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1.1 Introduction

Parasites are organisms that range widely in size. Parasites can be bacteria, protists,
fungi, viruses, plants or animals. Parasites that live, feed, and harm the host in or on
the host organism may be large enough to be visible. It is known that they infect
millions of people around the world and cause thousands of deaths. In this respect,
parasitic infections are an important health problem worldwide, especially in devel-
oping countries [1-3]. Today, parasitic diseases have ceased to be epidemics and
have become the problem of the whole world. For example, according to the data of
the World Health Organization, 1.5 billion people, in other words, 24% of the world’s
population, is infected with helminths transmitted from the soil (https://www.who.
int/news-room/fact-sheets/detail/soil-transmitted-helminth-infections).

Diseases caused by parasites have not been adequately studied. The displace-
ment of populations has led to the spread of regional parasitic diseases in the
world and treatment and preventive health services are needed everywhere.
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However, the pharmaceutical industry is still not as interested in developing
drugs for the treatment of parasitic infections as in other drugs. Even antiparasitic
drugs discovered at the beginning of the twentieth century are still used today.
This is important in terms of showing how insufficient are the efforts to develop
drugs for parasitic infections. In addition, the COVID-19 pandemic we have been
through has also been a risk factor for the spread of parasitic infections. Both the
disease itself and the drugs used in the treatment of COVID-19 infection have
caused individuals with weakened immunity have become more susceptible to
opportunistic parasitic infections.

The treatment of microbial infections or tumoral diseases caused by bacteria,
protozoa, fungi, parasites and viruses with drugs is called chemotherapy. In this
context, the treatment of infections caused by parasites is also called chemother-
apy. Difficulties such as the development of resistance in the treatment of micro-
organisms other than parasites are also valid for the treatment of infections caused
by parasites. Moreover, natural factors such as humidity and temperature also
affect the incidence, spread and treatment of some parasitic infections. Mass
movements such as travels to these affected regions, and the movement of immi-
grants also facilitate the spread of parasitic diseases [4-6].

Parasitic infections are most common in tropical climates due to poor hygiene
conditions and are less common in developed countries. However, although they
affect people who are disadvantaged in many respects, they spread all over the
world with mass movements. Thus, parasitic infections affect millions of people
around the world every year and can cause deaths. For these reasons, parasitic
infections remain current and important as the subjects of drug research and
development studies.

Today, there is a need for effective antiparasitic drugs with minimized side
effects. In recent years, the factors related to the diseases caused by parasites have
been clarified with mechanistic studies of parasitic infections. Thus, more data
are available to derive selective and active compounds. With these data, it will be
possible to reach new and active drugs having less side effects and increase the
success of treatment in the near future.

1.2 Parasite and the Phenomenon of Parasitism

Parasite is a word of Greek origin, and it refers to microorganisms that have
evolved to living in or on another organism and feeding by damaging it. Symbiosis
is a word of greek origin and means “to live together”. It refers to a long-term and
close relationship between two different biological organisms. Parasitism, which
is a type of symbiosis, is an opportunistic relationship and expresses the relation-
ship in which one species benefits while the other species is harmed [7-9].
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The fight against parasites dates back to ancient times with the use of drugs and
herbal methods being a success for humanity. According to studies, with the com-
plete eradication of microorganisms such as viruses, bacteria and protozoa,
human deaths will decrease and the quality of life will increase [10-13]. However,
in a scenario where the parasites are completely destroyed, the ecological role of
the parasites in the ecosystem can be better understood. The only parasite that
humanity has managed to completely eradicate is variola, the smallpox parasite.
Although only one parasite has been eradicated so far, intense efforts are also
being made for the eradication of parasitic infections such as leprosy and Chagas
disease, which are thought to be eradicated. In certain regions of the world, this
eradication has been achieved [14].

In spite of the fact that they are harmful to human health, removing parasites
from an ecosystem, especially from ecologically effective species, could be prob-
lematic in terms of disturbing the ecological balance. Fighting with parasites is an
issue that is almost impossible to completely eradicate and needs to be evaluated
in all its dimensions in terms of its consequences. The eradication of one parasite
species can lead to the increase or extinction of other parasite species, as well as
completely changing the balance of the ecosystem. Although it is thought that as
a result of urbanization, healthier and more hygienic conditions will be created,
this has not always been the case. In some cases, an increase in parasitic infections
has been observed.

