were 

found to improve the accuracy of virtual screening and 

molecular modeling in pharmaceutical research. The 

study also highlighted the role of deep learning in 

image analysis, disease diagnosis, and biomarker 

identification. According to the researchers, deep 

learning techniques accelerate drug development and 
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improve research efficiency by identifying hidden 

patterns in large datasets. The study concluded that 

deep learning has significant potential to transform 

modern pharmaceutical and healthcare applications.  

M. A. Khan and R. Ali investigated the use of 

Artificial Intelligence in personalized medicine and 

patient care. The study emphasized that AI 

technologies help analyze patient-specific information 

such as genetic data, medical history, and clinical 

reports to recommend customized treatment plans. 

Personalized medicine aims to provide targeted 

therapies according to individual patient conditions, 

thereby improving treatment effectiveness and 

reducing side effects. The authors explained that AI-

based systems assist healthcare professionals in 

disease prediction, diagnosis, and treatment 

optimization. The study also highlighted the role of 

machine learning in monitoring patient health and 

predicting disease progression. According to the 

researchers, AI improves healthcare quality and 

supports precision medicine approaches. The study 

concluded that AI-driven personalized medicine has 

great potential for improving patient outcomes and 

healthcare efficiency. V. Kumar and A. Verma 

discussed various Artificial Intelligence techniques 

used in healthcare and pharmaceutical sectors. The 

study highlighted that AI technologies such as 

machine learning, robotics, expert systems, and 

natural language processing are increasingly being 

applied in disease diagnosis, drug development, 

clinical research, and healthcare management. The 

authors explained that AI systems improve the speed 

and accuracy of medical data analysis while reducing 

manual workload and human errors. The study also 

described the role of AI in improving healthcare 

accessibility, treatment planning, and pharmaceutical 

production processes. According to the authors, AI 

contributes to better healthcare decision-making and 

operational efficiency. The study concluded that the 

integration of AI technologies in pharmaceutical and 

healthcare sectors will continue to grow due to their 

significant benefits and technological advancements. 

S. Rani and R. Hiremath explored AI applications in 

pharmacovigilance and drug safety monitoring 

systems.  

Pharmacovigilance involves the detection, 

assessment, and prevention of adverse drug reactions 

to ensure patient safety. The study explained that AI 

technologies can efficiently analyze large volumes of 

clinical reports, patient records, and healthcare 

databases to identify potential drug-related risks. The 

authors discussed the use of machine learning and 

natural language processing techniques in detecting 

adverse drug reactions and monitoring medication 

safety. AI-based pharmacovigilance systems improve 

the speed and accuracy of safety assessments while 

reducing manual analysis efforts. The study also 

highlighted that AI supports real-time monitoring and 

early detection of harmful drug effects. The 

researchers concluded that AI-based 

pharmacovigilance systems play an important role in 

improving drug safety and enhancing public 

healthcare outcomes.  

 

III. MATERIAL AND METHODS 

 

Materials  

The materials used in this study included computers 

with high computational capability, pharmaceutical 

databases, AI software tools, machine learning 

algorithms, cloud-based platforms, and biomedical 

datasets. Various AI techniques such as Machine 

Learning (ML), Deep Learning (DL), Natural 

Language Processing (NLP), and Robotics were 

considered for pharmaceutical applications. Public 

healthcare databases, drug molecular datasets, patient 

records, and clinical trial information were used for 

analysis and evaluation of AI-based pharmaceutical 

systems. 

 

Table 1: Materials Used 

S. No. Materials/Tools Purpose 

1 Machine Learning 

Algorithms  

Drug prediction and 

data analysis 

2 Deep Learning 

Models 

Disease diagnosis and 

drug discovery 

3 Pharmaceutical 

Databases 

Collection of 

biomedical data 

4 Clinical Trial Data Patient monitoring and 

analysis 

5 AI Software 

Platforms 

Model development 

and simulation 

6 Cloud Computing 

Systems 

Data storage and 

processing 

7 Robotics and 

Automation Tools 

Pharmaceutical 

manufacturing 
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Methods  

The methodology adopted in this study involved the 

collection of pharmaceutical and healthcare datasets 

followed by preprocessing, AI model implementation, 

training, testing, and performance evaluation. The 

overall process was divided into multiple phases 

including data acquisition, preprocessing, feature 

extraction, AI model development, validation, and 

result analysis.  

