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ABSTRACT 

Artificial Intelligence (AI) and AI technologies are playing a vital role 

in the Pharmaceutical Industries. Many technologies of Artificial 

Intelligence are involved in various field of the Pharmaceutical 

industries like drug development, designing of dosage form, invention 

of novel drugs, manufacturing, nanotechnology, clinical technology 

etc. this advancement in the technology will make ease of the human 

jobs and save time. Using this AI technology will also decrease the 

chances or human errors reducing the effort and hence the results will 

be reliable.  
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Definition 

Artificial intelligence is the technology that enables computers to mimic and display 

intelligence similar to that of humans. Interaction, language, education, interpretation, image 

processing, logic and decision-making are all included in this. AI imitates cognitive functions 

in machines to produce behavior that is similar to that of humans. 

 

INTRODUCTION 

Artificial intelligence use in pharmaceutical technology has increased over the years, and the 

use of technology can save time and money while providing a better understanding of the 

relationships between different formulations and processes parameters.
[1]

 The pharmaceutical 

sector is an important one that is essential to preserving lives. It functions through ongoing 

innovation and the integration of new technology to meet the demands of the global 

healthcare system and handle medical crises like the most recent pandemic. Innovation is 
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typically the result of extensive research and development across a range of domains, 

including production technology, packaging issues, and customer-focused marketing 

strategies.
[2]

  

 

In the field of medicine, artificial intelligence is the application of automated algorithms to 

carry out operations that would typically need human intelligence. In vivo responses can also 

be evaluated using information models and the evaluation of therapeutic drugs, appropriate 

drugs, etc. Pharmacokinetics can also be predicted. In drug development, the use of computer 

models boosts their effectiveness and affordability based on the significance of 

pharmacokinetic prediction. In the field of artificial intelligence technology development, 

there are two primary factions. Conventional computational techniques fall under the first 

group. In these techniques, professionals like mechanical engineers attempt to replicate 

human experience and report their findings. The second method makes use of artificial neural 

networks (ANNs) to build systems that can replicate the operations of the human brain. In 

particular, a variety of artificial neural networks, such as recurrent neural networks (RNN) 

and deep neural networks (DNN), control the development of artificial intelligence 

technology. In Merck Kaggle and NIH Tox21 issues, DNN problems have been demonstrated 

to be more predictive than basic machine learning techniques. Machine learning may learn 

with or without training by utilizing the proper statistical approaches.
[3]

 

 

HISTORY OF AI 

It is possible that this 1995 AI program, created by Newell and Simon, was the first of its 

kind. John Mc Carthy is recognized as the father of artificial intelligence and is credited for 

eventually coining the term. 

 

Introduction of AI  

 The origins of artificial intelligence (AI) can be found in the 1956 attempts of classical 

philosophers to characterize human thought as a symbolic system. 

 The term artificial intelligence (AI) was not, however, properly defined until 1956, at a 

symposium at Hanover, New Hampshire's Dartmouth College. 

 

AI Maturation (1943-1952) 

 Year 1943: Warren McCulloch and Walter Pits completed the initial research that is 

currently known as artificial intelligence in 1943.A model of artificial neurons was 

proposed by them. 
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 1949 saw the development of an update rule by Donald Hebb that altered the strength of 

the connections between neurons. Hebbian learning is the current term for his rule. 

 1950: Alan Turing, an English mathematician, made significant contributions to machine 

learning. In his book "Computing machinery and intelligence," Alan Turing makes a test-

related proposal. A Turing test is used to determine whether a machine is capable of 

displaying intelligent behavior comparable to that of a person. 

 

AI birth (1952-1956) 

 1955 saw the creation of the first artificial intelligence program, known as "Logic 

theorist," by Allen Newell and Herbert A. Simon. This program found new and more 

elegant proofs for various theorems and had proven 38 out of 52 mathematical theorems. 

 1956: At the Dartmouth conference, American computer scientist John McCarthy coined 

the term artificial intelligence (AI). AI was originally recognized as a legitimate academic 

area. 

 

The golden years: Initial Zeal (1956-1974) 

 1966: The focus of the researchers was on creating algorithms that could resolve 

mathematical puzzles. In 1966, Joseph Weizenbaum invented the first chatbot, called 

ELIZA. 

 Year 1972: WABOT-1, the first intelligent humanoid robot, was created in Japan. 

 

The Initial AI Winter (1974-1980) 

 The first artificial intelligence winter occurred from 1974 and 1980. The term "AI winter" 

describes a period of time when computer scientists struggled with a severe lack of 

government funding for AI research. 

 There was less interest in AI publicity during AI winter. 

 

An AI explosion (1980-1987) 

 Year 1980: AI returned with the "Expert system" following a period of hibernation. An 

expert system was designed to mimic a human expert's decision-making process. 

 The American Association of AI's inaugural national conference took place at Stanford 

University in 1980. 