However, it is essential to fight parasites and to make efforts for the treatment
of parasitic infections, but while doing this, they should not disturb the balance of
nature, and strategies should be developed for all species in which life is possible
without adversely affecting one another.

1.3.1 Ancient Information of Parasite Towards Health Problems

Medical struggles with microorganisms that cause disease in humans dates back
to 3000 BCE. Parasites initially evolved long before the evolution of human beings,
and early writings from Egypt mention some such as roundworms and tape-
worms. Francesco Redi and Antonie van Leeuwenhoek in the seventeenth cen-
tury began to research them and created an early version of the branch of
parasitology. The pioneer experiments of various great scientists have helped us
to understand the pathogenic mechanisms of the parasite.

Our information regarding infections of parasites extend into antiquity, and
descriptions of parasites and parasitic infections are observed in the earliest writ-
ings and have been confirmed by the discovery of parasites in archaeological
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material. Human beings are hosts to approximately 300 different species of worms
parasite and more than 70 species of various protozoans, several derived from our
ancestors primate condition while others have been acquired from animals. Some
parasites cause the most important diseases in the world; certainly these are para-
sites that have received the great attention. Since most of such parasite diseases
occur in tropical regions, the parasitology field has tended to overlap with that of
tropical medicine, and consequently the histories of these fields are intertwined.
The organized study of parasites started with the rejection of the theory of sponta-
neous generation and the promulgation of the germ theory. After that, the history
of human parasitology continued along two lines: the finding of a parasite and its
subsequent connection with particular disease, and the identification of particu-
lar disease and the subsequent discovery that it was caused through the infection
of the particular parasite.

It is known that many plants are used as chemotherapeutic treatments in
Chinese medicine. Avicenna defined microbes and treated the diseases caused by
microbes. Galenos tried to treat diseases by using the large plant flora of Anatolia.
In the seventeenth and eighteenth centuries, plant extracts began to be used for
the treatment of febrile illness. In this period, chemotherapy started with the use
of Cinchona alkaloids in the treatment of malaria.

Parasites have been defined and characterized depending on a wide variety of
factors, from parasite-related factors to host-related factors. Throughout history,
humans have been confronted with a large number of parasites, including about
300 species of helminths, and 100 species of protozoa. These microorganisms
have caused and continue to cause diseases in humans [10, 15].

1.3.2 Current Information on Parasites Causing Health Problems

Diagnostic methods of parasitic infections have been developed from the past to
the present, and many drugs with various chemical compounds have been intro-
duced for treatment. In addition, surgical operations are also performed for the
treatment of some parasitic infections. Research on parasites and new drug devel-
opment studies continue in line with the available data.

The pandemic period we are going through can also be associated with parasit-
ism. COVID-19 treatment has been effective in the diagnosis, treatment and erad-
ication of parasitic infections. For example, cough and dyspnea seen in COVID-19
are also symptoms of some parasitic infections, in which case misdiagnosis or
treatment is possible. It is possible to confuse symptoms of parasitic infections,
particularly those caused by protozoa, trematodes, and nematodes, with symp-
toms of COVID-19. In addition, an immune system weakened by parasitic infec-
tions can complicate the treatment of COVID-19 [16].
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The control and proper treatment of parasites are essential requirements for the
health of living beings. In recent years, the inflammatory response resulting from
infections caused by parasites has been confirmed by numerous studies. In a
study of dogs with visceral leishmaniasis caused by the Leishmania donovani
complex, inflammatory lesions were observed in the brain, although no parasites
were detected. The aim of the studies carried out in recent years were to treat only
the infection caused by the parasite and to improve the clinical status. In recent
years, mechanistic studies have increased, and all pathways in parasite infections,
including the interaction between the host and the parasite, are being investi-
gated. With all these studies, the host-parasite relationship, which involves com-
plex interactions, is increasingly being understood. With the use of new and
modern methods such as omic technologies, it will be possible to control parasitic
infections in the near future [17, 18]. The control and treatment of parasites has
been achieved using different therapeutics approaches.

