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1. BACKGROUND:  

Artificial intelligence can be defined as the branch of 
science and engineering with the computational 
understanding capable of analyzing complex medical 
data[1].Artificial intelligence, also known as AI, is 
the core of the fourth revolution of science and 
technology, providing facilities to achieve precision 
public health and personalized medicine. The 
research has achieved and acknowledged the 
development and promotion of intelligent healthcare 
systems worldwide along with some excellent 
medical advancements[2-6]. 

It alsogenerates opportunities for all-around medical 
service promotion, including fast data processing, 
accurate image interpretation, workflow 
improvement and reducing errors in the healthcare 
system practice[7].The father of artificial intelligence, 
John McCarthy, defined artificial intelligence as “The 
science and engineering of making intelligent 
medicine, especially intelligent computer programs”. 
Artificial intelligence is a way to make computer 
programs and software think intelligently like an 
intelligent human being[8]. 

Along with various benefits, there are some concerns 
and controversies as artificial intelligence medical 
services increase accessibility to thegeneral public. 
Some populations cannot accept artificial intelligence 
because of its drawbacks, such as:- 

1. Disease diagnosis and treatment inaccuracy. 
2. Medical students and doctors stress that they 

might get replaced by the presence of 
artificial intelligence. 

3. Also, artificial intelligence can reduce the 
patient-doctor relationship[9-12]. 

As the public can have different opinions and 
anticipation towards the rapid artificial intelligence 
development, an extensive survey is carried out to 
gather the public's opinion for understanding their 
viewpoints and demands by their comments[1, 13-
15].The survey can help understand the 
deficienciespresent in the current implementation of 
programs and provide guidance for the further 
development of artificial intelligence[16]. 

Artificial intelligence (AI) now plays an essential role 
in day-to-day life. There have been advancements in 
numerous different fields, such as:- 

1. Recognition of image and speech. 
2. Processing of natural language and many 

more[17-19]. 

It is considered a demonstration of intelligence by the 
machine. This term is basically used in the machine 
to show cognitive (similar) behavioursassociated with 
the humans, such as learning, problem-solving 
etc.[20].  It is commonly based onhow the human 
brain actually thinks and how humans can learn, 
decide and work to solve any problem and use those 
outcomes to develop intelligent computer software 
and systems[8].  
2. MAIN TEXT: There are various branches of AI; 
among all of them, machine learning is considered 
the most recent used technology of AI in the 
pharmaceutical field. Natural language 
processing(NLP), Robotics, and Expert systems are 
some other AI branches becoming highly popular in 
the healthcare field, such as diagnosing any disease, 
monitoring patient’s health, and other robotics 
surgery. However, these branches are yet to receive 
attention compared to machine learning in the 
pharmaceutical science field [21, 22]. 

2.1 Machine Learning (ML) 

Machine learning is considered a subdivision of 
artificial intelligence that helps the computer to learn 
from data. ML is a comprehensive term used for 
several different methods to achieve AI[23] and is 
considered the main driving force in developing AI 
applications[24]. ML is a vital AI tool to obtain a 
deep understanding of data, prediction making and 
providing decisions by computer with the help of 
ML[25]; computers can make conclusions by their 
own rules using advanced software processes[26]. 

Many of the processesused in machine learning were 
already earlier used bystatisticians. The generation of 
a large amount of recent digital data in the form of 
image, transactions, texts, human and environmental 
sensing data which are considered “big data”, can be 
stored in the cloud rather than on the premises, which 
make their analysis faster and cheaper by using 
graphical processing units, which train the machine to 
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perform a task without being utterly dependent on a 
program to do it[25].Internet searches, good and 
services recommender systems, e-commerce, image 
and speech recognition, identification of images, 
sensor technologies and robotics devices are various 
machine learning methods[27]. 

2.2 Goals of Artificial Intelligence 
1. To create an expert computer program on  

the system:- The system created should have 
excellent behaviourand should be able to 
learn, demonstrate, explain and give advice 
to its users. 

2. To implement the intelligence of humans in 
the machine:-  The system created should be 
understood, learned, taught and behave just 
like humans[8]. 

 

2.3 History/Origin of Artificial Intelligence 

YEAR INNOVATION 

1923 “Roosum’s Universal Robots”(RVR) was a science-fiction play by Karel Capek. The 
play had its world premiere in London, and the word “robot” was first introduced in that 
play. 

1943 Neural network formulation was first laid. 

1945 The term “robotics” was coined by Iraac Asimov 

1950 For the evaluation of computing machinery and its intelligence, a test called the “Turing 
test” was introduced by Alan Turing. 

1956 The term “Artificial Intelligence” was coined by John McCarthy. At Carnegie Mellon 
University, the first AI-based program was demonstrated. 

1958 John McCarthy developed an artificial intelligence programming language called 
“LISP”,which was designed to manipulate data. 

1964 At MIT, Danny Bobrow’s showed that computers could easily solve algebra word 
problems because they can understand computer language. 

1965 For solving the interactive problems in a dialogue in English, a natural language 
processing computer program called ELIZA was created at MIT by Joseph Weizerbaum. 

1969 The scientists at Standard Research Institute developed a robot “Shakey” equipped with 
perception, locomotion, and problem-solving capability. 

1973 A Scottish “Freddy” with the capability of using vision to locate and assemble models 
was developed by an assembly robotics group at Edinburgh University. 