 

The Second Winter of AI (1987-1993) 

 The second artificial intelligence winter occurred from 1987 to 1993. 
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 Once more, the government and investors stopped sponsoring AI research because the 

results were inefficient and the cost was too high. Expert systems like XCON were 

incredibly economical.  

 

The Advent of Sentient Entities (1993-2011) 

 Year 1997: IBM Deep Blue defeated Gary Kasparov, the global chess champion, in this 

year, making history as the first computer to defeat a world champion. 

 In 2002, artificial intelligence (AI) made its debut in homes through the Roomba vacuum 

cleaner. 

 Year 2006: AI entered the business sphere and remained there till 2006. AI has also being 

used by companies like Netflix, Facebook, and Twitter. 

 

Big data, artificial general Intelligence and Deep learning (2011 to Present) 

 Year 2011: IBM's Watson triumphed in the 2011 Jeopardy competition, which required it 

to solve puzzles and challenging questions. Watson demonstrated its ability to 

comprehend normal language and quickly find answers to challenging problems. 

 In 2012, Google released "Google Now," an Android app feature that allowed users to 

receive information in the form of a prediction. 

 Year 2014: In the iconic "Turing test," chatbot "Eugene Goostman" emerged victorious in 

a competition. 

 2018: The IBM "Project Debater" did remarkably well when debating difficult subjects 

with two expert debators.
[4]

 

 Important machine learning advances have been dubbed GPT-3 (issued by OpenAI in 

2020) and Gato (published by DeepMind in 2022). 

 After testing the GPT-4 big language model on a wide range of tasks in 2023, Microsoft 

Research came to the conclusion that "it could reasonably be viewed as an early (yet still 

incomplete) version of an artificial general intelligence (AGI) system.
[5]
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Fig. 1: History of AI 

 

The current state of Pharmaceuticals and Ai's role 

Because of their many benefits, small molecules are the subject of ongoing research in the 

pharmaceutical business to improve goods and consumer satisfaction. While the preparation 

of synthetic derivatives is inexpensive, the chemical synthesis process is straightforward. 

There are thus a lot of stable and effective small-molecule-loaded formulations available in 

the pharmacy industry. Generic molecules compete with many novel small molecules, with 

the exception of treating uncommon disorders. Complex data and clinical trials are necessary 

before these molecules may be introduced to the market. These procedures put more financial 

pressure on businesses to innovate more. To make up for the problem brought on by tiny 

molecules and the inadequate distribution of research and discoveries, the biomolecular 

medication business is nevertheless expanding quickly. Reactivity and conformation are the 

foundations of small-molecule activities.
[6,7,8,9,10,11,12] 

 

To eliminate system bias concerns and make successful decisions, human intervention is still 

necessary for a careful review of certain parameters and cross-verifications. However, given 

AI's enormous potential for use, a great deal of effort may be able to lessen its drawbacks and 

improve its effectiveness and dependability.
[13]

 

 

 AI learning under supervision 

A sort of machine learning known as "supervised learning" involves training an algorithm on 

a labeled dataset with an already-known desired outcome. By examining the patterns and 

connections found in the labeled data, the algorithm gains the ability to translate input data 

into the appropriate output. This method is frequently applied in many different fields, 

including predictive modeling, natural language processing, and picture recognition.
[14]

 The 

applications are, 
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 Drug Design and Discovery: It is possible to forecast the characteristics or activity of 

novel therapeutic options using supervised learning algorithms. The model may identify 

patterns and connections between desired outcomes and molecular properties by training 

on a dataset of known substances and the actions that go along with them. This helps in 

drug discovery and design by enabling the prediction of novel compounds' activity, 

potency, or toxicity.
[15]

 

 

 Predictive Maintenance and Quality control: Supervised learning can be applied to 

pharmaceutical manufacturing to support both of these processes. The model can be 

trained to forecast equipment failure, product quality deviations, or process anomalies 

using data from production processes, equipment sensors, or quality testing results. This 

enables proactive maintenance and quality assurance.
[16]

 

 

 Identification of drug target: By examining biological data, supervised learning 

algorithms can assist in the identification of possible drug targets. The model can learn 

patterns and indicate possible targets for more research by being trained on data 

pertaining to genomic, proteomic, or transcriptomic traits and their relationship to 

treatment response or illness progression.
[17]

 

 

 Prognosis and Diagnosis of disease: Based on medical data, supervised learning 

algorithms can be used to forecast patient outcomes or make illness diagnoses. The model 

is able to predict the course of the disease or the response to treatment by training on 

labeled datasets that comprise patient characteristics, clinical data, and disease 

outcomes.
[18]

 

 

 Detection of adverse event: Pharmacovigilance data can be used to identify and 

categorize adverse events linked to medications using supervised learning algorithms. 

