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Abstract— 

The recent surge in artificial intelligence and machine learning has been 

noteworthy. It has decreased the workload of humans significantly enhanced 

the quality of life. The article explains the application of artificial intelligence 

and machine learning in supporting drug discovery and drug development to 

make them efficient and accurate. In the present study, a systematic review of 

studies was conducted; these were identified based on earlier knowledge of 

the authors and keyword search in easily accessible databases which were 

filtered according to related context, abstract, methodology, and full text. 

This collection of work substantiated the role of machine learning and 

artificial intelligence in making drug development and drug discovery 

processes cost-effective or entirely eliminating clinical trials, due to the 

facilitation of the simulation process through these technologies. They also 

made it possible for researchers to investigate various molecules more 

comprehensively, without trials. The findings of the paper illustrate the 

common application of machine learning and artificial intelligence techniques 

in drug discovery, and point towards a bright future for these technologies; 

these findings should allow researchers, students, and the pharmaceutical 

industry to explore machine learning and artificial intelligence further in a 

drug discovery and development environment.  
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I. INTRODUCTION 

Everything in life is always in a state of change, and 

one of the greatest human purposes is to manage these 

changes to our advantage; this is particularly true in the 

medicines and pharmaceutical sciences. These sciences 

include the manufacture or discovery of chemical 

compounds and blends and the application to alleviate 

physical and psychological pain. Drug product 

manufacture has been regulated for decades by a system 

of control that protects the quality of final products by 

raw material testing, in-process material testing, end-

product attribute testing, batch-type operations and 

fixed process conditions [1]. The pharmaceutical and 

drug industries have been closed source of new and 

innovative technologies or equipment, and have led the 

development of new principles or interpretations in 

general chemical and mechanical engineering. The 

pharmaceutical business urgently requires mechanical 

innovation, simplifying the development of medications 

for human use. Development and production of 

complex process medications safe for use by human 

beings on a commercial scale, and integration into 

mainstream therapeutic practice, has been difficult, due 

to current constraints on technological resources [1]. 

Current drug prescribing practices are on a "one size 

fits all" basis; however, there are numerous critical 

areas of medicine that require new methods and thus 

new pharmacological development processes. Recent 

breakthroughs in genomics and diagnostics have made 

new and innovative pharmaceutical products and 

techniques an option, based on new tools for analysis 

and accurate portions. Medications such as these that 

are customized to the biology of the patient would make 

this business more efficient. The level of development 

of medical plans and construction of these items 

currently can't meet the requirements of customized 

medicine. New manufacturing structures to assemble 

and enable flexible assembly of customized technology 

and machinery are required in the pharmaceutical sector 

[1]. The use of artificial intelligence (AI) is becoming 

common, and will increasingly modify the nature of 

clinical examination and training. Doctors are able to 

assist in the development of this technology to be 

utilized in the pharmaceutical and medical sectors; this 

will assist in ensuring that the potential of AI to 

radically improve the delivery of medical care is 

brought into reality [2]. AI is currently utilized in the 

pharmaceutical sector in four manners. The first is in 

quantifying the severity of disease and predicting the 

effectiveness of treatment for a given patient, even 

before administration. Second, it is utilized in avoiding 

or rectifying complications that have developed during 

treatment. Its third major use is as an assistive 

technology to support treatment procedures or 

operations on patients. Lastly, it is utilized to determine 

the reason for the utilization of specific instruments or 

chemicals during treatment, and to develop or 

extrapolate new uses for instruments or chemicals to 

improve safety and efficacy. AI also has a more general 

use in the management and analysis of big data [3]. Big 

data is a new paradigm for describing the acquisition of 

very large data sets and marrying these with advanced 

analytics that enable new knowledge or insight into 

these data [4-5]. In the pharmaceutical sector, 

traditional data storage approaches are thus becoming 

obsolete as data volume grows. Big data provides a 

huge opportunity for more in-depth research as a result 

of data mining in this industry, and may augment 

pharmaceutical manufacturing, using a three-step data 

management process following acquisition involving 

the following steps: extraction and collation of big 

chunk of scattered and heterogeneous data; data 

configuration to ensure uniform formatting; and finally 

data analysis using various analytical platforms to yield 

a final output, the interpretation of which may inform 

decisions on which compounds or medicines to develop 

or which processes to use to maximise efficiency [5]. 