1979 Stanfort Cart, the first computer-controlled vehicle, was built. 

1990 Many significant advancements were made in AI:- 

 Demonstration in ML 

 Scheduling 

 Natural language understanding 

 Case-base reasoning 

 Vision, Virtual reality 

 Gaming 

1997 A chess-playing supercomputer called “Deep Blue” was developed by IBM. It won a 
game against the world’s chess champion, Garry kasparov. 

2000 A robot, “Kismet”, was displayed by MIT, who had a face to express different emotions.  
Another robot, “Nomad”, developed by the Robotics Institute, was developed to 
demonstrate a robot capable of travelling long distances, so it explored Antarctica.  
Many interactive pet robots were available commercially. 
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AI is an advancing field of science.The scientific 
disciplines that underlie AI include computer science, 
biology, mathematics, statistics, cognitive 
psychology, decision theory, neuroscience, 
linguistics, cybernetics, and engineering[28]. The 
inventor of the first mechanical computer Charles 
Babbage the 1850s, to Alan Turing, the father of the 
general-purpose programmable computer, was the 
first to ask the question, “can machines think like 
humans?” 1950s[29]. Computer scientists and science 
fiction writers’ imaginations were captured by the 
idea of machine intelligence equivalent to the human 
brain[30,31].  
Artificial Intelligence was first used in the summer 
workshop in New Hampshire at Dartmouth College. 
The workshop was based on “the artificial 
intelligence problem” as one “of making a machine 
behave in ways that would be called intelligent if a 
human was so behaving”[32]. In simple words, 
Artificial intelligence may easily be understood as a 
general term that focuses on using computational 
methods to replicate human intelligence.  
Alan Turing, in the 1950s, proposed an operational 
test for measuring machine intelligence. The test was 
called the “Turing test”, which measures the ability 
of a machine capable of human-like intelligence or 
indistinguishable from a human[26]. For a computer 
to qualify for the test, the human interrogator should 
not be able to tell whether the written questions 
posted came from a machine or a human[29].In 1956, 
a workshop, “Dartmouth workshop”, was held whose 
aim was to develop a branch of artificial intelligence 
that could pass the Turing test, which indicates the 
development of a level of intelligent machines that 
exceeds or matches the intelligence of humans[26]. 
To qualify, some requirements must be metfor the 
Turing test- 

1. Natural language processing:- A computer 
should be able to understand speech. 

2. Knowledge representation:- A computer 
should memorize what it knows or hears. 

3. Automated reasoning:- A computer should 
be able to keep records to answer various 
new questions and draw a conclusion from 
them. 

4. It should be adaptable to any changing 
circumstances [28]. 

The other two fundamental requirements are:- 

5. The vision of a computer  
6. Physical interaction 

After fulfilling all these requirements, a computer 
would satisfy a test called the total Turing test[33-
34]. These six requirements now play an essential 
role in artificial intelligence research and 
development[28]. 

Competitions for machines are generally divided into 
the categories:- 

1. Strong AI (Actual thinking) or Artificial 
General Intelligence(AGI) 

2. Narrow or weak AI (Simulated thinking)[28] 

It is said that AGI is many decades away, but there 
are some future predictions that there will be an 
“intelligence explosion” once a machine can achieve 
AGI[35]. 

The category of artificial intelligence that is currently 
used today is narrow or weak AI. It uses physical 
devices such as sensors, robots and digital software to 
deliver comprehensive AI services[36]. 

2.4Principle of Artificial Intelligence 

Despite its long history, Artificial intelligence still 
does not have a standard definition. However, using 
computer systems for human intelligence mimicry is 
the basic concept behind AI. Warren McCulloch and 
Walter Pitts, in 1943, got inspired by the physiology 
and function of neurons in the brain and proposed a 
computational model of artificial neurons[37]. The 
artificial neurons work the same as human neurons by 
being “on” and “off” in response to neighbouring 
neurons sufficient stimulation[38]. In recent years, AI 
has gained advanced increasing interest in a wide 
range of fields such as healthcare[39], 
transportation[40], engineering[41] etc.  

Machine learning(ML) is commonly considered a 
branch of AI where computers are made to modify 
their actions, such as making predictions. ML process 
can be classified into two:- 

1. Supervised machine learning:- The process 
uses generalization to respond to training 
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example sets. Basically, training examples 
are provided in the dataset as input-output 
data. The output is called the correct 
response or answer and is termedthe target. 
So, the basic goal of supervised machine 
learning is to predict outcome data closer to 
the target. For example, 

 Support Vector Machine (SVMs) 

 Random Forests (RF) 

 Artificial Neural Networks (ANNs)[42] 
2. Unsupervised machine learning:- Unlike 

supervised learning, no input data or 
training examples are provided in the 
case of unsupervised learning. For 
example, 

 Principal component analysis (PCA)[42] 

Nevertheless, some supervised models can support 
unsupervised models, such as SVMs and ANNs[43]. 

2.5Different Branches of Artificial Intelligence 

2.5.1 Artificial Neural Networks (ANNs):- They are 
biologically inspired models that mimic the ability of 
the brain to learn. A billion of processing units called 
neurons are present in the brain. All these neurons are 
interconnected with the help of a number of 
synapses[44]. A human neuron consists of a nucleus 
and cells that control activities. Dendrites,thread-like 
structures around neurons, can carry the information 
action to the cell and axons just like a long thread that 
carries information to the next cell[44]. 

