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Abstract 

	 Parasitic diseases have been a significant issue to world health especially in the tropical 
and subtropical areas, where the existing chemotherapeutic agents have proved to have limitations 
such as drug resistance, drug toxicity, and poor efficacy thus rendering disease control ineffective. 
In this regard, quinoline-based compounds have remained of significant interest based on their 
established antiparasitic and long-standing clinical efficacy. The current review gives an overview of 
the quinoline-linked hybrid molecules as the future antiparasitic agents with a focus on their design, 
synthesis procedures, characterizations, and biological performance. Quinoline is a privileged scaffold 
that possesses desirable chemical and pharmacological properties and by hybridizing with various 
partner pharmacophores, is a rational approach to increase potency, expand target interactions, 
and decrease resistance liability. The major synthetic strategies, starting with the classical quinoline-
forming reactions, all the way to the current coupling, click chemistry and green methodology are 
addressed in the framework of efficient hybrid construction. The review also discusses in vitro 
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and in vivo antiparasitic evaluation plans, the use of standardized measurements of potency, the 
evaluation of selectivity, pharmacokinetics and safety profiling. Mechanistic data on the antiparasitic 
activity such as inhibition of heme detoxification, impairment of mitochondrial activity, stimulation of 
oxidative stress, synergetic multi-target effects by partner pharmacophores is critically examined. 
Lastly, the existing issues, future opportunities and translation concerns are discussed, to inform 
rational optimization and clinical improvement. Taken together, this review highlights the potential of 
quinoline-based hybrids as a flexible and potent platform towards development of next-generation 
antiparasitic therapeutics.

Key words: Quinoline hybrids; Antiparasitic agents; Molecular hybridization; Synthetic methodologies; 
Structure–activity relationship; Drug resistance

Introduction

	 Quinoline and its analogues have been 
at the center stage of drugs with diverse biological 
effects and extensive clinical interest because of their 
broad spectrum of tissue activity and long history 
of clinical use1. The quinoline nucleus is a highly 
preferred heterocyclic structure that has been used 
to design some of the most iconic drugs, especially 
in the treatment of antiparasitic therapy segment. 
The principle of interaction of this framework with 
key parasitic targets and interference with key 
biochemical pathways is clearly demonstrated 
by classic antimalarial agents like quinine and 
chloroquine, and subsequent generations of 
synthetic quinoline analogues2. Quinoline possesses 
structural versatility and good physicochemical 
characteristics including planarity, aromaticity, 
and ability to undergo a variety of substitutions, 
that is why quinoline is a core of rational design 
to create new therapeutic agents3. The problem of 
parasitic disease is still a significant issue of global 
concern (preserving its relevance in the tropical and 
subtropical areas), with protozoan parasitism, which 
is associated with Plasmodium, Leishmania and 
Trypanosoma, being a significant cause of major 
morbidity and mortality4. Although chemotherapy 
has improved greatly, the efficacy of the available 
antiparasitic medications is getting weak due to 
development of drug resistance, insufficient activity 
on other stages of the life-cycle, toxicity, and high 
cost of treatment. Malaria, leishmaniasis, and 
trypanosomiasis are still an extremely significant 
burden on health care systems, and there is an urgent 
necessity to develop new efficient and cost-effective 
treatment methods. In that respect, the discovery and 
design of novel chemical molecules with enhanced 
potency and safety profiles is among the priorities 
of the modern drug discovery research. A potential 

solution to these problems is the so-called molecular 
hybridization concept, which means the covalent 
connection of two or more active pharmacological 
moieties into one molecular structure5-6. Quinoline-
linked hybrids are created as a combination of the 
pharmacodynamic benefits of the quinoline scaffold 
and those of another biologic partner, possibly 
leading to increased efficacy, multitarget activity, and 
decreased chances of developing resistance. Hybrid 
molecules can also concurrently regulate multiple 
biological pathways/targets by bringing together 
different pharmacophores into one molecule, a 
feature especially beneficial in complicated parasitic 
infections where biochemical network redundancy 
and plasticity can compromise monotherapy. The 
justification of the development of quinoline-based 
hybrids is also justified by a considerable amount of 
evidence which proves the wide-ranged antiparasitic 
potential of quinoline derivatives8-9. The quinoline 
compounds are also reported to disrupt several 
important processes in the parasites including 
heme detoxification, DNA replication, mitochondrial 
functionality and redox homeostasis10-11. Combined 
with other pharmacophores, e.g. tr iazoles, 
chalcones, coumarins, benzothiazoles or other 
heterocyclic systems, the resultant hybrids can have 
synergistic or addictive effects which are stronger 
than those of the starting compounds. Further, 
pharmacokinetics properties can be optimized with 
the help of hybridization, selectivity in favor of the 
parasite cell against host cell can be increased, and 
adverse effects can be reduced. The development 
of synthetic organic chemistry has enabled the 
synthesis of hybrids containing quinoline under a 
large structural diversity to a great extent11. Complex 
hybrid molecules can be made efficiently and 
reproducibly in modern methodologies, such as click 
chemistry, metal-catalyzed cross-coupling reactions, 
and one-pot multicomponent reactions. Besides 
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being applicable in the high-speed production of 
compound libraries in biological screening, these 
synthetic innovations provide structure-activity 
relationship (SAR) studies that are critical in rational 
optimization2.

	 Coup led  w i t h  syn thes i s ,  s t r ong 
characterization via spectroscopic and analytical 
methods including nuclear magnetic resonance 
spectroscopy, mass spectrometry, infrared 
spectroscopy and X-ray crystallography is to provide 
sound structural confirmation and quality evaluation 
of newly synthesized hybrids13. Simultaneously with 
synthetic developments, systematic biological testing 
has demonstrated proactive antiparasitic properties 
of a wide range of quinoline conjugated hybrids 
in both in vitro and in vivo models. A few studies 
describe nanomolar to low micromolar potency 
with drug-sensitive and drug-resistant strains of 
parasites with desirable selectivity indices. These 
results support the promising future of quinoline 
hybrids as a second generation antiparasitic drug. 
Nevertheless, variability in experimental models, 
assay conditions and reporting standards across 
studies may complicate direct comparison and this 
has highlighted the importance of extensive reviews 
that critically analyze and bring together existing 
data14. Against this backdrop, the current review will 
seek to deliver a comprehensive and recent review 
in the evolution of the quinoline-linked hybrids as 
antiparasitic agents. The review is based upon design 
strategies, synthetic methods, and characterization 
methods and then their antiparasitic potential, 
mechanisms of action, and structure-activity relate 
are critically discussed15. The article aims to provide 
important information to researchers working in the 
fields of medicinal chemistry, pharmacology, and 
drug discovery as well as to facilitate the logical 
further development of quinoline-based hybrid 
molecules into a clinically effective antiparasitic 
treatment, based on the consolidation of scattered 
literature and an emphasis on the existing challenges 
and future perspectives16-17.