The model can be trained using labeled adverse event data in order to find patterns and 

potential safety signals, which will aid in the identification and characterisation of 

adverse occurrences.
[19]

 

 

 Predictive clinical trial modelling: Clinical trial results can be predicted by supervised 

learning. The model can be trained to predict patient response, treatment efficacy, or 

safety outcomes using historical clinical trial data, which includes patient characteristics, 

treatment interventions, and trial outcomes. This data can improve patient selection and 
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serve as a guide for trial design.
[20]

 

 

 Unsupervised artificial intelligence learning 

When an algorithm receives no labeled data, it is said to be engaged in unsupervised learning. 

Rather, its job is to find patterns and connections on its own in the data. This method is 

frequently applied in exploratory data analysis and is helpful for identifying hidden clusters 

or structures in a dataset. The methodology being discussed is widely referred to as "data-

driven methodology.
[21]

 "The unsupervised artificial intelligence learning is utilized as 

described below. 

 Grouping: Data points are grouped by grouping algorithms according to their 

similarities, which makes it possible to find logical groups or clusters within the data.
[22]

 

 

 Diminution of dimensionality: Principal component analysis (PCA) and t-distributed 

stochastic neighbor embedding (t-SNE) are two dimensionality reduction approaches that 

are used to minimize the complexity of high-dimensional datasets while retaining 

significant information.
[23]

 

 

 Identification of anomalies: Algorithms for detecting anomalies are used to find 

uncommon or uncommon data points that substantially differ from the predicted trends. 

Anomaly detection is a helpful tool in the pharmaceutical sector that can be used to find 

problems with data quality, identify potential safety concerns, and discover adverse 

events.
[24]

 

 

 Association regulation of mining: The Apriori algorithm is one example of an 

association rule mining tool that looks for intriguing relationships or associations between 

objects in a collection. Association rule mining can be used in the pharmaceutical 

industry to analyze data on adverse events, drug-drug interactions, and co-occurrence 

patterns between drugs and medical problems.
[25]

 

 

 Subject matter modeling: From massive text corpora, latent topics or themes are 

extracted using topic modeling methods like latent Dirichlet allocation (LDA). The 

pharmaceutical industry can uncover important research subjects, new trends, or patient 

feelings by using topic modeling to examine scientific literature, clinical trial results, and 

social media data.
[26]
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 Utilizing AI Tools in Drug Discovery 

Artificial intelligence has the power to revolutionize the search for new drugs. It can increase 

its efficacy and efficiency, which will benefit pharmaceutical companies creating novel 

pharmaceuticals to patients in dire need of appropriate therapies. AI can be applied at several 

phases of the drug-finding process. Among the instances are: 

 AI-powered high-throughput virtual screening 

 AI-based prediction of target protein structure 

 Using AI to predict bioactivity 

 AI-powered toxicity prediction, plus more
[27]

 

 

 AI in development of drug  

Then, a special medicinal component needs to be included in an appropriate dose form that 

satisfies the necessary delivery requirements. In this situation, artificial intelligence (AI) can 

replace the traditional method of trial and error.
[28]

 QSPR can be used to handle a wide range 

of computational problems in the formulation design domain, including problems with 

instability, dissolving, porosity, and many more.
[29]

 Using rule-based algorithms, decision-

support systems select the kind, quantity, and sort of excipients based on the physicochemical 

characteristics of the medication. They also monitor the entire process and make occasional 

adjustments using a feedback loop.
[30]

 

 

 AI in formulation of drugs: In addition to normal dosage forms, pharmaceutical 

sciences have seen the emergence of diverse formulations, such as solid dispersions, 

extrudates, pellets, nanoparticles, and liposomes. These methods are referred to as 

"formulation techniques" because they facilitate the creation of formulations or add 

functionality to typical dosage forms like tablets. Because AI applications in formulation 

techniques can effectively address a variety of API issues, such as low solubility, 

stability, bioavailability, and production capability, it is even more worthwhile to 

investigate these methods in order to create next-generation drug products with desired 

efficacy and health outcomes.
[31]

  

 

 Formulation of Controlled-Release tablets: Chem software is used to teach the ANN 

model complex and specific skills from the input and output data units. Researchers 

employ a powerful artificial neural network (ANN) model to predict the optimal tablet 
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formulations based on two ideal in vitro dissolution-time profiles and two desirable in 

vivo release profiles.
[32]

 

 

 Formulation of immediate release tablets: Turkoglu created a direct compression tablet 

formulation using hydrochlorothiazide to increase tablet strength. In a different study, 

Kesavan and Peck created a model of a caffeine tablet formulation to explain the 

properties of the granule and tablet (Disintegration time, Hardness and Friability), as well 

as the diluting agent and binder content in each formulation and processing variables 

(Type of granulator, method of adding binder). It was shown by these two analyses that 

neural networks outperformed conventional statistical techniques. Thus, researchers using 

a range of genetic algorithms and neural networks have reevaluated Kesavan and Peck's 

findings.
[33]

 This talk demonstrated how the optimal formulation was decided by the 

relative importance of the output qualities, the constraints imposed on the various 

component tiers, and processing factors. Researchers analyzed the same data using neuro-

fuzzy computing, and they often produced useful rules that emphasized the salient 

features of each item.
[34]

 

 

CONCLUSION  

To conclude, Artificial Intelligence (AI) in Pharmaceutical industry has introduced new era 

of opportunities. Although it has several advantages, few disadvantages where due to 

Artificial Intelligence unemployment rate will get increased, machines can replicate human 

brain but they do not have moral or emotions as that of human, the cost of Artificial 

Intelligence is high and unlike humans, machines do not learn from experiments. Hence 

Artificial Intelligence can be used in the Pharmaceutical industry for the development with 

humans and not by replacing human.  