1. Data Collection  

Relevant pharmaceutical datasets such as drug 

databases, patient medical records, disease reports, 

and clinical trial information were collected from 

healthcare repositories and research platforms. The 

collected data included chemical structures, biological 

activities, patient histories, and treatment outcomes.  

 

2. Data Preprocessing  

The collected datasets were cleaned and normalized to 

remove missing values, duplicate records, and 

irrelevant information. Preprocessing techniques such 

as data scaling, feature selection, and encoding were 

applied to improve data quality and model 

performance.  

 

3. AI Model Development  

Different Artificial Intelligence techniques including 

Machine Learning and Deep Learning models were 

implemented for pharmaceutical applications. 

Algorithms such as Decision Tree, Random Forest, 

Support Vector Machine, and Neural Networks were 

used for prediction, classification, and analysis tasks.  

 

4. Training and Testing  

The datasets were divided into training and testing sets 

for model evaluation. The AI models were trained 

using historical pharmaceutical data and tested to 

evaluate prediction accuracy, efficiency, and 

reliability.  

 

5. Performance Evaluation  

The developed AI models were evaluated using 

different performance parameters such as accuracy, 

precision, recall, F1-score, Mean Absolute Error 

(MAE), and R² score. The results were compared with 

conventional pharmaceutical approaches to analyze 

the effectiveness of AI systems.  

 

 

6. Pharmaceutical Applications  

The AI techniques were applied in different 

pharmaceutical domains including drug discovery, 

clinical trial analysis, disease diagnosis, 

pharmacovigilance, personalized medicine, and 

pharmaceutical manufacturing. The effectiveness of 

AI systems in improving healthcare outcomes and 

reducing operational costs was analyzed.  

 

IV. RESULTS AND DISCUSSION 

 

The implementation of Artificial Intelligence in the 

pharmaceutical industry has shown significant 

improvements in drug discovery, clinical trials, 

manufacturing processes, quality control, and patient 

care. AI technologies such as machine learning, deep 

learning, robotics, and natural language processing 

have improved the speed, accuracy, and efficiency of 

pharmaceutical operations. The obtained results 

indicate that AI-based systems can analyze large 

biomedical datasets rapidly and provide accurate 

predictions related to drug efficacy, toxicity, disease 

diagnosis, and treatment planning. These technologies 

reduce manual workload, operational costs, and the 

time required for pharmaceutical research and 

development. AI-assisted drug discovery 

demonstrated better performance compared to 

conventional methods by rapidly identifying potential 

drug candidates and predicting molecular interactions. 

Machine learning algorithms improved virtual 

screening and molecular modeling processes, reducing 

the dependency on trial-and-error laboratory 

experiments. Clinical trial management also showed 

enhanced efficiency through AI-based patient 

recruitment, monitoring, and adverse drug reaction 

analysis. The use of AI in clinical studies reduced trial 

failures and improved decision-making during drug 

development. In pharmaceutical manufacturing, AI-

based automation and intelligent monitoring systems 

improved production quality and minimized human 

errors. Predictive maintenance and quality control 

systems helped ensure consistent pharmaceutical 

product standards and reduced manufacturing 

downtime. AI technologies also enhanced inventory 

management and supply chain operations by 

accurately forecasting medicine demand and 

optimizing resource utilization. AI applications in 

personalized medicine provided customized treatment 

recommendations based on patient-specific data such 
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as genetic information, medical history, and clinical 

reports. This improved treatment effectiveness and 

reduced side effects. In pharmacovigilance, AI-

supported monitoring systems successfully detected 

adverse drug reactions and ensured patient safety 

through continuous data analysis and real-time risk 

assessment 

The overall findings indicate that Artificial 

Intelligence significantly enhances pharmaceutical 

productivity, healthcare decision-making, and patient 

outcomes. However, challenges such as data privacy 

concerns, implementation costs, and regulatory issues 

still need to be addressed for broader adoption of AI 

technologies in pharmaceutical industries 

 