Quinoline scaffold: chemical features and drug-
like properties
Core quinoline chemistry and common 
substitution patterns
	 Qu ino l i ne  sca f fo ld  i s  a  b i cyc l i c 
heteroaromatic structure formed by a benzene ring 

fused with a pyridine ring; it has unique electronic 
and structural properties, which are much desired 
in medicinal chemistry. The basicity and protonation 
and hydrogen bonding capabilities of the heteroatom 
combined with the presence of a ring nitrogen at 
the 1-position (pyridine nitrogen) are added with 
the ability to bind biological targets. This combined 

Fig.1: Structure of Quinoline 

aromatic system is also flexible and planetary, 
which is usually helpful in p-p stacking interactions 
with aromatic amino acid residues and nucleic acid 
bases. The quinoline nucleus has a high tolerance 
to various chemical transformations because of the 
intrinsic stability of its nucleus, and thus has been 
significantly diversified18-19.

	 The replacement of the quinoline ring 
system is dominant in the regulation of biological 
activity and physicochemical characteristics20-21. The 
2 and 4 positions of the pyridine ring are usually 
functionalized to add either alkyl, aryl or heteroaryl 
groups, which may affect the electronic distribution 
and steric profile of the ring. In classical antimalarial 
agents, especially the 4-position has been also 
widely utilized, with amino or alkylamino side 
chains increasing interaction with parasitic targets. 
Modifications of the benzene ring are commonly 
employed to optimize lipophilicity, metabolic stability 
and binding affinity by substituting the 6, 7, and 8 
positions23. Electron-donating groups like methoxy or 
alkyl moieties can enhance membrane permeability 
and electron-withdrawing groups like halogen or nitro 
groups can enhance potency by enhancing target 
interactions or reducing metabolic degradation24.

	 The quinoline core is also versatile and can 
be subjected to the addition of functional handles 
that can be hybridized like hydroxyl, amino, carboxyl, 
or halogen groups25. Such substituents may also 
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be used as anchoring points to linkers that allow 
quinoline to be transported to other pharmacophores 
to create hybrid molecules that have better 
biological properties. In general, quinoline is an 
extremely versatile scaffold due to its clearly defined 
substitution patterns and synthetic accessibility. 
A major, historically significant group of bioactive 
compounds, especially the field of antiparasitic and 
antimicrobial drug discovery, are natural products 
that are based on a quinoline ring as a core 
structural motif. The most notable include quinoline 
alkaloids that are plant-based and which have been 
significant in the history of medicinal chemistry25[26]. 
The most renowned natural quinoline-bearing 
compound is quinine, the compound isolated out 
of the bark of Cinchona species, and it is one of 
the earliest effective start-up treatments of malaria. 
Not only has its discovery transformed antimalarial 
treatment, but it has also formed the quinoline 
nucleus as a privileged scaffold in the treatment of 
the parasitic diseases. Quinine Structurally, quinine 
has a quinoline ring attached to a complex bicyclic 
amine system, a mixture that forms the basis of 
its strong biological action and lead to the design 
of many synthetic quinoline analogues. Besides 
quinine, a number of similar natural quinoline 
alkaloids are also derived by the Cinchona bark 

and have a similar quinoline backbone, including 
quinidine, cinchonine, and cinchonidine27-28. The 
pharmacological characteristics of these compounds 
are varied; they include antimalarial, antiarrhythmic, 
and antimicrobial activities, which defines the 
versatility of the quinoline framework with regard 
to interactions with a variety of biological targets. 
Outside of Cinchona, one can find quinoline and 
quinoline-like natural products found in other 
families of plants, in marine organisms and in 
microorganisms, but are less common than other 
heterocyclic alkaloids. Some Rutaceae plants 
synthesize simple quinoline alkaloids which can 
exhibit antimicrobial and cytotoxic effects, indicating 
that the scaffold has greater ecological and biological 
functions.

	 Biological relevance of natural quinoline-
containing compounds is directly associated with 
the ability to participate in p-p interactions, hydrogen 
bonding, and metal coordination that allows them 
to disrupt the essential cellular processes of DNA 
replication, redox balance, and metabolism. The 
effective example of quinoline alkaloids in nature 
has had an immense impact on contemporary drug 
design that has encouraged wholesome synthetic 
alteration and hybridisation of technology in an 

    Fig.2: The structure of natural products that contain a quinoline ring as their core component
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effort to improve efficiency and address some of the 
challenges like toxicity and resistance. In general, 
natural products containing a quinoline core still 
remain essential chemical templates, connecting 
traditional medicine with modern day pharmaceutical 
innovation29-30.

	 A quinoline ring is a central structural 
feature of a great number of clinically important 
and marketed drugs, highlighting the long-term 
usefulness of this heterocycle in drug development. 
The quinoline nucleus is normally in the form of a 
rigid, planar, bicyclic system of a merged benzene 
and pyridine ring, which is a characteristic that 
enables a strong p-p stacking, hydrogen bonding, 
ionic interaction with the biological targets32-33. In a 
number of antimalarial drugs, the quinoline ring is 
replaced at key locations to increase accumulation 
in parasitic compartments, and to become more 
specific to the target. An example is classical 
4-aminoquinoline drugs that have an aminoalkyl 
side chain at the 4-position making the drug more 
basic and facilitating localisation in acidic intracellular 
conditions, a characteristic directly correlated to 
the therapeutic action of the drug. Other drugs 

containing quinoline with replacements at the 7- or 
8-positions, including halogen or methoxy groups, 
are marketed, and regulate lipophilicity, stability in 
the metabolism, and drug activity34-35.