 

REFERENCE 

1. Hassanzadeh P, Atyabi F, Dinarvand R. The significance of artificial intelligence in drug 

delivery system design. Adv Drug Deliv Rev, 2019; 151: 169-90. 

2. Krikorian, G.; Torreele, E. We Cannot Win the Access to Medicines Struggle Using the 

Same Thinking That Causes the Chronic Access Crisis. Health Hum. Rights, 2021; 23: 

119–127. 

3. Tejasvinee Sahebrav Chaudhari, Prathamesh Gorakh Patil, Mohan Parsharam Patil, Rohit 

Rajendra Dhangar, Habiburrehman Shaikh, Saeed Ahmad, review article on Artificial 

Intelligence in Pharmaceutical Industry, 2023.  



www.wjpr.net      │     Vol 13, Issue 11, 2024.      │     ISO 9001:2015 Certified Journal      │ 

Sangeetha et al.                                                                   World Journal of Pharmaceutical Research 

 

153 

4. NagaRavi Kiran T, Suresh Kumar N, Lakshmi GVN, Naseema S, Bhargav SB, 

Mohiddien SM; Artificial Intelligence in Pharmacy, Scholar Research Library, 2021; 

13(5): 6-8. 

5. History of Artificial Intelligence; Wikipedia 

https://en.wikipedia.org/wiki/History_of_artificial_intelligence#AI_Era,_artificial_genera

l_intelligence_(2020%E2%80%93present)  

6. Dickherber A., Morris S.A., Grodzinski P. NCI Investment in Nanotechnology: 

Achievements and Challenges for the Future. Wiley Interdiscip. Rev. Nanomed. Nanobio 

Technol, 2015; 7: 251–265. doi: 10.1002/wnan.1318. [PubMed] [CrossRef] [Google 

Scholar] 

7. National Nanotechnology Initiative NNI Budget Supplements and Strategic Plans. 

[(accessed on, 2023; 1]; Available 

online: https://www.nano.gov/NNIBudgetSupplementsandStrategicPlans 

8. Colombo S., Beck-Broichsitter M., Bøtker J.P., Malmsten M., Rantanen J., Bohr A. 

Transforming Nanomedicine Manufacturing toward Quality by Design and 

Microfluidics. Adv. Drug Deliv. Rev, 2018; 128: 115–131. 

doi: 10.1016/j.addr.2018.04.004. [PubMed] [CrossRef] [Google Scholar] 

9. Troiano G., Nolan J., Parsons D., Van Geen Hoven C., Zale S. A Quality by Design 

Approach to Developing and Manufacturing Polymeric Nanoparticle Drug 

Products. AAPS J, 2016; 18: 1354–1365. doi: 10.1208/s12248-016-9969-z. [PubMed] 

[CrossRef] [Google Scholar] 

10. Puri M., Pathak Y., Sutariya V.K., Tipparaju S., Moreno W. Artificial Neural Network for 

Drug Design, Delivery and Disposition. Academic Press; Cambridge, MA, USA, 

2015. [Google Scholar] 

11. Vyas M., Thakur S., Riyaz B., Bansal K., Tomar B., Mishra V. Artificial Intelligence: 

The Beginning of a New Era in Pharmacy Profession. Asian J. Pharm, 2018; 12: 72–76. 

[Google Scholar] 

12. Hassanzadeh P., Atyabi F., Dinarvand R. The Significance of Artificial Intelligence in 

Drug Delivery System Design. Adv. Drug Deliv. Rev, 2019; 151–152: 169–190. 

doi: 10.1016/j.addr.2019.05.001. [PubMed] [CrossRef] [Google Scholar] 

13. Roboticsbiz Ai-in-Drug-Discovery-Benefits-Drawback-and-Challenges. [(accessed on, 

2023; 5 May)]. Available online: https://roboticsbiz.com/ai-in-drug-discovery-benefits-

