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INTRODUCTION

PYTHON

Over the past few years, Python has become more and more popular [1]. Python has been rapidly gaining popularity in
recent years and is frequently taught as the first programming language to students at several colleges [2]. Guido van
Rossum created Python at the National Research Institute for Mathematics and Computer Science in the Netherlands in the
late 1980s and early 1990s. Numerous other languages, such as ABC, Modula-3, C, C++, Algol-68, Small Talk, Unix shell,
and other scripting languages, are the ancestors of Python. Python is protected by copyright. Python source code is currently
distributed under the GNU General Public License (GPL), just like Perl. Although a core development team at the institute
currently maintains Python, Guido van Rossum continues to play a crucial role in steering its advancement. November
1994 saw the release of Python 1.0. Python 2.0 was released in 2000. The most recent version of Python 2 is 2.7.11. In the
meantime, Python 3.0 came out in 2008. Python 2 and Python 3 are incompatible. In Python 3, the focus was on eliminating
redundant programming structures and modules so that "There should be one-and preferably only one-obvious way to do
it." The most recent version of Python 3 is 3.7.4 [3].

Python is a strong programming language that is simple to learn. It features effective high-level data structures and a
straightforward yet powerful object-oriented programming methodology. Python is a perfect language for scripting and
quick application development across a wide range of platforms due to its sophisticated syntax, dynamic typing, and
interpreted nature [4]. Numerous scientific and technical jobs can benefit from the usage of the Python programming
language. It can be used for data analysis and plotting. Additionally, it can be used to solve scientific and engineering issues
numerically that are challenging or even impossible to answer analytically [5].

Python is a high-level general-purpose programming language that is interpreted. Python's design philosophy places a
strong emphasis on code readability by using a lot of indentation. Its object-oriented methodology and language elements
are designed to assist programmers in writing logical, understandable code for both small and large-scale projects [6]. Both
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inexperienced programmers and highly experienced professional developers utilize Python. It is utilized in financial
organizations, big businesses, academic institutions, and web enterprises. Python's versatility allows it to be used in nearly
every area of software development. Any area of development can make use of Python as a whole [7,8,9]. The Python
programming language is growing in popularity for the following reasons:

= Simple and Easy to learn: Python is very easy to read and learn because it is quite similar to the English language.

= Supportive Community: Since Python has been around for thirty years, there has been ample time for a
sophisticated and encouraging community to emerge around the language. Python learners of all ages and abilities
can obtain the assistance they require to advance their language skills through official documentation and
YouTube lessons.

= Web Development: Python offers several options for web programming because it supports a variety of
frameworks for creating websites. Python has a plethora of frameworks, including Django, Flask, Pylon, and many
more. The majority of web development uses Python.

= Use In Big Data and Machine Learning: Two of the most popular computer science topics at the moment are
big data and machine learning, which are assisting businesses in changing their workflows and procedures. A
large portion of this research and development is done in Python. Python is the second most widely used tool for
data science and analytics, and it powers numerous data processing tasks in businesses all around the world. In
the meantime, thousands of machine learning projects use Python libraries like TensorFlow for neural networks
and OpenCV for computer vision every day.

= Efficiency: Compared to more traditional programming languages like Java and C++, Python represents a distinct
programming paradigm. But this "Pythonic™ approach frequently allows developers to accomplish more with less
effort—often in just a few lines of code. Additionally, Python's adaptability makes it possible to utilize the
language in a wide range of contexts, from desktop programs and hardware programming to web and mobile
development [10].

= Python is an interactive, object-oriented, and interpreted programming language. Lists, tuples, sets, associative
arrays (also known as dictionaries), dynamic typing and binding, modules, classes, exceptions, intelligent memory
management, and more are among the high-level data structures it offers. It is a sophisticated programming
language that is also utilized for parallel computing systems and has a very straightforward coding syntax. The
Java interpreter for Python, called JPython, is comparable to the C interpreter. In terms of machine learning,
Python outperforms C++, Java, JavaScript, and other languages, according to a GitHub study conducted between
January and December of 2018 [11].

= Its use as a scripting language in large software suites, its active development community, its free availability, its
widespread use in scientific disciplines like bioinformatics, and the numerous publicly accessible scientific
libraries (like BioPython) [12].

The significance of licenses in scientific software development should be briefly mentioned in any discussion of libraries,
modules, and extensions. One scientist's development work will almost certainly support the research endeavors of others,
either in the short or long term, in subfields that may be closer to one's own or perhaps farther away (and unexpected), as
demonstrated by the widespread usefulness of existing software libraries in contemporary research communities. By
promoting open interchange, transparency, communicability, and reproducibility of research initiatives, free software
licenses support the unrestricted advancement of scientific research. A program must enable the user to read and modify
the source code (for any purpose), share the code to others, and distribute modified copies of the code to others in order to
be considered free software. Lists of licenses that, to varying degrees, adhere to the open-source criteria are alphabetized
and categorized by the Open-Source Initiative [13].