	 In addition to the antimalarials, quinoline 
rings also occur in antibacterial, antifungal, and 
antiarrhythmic drugs. The quinoline core is frequently 
found to be a pharmacophoric core in these agents, 
to which other functional groups needed to interact 
with a particular target are attached. Heteroatoms, 
unsaturated bonds, or bulky substituents that are 
attached to the quinoline scaffold can be used to fine-
tune the binding affinity and enzyme, nucleic acid, 
or membrane-associated target selectivity. In other 
instances, the quinoline ring has been incorporated 
into more complicated polycyclic or hybrid structures, 
as indicating its ability to tolerate a wide variety of 
chemical environments and mechanisms of action.

	 Structurally, the quinoline containing drugs 
that are marketed have shown how minor alterations 
of the central frame can produce highly divergent 
pharmacological properties. This versatility underlies 
the reason why the quinoline ring remains part of the 

Fig.3: Structure of potential marketed drugs containing a quinoline ring
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contemporary drug discovery initiatives. The clinical 
experience of the drugs based on quinoline gives a 
solid rationale to the continued attempts to develop 
new quinoline analogs and hybrids with better 
efficacy, safety, and resistance profiles, especially 
in relation to infectious and parasitic diseases.

Pharmacophore features relevant to antiparasitic 
activity
	 The antiparasitic properties of quinoline 
derivatives are strictly dependent on certain 
pharmacophore properties of the scaffold36-37. 
The basic nitrogen atom is one of the most 
important properties and it can be protonated under 
physiological or acidic intracellular conditions. This 
property is used in parasitic infections like malaria 
where quinoline compounds are accumulated 
in acidic compartments of the parasite and 
therefore it increases the concentration of drugs 
at the site of action. Quinole ring is aromatic 
and heteroaromatic which further facilitates high 
interactions with the biological macromolecules 
via p-p stacking and hydrophobic contact. The 
quinoline based compounds have been known to 
disrupt various crucial parasitic processes. One 
of the eminent processes includes impairment of 
heme detoxification pathways,38-39 especially in the 
blood-stage parasites. The planar quinoline nucleus 
has the potential to bind heme moieties, which do 
not allow them to polymerize to non-toxic forms and 
cause oxidative stress and death of parasites. Also, 
parasitic DNA, topoisomerases, and mitochondrial 
enzymes were reported to be interacting with 
quinoline derivatives, which suggest their possible 
use as an agent with several targets. The presence 
of substituents on the quinoline core has a major 
impact on these pharmacophoric interactions. Side 
chains that contain secondary or tertiary amines 
have the ability of increasing the binding due to their 
ionic interactions and hydrophobic groups facilitate 
penetration through the membrane and intracellular 
target availability. The second pharmacophore may 
also confer complementary functionality upon the 
incorporation of quinoline into hybrid molecules, 
e.g. enzyme inhibition or redox modulation; thus, 
delivering synergistic antiparasitic activity. It is 
this activity of quinoline with the addition of other 
functionalities by hybrid partners that drives the 
increasing attention to quinoline-linked hybrids as 
effective antiparasitic agents40-41.

ADME/PK considerations for quinoline 
derivatives
	 Absorption, distribution, metabolism and 
excretion (ADME) properties are very important 
determinants of clinical success of quinoline-based 
compounds as far as drug development is concerned. 
The derivatives of quinolines are associated with a 
positive oral bioavailability because of their aromatic 
character and moderate lipophilicity, which facilitates 
passive diffusion through biological membranes. A 
fundamental nitrogen can also increase solubility 
during the protonated form and allow absorption 
in the gastrointestinal tract. The lipophilicity and 
ionization state of quinoline compounds determine 
their distribution properties. A number of quinoline 
analogs have been shown to exhibit a wide 
tissue distribution and this can be useful to target 
intracellular parasites that may be located in the liver 
and the spleen. Nonetheless, tissue accumulation 
can be also high, so one should be concerned 
about off-target effects and toxicity, and optimization 
must be conducted carefully. Another factor that 
is important is plasma protein binding, which in 
excess can decrease the amount of free drug that 
is available to do the pharmacological action42-43. 
Quinoline derivatives are mainly metabolized 
by hepatic enzymes, such as cytochrome P450 
isoforms. The most frequent metabolic pathways are 
oxidation, dealkylation, conjugation reactions; they 
may result in detoxification or, in certain instances, 
reactive reactions. Metabolic stability and half-life 
can be improved by strategic substitution of the 
quinoline ring, e.g. addition of sterically hindered 
groups, or metabolically stable substituents. In hybrid 
molecules, linker design and partner pharmacophore 
are other aspects that have a considerable influence 
on metabolic behavior, either protecting vulnerable 
sites or generating new metabolic liabilities. Quinoline 
compounds are excreted through renal or biliary 
pathways, which are usually based on molecular 
weight, polarity, and conjugation. Lipophilicity and 
polarity should therefore be balanced in order 
to attain efficient clearance without reducing 
efficacy. Notably, ADME and pharmacokinetic (PK) 
optimization has to be factored into the initial design 
of quinoline-linked hybrids to allow the optimization 
of increased antiparasitic activity to meet tolerable 
in vivo behavior44.
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Design strategies for quinoline-linked hybrids
Types of partner pharmacophores
	 The quinoline-linked hybrid molecule design 
is mostly guided by the wise choice of an appropriate 
partner pharmacophore that can potentially either 
complement or enhance the inherent antiparasitic 
effect of the quinoline backbone45-46. The chemical 
diversity needed to counteract the complex parasitic 
targets has been covered through the discovery of 
a wide variety of pharmacophores. The simplest 
partners include aryl and substituted aryl groups, 
which tend to be introduced to control lipophilicity, 
enhance membrane permeability and enhance 
hydrophobic interactions with biological targets. 
These moieties may also result in p-p stacking 
interactions that are specifically important in DNA- or 
heme-mediated mechanisms of action. Imidazoles, 
benzimidazoles, pyridines, thiazoles and oxadiazoles 
are common heterocyclic pharmacophores that 
are conjugated with quinoline because they have 
proven bioactivity against parasitic enzymes and 
receptors. The heterocycles may tend to add more 
hydrogen bond acceptors or donors, which increases 
binding specificity, and potency. The other significant 
group of partner pharmacophores is chalcones, 
with its a,b-unsaturated carbonyl being prized 
due to the ability to react with nucleophilic amino 
acids of parasitic proteins and interfere with redox 
balance. The hybrids of quinoline and chalcone 
have demonstrated a significant antiparasitic effect 
caused by the synergistic action of the heme 
binding and the oxidative pressure47-48. The triazoles, 
especially the 1, 2, 3 triazole are also very popular 
in the hybrid design due to their stability, rigidity and 
high capacity of hydrogen-bonding. They usually 
serve as linkers and pharmacophores, increasing the 
binding affinity without affecting the pharmacokinetic 
desirability. Peptide and peptidomimetic counterparts 
are considered to enhance target selectivity and 
take advantage of certain transporter systems in 
parasites, but problems of stability and bioavailability 
persist. Metal complexes that incorporate quinoline 
ligands have also been studied more recently 
as a result of their distinct action modes, such 
as redox cycling and enzyme inhibition, which 
provide alternative approaches to drug resistance 
overcoming49.