1.4.1 Herbal Medicines

In the treatment of parasitic infections, herbal medicines as well as synthetic com-
pounds can be the solution. For centuries, mankind has benefited from using
plants to treat diseases. Today, some medicines have herbal active ingredients. It
is known that many plants such as Melissa officinalis, Citrus limon, and Thymus
vulgaris show antiparasitic activity. However, the use of herbal medicines in
antiparasitic therapy is limited due to their cytotoxic effects and non-selective
activity profiles.

In the current treatment of diseases caused by parasites, the inadequacy of vac-
cines and the resistance to the drugs used have initiated the search for new treat-
ments. In this search, besides chemical molecules, plants have gained importance
because of their secondary metabolites. Secondary metabolites can be effective in
parasitism since these metabolites and parasites have common targets such as
genetic material, membrane integrity, microtubules and neuronal signal trans-
duction. It is also possible to reach active new derivatives by obtaining synthetic
derivatives analogous to these compounds. Many plant products interact with the
protein structures and microtubules, which are the main components of the para-
site, and cause the death of the parasite. Synthetically derived drugs or herbal
compounds must be active and not toxic to the host and compounds with a high
selectivity index are needed. The cytotoxicity of herbal and synthetic drugs arises
through interaction with genetic material, proteins and biomembranes. Alkylating
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agents cause genetic damage by alkylating DNA. This mechanism results in the
death of the parasite.

Some secondary metabolites affect genetic mutations by chelating with DNA.
In particular, some plants have alkaloids that cause the death of the parasite with
this mechanism, such as topoisomerase enzyme inhibitors killing the parasite by
disrupting DNA replication.

Destruction of the cell membrane results in impairment of the integrity of the
cell. Cytotoxic effects are a result of cell damage, if the cell is a parasite cell, parasite
death occurs. It is known that plants containing sesquiterpenes, phenylpropanoids
and isothiocyanate structure show antiparasitic activity by this mechanism [4, 19].

1.4.2 Drugs and Drugs Analogs

Wide varieties of drugs and analogs are used for the treatment and management
of parasites.

1.4.2.1 Antiprotozoal Drugs

Infections caused by Plasmodium species are still an important problem in the
world and cause deaths. Alternative treatment methods and more importantly,
new synthetic compounds are needed due to the development of resistance to
existing treatment drugs. In this context, it is clear that parasite-selective and low-
toxicity molecules will have therapeutic success [20].

The life cycle of Plasmodium parasites continues on two hosts, Anopheles mos-
quitoes and humans. During blood feeding of infected female Anopheles, sporo-
cytes enter the host human and infect liver cells. Sporosides transform into tissue
schizonts that cleave and release merosocytes. Merosides pass into the blood and
form tarophosites. The trophocytes mature into blood schizonts. These schizonts
break down and infect healthy red blood cells [21].

Quinine was the first known antimalarial drug for the treatment of malaria. It
was first obtained from the bark of the Cinchona tree . The first synthetic antima-
larial compound is quinacrine, a 9-aminoacridine derivative. Upon understand-
ing the structure-activity relationships of quinine and its structural similarity
with quinacrine, 4-aminoquinoline derivatives (chloroquine and hydroxychloro-
quine), 8-aminoquinoline derivatives (pamakine and primaquine) were synthe-
sized. In the following years, the synthesis of compounds bearing the pyrimidine
ring system continued and attempts were made to vaccinate against the disease.

Antimalarial drugs act by interacting with DNA, inhibiting dihydrofolate reduc-
tase, dihydroptereate synthesis, and protein synthesis.

According to their chemical structure, they can be classified as:

1) Cinchona alkaloids and analogues;
2) 4-aminoquinoline derivatives;
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3) 8-aminoquinoline derivatives;

4) 9-aminoacridine derivative;

5) biguanidine derivatives;

6) diaminopyrimidine derivatives;

7) sesquiterpene lactones;

8) sulfonamides and sulfones; and

9) tetracyclines, clindamycin and azithromycin.