AI-enabled technology is actively being adopted to 

tackle minor yet crucial concerning issues in drug and 

development industries due to the advancements, 

growth and the adaption of surplus amounts of data 

available for generating meaningful insights. Therefore, 

the authors see a need to put together a comprehensive 

article scrutinizing AI, machine learning, and big data’s 

contribution towards drug discovery and development, 

consisting of the latest technology, progress and novel 

studies done by the researchers in this field and what 

the future holds for the pharmaceutical industry when it 

practically incorporates the latest works of AI into it. 

II. SEARCH METHODOLOGY AND ARTICLE 

SELECTION 

Since machine learning has been utilized to solve 

critical issues in drug development and drug discovery, 

we aimed to critically evaluate the existing technology, 

advancements, and novel researches conducted by 

researchers within this field. As studied and searched 

current literature in a systematic way by employing key 

words related to this field (e.g., ["Artificial 

Intelligence" or "Advanced Technology"] + "Machine 

Learning" + ["SVM or ANN"] + [Drug Discovery or  
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Drug Development]) in publicly available databases 

like Google Scholar (July 2016– July 2025), arXiv 

(July 2016– July 2025), Researchgate (July 2016– July 

2025), ScienceOpen (July 2016– July 2025), IEEE 

Xplore (July 2016– July 2025) and PubMed (July 

2016– July 2025). Approximately 106 studies were 

eligible to be included in our literature review after 

filtering by context, abstract, and methodology. 

III. DRUG DISCOVERY 

3.1 ADVANCED TECHNOLOGIES IN DRUG 

DISCOVERY 

Our literature search brought us to the fact that there are 

a number of different technologies and methods that are 

currently in practice within the pharmaceutical 

industries to help with drug discovery as well as drug 

production. One of these technologies is the in silico 

absorption, distribution, metabolism, and excretion 

(ADMET) platform (Bayer, Leverkusen, Germany). 

This technology models pharmacokinetic and 

physicochemical endpoints for the manufacturing of 

new pharmaceutical medicines [6]. Hypothetically, two 

relatively different methodologies can be utilized in the 

application of this technology. The first measures these 

results in terms of the interaction between interest 

compounds and defined proteins [6]. The drawback of 

this methodology is that it utilizes single proteins with 

effects clearly correlated with the ADMET outcomes 

such as: change in cognition, safety, and cost-

effectiveness measured; high definition and three 

dimensional (3D) imaging of the protein of interest is 

also required. The second methodology is the gathering 

and compilation of secondary data based on the above 

parameters, for a number of different compounds 

utilized to produce proteins; based on this data, 

complex/hybrid deep learning models can be thought of 

with the help of machine learning algorithms and AI 

[6]. However, this method requires heavy manual 

maintenance and accuracy; even the smallest blunders 

in design can create spurious results and conclusions, 

which consume a lot of time and money. Even without 

blunders, this method takes an enormous amount of 

time to be performed since enormous amounts of data 

have to be monitored, moderated, and deleted manually 

[6]. Another technology utilized in the pharmaceutical 

sector is blockchain. Blockchain is a data structure type 

based on the collection and collation of records and 

converting them into blocks and linking them to one 

another in chronological order creation to a chain;  

 

hence the name blockchain. There are several different 

traits of blockchain which make it applicable in the 

pharmaceutical sector. These include factors of 

permanence, decentralization, straightforwardness and 

recognisability [7]. Permanence is the immutable and 

unmodifiable character of the data in the blockchain. 

Decentralization is the fact that several entities can be 

tasked with data handling in the system. 

Straightforwardness is the openness of the data stored 

in a blockchain, and that a user can see all data stored in 

the entire blockchain. Recognizability is the fact that a 

blockchain user can trace the information stored in the 

blockchain with unchallengable timestamps. In a 

pharmaceutical scenario, these factors guarantee that 

manufacturers of drugs can see and trace their data and 

transactions at will [7]. As per various studies, 

blockchain has made drug testing and clinical trials 

easier to perform, and also made the distribution chain 

of pharmaceutical companies more effective and easy to 

trace [7]. Blockchain, however, has some drawbacks. 