Two fundamental characteristics of computer programs are (i) algorithms, or, more broadly, the "programming logic," and
(if) data structures, or how data is represented within the program, including whether particular components are
manipulable, inerrable, etc. [14]. Python is especially well-suited to the object-oriented programming (OOP) paradigm,
which views these two aspects of a program as interdependent. There are numerous comprehensive approaches to OOP,
including language-independent texts [15].

History of Python

Python's history is a dynamic narrative that combines the vision of its founder, the cooperative efforts of a broad
community, and the language's adaptation to changing technical landscapes. It is not just a chronological development of
versions and features. Python's beginnings date back to the late 1980s, when Guido van Rossum developed a language
intended for readability and user-friendliness. Mark Lutz and David Ascher's 1999 book "Learning Python" serves as a key
resource for comprehending the fundamentals of Python. "Python Tutorial” (1995) is essential to comprehending the
introduction and communication of Python to its user base. Jason R. Briggs' "Python for Kids" (2012) serves as a focal
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point for evaluating Python's contribution to educational endeavors. A Brief History of Development of Python
Programming Language:

* Python programming language laid its foundation

» First version of python programming language was released at CWI in
Netherlands

" L "

« Python 1.0 version was released with new features such as lambda, map etc.

« Python 2.0 version got released with several improvements

* Python 3.0 version was introduced to help programmers to devolop projects
easily

«

Figure: 1. The Evolution of Python Programming Language [16].

Third Party of Python

There are now a lot of well-known third-party Python libraries. These established projects are often (i) well-documented,
(ii) readily accessible as stable (production) versions, (iii) constantly being developed to add new features, and (iv)
distinguished by sizable user bases and vibrant communities (mailing lists, etc.). The SciPy repository offers a helpful set
of these tools [17, 18]. It serves as a framework for the distribution and upkeep of a number of well-known packages,
including NumPy, which is crucial for calculations involving matrices [19]. PANDA, which makes data import,
management, and organization easier [20], MATPLOTLIB, a top codebase for plotting and general-purpose visualization
[21], and SciPy, which offers routines from linear algebra, signal processing, statistics, and a multitude of other numerical
tools.

Machine learning and statistical analysis features are added to SciPy by the package SCIKIT-LEARN [22]. Lastly, there
are other more specialized packages, such Py Brain [23]. as well as DEAP [24].

Python In Biological Research

As a language to learn, Python is a great option [25]. The computational challenges that come up when conducting
biological research will probably be similar to those that have already been resolved and for which software libraries are
already available. This is mostly due to the interdisciplinary character of biological research, which applies very well-
established formalisms and methods from mathematics, computer science, and physics to biological systems. For example,
(i) The simulated annealing method was created as a physically inspired combinatorial optimization technique, and it
quickly became a key component in the refining of biomolecular structures as determined by X-ray crystallography or
NMR spectroscopy [26]. (ii) Before being widely used in sequence alignment techniques and other bioinformatics domains,
dynamic programming was developed as an optimization technique in operations research. (iii) The algorithms employed
in applications ranging from phylogenetic tree estimation to protein structure prediction are based on the Monte Carlo
method, which was developed as a sampling technique in physics [27]. All of the computational techniques mentioned
above can be implemented in Python.

Biopython

In order to create Python modules and applications that meet the demands of present and future bioinformatics work,
Biopython is a distributed, cooperative effort [28]. It offers resources for handling biological sequences, parsers for widely
used file formats in bioinformatics (FASTA, COMPASS [29], GenBank, PIR [30], PDB [31], BLAST output [32], Inter
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Pro [33], Locus Link [34], PROSITE [35], Phred [36], Phrap [37], data retrieval from biological databases Swiss-Prot [38],
PubMed [39], GenBank [40], a wrapper for bioinformatics programs (BLAST, ClustalwW [41], EMBOSS [42], Primer3
[43], and more), functions to estimate DNA and protein properties such as isoelectric points [44,45].

This study only presents a small piece of the larger picture because a review of Biopython functions would take up a much
larger amount of material. The first example demonstrates how to extract and report only the necessary features from a
BLAST output. Writing a BLAST report parser is a fundamental bioinformatics activity because BLAST is the most widely
used program in the field [46]. Sequence alignment, motif analysis, clustering algorithms, structural biology modules,
phylogenetic analysis modules, NCBI, and EXPASy online services are all accessible through Biopython, a bioinformatics
processing service that is a veritable gold mine of online resources [47, 48].