Inspired by the human neuron, ANNs also consist of 
artificial neurons or processing elements that can 
learn from the input data. The main component of the 
neural network is the neuron, which is considered a 
mathematical processing unit where one or more 
input data are given to produce an output. For a 
neuron, every input data given has a well defined 
relative importance, and the neurons calculate all the 
independent outputs to calculate the final 
output[45].The output data are created and then 
modified by activation function or transformation 
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function before being transferred to another neuron. 
The processing unit is called perception, a feed-

forward system by which the data are transferredfrom 
input to output in the forward direction[45]. 

 

 

 

ANNs have three main components:- 

i. Input layer:- It corresponds with dendrites in 
the human neurons to transfer information to 
the second layer[37]. 

ii. Hidden layer:- Now, this layer is sandwiched 
between the two-layer input and output 
layer, so it is called the hidden layer. The 
fundamental role of this layer is to create a 
connection between the input and output 



Indian Research Journal of Pharmacy and Science; Singh. S. et. al June’2022 
 

Ind Res J Pharm & Sci | 2022: Jun.: 9 (2) 2715 

 

layers. There isa number of neurons present 
in this layer. So the number of neurons to be 
used depend on the trial and error method 
because using a definite number of neurons 
can cause a reduction in ANNs learning 
ability, whereas using too many neurons can 
result in memorization of training 
data,thereby decreasing the generalization 
ability of the ANNs[46]. Thus, the number 
of neurons capable of giving the highest 
correlation coefficient and the lowest error 
should be selected. 

iii. The output layer is the final layer of an 
artificial neuron that consists of output 
targets[37]. 

The process of making an artificial neuron is called 
learning or training. The input data are received in the 
input layer, which is carried on to the next layer 
called the hidden layer, where several activation 

functions are carried out, such as logistic, identity and 
exponential function and finally, in the last layer,i.e. 
output, the output is calculated[48,49]. 

2.5.2. Fuzzy Logic:- In fuzzy logic, the judgment or 
a proposition is either true or false. So the map of the 
hypothesis lies either in the “true” side or entirely 
outside it that is “false”. If the hypothesis result is 1 
then the hypothesis is considered true, and if the 
hypothesis results in 0 then the hypothesis is 
considered false. For example, if 20ºC room 
temperature is considered as “comfortable”, then 
temperatures outside this range that are 19ºC or 21ºC 
are considered “uncomfortable”[45].  

Lotfi Zadeh, in the 1960s, introduced the concept of 
fuzzy set[47]. Unlike fuzzy logic, the membership 
functions are not confined between 0 and 1, but any 
continuous values between these two limits can be 
taken. For example, four rules govern the working of 
a fan heater which are- 

 

For a better understanding of the fuzzy logic concept, 
let us take an example of the tablet disintegration test. 
The formulator is looking for the disintegration time 
of 300s. So any value that is less than 300s can have 
a desirability of 1 (i.e. 100%), but if the disintegration 

time is 310s, it is not considered entirely undesirable, 
and the desirability value can be 0.9[45]. 

2.5.3. Neuro-fuzzy Logic:- 
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Recently, various efforts have been made to merge 
two different technologies to create new 
methodologies. Neuro-fuzzy logic is an example of 
merging technologies that combine the capabilities of 
neural networks to learn from the data with the 
concept of fuzzy logic to convey complex 
conceptseffortlessly.  

The lead of this technology is that it can extract the 
information from the data and represent it in an 
effortless manner that is very easy to understand.The 
neuro-fuzzy logic is architectured with two extra 
layers,i.e. for fuzzification of inputs and 
defuzzification of outputs[45]. 

2.5.4. Evolutionary Computing:- It is considered the 
study of computational systemswhere this technique 
uses plans from natural evolution, and biological 
systems also get developed and inspired by them[45]. 

2.5.5. Genetic Algorithms:- Inthe 1970s, John 
Holland introduced a genetic algorithm[48]. A 
searching technique is provided, which is used for 
optimization, and it is considered a very tedious 
process. For performing this technique, initially, a 
population of solution is created, and every member 
of the population is checked for fitness. The fittest of 
all the solutions is considered the “parent” for the 
next generation. Through the process of 
recombination and mutation, further degree of 
newness is introduced into the population so that 
genetic algorithms can find the ideal global solution. 
The genetic algorithm is based on the concept that the 
different criteria of “fitness” can be described for the 
population[45].  

Koza, in the 1990s, defined genetic programming as a 
subset of genetic algorithms. Currently, it only has 
some limited use in the pharmaceutical formulation 

development, but it is considered that in the near 
future, its use will increase as it shows similarity with 
the neural networks and also has transparency related 
to the mathematical expression[49]. 

Along with many advantages of this technique, there 
are some disadvantages, such as:- 

 This technique is considered time-
consuming. 

 In the formulation, its applications are less 
understood[45]. 

3.ARTIFICIAL INTELLIGENCE IN 
FORMULATION DEVELOPMENT 

For the last 15 years, all artificial intelligence 
technology branches have been widely used to design 
and optimize the formulation[45]. 

The development of viable drug formulation with 
desired qualities involves blending inert products and 
additives with the active pharmaceutical ingredient 
(API) to formulate viable drug products with desired 
characteristics[50]. Recently, optimization technique 
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has been incorporated in the development of 
optimized drug formulation, which is improved in the 
following things:- 

 Improved efficacy. 
 Long-acting therapeutic effect. 
 Side effects reduction. 
 Increased stabilization and shelf-life of 

Active Pharmaceutical Ingredient (API). 
 Increased patient compliance[50]. 