For example, as it is a new and emerging technology, it 

carries enormous installation costs and maintenance 

costs which are still unaffordable by small companies, 

thus making it less useful. Due to the cost factor, very 

few people have experience with and can operate this 

kind of technology, making it applicable in only more 

affluent geographical areas. There is still much more to 

be achieved before expensive technologies such as 

blockchain can be used more extensively to realize their 

phenomenal potential [7]. A third high-tech technology 

used by the pharmaceutical industry today is 3D 

printing [8]. More advanced uses of this technology use 

blue rather than white light, which improves accuracy 

due to its higher capacity to transfer impedance. These 

technologies offer the possibility to install reproduction 

of objects incrementally; developments in 3D printing 

also allow the production of objects on-site and on-

demand by a wide range of individuals and industries 

due to the omnipresence and ease of advanced 3D 

printing [9]. Overall, we saw a pattern of deficits and 

problems that affect the utility, effectiveness and 

overall impact of these new technologies used by the 

pharmaceutical industry. Future developments will 

likely address this by reducing cost, improving 

effectiveness, and improving consumer-friendliness, so 

increased use and adoption can be utilized to further 

human health. 
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3.2.MACHINE LEARNING IN DRUG 

DISCOVERY 

Drug discovery is one of the many areas of the 

pharmaceutical industry where machine learning is 

being used more and more, which is helping the sector 

as a whole. The growing number of businesses where 

machine learning plays a major role in their 

organizational structure is evidence of machine 

learning's accomplishments. They claimed that big 

pharmaceutical companies have also looked into using 

machine learning techniques for drug research and 

development [10]. Future developments in the field of 

drug discovery must therefore incorporate machine 

learning due to its vast potential and practicality. 

Reducing the asset and work seriousness of medication 

disclosure is the aim of high-throughput screening 

technologies. Machine learning could the need for 

testing on live animals [10]. These studies show that 

machine learning is a very helpful tool for finding new 

drugs. In order to improve and advance machine 

learning technologies for drug discovery and 

development, certain chemical and biological 

information is required. The insights gleaned from data 

would aid in the design of increasingly sophisticated 

and precise systems [11]. Assays will be required to 

measure medicinal features like cytochrome P450 

(CYP) inhibition values, pharmacokinetic endpoints, 

on-target activity, animal model efficacy, cellular 

toxicity, and cell structure heterogeneity in order to 

collect these data [11]. A condensed timeline of the 

steps involved in applying machine learning to the 

pharmaceutical sector, particularly in the development 

of [12] the need for in vivo animal testing [10]. These 

experiments show that machine learning is a very 

helpful tool in drug discovery. 

 

Figure 1: Machine learning in drug discovery 

Some chemical and biological information factors are 

required to improve and create machine learning 

technologies for drug discovery and development. They 

would contribute to the design of more sophisticated 

and precise systems by the results from data [11]. To  

 

obtain these data, medicinal features like cellular 

toxicity, cell structure heterogeneity, animal model 

activity, on-target activity, pharmacokinetic endpoints, 

microsomal stability, and cytochrome P450 (CYP) 