1.4.2.2 Cinchona Alkaloids and Analogues

It was known 400 years ago that Cinchona bark extract was used to reduce fever
and treat malaria. A few centuries later the malaria parasite was discovered.
Cinchona bark extract, first used by native South Americans, is the prototype for
quinine and quinidine used to treat malaria.

For over a hundred years, studies have been carried out for the synthesis of qui-
nine. Since it has four stereogenic centers, it has 16 different configurations, mak-
ing the synthesis of pure quinine difficult. However, in 2001, the synthesis of pure
quinine was achieved [22].

Quinine ((R)-[(2S,4S,5R)-5-ethenyl-1-azabicyclo [2.2.2] octan-2-yl]-(6-methoxy-
quinolin-4-yl)methanol), is mainly used in the treatment of infections caused by
P. falciparum. In addition, due to its weak analgesic and antipyretic effect, it is
used in muscle and joint pain, in the treatment of leg cramps, and rarely to induce
labor because it causes uterine contraction. It causes hypotension by relaxing vas-
cular smooth muscle through myocardial depression.

It is used as a sulfate salt in the treatment of malaria, in combination with
pyrimethamine, sulfadiazine or tetracycline.

Quinidine ((S)-[(2R,4S,5R)-5-ethenyl-1-azabicyclo [2.2.2] octan-2-yl]-(6-meth-
oxy-quinolin-4-yl)methanol), is the (+)-isomer of quinine and is obtained from
the bark of the Cinchona tree. Although it has antiarrhythmic effects, its use in
treatment is almost negligible due to its side effects.

OCHj

=1 “CH,

2\

Quinine Quinidine

1.4.2.3 4-aminoquinoline Derivatives
Chloroquine (4-N-(7-chloroquinolin-4-yl)-1-N,1-N-diethylpentane-1,4-diamine),
hydroxychloroquine (2-[4-[(7-chloroquinolin-4-yl) amino]| pentyl-ethylamino]
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ethanol), amodiaquine (4-[(7-chloroquinolin-4-yl) amino]-2-(diethylaminomethyl)
phenol) and mefloquine ([2,8-bis(trifluoromethyl)quinolin-4-yl]-piperidin-2-yl-
methanol) are 4-aminoquinoline derivatives available as therapies. These com-
pounds are fast-acting, potent antiprotozoal drugs, especially against P. falciparum,
acting on blood schizontocytes. However, resistance to these drugs is the most
important problem in antiprotozoal therapy. Due to the high toxicity of chloro-
quine and the resistance of Plasmodium species to this drug, the -OH group was
introduced, and the hydroxychloroquine synthesized. These drugs are used in the
treatment of autoimmune diseases such as rheumatoid arthritis and systemic lupus
erythematosus, and diseases such as anti-phospholipid syndrome, due to their
immunomodulatory and antithrombotic properties. Because of their antithrom-
botic mechanism and their potential to inhibit proinflammatory mediators, these
drugs have also been used clinically in the treatment of SARS-CoV-2 infections. It
has been argued that these drugs can treat COVID-19 infections by inhibiting the
binding of the virus to the host cell membrane and preventing the virus from enter-
ing the cell. They are also thought to inhibit the formation and spread of new viral
particles. Another proposed antiviral mechanism for chloroquine is to inhibit the
zinc ionophores that allow zinc to enter the cell, thereby reducing the intracellular
zinc levels of RNA viruses and reducing their pathogenicity. It has also been pre-
dicted that chloroquine may inhibit virus-receptor binding by acting on the termi-
nal glycosylation of the ACE-2 enzyme. Due to these features, chloroquine and its
hydroxy derivative hydroxychloroquine have been tried in the treatment of COVID-
19 infections. However, neither drug has demonstrated significant clinical success.
In addition, the side effects of these drugs have led to the abandonment of the use
of these compounds in the treatment of COVID-19 [23,24].