Depending on which route of administration is 
desired, the APIs are formulated first by using 
various materials such as inert additives like lipids, 
surfactants, polymers, and other APIs, if any. They 
can be made in various delivery systems such as 
Microparticles(MP), Nanoparticles(NP), 
Multicomponent systems etc. [51-54]. Finally, they 
are formulated into desired final products, for 
example, solid, liquid or parenteral 
formulation[50].New innovative drug delivery 
processes and economic development processes are 
required to bring new effective medicines to the 
market[55]. 

The main drawback during the formulation 
development was the incapability to forecast how 
different compositions or the combination of the 
APIs and the other substances influenced the 
performance of the formulation. So to overcome this 
drawback, pharmaceutical scientists have taken on 
the computational modelling approach[55]. For 
example, 

 Molecular docking studies[56]. 
 Cheminformatics tools[57]. 
 Molecular dynamics simulations[58]. 

Molecular learning is a subdivision of AI whose main 
aim is to train the computational model based on the 
data. For example, for knowing the stability of a 
particular drug formulation, machine learning can be 
helpful as it can consider data from the earlier 
experiments where the API formulations’ 
stabilitywas examined. There have been some recent 
developments in machine learning algorithms, such 
as, 

 Broad availability of faster computer 
hardware. 

 Development of user-friendly ML toolkits. 

 Improved availability to powerful ML 
models[55]. 

With such developments in this field, there has been 
an explosion in the ML and AI application, which 
thereafter has led to further applications such as:- 

 Enhanced cancer diagnosis[59-61]. 
 New antifibrotics discovery[62]. 
 Development of new antibiotics 

molecules[63].  
 Also, the development of self-driving 

laboratories[64, 65]. 
 Development of new algorithms to forecast 

the chemical reaction of the products[66]. 
 Optimization of chemical reactions by deep 

reinforcement learning[67]. 
 Determining the third-dimensional protein 

structure from the amino acid sequence by 
using deep reinforcement learning[68]. 

Current inventions for the development of new drug 
products and the procedure for their optimisation 
pose similar challenges to others that have already 
been examined by machine learning. Some of the 
disadvantages in the current drug formulation 
development are expensive, laborious and time-
consuming to achieve a required formulation with 
properties such as increased solubility of API by 
selecting appropriate materials. By using the power 
of AI and ML, pharmaceutical scientists can develop 
such formulations using the data stored or by optimal 
experimental planning[55].  

ML models are generally advanced just to overcome 
all the challenges faced by pharmaceutical scientists, 
including:-  

 Predicting the effect of the additives used in 
the APIs solubility. 

 For determining protein's chemical and 
colloidal stability. 

 API formulation physical stability 
prediction. 

 For determining API loading capacity and 
its release rate from the advanced delivery 
system. For example, microparticles and 
nanoparticles[55]. 
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4.APPLICATION OF ARTIFICIAL 
INTELLIGENCE 

Starting from the beginning and ending at the endof 
pharmaceutical product development, artificial 
intelligence branches such as machine learning have 
been used. There are various sections of 
pharmaceutical drug development where ANNs, in 
combination with various machine learning 
techniques,can be used[37]. 

i. Artificial intelligence in drug design and 
development:- Machine learning can be 
significantly used in the pharmaceutical 
sciences to discover a drug for usefulness in 
high-throughput screening, computer-aided drug 
design (CADD) and combinational 
chemistry[69-70]. The quantitative structure-
activity relationship (QSAR) is the earliest area 
in which artificial intelligence was applied[71-
73]. Compound physiochemicalproperties and 
chemical or biological activities correlate with 
the QSAR approach[74, 75]. Molecular weight, 
hydrogen bonding capacity and partition 
coefficient(logP) are some of the commonly 
utilized physiochemical properties for QSAR 
studies. Hence, due to its functionality and 
achievement, the importance of artificial 
intelligence continues to grow in pharmaceutical 
product development[76]. 

 
ii. Artificial intelligence in pharmaceutical 

preformulation:- Preformulation is defined as a 
process in which physicochemical properties of 
the compounds used for manufacturing drug 
products are assessed. Physicochemical property 
determination of the drug compound plays a 
critical role in providing the idea about products 
solubility profile, interaction with the excipients 
used, the bioavailability of the compound, 
stability and various other parameters[77]. 

The first step in the preformulation study is the 
determination of the aqueous solubility of the 
drug compound. The drug to be absorbed should 
own a significant degree of solubility in water. 
It is ubiquitousto manufacture oral, opthalamic, 
topical, parenteral and various additional routes 
of administration. If a compound does not have 
acceptable solubility profiles, then various other 

techniques can be used to upgrade the solubility 
of the particular compound, such as 
complexation technique, surfactant usage, salt 
formation, and co-crystals formation, using 
hydrotropes etc. [78-80]. 

For example, various computational approaches, 
machine learning techniques[78], and molecular 
dynamics simulation[81] can be used in silico 
forecasting drug substance aqueous solubility. 

 
iii. Artificial intelligence in pharmaceutical 

formulation development:- The most crucial 
process in drug development is the formulation 
of drug substances and compounds into the final 
drug product used for administration by the 
patients. The most crucial machine learning 
branch in predicting the pharmaceutical 
formulation is ANNs which have gained great 
interest in this field [82]. Various number of 
studies have already utilized ANNs in the 
development and optimization of the 
manufactured formulation and the factors 
related to parameters of formulation, for 
example, drug release and drug dissolution. The 
optimization process for the formulation 
includes the compounds used and the operating 
condition by utilizing the machine learning 
process. Specially ANNs haveprovided great 
success and exhibited their promise for further 
application in the future[37]. 