Table 2: Applications of AI in Pharmaceutical 

Industry 

S. No. AI Application Area Role of AI 

1 Drug Discovery Identification of drug 

candidates 

2 Clinical Trials Patient recruitment 

and monitoring 

3 Pharmaceutical 

Manufacturing 

Process automation 

and quality control 

4 Personalized 

Medicine 

Customized treatment 

planning 

5 Pharmacovigilance Detection of adverse 

drug reactions 

6 Supply Chain 

Management 

Inventory and demand 

forecasting 

7 Disease Diagnosis Prediction and early 

detection of diseases 

 

Table 3: Benefits of AI in Pharmaceutical Industry 

Conventional Method AI-Based Method 

Drug Discovery Time High 

Reduced Research Cost 

Expensive Cost-effective 

Accuracy Moderate 

High Human Errors 

More Reduced 

Data Processing Speed  

Slow Fast 

Clinical Trial Efficiency 

Moderate 

Clinical Trial Efficiency 

Moderate 

Improved Quality Control 

Manual Automated 

Patient Care  

Generalized Personalized 

 

 

V. CONCLUSION 

 

Artificial Intelligence has emerged as a revolutionary 

technology in the pharmaceutical industry by 

transforming traditional methods of drug discovery, 

development, manufacturing, clinical trials, and 

patient care. The integration of AI technologies such 

as machine learning, deep learning, natural language 

processing, robotics, and big data analytics has 

significantly improved the efficiency, accuracy, and 

speed of pharmaceutical operations. AI-based systems 

help researchers identify potential drug candidates, 

predict molecular interactions, and optimize 

pharmaceutical formulations with reduced time and 

cost. In clinical trials, AI improves patient recruitment, 

data analysis, treatment monitoring, and prediction of 

adverse drug reactions, thereby increasing the success 

rate of drug development processes. Furthermore, AI-

driven automation in pharmaceutical manufacturing 

and quality control enhances productivity, reduces 

human errors, and ensures consistent product quality. 

AI also plays an important role in personalized 

medicine by analyzing patient-specific data and 

providing customized treatment strategies for 

improved healthcare outcomes. In pharmacovigilance, 

AI supports real-time monitoring and early detection 

of drug-related risks, which contributes to enhanced 

patient safety and public health management. Despite 

several advantages, challenges such as data privacy 

concerns, high implementation costs, lack of technical 

expertise, and regulatory issues still limit the 

widespread adoption of AI technologies in 

pharmaceutical industries. However, continuous 

advancements in computational technologies and 

increasing investment in AI research are expected to 

overcome these limitations in the future. Overall, 

Artificial Intelligence has become a powerful and 

essential tool in modern pharmaceutical industries, 

offering innovative solutions for faster drug 

development, efficient healthcare management, 

improved patient care, and enhanced pharmaceutical 

productivity. The future scope of AI in 

pharmaceuticals is highly promising, and its 

applications are expected to continue expanding in 

healthcare and biomedical research fields.  

 

 

 

 



© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002 

IJIRT 205919 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8845 

REFERENCES 

 

[1] J. Smith and R. Anderson, “Artificial 

intelligence in drug discovery and 

development,” Journal of Pharmaceutical 

Research, vol. 12, no. 3, pp. 145–152, 2019. 

[2] P. Sharma and A. Gupta, “Applications of 

artificial intelligence in pharmaceutical 

industry,” International Journal of 

Pharmaceutical Sciences Review and 

Research, vol. 58, no. 2, pp. 120–126, 2019. 