drawback-and-challenges/ 

14. Sarker I.H. AI-Based Modeling: Techniques, Applications and Research Issues Towards 

https://en.wikipedia.org/wiki/History_of_artificial_intelligence#AI_Era,_artificial_general_intelligence_(2020%E2%80%93present)
https://en.wikipedia.org/wiki/History_of_artificial_intelligence#AI_Era,_artificial_general_intelligence_(2020%E2%80%93present)
https://pubmed.ncbi.nlm.nih.gov/25429991
https://doi.org/10.1002%2Fwnan.1318
https://scholar.google.com/scholar_lookup?journal=Wiley+Interdiscip.+Rev.+Nanomed.+Nanobio+Technol.&title=NCI+Investment+in+Nanotechnology:+Achievements+and+Challenges+for+the+Future&author=A.+Dickherber&author=S.A.+Morris&author=P.+Grodzinski&volume=7&publication_year=2015&pages=251-265&pmid=25429991&doi=10.1002/wnan.1318&
https://scholar.google.com/scholar_lookup?journal=Wiley+Interdiscip.+Rev.+Nanomed.+Nanobio+Technol.&title=NCI+Investment+in+Nanotechnology:+Achievements+and+Challenges+for+the+Future&author=A.+Dickherber&author=S.A.+Morris&author=P.+Grodzinski&volume=7&publication_year=2015&pages=251-265&pmid=25429991&doi=10.1002/wnan.1318&
https://www.nano.gov/NNIBudgetSupplementsandStrategicPlans
https://pubmed.ncbi.nlm.nih.gov/29626549
https://doi.org/10.1016%2Fj.addr.2018.04.004
https://scholar.google.com/scholar_lookup?journal=Adv.+Drug+Deliv.+Rev.&title=Transforming+Nanomedicine+Manufacturing+toward+Quality+by+Design+and+Microfluidics&author=S.+Colombo&author=M.+Beck-Broichsitter&author=J.P.+B%C3%B8tker&author=M.+Malmsten&author=J.+Rantanen&volume=128&publication_year=2018&pages=115-131&pmid=29626549&doi=10.1016/j.addr.2018.04.004&
https://pubmed.ncbi.nlm.nih.gov/27631558
https://doi.org/10.1208%2Fs12248-016-9969-z
https://scholar.google.com/scholar_lookup?journal=AAPS+J.&title=A+Quality+by+Design+Approach+to+Developing+and+Manufacturing+Polymeric+Nanoparticle+Drug+Products&author=G.+Troiano&author=J.+Nolan&author=D.+Parsons&author=C.+Van+Geen+Hoven&author=S.+Zale&volume=18&publication_year=2016&pages=1354-1365&pmid=27631558&doi=10.1208/s12248-016-9969-z&
https://scholar.google.com/scholar_lookup?title=Artificial+Neural+Network+for+Drug+Design,+Delivery+and+Disposition&author=M.+Puri&author=Y.+Pathak&author=V.K.+Sutariya&author=S.+Tipparaju&author=W.+Moreno&publication_year=2015&
https://scholar.google.com/scholar_lookup?journal=Asian+J.+Pharm.&title=Artificial+Intelligence:+The+Beginning+of+a+New+Era+in+Pharmacy+Profession&author=M.+Vyas&author=S.+Thakur&author=B.+Riyaz&author=K.+Bansal&author=B.+Tomar&volume=12&publication_year=2018&pages=72-76&
https://pubmed.ncbi.nlm.nih.gov/31071378
https://doi.org/10.1016%2Fj.addr.2019.05.001
https://scholar.google.com/scholar_lookup?journal=Adv.+Drug+Deliv.+Rev.&title=The+Significance+of+Artificial+Intelligence+in+Drug+Delivery+System+Design&author=P.+Hassanzadeh&author=F.+Atyabi&author=R.+Dinarvand&volume=151%E2%80%93152&publication_year=2019&pages=169-190&doi=10.1016/j.addr.2019.05.001&
https://roboticsbiz.com/ai-in-drug-discovery-benefits-drawback-and-challenges/
https://roboticsbiz.com/ai-in-drug-discovery-benefits-drawback-and-challenges/


www.wjpr.net      │     Vol 13, Issue 11, 2024.      │     ISO 9001:2015 Certified Journal      │ 

Sangeetha et al.                                                                   World Journal of Pharmaceutical Research 

 

154 

Automation, Intelligent and Smart Systems. SN Comput. Sci, 2022; 3: 158. 

doi: 10.1007/s42979-022-01043-x. [PMC free article] [PubMed] [CrossRef] [Google 

Scholar]  

15. Dara S., Dhamercherla S., Jadav S.S., Babu C.M., Ahsan M.J. Machine Learning in Drug 

Discovery: A Review. Artif. Intell. Rev, 2022; 55: 1947–1999. doi: 10.1007/s10462-021-

10058-4. [PMC free article] [PubMed] [CrossRef] [Google Scholar]  

16. Kavasidis I., Lallas E., Gerogiannis V.C., Charitou T., Karageorgos A. Predictive 

Maintenance in Pharmaceutical Manufacturing Lines Using Deep Transformers. Procedia 

Comput. Sci, 2023; 220: 576–583. doi: 10.1016/j.procs.2023.03.073. [CrossRef] [Google 

Scholar] 

17. Bagherian M., Sabeti E., Wang K., Sartor M.A., Nikolovska-Coleska Z., Najarian K. 

Machine Learning Approaches and Databases for Prediction of Drug–Target Interaction: 

A Survey Paper. Brief. Bioinform, 2021; 22: 247–269. doi: 10.1093/bib/bbz157. [PMC 

free article] [PubMed] [CrossRef] [Google Scholar] 

18. Kumar Y., Koul A., Singla R., Ijaz M.F. Artificial Intelligence in Disease Diagnosis: A 

Systematic Literature Review, Synthesizing Framework and Future Research Agenda. J. 