5. FUTURE OF ARTIFICIAL INTELLIGENCE 

Now that artificial intelligence has gained access to 
the pharmaceutical science field, it will be tough to 
restrict its growth. The conclusion of adopting this 
new technology is to embrace the new realities 
developed based on the present situation, which can 
create immense pressure on the late technologies that 
are already in the market for so long and can lead to 
their falling out of the race. Soto prevent the 
technologies from lagging, there is a need for them to 
adopt the recently made approaches and become 
powerful. AI is recently a booming technology that 
promises a complete transformation in the 
functioning of science, society and the business 
field[26]. 
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Artificial intelligence and machine learning can 
significantly benefit the pharmaceutical industry's 
development. AI can be used for any aspect of drug 
manufacturing, starting from evaluating raw materials 
to their marketing. The last 10 years have seen a 
significant increase inthe number of pharmaceutical 
companies and business stamps using AI 
computational technology for pharmaceutical product 
development. AI can be very useful in improving 
decision making and for the development of new and 
successful medicines. AI technology has yet not 
created that control on the pharmaceutical industry 
because of several challenges such as a large amount 
of data management, prescribing solutions for various 
problems, lacking skillsets, not many investments in 
this zone etc. and other essential factors for not using 
AI are lack of staff, safety, regulation, budget etc. 
There is still an unpredictability about how AI will 
shape the coming future of work, and along with this, 
there are concerns regarding how AI can replace 
humans in different fields in the near future[83].In 
recent times there are various AI-enabled 
computational applications that are entering the 
workspace that need attention from occupational 
safety and health practitioners, workers, employees, 
researchers etc. before introducing any AI-enabled 
computational program devices in the workspace, 
there is a need for pre-placement safety insurance and 
health view, as well as all of the benefits and risks 
caused by that programs,should be well known to 
avoid it. The overall approach to AI and its 
implementation in the future works needs an 
occupational safety approach and development of 
strategic planning for better anticipation and 
preparation if any AI-enabled technological 
challenges are possible or the safety of works, well-
being and health are hampered[37].  

6.CONCLUSIONS 

Artificial intelligence leads to the digitalization of the 
pharmaceutical workspace, where numerous 
technologies and software of AI and ML are used. 
There is a more significant potential for the 
development beyond the traditional AI application 
with the growth in the success of machine learning 
technology in various pharmaceutical workshops. 
Depending on the types of data entered and dataset 
size, suitable machine learning technology can be 

chosen. So, the machine learning method to be 
chosen is generally a task-specific process. Using an 
advanced AI algorithm to build a robust application 
with the help of sufficient curated data may someday 
become a prevalent practice to solve the challenges in 
the pharmaceutical drug development process. With 
the fast, efficient and economical solution, it can be 
predicted that AI will definitely flourish in an era of 
digital pharmaceutical science[37]. 

In the coming near future, there is a higher possibility 
for the development of various small scale software 
and biotech companies that will be strengthening the 
artificial intelligence technology by exploring new 
ways for the drug formulation discovery and also 
development process. Not all the companies will be 
successful in this work, while numerous will cease to 
function by failing in their ambition or may run out of 
investments. At the same time, the rest can achieve 
enough success to keep themselves sustainable in the 
market. Only some will achieve the highest success if 
AI continues to be helpful in drug discovery and 
formulation development which is expected to be the 
case. Then AI can be progressively incorporated into 
the workspace of both the large and small scale 
software and biotech companies. How academic 
science is performed recently will be changed entirely 
by the patterns and connections in between the data 
that can be discovered in large numbers 
automatically. 

Moreover, with the developmentof AI technology, it 
indeed becomes imperative to think of its impact on 
the employment process; many of the jobs will be 
altered entirely, some will definitely disappear, but 
also some new roles in the research and management 
field will be created that will require researchers and 
managers. Indeed a diverse change in the field can be 
assumed in the coming 20 years to increase the 
efficiency and capacity of the industry to encounter 
the unique needs of the patients. Nonetheless, with 
several developments, there comes some fear of 
potential data exploitation, equilibrium between 
human and AI control and also the effect of the 
technology on employment as well as the employees 
in the working organization[83]. 

List of Abbreviation:  
AI : Artificial Intelligence 
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ANNs: Artificial Neural Networks 
NLP: Natural language processing 
AGI : Artificial General Intelligence 
SVM :Support Vector Machine  

PCA : Principal component analysis  
RF: Random Forests  
CADD: Computer-Aided Drug Design  
QSAR : Quantitative structure-activity relationship  

 

7. REFERENCE 

1. Shapiro SC (1992) Encyclopedia of 
Artificial Intelligence, vol. 1, 2nd edn. New 
York: Wiley. 

2. Lancet T (2018) Artificial intelligence in 
health care: within touching distance. 
390(10114): 2739. 

3. Kantarjian H, Yu PP (2015) Artificial 
Intelligence, Big Data, and Cancer. JAMA 
Oncol 1(5):573-4. 

4. Ramesh AN, Kambhampati C, Monson JR, 
Drew PJ (2004) Artificial intelligence in 
medicine. Ann R Coll Surg Engl. 86(5):334-
8. 

