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= performed in leishmania drug discovery. In this
= | Scopus ‘ . .
= study, research was carried out using the Scopus

‘ Web of Science ‘

and Web of Science (WoS) databases from 2013
\ +Machine learning to 2022. Between the two databases, 28
« Artificial Intelligence . .
/ +Drug discovery documents were found, eight of which were

*Leishmania

duplicates; hence, a total of 20 articles were
Phase 1: Research ) .
analysed. Of these, nine were research articles,
10 review articles, and one editorial document.
Current Topics in Medicinal Chemistry was the
only journal that received more than one paper
(three papers in total). The available literature on

and Classification ‘ R
l ‘ the topic is limited. The most relevant articles

. selected from the two databases, WoS and
Phase 2: Analysis Scopus, provided an overview of the scientific
and Discussion ) ] ] o

topic (stages of drug discovery for leishmaniasis
using Al/ML). This brief review can also serve as
a starting point for integrating knowledge in this
field through research and suggest future

research avenues for Al and ML applications in
protozoan infectious diseases.

Introduction

Leishmaniasis is caused by ~20 Leishmania species and transmitted by promastigote-infected female
phlebotomine sandflies during a blood meal. In the mammalian host, promastigotes are absorbed by
phagocytic cells, convert into amastigotes, rapidly multiply, and infect the vector through the next blood
meal [1]. The three primary diseases have different symptoms and severity levels. Visceral leishmaniasis
(VL)—known as kala-azar in India—is the deadliest type of illness [2]. The most common form of
leishmaniasis, cutaneous leishmaniasis (CL), causes skin lesions and ulcers that can leave lifelong scars
and severe disabilities; mucocutaneous leishmaniasis destroys tissues in the nose, mouth, and throat [3].
Leishmaniasis symptoms range from mild in CL to severe in VL. Algeria, Afghanistan, Bolivia, Brazil,
China, Colombia, Eritrea, Ethiopia, India, Iraq, Kenya, Libya, Pakistan, Somalia, South Sudan, Sudan,
the Syrian Arab Republic, Tunisia, and Yemen account for ~90% of infections.

Leishmaniasis is a vector-borne parasite that affects 700,000-1 million people and kills 26,000-65,000
annually. These disorders lack low-cost, non-toxic therapies, prompting novel therapeutic options. High
attrition, rising expenses, and pricing pressure plague drug R&D. Neglected tropical diseases (NTDs)—
including leishmaniases—are the least prioritised diseases for therapeutic development due to their low
market potential [4].

Leishmaniasis has been found in Mexico, Central America, South America, and Texas and Oklahoma
in the US. Leishmaniasis epidemiology depends on parasite and sandfly species, infection site ecology,
human physiology, and parasitic infection history [3]. Most leishmaniasis chemotherapeutic treatments
have severe drawbacks [5]. Most anti-leishmanial treatments require multiple doses over a lengthy
period, challenging clinical leishmaniasis management and promoting drug resistance [6,7].


https://mol2net-08.sciforum.net/

MOL2NET, 2022, 8, ISSN: 2624-5078 3
https://mol2net-08.sciforum.net/

On the other hand, academic and private researchers find drug discovery (DD) and lead optimisation
difficult. As the number of approved pharmaceuticals decreases, the development costs of a novel, viable
medicinal molecule approach US $1.2 billion for a 12-year research process. Computational methods
could reduce DD cost, duration, and attrition [8,9]. Several groups have developed drug research and
algorithms for artificial intelligence (Al) and machine learning (ML) [10,11]. DD and lead optimisation
need more data, and few compounds reach the market. Due to insufficient data, Al/ML methods were
developed, including one-shot learning based on structure—activity connections for activity predictions
[12].

In the case of NTDs, we have even fewer data. These diseases mainly afflict the poor and vulnerable,
and extracellular tests and primary high-throughput screenings are the main sources of drug discovery
data for such disorders. It may not access vast datasets of compounds validated at various experimental
levels (enzymatic, in vitro, in vivo, ex vivo, etc.). Early-stage drug development data has to be used to
develop cost-effective medication discovery and repurposing methods for such disorders [4].

In this sense, AI/ML have been employed in various stages of drug discovery, for example, de novo drug
design, chemical synthesis, virtual screening, and in silico evaluation of the properties (absorption,
distribution, metabolism, excretion, and toxicity) of a drug molecule. Figure 1 shows the main
applications of AI/ML in drug discovery. Al can recognise hit and lead compounds and provide faster
drug target validation and drug structure design optimisation [13]. QSAR modelling tools have been
used for the identification of potential drug candidates [14]. They have evolved into Al-based QSAR
approaches, such as linear discriminant analysis (LDA), support vector machines (SVM), neural
networks (NN), random forests (RF), and decision trees, which can be applied to accelerate QSAR
analysis [15-18].

Figure 1. The Role of AI/ML in Drug Discovery.

AI/ML can be used successfully in drug discovery, including drug design, polypharmacology, chemical
synthesis, drug repurposing, and drug screening (reproduced from [19,20]).

In this work, we present a brief comprehensive review of AI/ML studies performed in leishmania drug
discovery.

Materials and Methods
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In this study, research was carried out using the Scopus and Web of Science (WoS) databases, which
are the two main international academic information sources. Scopus data were manually extracted from
the online version (www.scopus.com) and WoS data from the Web of Science Core Collection
publications. For the publication time span, the time from 2013 to date (December 6, 2022) was
considered with the intention of understanding how research into the use of AlI/ML for drug discovery
to treat leishmania has evolved. The research methodology chosen for this study was a systematic review
of the literature, and the main phases of the study were as follows:

Phase 1: Research and Classification. This phase was divided into three steps: identification, screening,
and inclusion. Documents were searched, a screening of the overall output was carried out to identify
which documents could be taken into account, in line with the research areas considered interesting and
relevant, and documents were selected to be analysed in detail.