Linker strategies
	 The type of connection between the 

quinoline core and its partner pharmacophore is 
a decisive factor of the biological activity of hybrid 
molecules. Formation of rigid molecules with defined 
conformations can be achieved by direct fusion, in 
which the nucleus of quinoline is covalently fused 
to another aromatic or heterocyclic system without 
a spacer in between. This rigidity can potentially 
increase target specificity and binding strength, but 
also decreases flexibility that are needed to interact 
with multiple targets. Spacers, usually alkyl and 
aryl, are frequently used to achieve the best spatial 
distance between the pharmacophores, in which 
each moiety is able to independently react with its 
binding site[50][51]. The importance of these spacers 
should be understood to be length, flexibility and 
polarity which should be optimized because very long 
or flexible spacers may lower the efficiency of binding 
and metabolic susceptibility. On the other hand, short 
and stiff spacers can limit conformational flexibility 
but increase stability. Improved metabolic stability 
and preservation or enhancement of biological 
activity is often achieved by bio-isosteric linkers, 
including amide, urea, carbamate, or triazole units. 
These linkers are capable of replicating functional 
groups and they become less vulnerable to enzyme 
degradation. A more sophisticated design strategy 
is cleavable linkers, especially when using prodrug 
delivery or targeted delivery52-56. These types of 
linkers are variously configured to be enzymatically/
chemically cleaved in the parasite or in particular 
tissues, to release the active quinoline moiety and 
its partner pharmacophore in the site of action. The 
method is capable of enhancing selectivity and 
minimizing systemic toxicity, but linker stability must 
be tightly regulated.

Rational design approaches
	 Quinoline-linked hybrids are often rationally 
designed by either a target-based or a phenotypic 
screening strategy with its own benefits. Design 
Target-based design is based on being able to 
know all about one particular molecular target, e.g. 
a parasitic enzyme or a receptor. Here, quinoline 
and its partner pharmacophore are identified 
and optimised to react with specific binding sites, 
typically based on structural biology information. 
The strategy allows the examination of structure-
activity relationship (SAR) accurately and supports 
potency and selectivity optimization. It is however 
overly reliant on correct target validation and can 
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fail to consider off-target or multitarget effects which 
can promote overall efficacy. Conversely, phenotypic 
screening does not require prior knowledge of 
the molecular target and places compounds into 
a defined set based on their capability to inhibit 
the growth or survival of the whole-cell assays57. 
This method is especially useful in the discovery 
of antiparasitic drugs, where complicated and 
overlapping biological pathways may complicate the 
performance of single-target therapies. Phenotypic 
screening can be used to discover quinoline-
linked hybrids which can potentially act on multiple 
targets at once minimizing chances of resistance 
development. Although phenotypic approaches may 
be more time-consuming regarding the elucidation of 
the mechanisms involved, the compounds obtained 
may be more translational.

Computational design and docking-guided 
hybridization
	 Calculation programs have found their 
way in the experimental design of quinoline-linked 
hybrids, which offer complementary information 
to the experimental methods. Due to molecular 
modeling and docking studies, the binding modes, 
the key interactions between the hybrid molecules 
and the parasitic targets can be predicted and the 
binding affinities of the hybrids can be estimated. 
Docking-directed hybridization is used to select 
pharmacophore combinations and linkers length 
rationally to maximize the number of complementary 
interactions in the target binding pocket58. Besides 
docking, quantitative structure-activity relationship 

(QSAR) models, and molecular dynamics are also 
being used to assess the flexibility, stability and 
dynamics of interaction of quinoline hybrids. These 
methods are used to predict ADME and toxicity 
profile to prematurely remove poor candidates. 
Virtual screening of compound libraries can also be 
used to speed up the process of identifying leads by 
prioritizing hybrids that have an attractive predicted 
properties to be synthesized and tested biologically. 
Generally, strategic pharmacophore selection, 
optimized linker design, rational experimental 
strategy, and computational modeling have been 
integrated into a powerful framework to develop 
the quinoline-linked hybrids. This complex design 
approach increases the chances of discovering 
potent selective and drug-like antiparasitic drug 
agents that can help solve the current therapeutic 
needs.

Synthetic methodologies
Classical synthetic routes to quinoline cores
	 The formation of the quinoline nucleus has 
been the key to heterocyclic chemistry throughout 
the last hundred years, and some of the classical 
reactions are still of great importance in medicinal 
chemistry of the modern era. 

	 The Skraup synthesis is one of the oldest 
and most popular ones. It entails condensing an 
aniline to glycerol in the presence of a strong 
acid and an oxidizer agent, which results in the 
production of the quinoline ring system. Although it 
has several advantages in the strength of reaction 

and the capacity to produce either unsubstituted nor 
merely substituted quinolines, the Skraup reaction 
has quite59-60a number of weaknesses in the form of 
exhausting reaction conditions, side reactions, and 
lack of tolerance of some functional groups, which 
may limit its use in the complex hybrid synthesis. 

Another basic method is the Friedlander synthesis, 
especially appreciated by its versatility. The process 
entails condensing an o-aminobenzaldehyde or 
an o-aminoketone with a carbonyl molecule that 
has an active methylene group. The Friedlander 
reaction is particularly convenient with respect to 
synthesizing substituted quinolines with conditions 
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which are relatively milder than Skraup synthesis, 
and more flexible on the substitution patterns at 2- 
and 4-positions. Its adaptability has seen it become 
a favorite pathway to quinoline intermediates that 
can subsequently be functionalized or conjugated 
to other pharmacophores61-62. 