5. Zhu B, Liu JZ, Cauley SF, Rosen BR, Rosen 
MS (2018) Image reconstruction by domain-
transform manifold learning. 
Nature555(7697):487-492. 

6. Kermany DS, Goldbaum M, Cai W (2018) 
Identifying Medical Diagnoses and 
Treatable Diseases by Image-Based Deep 
Learning. Cell 172(5):1122-1131. 

7. Topol EJ (2019) High-performance 
medicine: the convergence of human and 
artificial intelligence. Nat Med. 25(1):44-56. 

8. Artificial intelligence intelligent 
system(2015) Tutorials point 1-7. 

9. Gong B, Nugent JP, Guest W (2018) 
Influence of Artificial Intelligence on 
Canadian Medical Students' Preference for 
Radiology Specialty: A National Survey 
Study. AcadRadiol. 

10. Liew C (2018) The future of radiology 
augmented with Artificial Intelligence: A 
strategy for success. Eur J Radiol102:152-
156. 

11. He J, Baxter SL, Xu J, Xu J, Zhou X, Zhang 
K (2019) The practical implementation of 
artificial intelligence technologies in 
medicine. Nat Med25(1):30-36. 

12. Karches KE (2018) Against the iDoctor: 
why artificial intelligence should not replace 
physician judgment. Theor Med Bioeth. 

13. Mendell JS, Palkon DS, Popejoy MW 
(1991) Health managers' attitudes toward 
robotics and artificial computer intelligence: 
an empirical investigation. J Med 
Syst.15(3):197-204. 

14. Louie WY, McColl D, Nejat G (2014) 
Acceptance and Attitudes Toward a Human-
like Socially Assistive Robot by Older 
Adults. Assist Technol. 26(3):140-50. 

15. LinosD, Kiriakopoulos A, Petralias A (2013) 
Patient attitudes toward transaxillary robot-
assisted thyroidectomy. World J Surg. 
37(8):1959-65. 

16. Hessler G, Baringhaus KH (2018) Artificial 
intelligence in drug design. Molecules 
23(10):2520, 
doi:10.3390/molecules23102520. 

17. Howard, J (2013) The business impact of 
deep learning. In Proceedings of the 19th 
ACM SIGKDD International Conference on 
Knowledge Discovery and Data Mining, 
Chicago, IL, USA, p. 1135. 

18. Impact Analysis: Buisiness Impact of Deep 
Learning. Available online: 
https://www.kaleidoinsights.com/impact-
analysis-businedd-impacts-of-deep-learning/ 
(accessed on 10 August 2018). 

19. Deep Learning, with Massive Amounts of 
Computational Power, Machines Can Now 
Recognize Objects and Translate Speech in 
Real Time. Artificial Intelligence Is Finally 
Getting Smart. Available 
online:https://www.technologyreview.com/s
/513696/deep-learning/ (accessed on 10 
August 2018). 

20. Artificial Intelligence. Available 
online:https://en.wikipedia.org/wiki/Artificia
l_intelligence(accessed on 16 June 2018). 



Indian Research Journal of Pharmacy and Science; Singh. S. et. al June’2022 
 

Ind Res J Pharm & Sci | 2022: Jun.: 9 (2) 2721 

 

21. Wakabayashi G, Sasaki A, Nishizuka S, 
Furukawa T, Kitajima M (2011) Our initial 
experience with robotic hepato-biliary-
pancreatic surgery. J Hepato-Biliary-
Pancreat Sci. 18(4):481–7. 

22. Jiang F, Jiang Y, Zhi H, Dong Y, Li H, Ma 
S (2017) Artificial intelligence in healthcare: 
past, present and future. Stroke Vasc Neurol 
2(4):230–43. 

23. Mohri M, Rostamizadeh A, Talwalker A 
(2018) Foundations of Machine Learning. 
2nd ed. Cambridge, MA: MIT Press. 

24. Taddy M, Agarwal A,Gans J, Goldfarb A 
(eds) (2019) The Technological Elements of 
Artificial Intelligence. The Economics of 
Artificial Intelligence: An Agenda. IL: 
University of Chicago Press; 61-87. 

25. Jordan MI, Mitchell TM (2015) Machine 
learning: trends, perspectives, and prospects. 
Science 349(6245):255‐260. doi: 
https://doi.org/101126/science.aaa8415 
(accessed June 21, 2019). 

26. Howard J (2019) Artificial intelligence: 
Implications for the future of work. 
American Journal of Industrial Medicine 
62(11):917-26.doi: 10.1002/ajim.23037. 

27. Davenport TH, Ronanki R (2018) Artificial 
intelligence for the real world. Harvard Bus. 

28. Russell SJ, Norvig P (2015) Artificial 
Intelligence: A Modern Approach. 3rd ed. 
Uttar Pradesh, India: Pearson Education 
Limited. 

29. Turing AM (1950) Computing machinery 
and intelligence. Mind (236):433‐460. 
https://www.csee.umbc.edu/courses/471/ 
papers/turing (accessed June 21, 2019). 

30.  Jordan J. Robots (2016) Cambridge, MA: 
MIT Press. 

31. Asimov I, Frenkel KA (1985) Robots: 
Machines in Man’s Image. NY: Harmony 
Books, New York. 

32. McCarthy J, Minsky ML, Rochester N, 
Shannon CE (1955) A proposal for the 
Dartmouth Summer Research Project on 
Artificial Intelligence.  
yhttp://jmc.stanford.edu/articles/dartmouth.h
tml (accessed June 21, 2019). 