(I3H3 CIDHS
i S (CHa)sN(CHy), pN-CH(CHo)3"N—CH, - CH, ~OH
CZHS
| XX ~
o N cl N7
Chloroquine Hydroxychloroquine
OH
3 '@
HO~
N CH,N(C,Hy), O~cH
X X
| X X | P
c AN D N~ "CF,
! N CF,
Amodiaquine Meflogquine

8-aminoquinoline derivatives
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1.4.2.4 8-aminoquinoline Derivatives

8-aminoquinoline derivatives exert their effects by killing hypnozoite forms.
Although they have high antiprotozoal activities, their use is limited due to
safety problems arising from interactions with glucose-6-phosphate dehydroge-
nase [25]. Approved by the FDA in 1952 and particularly effective against
Plasmodium vivax and Plasmodium ovale species, primaquine is the prototype of
8-aminoquinoline derivative antimalarial compounds. It is used in combination
with chloroquine or artemisinin in the treatment. It is effective against Plasmodium
falciparum in a single dose and used as phosphate salt in treatment [26].

In addition to primaquine (4-N-(6-methoxyquinolin-8-yl)pentane-1,4-diamine),
8-aminoquinoline derivatives such as pamaquine (1-N,1-N-diethyl-4-N-(6-
methoxyquinolin-8-yl)pentane-1,4-diamine), pentaquine (N-(6-methoxyquinolin-
8-yl)-N'-propan-2-ylpentane-1,5-diamine) and isopentaquine
(4-N-(6-methoxyquinolin-8-yl)-1-N-propan-2-ylpentane-1,4-diamine) are also
used in the treatment.

HaCO~— N X H4CO TS
l ¥ N/ Z N/
NH-CH—(CH,)gNH, NH-CH~(CHz)3N(CHs),
CH, CH,
Primaquine Pamaquine
H;CO | X H&Om
= N/ N/
NH—CIH—(CHQ)S'N(CH(;)Q NH-CH-(CH,)s"NH—CH(CHy),
CHs CHg
Pentaquine Isopentaquine

Tafenoquine (4-N-[2,6-dimethoxy-4-methyl-5-[3-(trifluoromethyl)phenoxy]| quin-
olin-8-yl]pentane-1,4-diamine) is the latest approved 8-aminoquinoline derivative
compound. It is a lipophilic derivative of primaquine, with a longer half-life and
lower toxicity. It can also be used as a single dose due to its long half-life [27].

CF;
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~

N~ OCH,
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N
=
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1.4.2.5 9-aminoacridine Derivative

Quinacrine (4-N-(6-chloro-2-methoxyacridin-9-yl)-1-N,1-N-diethylpentane-1,4-
diamine) is a 9-aminoacridine derivative. It has a higher schizontoside effect than
quinine. However, due to its high toxicity, it is not currently used in antiprotozoal
therapy. It has toxic effects especially on the central nervous system.

7 OCHs

NH-CH-(CH,)3 N(C2Hs),
CHj;

Quinacrine

1.4.2.6 Biguanidine Derivatives

Biguanide derivatives are antimalarial compounds that are frequently used for
prophylactic purposes. Proguanil, chlorproguanil, and cycloguanil pamoate are
drugs of this group.

Cl
CIONHQNHQNHCH(CHs)z cl @ NHENHCNHCH(CHj),
NH NH NH NH
Proguanil Chlorproguanil
NH HOOC OH HO COOH

2
o~ arte
HC N
chew | 00
2

Cycloguanil pamoate

Proguanil (1-[amino-(4-chloroanilino) methylidene]-2-propan-2-ylguanidine) was
found while investigating the antimalarial activity of pyrimidine derivatives.
Compounds carrying nitrogen heterocycles such as pyrimidine, quinazoline and
quinoline with basic side chain and arylamino or arylguanidino substituents have
antimalarial activity. The noncyclic biguanide structure has a similar tautomeric sys-
tem. The antimalarial activity of compounds with biguanide structure showed that
the part responsible for the activity in heterocyclic rings was the side chain. Proguanil
is a prodrug, its metabolite with dihydrotriazine cycloguanil structure has antima-
larial activity.
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Another antimalarial drug in the biguanide structure is cycloguanil. Since cyclo-
guanil is eliminated very quickly, the pamoate salt (cycloguanil pamoat:
1-(4-chlorophenyl)-6,6-dimethyl-1,3,5-triazine-2,4-diamine  4,4’-methylene-bis|3-
hydroxy-2-naftaote] (2:1)) formed with pamoic acid is used as a depot formulation.