Ambient. Intell. Humaniz. Comput, 2023; 14: 8459–8486. doi: 10.1007/s12652-021-

03612-z. [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

19. Chapman A.B., Peterson K.S., Alba P.R., DuVall S.L., Patterson O.V. Detecting Adverse 

Drug Events with Rapidly Trained Classification Models. Drug Saf, 2019; 42: 147–156. 

doi: 10.1007/s40264-018-0763-y. [PMC free article] [PubMed] [CrossRef] [Google 

Scholar]  

20. Elkin M.E., Zhu X. Predictive Modeling of Clinical Trial Terminations Using Feature 

Engineering and Embedding Learning. Sci. Rep, 2021; 11: 3446. doi: 10.1038/s41598-

021-82840-x. [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

21. Parikh S., Patel R., Khunt D., Chavda V.P., Vora L. Bioinformatics Tools for 

Pharmaceutical Drug Product Development. John Wiley & Sons, Ltd.; Hoboken, NJ, 

USA: Data Analytics and Data Visualization for the Pharmaceutical Industry, 2023;      

55–76. [Google Scholar] [Ref list] 

22. Karim M.R., Beyan O., Zappa A., Costa I.G., Rebholz-Schuhmann D., Cochez M., 

Decker S. Deep Learning-Based Clustering Approaches for Bioinformatics. Brief. 

Bioinform, 2021; 22: 393–415. doi: 10.1093/bib/bbz170. [PMC free article] [PubMed] 

[CrossRef] [Google Scholar] 