	 This reaction of Doebner-Miller is more 
similar to the Skraup synthesis except that it uses 
a,b-unsaturated carbonyl compounds in place of 
glycerol. This will allow the insertion of substituents 
at desired sites at the quinoline ring, especially at 
the 2-position. Despite its acidic and at times harsh 
reaction conditions, it has been modified to make its 

materials, which are usually an aniline, an aldehyde 
and an electron-rich alkene in the presence of 
acid. Mechanistically, the reaction is conducted by 
formation of the initial imine and then aza-Diels-Alder 
cycloaddition which enables the rapid formation 
of molecular complexity in a single step. Because 
of its high atom economy, structural diversity, and 
ability to react with a broad array of substituents, the 
Povarov reaction has widespread use in medicinal63-

64chemistry in the constitution of biologically active 
quinoline-based compounds, such as anticancer and 
antiparasitic agents.

	 The Combes quinoline synthesis is a 
classical procedure to make quinoline derivatives 
by condensing anilines with acid catalysts with 
b-diketones. This reaction normally occurs at a 
strong acidic condition causing cyclization and 
subsequent dehydration to produce quinoline ring. It 
is an effective procedure in preparing 4-substituted 
quinolines. The reaction can be diversified in terms 
of substituents on the aniline ring and is tolerant to 
diversity. However, functional group compatibility can 
be restrained by harsh reaction conditions although 
it is effective. However, the Combes synthesis is still 
a significant pathway in heterocyclic chemistry and 
medicinal chemistry studies.

Methods for constructing the hybrid linkage
	 The next step after synthesis of quinoline 
core is the construction of the hybrid linkage which 
binds quinoline with its partner pharmacophore. One 
of the most effective and efficient ways of doing this 
has been found in click chemistry, and especially in 
the copper(I)-catalyzed azide-alkyne cycloaddition. 

use more practical by the use of alternative catalysts 
and solvents. Other classical techniques, the 
ConradLimpach reaction and Pfitzinger reaction, are 
also part of the synthetic toolbox, allowing the access 
to 4-hydroxyquinolines or quinoline carboxylic acids, 
which can be further derivatized and hybridized.

	 The Povarov react ion is a potent 
mu l t i componen t  reac t ion ,  wh ich  a l l ows 
tetrahydroquinoline scaffolds to be synthesized in 
high efficiency using readily accessible starting 
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The reaction is very yielding, highly regioselective 
and tolerant to a broad variety of functional groups, 
therefore, it is an ideal reaction in the assembly 
of quinoline-triazole hybrids. The resultant triazole 
ring tends to add other pharmacological properties, 
including increased metabolic stability and hydrogen-
bonding properties66.

	 SuzukiMiyaura, Sonogashira, Heck and 
Buchwald-Hartwig couplings are widely used to 
cross-couple quinoline derivatives with aryl or 
heteroaryl partners. These catalytic techniques 
with palladium enable the specific regulation of the 
formation of carbon-carbon or carbon-heteroatom 
bonds and are especially useful in the formation 
of structurally diverse hybrid collections. Amidation 
is another popular approach, in particular, when 
quinoline carboxylic acids or amines are conjugated 
with peptide-like or heterocyclic partners. The amide 
bonds are chemically stable and predictable in 
geometry but could be enzymatically degraded in 
the body67.

	 Introduction of f lexible l inkers with 
secondary or tertiary amines that may enhance 
solubility, and biological activity are typically 
achieved by reductive amination. Michael addition 
reactions are also used to generate quinoline 
moieties in electrophilic partners, which are a,b-
unsaturated carbonyls, by nucleophilic addition 
of quinoline. All these approaches have their own 
benefits, and the strategy of the linkage is usually 
determined by the targeted physicochemical and 
biological characteristics of the end hybrid molecule.

One-pot and tandem strategies for hybrid 
synthesis
	 One-pot and tandem reaction approaches 
have become more and more popular in synthesis 
of quinoline-linked hybrids to enhance synthetic 
efficiency, decrease time and resource use. In one-
pot reactions, several steps that form bonds are done 
in a single reaction vessel without the intermediates 
being isolated. The method will reduce the number 

of purification cycles and minimize the amount of 
solvent used and can usually enhance the yield. 
An example of this is the formation of quinoline and 
then functionalization or conjugation with a partner 
pharmacophore achieved sometimes in a sequence 
of one68 operation. Tandem or cascade reactions 
extend this principle by enabling the enforcement 
of many transformations in the same reaction 
conditions in a programmed series of chemical 
reactions. These strategies are especially appealing 
to building complicated hybrid molecules with a high 
structural density. Tandem reactions can be used in 
the context of quinoline hybrids in which the quinoline 
core is first produced by cyclization and the hybrid 
linkage is installed in situ by some form of functional 
group transformation. These methods are highly 
optimized to prevent side reactions, however, they 
have tremendous benefits as far as atom economy, 
scalability and sustainability are concerned69.

Green and sustainable approaches
	 Green and susta inable  synthet ic 
methodologies have become increasingly significant 
in the synthesis of quinoline-linked hybrids to 
address increasing environmental and economic 
issues. One of such techniques is the microwave-
assisted synth which has shown outstanding 
advantages such as short reaction time, high yield 
and selectivity. Formation of rings This is a reaction 
type in which the formation of quinoline rings can 
be accelerated by microwave irradiation, usually 
in solvent-free or low-solvent conditions. This is a 
reaction type, in which the formation of quinoline 
rings can be accelerated by microwave irradiation, 
typically under solvent-free or low-solvent conditions. 
Another potentially viable green substitute is flow 
chemistry, which provides accurate adjustment 
of reaction conditions (temperature, pressure, 
residence time). Continuous-flow systems are safer, 
reproducible, and scalable, so these systems are 
appealing to both laboratory scale synthesis and 
industrial use. The reduction of solvents and the 
utilization of clean solvents, i.e. water, ethanol or 
ionic liquids, also leads to sustainable synthesis. 
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Also, the application of reusable catalysts and the 
use of non-toxic reagents are consistent with the 
principles of green chemistry and are becoming 
increasingly popular in the contemporary quinoline 
chemistry70.

Practical tips and common challenges
	 Although a wide range of synthetic 
approaches is available, there are a number of 
practical difficulties with the preparation of quinoline-
linked hybrids. Regioselectivity in quinoline ring 
formation and functionalization is a widespread 
issue especially when there are several active 
sites. Whether it is the pattern of substitution that 
is desired, careful selection of starting materials, 
catalysts, and reaction conditions is necessary. 
Protecting group strategies are commonly needed 
to help protect delicate functional groups when 
synthesizing in multiple steps but overprotecting may 
lead to complexity in synthesis and lower the overall 
efficiency.