33. Harnad S (1991) Other bodies, other minds: 
a machine incarnation of an old 
philosophical problem. Mind Mach. 
1(1):43‐54. 
https://linkspringer.com/article/10.1007/BF0
0360578. 

34. Schweizer P (1998) The truly total Turing 
test. Mind Mach 8(2):263‐272. 
https://doi.org/10.1023/A:1008229619541 
(accessed June 21, 2019). 

35. Maini V, Sabri S (2017) Machine Learning 
for Humans. 
https://wwwcoursehero.com/file/32124967/
Machine‐Learning‐for‐Humanspdf/ 
(accessed June 21, 2019). 

36. Drexler E (2019) Reframing 
Superintelligence. Comprehensive AI 
Services as General Intelligence. Future of 
Humanity Institute, University of Oxford. 
https://www.fhi.ox.ac.uk/reframing/ 
(accessed June 21, 2019). 

37. Damiati SA (2020) Digital pharmaceutical 
sciences. AAPS PharmSciTech. 21(6):1-2. 
Doi: 10.1208/s12249-020-01747-4. 

38. McCulloch WS, Pitts W (1943) A logical 
calculus of the ideas immanent in nervous 
activity. Bull Math Biophysics 5(4):115–33. 

39. Esteva A, Robicquet A, Ramsundar B, 
Kuleshov V, DePristo M, Chou Kn (2019) A 
guide to deep learning in healthcare. Nat 
Med 25(1):24–9. 

40. Zhao J, Liang B, Chen Q (2018) The key 
technology toward the selfdriving car. Int J 
Intell Unmanned Syst. 6(1):2–20. 

41. Frank MR, Wang D, Cebrian M, Rahwan I 
(2019) The evolution of citation graphs in 
artificial intelligence research. Nat Mach 
Intell. 1(2):79–85. 

42. Marsland S (2015) Machine learning: an 
algorithmic perspective. 2nd ed: CRC Press. 

43.  Lo Y-C, Rensi SE, Torng W, Altman RB 
(2018) Machine learning in 
chemoinformatics and drug discovery. Drug 
Discovery Today 23(8):1538–46.  

44. Chen H, Engkvist O, Wang Y, Olivecrona 
M, Blaschke T (2018) The rise of deep 
learning in drug discovery. Drug Discov 
Today 23(6):1241–50. 



Indian Research Journal of Pharmacy and Science; Singh. S. et. al June’2022 
 

Ind Res J Pharm & Sci | 2022: Jun.: 9 (2) 2722 

 

45. Ibrić S, Đurić Z, Parojčić J, Petrović J 
(2009) Artificial intelligence in 
pharmaceutical product formulation: neural 
computing. CICEQ-Chemical Industry and 
Chemical Engineering Quarterly 15(4):227-
36. 
doi:http://dx.doi.org/10.2298/CICEQ090422
7I. 

46. Shin-ike K (2010) A two phase method for 
determining the number of neurons in the 
hidden layer of a 3-layer neural network. 
Proc SICE Ann Conf. 2010:238–42. 

47. L. A. Zadeh (1965) Fuzzy sets. Information 
and Control 8 338-353. 

48. J. H. Holland (1975) Adaptation in Natural 
and Artificial Systems, The University of 
Michigan Press, Ann Arbor, MI, USA. 

49. J. R. Koza (1992) Genetic Programming – 
On the Programming of Computers by 
Means of Natural Selection. MIT Press, 
Cambridge, MA, USA. 

50. Aulton’s pharmaceutics: the design and 
manufacture of medicines. (Elsevier, 2018). 

51. Pagels, R. F. &Prud’homme, R. K (2015) 
Polymeric nanoparticles and microparticles 
for the delivery of peptides, biologics, and 
soluble therapeutics. J. Controlled Release 
219, 519–535. 

52. Boyd, B. J(2019)Successful oral delivery of 
poorly water-soluble drugs both depends on 
the intraluminal behavior of drugs and of 
appropriate advanced drug delivery systems. 
Eur. J. Pharm. Sci. 137, 104967. 

53. CerreiaVioglio, P., Chierotti, M. R. &Gobett 
(2017) R. Pharmaceutical aspects of salt and 
cocrystal forms of APIs and characterization 
challenges. Adv. Drug Deliv. Rev. 117, 86–
110.  

54. Berry, D. J. & Steed, J. W (2017) 
Pharmaceutical cocrystals, salts and 
multicomponent systems;aintermolecular 
interactions and property based design. Adv. 
Drug Deliv. Rev. 117, 3–24. 

55. Bannigan P, Aldeghi M, Bao Z, Häse F, 
Aspuru-Guzik A, Allen C (2021) Machine 
learning directed drug formulation 
development. Advanced Drug Delivery 
Reviews. 

doi:https://doi.org/10.1016/j.addr.2021.05.0
16. 

56. Kitchen, D. B., Decornez, H., Furr, J. R, 
Bajorath, J (2004) Docking and scoring in 
virtual screening for drug discovery: 
methods and applications. Nat. Rev. Drug 
Discov. 3, 935–949. 

57. Chen, H., Kogej, T. &Engkvist, O (2018) 
Cheminformatics in Drug Discovery, an 
Industrial Perspective. Mol. Inform. 37, 
1800041. 

58. De Vivo M, Masetti M, Bottegoni G, Cavalli 
A (2016) Role of Molecular Dynamics and 
Related Methods in Drug Discovery. J. Med. 
Chem. 59, 4035–4061. 