For editing, visualizing, and analyzing numerous sequence comparisons, bioinformatics databases and tools such as Jalview
and the SIB Swiss Institute of Bioinformatics are essential. In the fields of proteins and proteomes, glycomics, structural
biology, genes and genomes, and evolutionary and systems biology, they provide researchers with an abundance of
resources. These databases and software tools offer strong support for processing and analyzing the ever-increasing amount
of biometric data because they have built-in capabilities for visualizing and analyzing DNA, RNA, and protein sequences
and structures as well as linked views of aligned DNA and protein products. This makes life sciences research and
development easier, allowing researchers to more effectively evaluate data, promote scientific discovery, and spark
innovation in the field of bioinformatics [49].

Basic Feature of Biopython

With its rich feature set and user-friendly design, Biopython has become an indispensable programming tool in the field of
bioinformatics, winning over developers all over the world [50]. By introducing feature-rich sequence objects, Biopython
goes beyond the constraints of traditional string manipulation [51]. By offering a common interface for reading and writing
a range of sequence file formats, the SeqlO module in Biopython functions as a flexible data processing tool, similar to a
Swiss Army knife [52].

Reliable sequencing results depend on Biopython's capacity to filter and execute quality control on sequencing data. It
guaranties data accuracy, providing a strong basis for further analysis and research projects. This trait is crucial in the era
of widely used high-throughput sequencing technology. Because of its many capabilities and easy-to-use interface,
Biopython has established itself as a vital resource for bioinformatics researchers. It not only increases the effectiveness of
research but also propels scientific advancements. Because of its adaptability and extensibility, Biopython is well-
positioned to develop with the rapidly expanding area of bioinformatics, offering countless possibilities for further research
projects [53].

Because of its adaptability and forward-thinking outlook, Biopython has become an indispensable tool for academics
working in the dynamic and revolutionary field of bioinformatics [54]. The continuous development of Biopython has
accelerated new discoveries and greatly accelerated the scientific research process [55]. Biopython is well-positioned to
continue serving as a catalyst for scientific advancement and technological innovation as the life sciences develop and
expand, offering future researchers better support and promoting deeper and more expansive exploration in the field [56].

Importance of Python Programming in Pharmacy

Pharmacy education is changing quickly to incorporate data-driven and digital technology. Python programming and
artificial intelligence (Al) have become crucial skills for contemporary pharmacists, enabling them to handle complicated
datasets, simulate drug behavior, and improve patient outcomes [57]. By bridging computational intelligence and
pharmaceutical sciences, Al & Python Programming for Pharmacy-Il develops students become analytically motivated
professionals. Learners can model pharmacokinetic processes and analyze complex clinical data by using mathematics-
based Al techniques, such as matrices, differentiation, and neural-network processing. Students who are exposed to Al-
enabled pharmacy operations and CDSS systems are better equipped to optimize therapy, guaranty medication accuracy,
and advance patient safety [58].

The computational foundation of Al algorithms used in drug modeling and process optimization is explained to students
using mathematical concepts like matrices, calculus, and differential equations [59]. Programs created in Python may
operate on a variety of operating systems, including Windows, macOS, and Linux, because to its cross-platform
interoperability. In healthcare settings, where several platforms and systems may be used, this flexibility is beneficial.
Generally, Python code written for one platform can run on another with little to no changes. The vast Python community
offers a wealth of learning and problem-solving options. Programmers of all skill levels can get help via online tutorials,
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documentation, forums, and community-contributed code libraries. This community help facilitates troubleshooting and
skill improvement for students learning Python.

Python's dynamic typing enables variables to store many kinds of data without the need for explicit type definitions. This
feature lowers the overhead of variable management and makes writing code easier. Beginners can learn programming
more easily by concentrating on data values and operations rather than type specifications [60].

Application of Python in Drug Development

The process of finding new drugs is expensive and time-consuming. The use of molecular modeling and in silico
computational chemistry for computer-aided drug creation has been increasingly popular recently. The use of free and/or
open-source software in the drug discovery process is examined in this paper. Applications written in Python, Perl, and
Java as well as resources such software libraries are among the software packages that have been examined.
Cheminformatics approaches to drug discovery, such as QSAR studies, energy minimization, and docking studies in drug
design attempts, may benefit from these programs. This evaluation also looks at ways to use open-source computer
modeling software into drug discovery initiatives. Since then, cheminformatics has advanced dramatically thanks to
developments in computer hardware and software that compute chemical characteristics in order to find molecules that
could be effective medications [61].