Chlorproguanil (1-[amino-(3,4-dichloroanilino) methylidene]-2-propan-2-yl-
guanidine), a chlorinated derivative of proguanil, has a similar activity profile and
is used in malaria tropica chemoprophylaxis [10, 28, 29].

1.4.2.7 Diaminopyrimidine Derivatives
Pyrimethamine (5-(4-chlorophenyl)-6-ethylpyrimidine-2,4-diamine) and trimeth-
oprim (5-[(3,4,5-trimethoxyphenyl) methyl] pyrimidine-2,4-diamine), which are
structurally similar to the pteridine part of dihydrofolic acid, are drugs that show
dihydrofolate reductase enzyme inhibitory activity. The prototype of the group is
pyrimethamine. Although pyrimethamine is safe at low doses, it causes megalo-
blastic anemia at high doses. Pyrimethamine inhibits the conversion of dihydro-
folate to tetrahydrofolate by irreversibly binding to the enzyme dihydrofolate
reductase. The compound shows higher affinity for the dihydrofolate reductase
enzyme of Plasmodium than for the host dihydrofolate reductase enzyme. This
feature makes the compound selective. Inhibition of the conversion of dihydro-
folate to tetrahydrofolate reduces the folic acid synthesis required for nucleic acid
synthesis in the parasite. Due to the development of pyrimethamine resistance,
pyrimethamine-sulfadoxine combination is used in the treatment [10, 30, 31].
Trimethoprim is an antibacterial drug and its antimalarial activity was discov-
ered later. Since it is less selective than pyrimethamine and has a shorter half-life,
its use in therapy is limited. It is used in combination with other drugs [10].

NH, cl NH,
N j\l\)v\©:OCH3
P =
OCHs

Pyrimethamine Trimethoprim
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1.4.2.8 Sesquiterpene Lactones

Sesquiterpene lactones are secondary metabolites of more than 5000 compounds,
most commonly found in the families Cactaceae, Solanaceae, Araceae, and
Euphorbiaceae. Artemisinin ((1R,4S,5R,8S,9R,12S,13R)-1,5,9-trimethyl-11,14,15,16-
tetraoxatetracyclo [10.3.1.04,13.08,13] hexadecan-10-one) and its derivatives are
antimalarial compounds with sesquiterpene lactone structure. These compounds
are used in combination with resistant synthetic derivatives. Thus, it is possible to
use drug combinations with a longer half-life and to prevent the development of
resistance [32].

The antimalarial activity of artemisinin was discovered in China in the mid-
twentieth century. Artemisinin and its derivatives are antimalarial compounds
with sesquiterpene trioxane lactone structure isolated from Artemisia annua.
Artemisinin and its derivatives (artemether ((1R,4S,5R,8S,9R,10S,12R,13R)-10-
methoxy-1,5,9-trimethyl-11,14,15,16-tetraoxatetracyclo [10.3.1.04,13.08,13] hexa-
decane),arteether((1R,4S,5R,85,9R,10S,12R,13R)-10-ethoxy-1,5,9-trimethyl-11,14,
15,16-tetraoxatetracyclo[10.3.1.04,13.08,13]hexadecane) and artesunate (4-oxo-
4-[[(1R,4S,5R,85,9R,10S,12R,13R)-1,5,9-trimethyl-11,14,15,16-tetraoxatetracy-
clo[10.3.1.04,13.08,13 |hexadecan-10-yl]oxy|butanoic acid) have been included in
antimalarial treatment protocols [33, 34].