59. Hosny A, Parmar C, Quackenbush J, 
Schwartz L. H, Aerts H (2018) Artificial 
intelligence in radiology. Nat. Rev. Cancer 
18, 500–510. 

60. Wu, N (2020)Deep Neural Networks 
Improve Radiologists’ Performance in 
Breast Cancer Screening. IEEE Trans. Med. 
Imaging 39, 1184–1194. 

61. McKinney, S. M (2020) International 
evaluation of an AI system for breast cancer 
screening. Nature 577, 89–94. 

62. Zhavoronkov, A (2019)Deep learning 
enables rapid identification of potent DDR1 
kinase inhibitors. Nat. Biotechnol. 37, 1038–
1040. 

63. Stokes, J. M (2020)A Deep Learning 
Approach to Antibiotic Discovery. Cell 180, 
688-702. 

64. Langner, S (2020)Beyond Ternary OPV: 
High‐Throughput Experimentation and 
Self‐Driving Laboratories Optimize 
Multicomponent Systems. Adv. Mater. 32, 
1907801. 

65. MacLeod, B. P (2020)Self-driving 
laboratory for accelerated discovery of thin-
film materials. Sci. Adv. 6, eaaz8867. 

66. Coley, C. W (2019)A graph-convolutional 
neural network model for the prediction of 
chemical reactivity. Chem. Sci. 10, 370–377. 

67. Zhou Z, Li X, Zare R. N (2017) Optimizing 
Chemical Reactions with Deep 
Reinforcement Learning. ACS Cent. Sci. 3, 
1337–1344. 



Indian Research Journal of Pharmacy and Science; Singh. S. et. al June’2022 
 

Ind Res J Pharm & Sci | 2022: Jun.: 9 (2) 2723 

 

68. Senior A. W (2020)Improved protein 
structure prediction using potentials from 
deep learning. Nature 577, 706–710. 

69. He Y, Ye Z, Liu X, Wei Z, Qiu F, Li H. F 
(2020)  Can machine learning predict drug 
nanocrystals? J Control Release. 

70. Leane MM, Cumming I, Corrigan OI (2003) 
The use of artificial neural networks for the 
selection of the most appropriate 
formulation and processing variables in 
order to predict the in vitro dissolution of 
sustained release minitablets. AAPS 
PharmSciTech4(2):129 -40. 

71. Barthus RC, Mazo LH, Poppi RJ (2005) 
Simultaneous determination of vitamins C, 
B6 and PP in pharmaceutics using 
differential pulse voltammetry with a glassy 
carbon electrode and multivariate calibration 
tools. J Pharm Biomed Anal. 38(1):94–9. 

72. Valizadeh H, Pourmahmood M, Mojarrad 
JS, Nemati M, Zakeri-Milani P (2009) 
Application of artificial intelligent tools to 
modeling of glucosamine preparation from 
exoskeleton of shrimp. Drug Dev Ind 
Pharm. 35(4):396–407. 

73. Chaibva F, Burton M, Walker RB (2010) 
Optimization of salbutamol sulfate 
dissolution from sustained release matrix 
formulations using an artificial neural 
network. Pharmaceutics 2(2):182–98. 

74. Takagaki K, Arai H, Takayama K (2010) 
Creation of a tablet database containing 
several active ingredients and prediction of 
their pharmaceutical characteristics based on 
ensemble artificial neural networks. J Pharm 
Sci. 99(10):4201–14. 

75. Onuki Y, Kawai S, Arai H, Maeda J, 
Takagaki K, Takayama K (2012) 
Contribution of the physicochemical 

properties of active pharmaceutical 
ingredients to tablet properties identified by 
ensemble artificial neural networks and 
Kohonen’s self-organizing 
maps. J Pharm Sci. 101(7):2372–81. 

76. Niculescu SP (2003) Artificial neural 
networks and genetic algorithms in QSAR. J 
Mol Struct THEOCHEM. 622(1–2):71–83. 

77. Gaisford S, Saunders M (2013) Essentials of 
pharmaceutical preformulation: John Wiley 
& Sons, Ltd.  

78. Damiati SA, Martini LG, Smith NW, 
Lawrence MJ, Barlow DJ (2017) 
Application of machine learning in 
prediction of 
hydrotropeenhancedsolubilisation of 
indomethacin. Int J Pharm. 530(1–2):99–
106. 

79. Babu NJ, Nangia A (2011) Solubility 
advantage of amorphous drugs and 
pharmaceutical cocrystals. Cryst Growth 
Des. 11(7):2662–79. 

80. Yalkowsky SH (1981) Techniques of 
solubilization of drugs: PharmaMed Press. 

81. Hossain S, Kabedev A, Parrow A, 
Bergström C, Larsson P (2019) Molecular 
simulation as a computational pharmaceutics 
tool to predict drug solubility, solubilization 
processes and partitioning. Eur J Pharm 
Biopharm. 137:46–55. 

82. Yang Y, Ye Z, Su Y, Zhao Q, Li X, Ouyang 
D (2019) Deep learning for in vitro 
prediction of pharmaceutical formulations. 
Acta Pharm Sin B. 9(1):177–85. 

83. Mitchell JB. Artificial intelligence in 
pharmaceutical research and 
development.doi:https://doi.org/10.4155/fmc
-2018-0158. 

 

 

 

 ConfliCt of interest reported: nil;                                        sourCe of funding: none reported 