Application of Al In Pharmacy Operation

By automating tedious and error-prone activities, artificial intelligence (Al) transforms pharmacy operations. Al-powered
automated dispensing systems use robotic arms, barcode scanning, and image recognition to guaranty precise medicine
selection, packing, and labeling [62]. Al systems can use machine learning algorithms to predict trends in drug demand
and expiration. Time-series models, for example, examine past prescription data to forecast seasonal increases in the use
of vaccines or antibiotics. This lowers wastage from outdated stock and aids pharmacists in maintaining ideal inventory
levels [63].

In order to identify any drug interactions, allergies, or dosage problems, Al-based software continuously scans electronic
prescriptions. Before dispensing, for instance, machine learning algorithms incorporated into hospital information systems
identify possible adverse occurrences [64]. Sensors, Bluetooth, and cloud analytics are used by Al-enabled smart pillboxes
and mobile health applications to monitor medication compliance. For example, the system notifies the pharmacist or sends
customized reminders if a patient forgets to take a dose [65].

Application of Python in Pharmacy

Pharmacy students frequently work with huge datasets, such as stability data, dissolution profiles, or clinical outcomes.
They can effectively store and handle such data thanks to Python's lists and tuples [66]. Functions promote reusable,
modular code. For pediatric dosing calculations, for example, a function calculate dose (Weight, mg per kg) might be used
frequently. In a similar vein, functions can convert storage temperatures or compute medication release, improving the
efficiency and organization of code [67]. Digital record management is made possible via file handling (open, read, write,
close). Batch records, like Batch F2 — pH: 5.8 — Release: 78%, can be automatically written by students and retrieved at a
later time. This ability is in line with Good Manufacturing Practice (GMP) criteria for digital documentation [68].

Future Prospective of Python

Programming and data science are becoming increasingly important in the pharmaceutical sciences. Python's status as a
top language for automation, machine learning, and data analysis indicates that its significance in pharmacy and healthcare
environments will only increase. Professionals with both clinical domain expertise and computational skills are in greater
demand as a result of the healthcare industry's digital revolution. Graduates in pharmacy who are proficient in programming
will be better suited for new positions that integrate these skills. Software development and data analysis skills are necessary
for telemedicine platforms, customized medicine applications, and clinical decision support systems. Python is appropriate
for creating and managing these systems because of its adaptability [69].

Data production, reduction/processing, and integration are at least three aspects of the complex data-analysis requirements
of contemporary research initiatives. Technological and engineering advancements, like commodity equipment for next-
generation DNA sequencing, are major drivers of data production [70], and robotics for structural genomics [71,72].

The most recent generation of highly scalable, parallel MD codes can produce data faster than it can be sent to local
workstations for processing via standard computer network backbones. Tools for "on-the-fly" trajectory analysis have been
developed as a result of these demands [73,74]. The Protein Data Bank (PDB) will probably certainly be used in any type
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of 3D structural investigation [75]. The modeling and simulation of inter-neuronal connections at the tissue system level
have emerged as a new area called "connectomics" [76,77].

It is commonly acknowledged that one of science's main challenges is producing knowledge from massive databases [78].
Biologists with the ability to gather, organize, process/reduce, and interpret large-scale datasets—both quantitatively and
visually—are desperately needed. The issues are more basic than, say, merely "data-wrangling," or changing the format of
data files. Fortunately, it is possible to quickly grasp the fundamentals of the required computational procedures. A working
knowledge of a programming language is one of the two main components of computational fluency, and (ii) an
understanding of fundamental computer science concepts, such as data structures and sorting techniques. A seemingly
rudimentary understanding of programming fundamentals will frequently be sufficient to comprehend the workings of
extremely complex code because all programming projects are built upon the same set of fundamental principles. As
specific research questions arise, one can become familiar with more advanced topics (such as graph algorithms,
computational geometry, numerical methods, etc.). Early scientific training is the ideal time to start developing
computational skills. Interdisciplinary education seems to be useful in bridging the knowledge gap between young scientists
in the life sciences and computer science, as revealed by recent educational studies [79,80].

CONCLUSION

In contemporary pharmacy, Python has become a game-changing instrument. In this review paper, we concentrated on
how Python and Al are crucial to the pharmacy industry and how they facilitate medical research. Both students and
teachers can learn the fundamentals of how and where Python can be used in the medical or pharmacy fields by reading
this article. It also sheds light on how Python helps with the structural design and formulation of novel drugs. Python is a
game-changer in modern pharmacy because it makes programming languages simpler and easier to understand. With its
assistance, pharmacists can rapidly analyze and store data, speed up research on new drugs, and lower the risk of
prescription errors.
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