[3] M. Patel and S. Kumar, “Machine learning 

approaches in drug development,” Asian 

Journal of Pharmaceutical and Clinical 

Research, vol. 13, no. 4, pp. 30–36, 2020. 

[4] R. Singh and P. Verma, “Role of artificial 

intelligence in clinical trials,” International 

Journal of Drug Development and Research, 

vol. 11, no. 1, pp. 50–57, 2020. 

[5] Brown and T. Wilson, “AI-based drug 

repurposing techniques in modern healthcare,” 

Journal of Healthcare Engineering, vol. 2020, 

pp. 1–10, 2020. 

[6] =S. K. Sharma and N. Jain, “Artificial 

intelligence in pharmaceutical manufacturing 

and quality control,” Research Journal of 

Pharmacy and Technology, vol. 13, no. 5, pp. 

2450–2456, 2020. 

[7] D. Lee and J. Kim, “Deep learning applications 

in drug discovery,” Computers in Biology and 

Medicine, vol. 117, pp. 103–112, 2020. 

[8] M. A. Khan and R. Ali, “Use of AI for 

personalized medicine and patient care,” 

International Journal of Pharmaceutical 

Investigation, vol. 10, no. 4, pp. 410–416, 

2020. 

[9] V. Kumar and A. Verma, “Artificial 

intelligence techniques in healthcare and 

pharmaceutical sectors,” Journal of Applied 

Pharmaceutical Science, vol. 9, no. 8, pp. 130–

136, 2019. 

[10] S. Rani and R. Hiremath, “AI applications in 

pharmacovigilance and drug safety 

monitoring,” World Journal of Pharmaceutical 

Sciences, vol. 8, no. 6, pp. 150–157, 2019. 

[11] P. D. Patil and S. G. Patil, “Machine learning 

algorithms for pharmaceutical data analysis,” 

International Journal of Pharmaceutical 

Research, vol. 12, no. 2, pp. 220–227, 2020. 

[12] K. Mehta and R. Sharma, “Big data analytics 

and artificial intelligence in pharmaceutical 

industry,” International Journal of 

Pharmaceutical Sciences Review and 

Research, vol. 60, no. 1, pp. 88–95, 2020. 

[13] T. Wilson and H. Carter, “Artificial 

intelligence in clinical decision support 

systems,” Journal of Medical Systems, vol. 44, 

no. 3, pp. 1–8, 2020. 

[14] N. Gupta and A. Singh, “AI-driven automation 

in pharmaceutical manufacturing,” Journal of 

Pharmaceutical Technology and Research, 

vol. 14, no. 1, pp. 55–63, 2021. 

[15] S. B. Patil, “Role of robotics and artificial 

intelligence in drug production,” Journal of 

Pharmacognosy and Phytochemistry, vol. 9, 

no. 2, pp. 1800–1806, 2020. 

[16] R. K. Patel and M. Singh, “Artificial 

intelligence for disease prediction and 

diagnosis,” International Journal of Advanced 

Healthcare Technology, vol. 7, no. 3, pp. 95–

101, 2020. 

[17] Joshi and P. Singh, “AI in pharmaceutical 

supply chain management,” International 

Journal of Research in Pharmaceutical 

Sciences, vol. 11, no. 3, pp. 3100–3107, 2020. 

[18] M. S. Ali, “Applications of natural language 

processing in pharmaceutical research,” 

Journal of Applied Pharmaceutical Science, 

vol. 10, no. 5, pp. 140–146, 2020. 

[19] R. Tiwari and S. Mishra, “Artificial 

intelligence and future trends in pharmaceutical 

industry,” International Journal of Green 

Pharmacy, vol. 14, no. 2, pp. 200–207, 2020. 

[20] V. S. Bhosale and A. Patil, “AI-based smart 

healthcare systems for pharmaceutical 

applications,” Journal of Emerging 

Technologies and Innovative Research, vol. 8, 

no. 4, pp. 450–458, 2021. 