Further increase of laboratory protocols to gram or 
kilogram scales also presents new challenges such 
as heat, reaction reproducibility, and efficiency of 
purification. Other reactions that are good in small-
scale can either show lower yields or be unsafe 
at large-scale. Hence, scalability and robustness 
should be taken into consideration early, particularly 
in the case of hybrids that are to be used in 
sophisticated biological examination. Consideration 
of these issues during syntheses and optimization 
of these methods is the only solution to enable the 
efficient and reproducible production of quinoline-
linked hybrids that will further facilitate their future 
use as promising antiparasitic agents.

In vitro antiparasitic evaluation
	 In vitro antiparasitic testing is an essential 
step in preclinical assessment of the quinoline-linked 
hybrids, which gives mechanistic understanding, 
comparative strength statistics, and initial indications 
of selectivity before in vivo research. Such tests 
are usually compared with a panel of clinically 
relevant protozoan parasites, which mostly 
include Plasmodium species causing malaria, 
Leishmania species causing visceral and cutaneous 
leishmaniasis, and Trypanosoma species causing 
African trypanosomiasis and Chagas disease, 
although some studies also include other parasitic 

organisms depending on the scope of treatment. The 
most commonly used in vitro malaria model, as both 
drug sensitive and drug resistant, is plasmodium 
falciparum, as it is seen to be clinically relevant 
worldwide with well known culture systems. In the 
case of leishmaniasis, promastigote and intracellular 
amastigote forms of Leishmania donovani or 
Leishmania major are usually used, since these 
stages represent different features of parasite 
biology and drug sensitivity. With trypanosomiasis, 
bloodstream forms of Trypanosoma brucei or 
intracellular forms of Trypanosoma cruzi are often 
used to measure antiparasitic activity. The organism 
and stage of life-cycle used is also a significant 
consideration, such that quinoline-linked hybrids 
can exhibit a stage-dependent activity associated 
with their mechanism of action and accumulation 
behavior within cells.

	 To assess the antiparasitic activity of 
quinoline hybrids, many different types of assays 
are used, the most common of which is cell-based 
viability assays because they are physiologically 
relevant. The assays are a measurement of 
parasite growth inhibition or viability loss after the 
test compounds have been added, often through a 
colorimetric, fluorometric or luminescent readout in 
terms of metabolic activity, DNA content or reporter 
gene expression. These assays are integrated 
to measure compound permeability, intracellular 
stability, and target engagement. Simultaneously, 
enzyme-based assays are frequently used to 
investigate certain molecular processes, especially 
when quinoline hybrids are created to disrupt 
certain pathways of parasites. To illustrate, assays 
measuring heme binding or inhibition of hemozoins 
formation have been extensively employed in malaria 
studies, which is indicative of the well-known action 
of quinoline derivatives in interfering with heme 
detoxification. Equally, topoisomerase inhibition 
assay, redox enzyme assay, and mitochondrial 
enzyme activity are used to clarify the possible 
targets in Leishmania and Trypanosoma. More 
translational-relevant assays, like liver-stage 
malaria models or intracellular amastigote assays 
in macrophages, provide additional stage-specificity 
to the assay, and further approximate the biological 
condition of infection.

	 Quantitative analysis of in vitro data is 
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based on standardized measures that provide 
the ability to compare between compounds and 
experiment. The most reported parameter is the 
half-maximal inhibitory concentration or IC50, which 
is the concentration needed to reduce parasite 
growth by 50 per cent under specific conditions. 
In other instances, the half-maximal effective 
concentration (EC50) has been indicated especially 
when functional readouts other than growth inhibition 
are used. Such measures of potency are commonly 
supplemented with analyses of cytotoxicity against 
mammalian cell lines, and the selectivity index (SI), 
the ratio of host cell toxicity to antiparasitic potency 
can be determined. A high index of selectivity is 
usually regarded as evidence of a good therapeutic 
window and is one of the criteria of prioritizing 
quinoline-linked hybrids to develop. It is necessary 
that consistent reporting be done of assay conditions, 
incubation times, and parasite strains in order to be 
able to replicate and meaningfully compare IC50, 
EC50, and SI values across studies.

	 The validity of antiparasitic case studies 
in vitro is dependent on appropriate experimental 
controls and reference drugs. Common positive 
controls in Plasmodium tests are standard antimalarial 
drugs like chloroquine, quinine or artemisinin 
derivatives and common references in leishmanial 
and trypanosomal systems are amphotericin B, 
miltefosine or pentamidine. Negative controls which 
are usually used to determine baseline growth and 
viability entail the use of vehicle-treated parasites, 
but the untreated controls are used to confirm 
assay integrity. When these controls are included, 
not only is the performance of the assays validated, 
but they also can be used to benchmark quinoline-
linked hybrids against an established therapy in the 
clinic. These comparisons prove especially useful to 
determine activity with drug-resistant strains where 
hybrids might show retained or increased potency 
in comparison with standard drugs.
	
	 In order to enable a systematic analysis, 
numerous studies have summarized representative 
quinoline hybrids and their in vitro antiparasitic 
performances to comparative tables by parasite 
species. Such tables generally give an overview 
of such essential structural characteristics, assay 
models, values of potency and selectivity indices, and 
typical reference compounds in a concise manner. 

Collected by type of parasites, these compilations 
can allow one to quickly find pharmacophore 
combinations of linker strategies of greater activity 
essence. Together, in vitro antiparasitic testing of 
quinoline-conjugated hybrids can be a strong and 
instructive platform to inform medicinal chemistry 
optimization, understand the action of the hybrids, 
and to select promising hybrids to be used in further 
in vivo and translational testing.

In vivo studies and preclinical evaluation
	 In vivo studies form a final step in the 
preclinical development of quinoline-linked hybrids: 
they give a unified evaluation of the efficacy, 
pharmacokinetics and safety in a living biological 
environment that cannot be completely modeled 
in in vitro models. The animal models used in the 
evaluation of antiparasitics are usually chosen to be 
as similar as possible to the pathology of a disease 
and biology of a parasite in the human body. The 
rodent model is also commonly employed in malaria 
research, in which Plasmodium berghei, Plasmodium 
yoelii or Plasmodium chabaudi infection of mice 
are used to evaluate the antimalarial activity of a 
compound in its blood-stage, suppressive features 
and survival. The models are used to rapidly screen 
a set of candidate compounds, and dose-response 
can be evaluated in controlled conditions. In the 
case of leishmaniasis, both visceral and cutaneous 
models are also in wide use, which usually consists 
of infecting mice or hamsters with Leishmania 
donovani, Leishmania infantum, or Leishmania 
major. Visceral models determine the parasite 
burden of target organs (liver and spleen) and 
cutaneous models determine the extent of lesions 
and parasite clearance at the site of infection. Murine 
models of trypanosomiasis typically involve the ideas 
of Trypanosoma brucei or Trypanosoma cruzi in 
which the parasitemic parasite tissues and lifespan 
of the parasites can be used as the main measure of 
the therapeutic effects of treatments. These animal 
models can give significant understanding of the 
in vivo performance of quinoline hybrids, such as 
to reach their target tissues, survive at therapeutic 
levels and have delayed antiparasitic impacts.