inhibition values will have to be measured by assays 

[11]. Figure 1 illustrates a simplified cycle of the events 

that occur during the use of machine learning in the 

pharmaceutical industry, more specifically the 

development and manufacturing process of this 

industry, and also illustrates how machine learning 

works in general [12]. The data include different 

components, like orthogonal data and applicability 

domain and termination data. These data are fed into a 

pre-designed algorithm that considers model decisions, 

selection functions, and orthogonal calculations. The 

algorithm produces results as well as iterative 

improvements to the present methodology and 

procedures to make it efficient and reliable. The method 

is then adjusted, and the cycle is repeated until a final 

product is designed and manufactured. One experiment 

that illustrates the use of machine learning in the field 

of drug discovery was conducted by Margulis and 

others [13], which illustrates how intensely bitter 

molecules can be detected with the assistance of 

machine learning in the early stages of drug 

development. The aim was to see whether a certain 

algorithm employed in machine learning could be 

employed as a substitute for animal testing in an 

attempt to identify the bitterness of certain molecules 

employed in drugs. A total of 80% of the bitter 

molecules found were similar to those found from a 

brief access taste aversion (BATA) experiment, 

indicating that this experiment was successful. After the 

BATA experiment the findings indicated that the issue 

of toxicity and bitterness weren't always intertwined, as 

was initially thought. This indicates that machine 

learning was able to generate results that were accurate 

enough as well as generate new information. A study 

conducted by Raschka et al. [14-15] indicates how 

machine learning can be employed in G-protein coupled 

receptor (GPCR) ligand recognition, an integral part of 

the drug discovery process. The aim of their study was 

to see whether machine learning was capable of taking 

the place of the older technology employed in Sea 

Lamprey Receptor 1 (SLOR1) receptor signal inhibiting 

experiments, employing these experiments to 

crosscheck results obtained using the machine learning 

algorithm. Results from the algorithm were similar to 

the considered baseline performance, indicating that the 

new algorithm had potential to take the place of the  
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older technology in identifying other molecules' traits. 

It also indicated that machine learning had the potential 

to be employed on a lot of different things (like 

multimedia, medicine, petroleum industry etc.), 

indicating its potential in drug discovery. Another study 

indicating the employment of machine learning in this 

section was conducted by Pereira and colleagues. The 

aim of the study was to see whether a machine learning 

algorithm had potential to identify and rank docking 

receptors with the correct corresponding ligands among 

other things or compounds. The results showed that the 

machine learning algorithm was more efficient 

compared to the traditional ranking mechanism of the 

docking receptors. This also showed that machine 

learning can be utilized for other applications like the 

synthesis of molecular libraries and databases and the 

identification of the pharmacokinetic properties of 

novel drugs. They tested to predict the antifungal 

activity and antibacterial activity of various drugs and 

molecules based on their action on various fungi and 

bacteria. A linear description analysis algorithm was 

combined with an array of heterogeneous descriptors 

like stimulants, depressants, hallucinogens, dissociative, 

opioids, inhalants and cannabis. The results showed that 

this identification process of drug characteristics was 

more effective compared to other non-linear 

approaches, contributing to the evidence base for the 

utilization of machine learning to create drugs. Another 

study in appreciating the virtue of machine learning 

attempted to identify whether machine learning 

algorithms and deep learning (neural networks) could 

be combined and utilized in an analysis of the 

restorative and remedial activities of various drugs on 

genes. Results showed that the prediction accuracy of 

drug categories improved considerably from the 

baseline model, and they were classified more 

accurately resulting in a greater accuracy percentage. 

Thus, the improved accuracy shows that combining 

deep learning neural networks with machine learning 

algorithms improved the efficiency of this classification 

system of drugs and classified drugs more accurately 

with heterogeneous pharmacodynamic and 

pharmacokinetic properties. Two studies, by Rantanen 

and Khinast [16] and Turki and Taguchi [17], 

respectively, represent two distinct subcategories of 

machine learning, and can be meaningfully compared. 

Turki and Taguchi utilized reinforcement learning (one 

of the three paradigms of machine learning, the other 

two being supervised learning and unsupervised 

learning) to accelerate the process utilized to identify  

 

potentially useful drugs, while Zhavoronkov and 

Mamoshina utilized transfer learning (a machine 

learning (ML) problem that is concerned with storing 

knowledge gained during the solution of a problem and 

transferring it to a related but different problem) in a 

bid to predict reactions of patients suffering from 

multiple myeloma to a drug that had already been 

discovered. Turki and Taguchi demonstrated that the 

drug discovery process took 46 days, a huge difference 

from time taken using the traditional approach. The 

outcome of Zhavoronkov and Mamoshina's study 

indicated predictability above their baseline readings. 

Turki and Taguchi determined that there is still some 

margin for improvement, as far as coding the algorithm, 

so that synthesized compounds have different formulas 

with regard to existing market products; while 

Zhavoronkov and Mamoshina determined that the 

scope of the algorithm needs to be extended (by 

utilizing hybrid models and deep learning models) since 

data collected for individuals cannot be utilized for a 

cluster of individuals [18–22]. 

3.3. ARTIFICIAL INTELLIGENCE IN DRUG 

DISCOVERY 

V. CONCLUSION 

Summarize the key findings of your research and their 

implications for theory, practice, or policy. Highlight 

the significance of your contribution and suggest areas 

for future work. Avoid repeating sentences from the 

abstract. 
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