23. Vamathevan J., Clark D., Czodrowski P., Dunham I., Ferran E., Lee G., Li B., 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8830986/
https://pubmed.ncbi.nlm.nih.gov/35194580
https://doi.org/10.1007%2Fs42979-022-01043-x
https://scholar.google.com/scholar_lookup?journal=SN+Comput.+Sci.&title=AI-Based+Modeling:+Techniques,+Applications+and+Research+Issues+Towards+Automation,+Intelligent+and+Smart+Systems&author=I.H.+Sarker&volume=3&publication_year=2022&pages=158&pmid=35194580&doi=10.1007/s42979-022-01043-x&
https://scholar.google.com/scholar_lookup?journal=SN+Comput.+Sci.&title=AI-Based+Modeling:+Techniques,+Applications+and+Research+Issues+Towards+Automation,+Intelligent+and+Smart+Systems&author=I.H.+Sarker&volume=3&publication_year=2022&pages=158&pmid=35194580&doi=10.1007/s42979-022-01043-x&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8356896/
https://pubmed.ncbi.nlm.nih.gov/34393317
https://doi.org/10.1007%2Fs10462-021-10058-4
https://scholar.google.com/scholar_lookup?journal=Artif.+Intell.+Rev.&title=Machine+Learning+in+Drug+Discovery:+A+Review&author=S.+Dara&author=S.+Dhamercherla&author=S.S.+Jadav&author=C.M.+Babu&author=M.J.+Ahsan&volume=55&publication_year=2022&pages=1947-1999&pmid=34393317&doi=10.1007/s10462-021-10058-4&
https://doi.org/10.1016%2Fj.procs.2023.03.073
https://scholar.google.com/scholar_lookup?journal=Procedia+Comput.+Sci.&title=Predictive+Maintenance+in+Pharmaceutical+Manufacturing+Lines+Using+Deep+Transformers&author=I.+Kavasidis&author=E.+Lallas&author=V.C.+Gerogiannis&author=T.+Charitou&author=A.+Karageorgos&volume=220&publication_year=2023&pages=576-583&doi=10.1016/j.procs.2023.03.073&
https://scholar.google.com/scholar_lookup?journal=Procedia+Comput.+Sci.&title=Predictive+Maintenance+in+Pharmaceutical+Manufacturing+Lines+Using+Deep+Transformers&author=I.+Kavasidis&author=E.+Lallas&author=V.C.+Gerogiannis&author=T.+Charitou&author=A.+Karageorgos&volume=220&publication_year=2023&pages=576-583&doi=10.1016/j.procs.2023.03.073&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7820849/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7820849/
https://pubmed.ncbi.nlm.nih.gov/31950972
https://doi.org/10.1093%2Fbib%2Fbbz157
https://scholar.google.com/scholar_lookup?journal=Brief.+Bioinform.&title=Machine+Learning+Approaches+and+Databases+for+Prediction+of+Drug%E2%80%93Target+Interaction:+A+Survey+Paper&author=M.+Bagherian&author=E.+Sabeti&author=K.+Wang&author=M.A.+Sartor&author=Z.+Nikolovska-Coleska&volume=22&publication_year=2021&pages=247-269&pmid=31950972&doi=10.1093/bib/bbz157&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8754556/
https://pubmed.ncbi.nlm.nih.gov/35039756
https://doi.org/10.1007%2Fs12652-021-03612-z
https://scholar.google.com/scholar_lookup?journal=J.+Ambient.+Intell.+Humaniz.+Comput.&title=Artificial+Intelligence+in+Disease+Diagnosis:+A+Systematic+Literature+Review,+Synthesizing+Framework+and+Future+Research+Agenda&author=Y.+Kumar&author=A.+Koul&author=R.+Singla&author=M.F.+Ijaz&volume=14&publication_year=2023&pages=8459-8486&pmid=35039756&doi=10.1007/s12652-021-03612-z&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6373386/
https://pubmed.ncbi.nlm.nih.gov/30649737
https://doi.org/10.1007%2Fs40264-018-0763-y
https://scholar.google.com/scholar_lookup?journal=Drug+Saf.&title=Detecting+Adverse+Drug+Events+with+Rapidly+Trained+Classification+Models&author=A.B.+Chapman&author=K.S.+Peterson&author=P.R.+Alba&author=S.L.+DuVall&author=O.V.+Patterson&volume=42&publication_year=2019&pages=147-156&pmid=30649737&doi=10.1007/s40264-018-0763-y&
https://scholar.google.com/scholar_lookup?journal=Drug+Saf.&title=Detecting+Adverse+Drug+Events+with+Rapidly+Trained+Classification+Models&author=A.B.+Chapman&author=K.S.+Peterson&author=P.R.+Alba&author=S.L.+DuVall&author=O.V.+Patterson&volume=42&publication_year=2019&pages=147-156&pmid=30649737&doi=10.1007/s40264-018-0763-y&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7876037/
https://pubmed.ncbi.nlm.nih.gov/33568706
https://doi.org/10.1038%2Fs41598-021-82840-x
https://scholar.google.com/scholar_lookup?journal=Sci.+Rep.&title=Predictive+Modeling+of+Clinical+Trial+Terminations+Using+Feature+Engineering+and+Embedding+Learning&author=M.E.+Elkin&author=X.+Zhu&volume=11&publication_year=2021&pages=3446&pmid=33568706&doi=10.1038/s41598-021-82840-x&
https://scholar.google.com/scholar_lookup?title=Bioinformatics+Tools+for+Pharmaceutical+Drug+Product+Development&author=S.+Parikh&author=R.+Patel&author=D.+Khunt&author=V.P.+Chavda&author=L.+Vora&publication_year=2023&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10385763/#B45-pharmaceutics-15-01916
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7820885/
https://pubmed.ncbi.nlm.nih.gov/32008043
https://doi.org/10.1093%2Fbib%2Fbbz170
https://scholar.google.com/scholar_lookup?journal=Brief.+Bioinform.&title=Deep+Learning-Based+Clustering+Approaches+for+Bioinformatics&author=M.R.+Karim&author=O.+Beyan&author=A.+Zappa&author=I.G.+Costa&author=D.+Rebholz-Schuhmann&volume=22&publication_year=2021&pages=393-415&pmid=32008043&doi=10.1093/bib/bbz170&


www.wjpr.net      │     Vol 13, Issue 11, 2024.      │     ISO 9001:2015 Certified Journal      │ 

Sangeetha et al.                                                                   World Journal of Pharmaceutical Research 

 

155 

Madabhushi A., Shah P., Spitzer M., et al. Applications of Machine Learning in Drug 

Discovery and Development. Nat. Rev. Drug Discov, 2019; 18: 463–477. 

doi: 10.1038/s41573-019-0024-5. [PMC free article] [PubMed] [CrossRef] [Google 

Scholar] 

24. Goldstein M., Uchida S. A Comparative Evaluation of Unsupervised Anomaly Detection 

Algorithms for Multivariate Data. PLoS ONE, 2016; 11: e0152173. 

doi: 10.1371/journal.pone.0152173. [PMC free article] [PubMed] [CrossRef] [Google 

Scholar] 

25. Noguchi Y., Ueno A., Otsubo M., Katsuno H., Sugita I., Kanematsu Y., Yoshida A., 

Esaki H., Tachi T., Teramachi H. A New Search Method Using Association Rule Mining 

for Drug-Drug Interaction Based on Spontaneous Report System. Front. Pharmacol, 

2018; 9: 197. doi: 10.3389/fphar.2018.00197. [PMC free article] [PubMed] 

[CrossRef] [Google Scholar] 

26. Liu L., Tang L., Dong W., Yao S., Zhou W. An Overview of Topic Modeling and Its 

Current Applications in Bioinformatics. SpringerPlus, 2016; 5: 1608. 

doi: 10.1186/s40064-016-3252-8. [PMC free article] [PubMed] [CrossRef] 

27. Sonawane Tejas Sanjay, Asst. Prof. Gaikwad Vishal , Artificial Intelligence in the 

Pharmaceutical Industry- An Overview of Innovations, International Journal of Research 

Publication and Reviews, 2022; 3: 826. 