	 In vivo evaluation always involves 
pharmacokinetic and bioavailability tests since they 
will provide information on whether the promising 
activity of quinoline-linked hybrids in vitro can 
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be transferred into effective systemic exposure. 
Pharmacokinetic experiments are usually associated 
with a time-dependent study of plasma and 
tissue concentrations after various routes of drug 
administration as oral, intraperitoneal, or intravenous. 
Such parameters as maximum concentration, time 
to reach maximum concentration, area under the 
concentration time curve, half lipid, clearance and 
volume of distribution are used to have a quantitative 
framework of drug disposition. Quinoline derivatives 
tend to have a good oral bioavailability as a result of 
their aromatic and moderately lipophilic character, 
but hybridization can have a far-reaching impact 
on the absorption and distribution pattern. The 
distribution of the tissue is of special interest in 
the development of antiparasitic drugs since the 
required effective concentrations should be reached 
in the areas of parasite reservation, including liver, 
spleen, bone marrow, or central nervous system. 
Pharmacokinetic data can often inform selection 
of linker length, partner pharmacophore polarity, 
and partner drug clearance to achieve exposures 
adequate and clearance rates acceptable.

	 The toxicological assessment and safety 
signals should be identified as a measure to 
guarantee that the increased antiparasitic efficacy is 
not linked to the toxicity of the host. Rodent studies 
of acute and subacute toxicity are usually carried out 
in order to determine the highest tolerated dose and 
monitor possible negative effects that could manifest 
on behavior, body mass, and organ, especially liver 
and kidney, performance. As an indicator of organ-
specific toxicity, hepatic and renal biochemical 
markers and histopathological assessment of the 
key organs are regularly evaluated. Quinoline-
based compounds have traditionally been linked 
with some safety issues, including cardiotoxicity 
or neurotoxicity at high doses and are therefore of 
special safety-profiling interest to quinoline-linked 
hybrids. The hybrides could alleviate or add to 
these risks, depending on the type of the partner 
pharmacophore and linker, and this offers a strong 
case to carry out the thorough in vivo safety testing 
at a very early stage of development.

	 The choice of efficacy endpoints in in 
vivo antiparasitic trials is based on the therapeutic 
benefit and translatability. The typical outcomes 
are a decrease in parasitemia, a decrease in the 

parasite burden in the tissue in a model of cutaneous 
leishmaniasis, regression of the lesion, extension 
of the survival, and inhibition of the relapse of the 
disease. Dose-response and duration of study 
of the treatment give a clue on the best dosing 
schedule and therapeutic index. Other aspects of 
translational considerations are; efficacy comparison 
with known reference drugs in the same conditions, 
assessing activity in relation to drug-resistant 
isolates and potential combination with other 
available treatments. These in vivo and preclinical 
analyses, in combination, are a crucial linkage 
between in vitro discovery and clinical development 
to make informed decisions about the development 
of quinoline-linked hybrids as functional antiparasitic 
drug development.

Mechanisms of antiparasitic action
	 The antiparasitic effect of quinoline-
conjugated hybrids is due to an interaction between 
long-established quinoline-mediated effects and 
synergies between the partner pharmacophores, 
which results in multifaceted and frequently 
synergistic mechanisms of action. The quinoline 
scaffold is linked to one of the best-characterized 
pathways: heme detoxification inhibition, in especially 
case of parasites in the blood-stage of malaria. In 
the process of hemoglobin digestion, toxic free heme 
is expelled in the digestive vacuole of the parasite 
and has to be detoxified by polymerization into 
untoxic hemozoin. The quinoline derivatives, due to 
their structural features, planar aromatic backbone, 
and simple nitrogen, are able to accumulate in this 
acidic compartment, and bind to the free heme, 
thus preventing its polymerization. This leads 
to accumulation of toxic heme-drug complexes 
leading to oxidative damage, disruption of the 
membrane and eventual death of the parasites. In 
addition to the effects involving the heme, quinoline-
based compounds have also been demonstrated 
to interact with nucleic acids, and these may 
either intercalate DNA or disrupt nucleic acid-
processing enzymes, including topoisomerases. 
Such interactions are capable of disabling DNA 
replication and transcription resulting in cell cycle 
arrest and apoptosis-like death in parasites. Also, 
mitochondrial dysfunction is another significant 
quinoline-related process, especially in protozoa, 
where the energy metabolism and redox depends 
on mitochondrial integrity. Quinoline derivatives 
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can disrupt mitochondrial membrane potential, 
prevent electron transport or disrupt enzymes of 
vital metabolic pathways, which affect the viability 
of parasites. Oxidative stress is also an addition 
towards antiparasitic effect, quinoline-induced redox 
imbalance may overwhelm the antioxidant defence 
of the parasite, resulting in lipid peroxidation, protein 
oxidation and cell damage.

	 In case of incorporation of quinoline 
with other molecules, the partner-pharmacophore 
usually incorporate other mechanistic layers that 
complement or increase antiparasitic action. They 
can be synergistic, with both pharmacophores 
simultaneously influencing related pathways 
to achieve greater overall effect or they can 
be complementary in that different targets are 
simultaneously altered. An example is to include 
quinoline with heterocyclic groups which are 
reported to inhibit particular parasitic enzymes, 
thus heme detoxification blockade can be used with 
precise enzyme inhibition, and chances of resistance 
emergence are minimized. Partners with chalcone 
group have the ability to provide electrophilic centers 
that are able to modify thiol functional groups, 
disrupting redox homeostasis and increasing 
oxidative stress generated by the quinoline group. 
Hybrids that contain triazole are able to disrupt 
sterol biosynthesis or protein-ligand interactions, 
as well as to provide metabolically stable linkers 
that reposition optimally the spatial orientation of 
the pharmacophores. In hybrids containing metal 
complexes, the partner moiety can provide redox 
cycling or metal-mediated inhibition of enzyme, and 
provide an additional cytotoxic action that acts in a 
parallel manner to classical quinoline effects. More 
complicated, but additional partners, such as peptide 
or peptidomimetic, can provide increased selectivity, 
based on developmental program transporters or 
intracellular compartments, and efficiently targeting 
the quinoline core to where it is required to act.