Phase 2: Analysis and Discussion. In this phase the analysis of the results was carried out. The results
were then discussed and conclusions were drawn.

Results and Discussion

. The search was conducted using various terms related to AI/ML, Leishmania, drug discovery, and
with Boolean operators, and the following results were obtained:

Scopus analysis
Search strategy: (TITLE-ABS-KEY (artificial AND intelligence) OR TITLE-ABS-KEY (machine
AND learning) AND TITLE-ABS-KEY (leishmania) AND TITLE-ABS-KEY (drug AND discovery))
Results: 13 document results.

WoS Analysis (Web of Science Core Collection)

Search strategy: TS = (machine learning, leishmania, drug discovery)

Results: 15 document results.

In the analysis of the results of the two databases, eight documents were found to be duplicates,
leaving 20 documents in total to be analysed.

Of these, nine research articles, ten reviews, and one editorial from 18 sources, the journal Current
Topics in Medicinal Chemistry was the only one that submitted more than one document (three
documents).

Finally, all the documents found, after excluding the repeated ones, were as follows: [4,21-39]. After
reading the abstracts, the articles presented in Table 1 were selected. Twelve articles were excluded, one
of them because it was an editorial document, and the rest because they were focused on general studies
and related to other parasitic diseases.

Table 1. Published studies are AI/ML in drug discovery against Leishmania

) Yea _—
No Title ] Description Journal | Ref.

Summarises the disease epidemiology
Development of Novel _ . .
o . and available therapies, we consider
1 Anti-Leishmanials: 2022 . . . .| Pathogens
three important leishmanial metabolic
The Case for

pathways that can be attractive targets

[31]
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Structure-Based
Approaches.

for a structure-based drug discovery
approach towards the development of
novel anti-leishmanials.

Brief overview of important concepts in

. . ML serving as background knowledge | Frontiers
Machine Learning and . . . .
. (infectious diseases caused by protozoal | in Cellular
Its Applications for ) .
pathogens), with a focus on basic | and [26]
Protozoal Pathogens | 2022 . .
and Protozoal workflows, popular algorithms (e.g., | Infection
i . SVM, RF, and NN), feature extraction | Microbiol
Infectious Diseases. ) .
and selection, and model evaluation | ogy
metrics.
They used four machine learning (ML)
Applied Machine algorithms that were trained and tested
Learning Toward for their ability to classify molecules into | Bioinform
Drug Discovery 2022 active or inactive classes based on the | atics and | [4]
Enhancement: chemical structure of various molecular | Biology
Leishmaniases as a fingerprints (FPs) of 65 057 molecules | Insights
Case Study. against Leishmania major
promastigotes.
A series of synthesised molecules (C-10
substituted derivatives) were tested in
Palladium-mediated vitro for leishmanicidal activity against
synthesis and visceral (L. donovani) and cutaneous (L.
i . . . . . .. European
biological evaluation amazonensis) leishmaniasis. In addition, sournal of | 12
of C-10b substituted | 2021 | they developed the first perturbation Medicinal 23]
Dihydropyrrolo[1,2- theory machine learning algorithm Chemistr
b]isoquinolines as capable of simultaneously predicting :
antileishmanial agents. multiple parameters of biological
activity against any Leishmania species
and target protein.
Discovery of
Alternative Reviews various studies that have used
Chemothera computational tools to examine various
. by P P ChemMed | [24]
Options for | 2021 | compounds identified in the Asteraceae Chem
Leishmaniasis through family in the search for potential drug
Computational Studies candidates against Leishmania.
of Asteraceae.
Colombian They reviewed Colombian
contributions fighting antileishmanial research studies in order
leishmaniasis: A to combine general efforts aimed at
1ot 2020 | 0 ° J . med atl volecutes | B%
systematic review on finding a lead against Leishmania
antileishmanials panamensis and to recognise the
combined with structural characteristics of
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chemoinformatics
analysis.

representative compounds. They found
that fingerprint-based analyses are
available using conventional machine
learning algorithms and clustering
methods.

Computational
Identification of

They develop computational models for
the identification of new chemical

Chemical Compounds compounds with potential | Current
with Potential Activity 2018 antileishmanial activity. They used a set | Topics in | [33]
against  Leishmania of 116 organic chemical compounds that | Medicinal
amazonensis using had been tested against promastigotes of | Chemistry
Nonlinear ~ Machine Leishmania amazonensis to make the
Learning Techniques. theoretical models.
They use the machine learning approach
to create computational models capable
of predicting the biological activity of
. i novel antileishmanial compounds. The
Cheminformatic . p . Y
analyse a publicly available high-
models  based on . .
machine learning. for throughput screening dataset of chemical | BMC .
g. 2013 | molecules that have been considered | Bioinform 271
pyruvate Kinase targets of the L. mexicana pyruvate | atics
inhibitors of J ' Py

Leishmania Mexicana.

kinase (LmPK) enzyme. Molecules are
evaluated using the substructure-based
approach  to  identify =~ common
substructures that contribute to their
activity.

.Conclusions

This research focused on a brief survey of the state of the art of Al and ML applications for drug
discovery for leishmaniasis. The available literature on the subject is still limited. The most relevant
papers were selected from two databases, WoS and Scopus, and an overview of the scientific subject
was provided. Furthermore, a starting point for integrating knowledge through research in this area and
suggesting future research avenues for AI/ML applications in the field of protozoan infectious diseases
was proposed. Finally, it is important to underline that this paper was developed using two databases,
but that there are other indexing databases, such as Google Scholar, that could be integrated for future

research.
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