28. Vyas M, Thakur S, Riyaz B et al Artificial intelligence: the beginning of a new era in 

pharmacy profession. Asian J Pharm, 2018; 12: 72–76. 

https://doi.org/10.22377/ajp.v12i02.2317 

29. Mintong G, Gunjan K, Wendy W et al A prototype intelligent hybrid system for hard 

gelatin capsule formulation development. Pharm Tech, 2002; 26: 44–60. 

30. Mehta CH, Narayan R, Nayak UY Computational modeling for formulation design. Drug 

Discov Today, 2019; 24: 781-788. https://doi.org/10.1016/j.drudis.2018.11.018 

31. Al Kuwaiti A, Nazer K, Al-Reedy A et al a review of the role of artificial intelligence in 

healthcare. J Pers Med, 2023; 13: 951. https://doi.org/10.3390/jpm13060951 

32. Hamet P, Tremblay J Artificial intelligence in medicine. Metabolism, 2017; 69: S36–S40. 

https://doi.org/10.1016/j.metabol.2017.01.011 

33. Katsila T, Spyroulias GA, Patrinos GP, Matsoukas M-T Computational approaches in 

target identification and drug discovery. Comput Struct Biotechnol J, 2016; 14: 177–184. 

https://doi.org/10.1016/j.csbj.2016.04.004 

34. Mohs RC, Greig NH Drug discovery and development: role of basic biological research. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6552674/
https://pubmed.ncbi.nlm.nih.gov/30976107
https://doi.org/10.1038%2Fs41573-019-0024-5
https://scholar.google.com/scholar_lookup?journal=Nat.+Rev.+Drug+Discov.&title=Applications+of+Machine+Learning+in+Drug+Discovery+and+Development&author=J.+Vamathevan&author=D.+Clark&author=P.+Czodrowski&author=I.+Dunham&author=E.+Ferran&volume=18&publication_year=2019&pages=463-477&pmid=30976107&doi=10.1038/s41573-019-0024-5&
https://scholar.google.com/scholar_lookup?journal=Nat.+Rev.+Drug+Discov.&title=Applications+of+Machine+Learning+in+Drug+Discovery+and+Development&author=J.+Vamathevan&author=D.+Clark&author=P.+Czodrowski&author=I.+Dunham&author=E.+Ferran&volume=18&publication_year=2019&pages=463-477&pmid=30976107&doi=10.1038/s41573-019-0024-5&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4836738/
https://pubmed.ncbi.nlm.nih.gov/27093601
https://doi.org/10.1371%2Fjournal.pone.0152173
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE&title=A+Comparative+Evaluation+of+Unsupervised+Anomaly+Detection+Algorithms+for+Multivariate+Data&author=M.+Goldstein&author=S.+Uchida&volume=11&publication_year=2016&pages=e0152173&pmid=27093601&doi=10.1371/journal.pone.0152173&
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE&title=A+Comparative+Evaluation+of+Unsupervised+Anomaly+Detection+Algorithms+for+Multivariate+Data&author=M.+Goldstein&author=S.+Uchida&volume=11&publication_year=2016&pages=e0152173&pmid=27093601&doi=10.1371/journal.pone.0152173&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5854950/
https://pubmed.ncbi.nlm.nih.gov/29593533
https://doi.org/10.3389%2Ffphar.2018.00197
https://scholar.google.com/scholar_lookup?journal=Front.+Pharmacol.&title=A+New+Search+Method+Using+Association+Rule+Mining+for+Drug-Drug+Interaction+Based+on+Spontaneous+Report+System&author=Y.+Noguchi&author=A.+Ueno&author=M.+Otsubo&author=H.+Katsuno&author=I.+Sugita&volume=9&publication_year=2018&pages=197&pmid=29593533&doi=10.3389/fphar.2018.00197&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5028368/
https://pubmed.ncbi.nlm.nih.gov/27652181
https://doi.org/10.1186%2Fs40064-016-3252-8
https://doi.org/10.22377/ajp.v12i02.2317
https://doi.org/10.1016/j.drudis.2018.11.018
https://doi.org/10.3390/jpm13060951
https://doi.org/10.1016/j.metabol.2017.01.011
https://doi.org/10.1016/j.csbj.2016.04.004


www.wjpr.net      │     Vol 13, Issue 11, 2024.      │     ISO 9001:2015 Certified Journal      │ 

Sangeetha et al.                                                                   World Journal of Pharmaceutical Research 

 

156 

Alzheimers Dement Transl Res Clin Interv, 2017; 3: 651–657. 

https://doi.org/10.1016/j.trci.2017.10.005 

https://doi.org/10.1016/j.trci.2017.10.005