	 The arguments in favor of these mechanistic 
suggestions are based on a synthesis of biochemical 
tests, omics-ready research, and state-of-the-art 
imaging. Biochemical assays are still essential 
mechanisms of mechanistic validation, such as heme 
binding assays, parasitic enzyme inhibition assays, 
mitochondrial membrane potential measurements, 
and reactive oxygen species production assays. 
These assays offer direct functional evidence of 

chemical structure/biological effect. Transcriptomic 
and proteomic investigations have been used 
more and more to understand the global cellular 
responses to quinoline-linked hybrids with changes 
in gene and protein expression related to stress 
response mechanisms, metabolic perturbation, and 
programmed cell death. These types of omics are 
useful especially in determining off-target effects 
and in the discovery of hitherto unknown pathways 
that lead to antiparasitic activities. Biochemical data 
is further supported by imaging methods, such as 
fluorescence microscopy and electron microscopy, 
which can be used to visualize cellular localization 
of hybrid compounds, cellular morphology of 
parasites, and organelle damage, such as digestive 
vacuole or mitochondrial damage. All these 
multidisciplinary pieces of evidence reinforce the 
idea that quinoline-linked hybrids do not use a single 
mechanism of action since they are antiparasitic 
in a well-coordinated, multi-target interaction. 
This is one of the major advantages of the hybrid 
molecules because this increase in potency along 
with minimizing resistance and further development 
is practical with regard to the current generation of 
hybrid molecules as antiparasitic drug discovery 
candidates.

Future perspectives and recommendations
	 The strategic combination of new design 
ideas, new biology tests, and translational prospectus 
will give rise to future innovation of quinoline hybrids 
as antiparasitic agents in solving current and future 
problems in treating parasitic diseases. The rational 
hybridization strategy, continuing to be explored, 
is likely to give compounds with higher potency, 
greater selectivity and less resistance liability, 
especially by purposeful assembly of quinoline 
scaffolds with pharmacophores to complementary 
or orthogonal biological pathways. More attention 
should be paid to the development of hybrids with 
balanced physicochemical characteristics, since 
not only should an increase in the antiparasitic 
activity but also a positive pharmacocytokinetic 
and safety profile be evaluated. The importance of 
early integration of ADME and toxicity screening 
with predictive in silico models can greatly decrease 
late-stage attrition and also facilitate optimization of 
lead. Biologically, further research should feature 
use of clinically relevant parasite strains more 
frequently, such as multidrug resistant isolates 
and physiologically relevant systems such as 
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intracellular and stage specific assays to improve 
translational relevance. The lack of standardization 
of in vitro and in vivo assessment regimens, such 
as provision of selectivity indices, dosing schedules 
and comparative effectiveness with reference drugs 
will provide a cross-study comparison and hasten 
overall advancement in the field. The computational 
chemistry, artificial intelligence, and machine learning 
provide strong opportunities to inform the selection 
of the pharmacophore, optimization of linkers, 
and target prioritization to navigate the chemical 
space better and find high-quality lead inferences. 
In addition, systems-level technologies, including 
transcriptomics, proteomics, and metabolomics, 
deserve increased adoption in order to understand 
the pathobiology of action, identify resistance 
mechanisms, and guide the combination strategy. 
Synthetically, there will be the need to embrace 
green and scalable approaches in order to facilitate 
sustainable drug development and subsequent 
translation to industry. Lastly, there is a high degree 
of communication between medicinal chemists, 
parasitologists, pharmacologists and clinicians, 
which is highly encouraged to correlate the early-
stage discovery activities with clinical therapeutic 
imperatives. Through the adoption of interdisciplinary 
approaches and emphasis on scientific rigor as well 
as practical usefulness, quinoline-linked hybrids 
can help create a meaningful contribution to the 
future generation of safe, effective, and accessible 
antiparasitic therapy.

Conclusion
	
	 Quinoline-linked hybrids are a very 
promising and strategically important category of 
compounds in the continued quest to find useful 
antiparasitic therapy using quinoline-linker, which 
integrates the pharmacological significance of 
the quinoline scaffold with the versatility and 
synergic potential of molecular hybridization. 
Quinoline has exceptionally wide chemical flexibility, 
which permits accurate structural manipulation 

and innate incorporation with various partner 
pharmacophores to permit the rational design of 
multifunctional molecules capable of meeting the 
complex and adaptive biology of parasitic organisms. 
As indicated in the review, the development of 
synthetic approaches has hugely increased the 
availability of structurally diverse quinoline hybrids, 
and the techniques of characterization used today 
has provided the means of ensuring the structural 
validity and reliability. In vitro and in vivo analyses 
have consistently shown that quinoline conjugated 
hybrids can be used to attain enhanced antiparasitic 
activity, selectivity, and in most instances still 
maintain activity against drug-resistant strains of 
parasites. Notably, the complex actions of these 
hybrids (inhibition of heme detoxification and 
interference with mitochondrial activity as well as 
redox balance and enzyme inhibition) are indicative 
of their advantage compared to single-acting agents 
and they are in favor of their ability to counteract 
the emergence of resistance. Complementary 
pharmacophore incorporation also enhances 
therapeutic effect by acting synergistically or by 
acting on multiple targets and has provided a logical 
direction towards longer-lasting and more effective 
therapies. Meanwhile, there are still challenges 
concerning pharmacokinetics, toxicity, scalability 
and predictability in translational studies, and 
integration of ADME optimization, safety evaluation, 
and clinically relevant models further up the drug 
development pipeline is needed. All the evidence 
provided above makes quinoline-linked hybrids 
a resilient and versatile discovery platform in 
antiparasitic drugs. Through ongoing interdisciplinary 
cooperation, systematic assessment strategies, 
and careful combination of computational and 
experimental methods, these hybrid molecules 
can be highly promising to support unmet clinical 
requirements in parasitic infections and even move 
towards the development of safe, effective and 
readily available therapeutic options.
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