These compounds can be administered in a variety of ways. Its metabolites have
a longer half-life and therefore higher activity. The peroxide structure in the
1,2,4-trioxane ring system is essential for antimalarial activity. There is no activity
in deoxy compounds that do not have a peroxide structure or in derivatives where
one of the peroxide oxygens is replaced by carbon. One of the mechanisms of
action predicted for artemisinins is that they show antimalarial activity by endop-
eroxide and carbon radical mechanism. According to this mechanism, arte-
misinins can be considered as prodrugs. In the infected erythrocyte, Fe** is
present in the parasite’s food vacuole, where hemoglobin is digested and free iron
is detoxified by accumulating in hemozoin. Fe** reacts with endoperoxide to form
free oxy radical and Fe**. The carbon radical formed by the oxy radical kills the
Plasmodium in the erythrocyte. According to the second proposed mechanism,
endoperoxide activation by the iron-dependent mechanism Kkills the parasite by
targeting the parasite’s endoplasmic reticulum [35].

n SHo s

CH, CH,
0 o
7~ CH,CH,COOH
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Artemisnin Arthemeter (R: CHy) Artesunat

Arteether (R: C,Hs)
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1.4.2.9 Sulfonamides and Sulfones

Sulfonamide and sulfone derivative compounds are used in the treatment of bac-
terial and fungal infections. These compounds target the folate metabolic path-
way, where cofactors for amino acid and DNA synthesis are produced. This group
of compounds has a wide variety of activities, including antimalarial activity.
These compounds do not have strong antimalarial activity alone and are used in
combination with pyrimethamine. While sulfadiazine, sulfadoxine, sulfameth-
oxypyridazine, sulphalen and sulfisoxazole are counted as antimalarial sulfona-
mide group compounds, dapsone and diformyldapsone are antimalarial sulfone
group compounds.

1.4.2.10 Tetracyclines, Clindamycin and Azithromycin

Various antibiotics are used prophylactically alone or in combination with drugs
such as quinine and artesunate in antimalarial therapy. Doxycillin, clindamycin,
and azithromycin are examples of these antibiotics. These compounds act by
inhibiting protein synthesis in the parasite. In addition, halofantrine
(3-(dibutylamino)-1-[1,3-dichloro-6-(trifluoromethyl) phenanthren-9-yl] propan-
1-o0l), lumefantrine (2-(dibutylamino)-1-[(9Z)-2,7-dichloro-9-[(4-chlorophenyl)
methylidene| fluoren-4-yl] ethanol) and atovaquone (3-[4-(4-chlorophenyl)
cyclohexyl]-4-hydroxynaphthalene-1,2-dione) are also antimalarial compounds.

Halofantrine is a 9-phenanthrenemethanol compound. It is used in the treat-
ment of malaria caused by chloroquine-sensitive and chloroquine-resistant
Plasmodium species. It is taken orally. The most important side effect is cardiac
toxicity.

Lumefantrine is an analogous compound to halofantrine. It is used in combina-
tion with artemether. It is an erythrocytic schizontocyte.

Atovaquone, a naphthoquinone derivative, is also used in combination with
proquanil in the treatment of malaria, due to the side effects of existing drugs and
resistance to these drugs. Compared to other drugs used in the treatment of
malaria, it has fewer side effects [36].

HO N/(CHz)aCHa
RN
(CH,)sCH4
| X
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N
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Halofantrine Lumefantrine Atovaquone
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Entamoeba species settle in the colon and Entamoeba gingivalis in the oral
mucosa. The term amoebiasis refers to inflammation of the colon caused by
E. histolytica. Amoebiasis is the most aggressive of the protozoal diseases and
ranks second or third among the protozoal diseases that cause death. In infected
individuals, amoebae in the colon lumen cause ulceration of the mucosa. The
amoeba is excreted in the form of cysts in feces. The infection spreads through
these cysts. Water and food contaminated with cysts cause the spread of the dis-
ease. Cysts ingested with water and food, pass through the small intestine and
reproduce asexually to form trophocytes. The torophosites settle in the colon
lumen and mature into amoebae. As a result of weakening of the host’s resistance
or virulence of the amoeba, the amoeba causes ulceration of the colonic mucosa
and ultimately diarrhea in the patient.

In chronic cases, amoebae entering the mucous vessels can be transported to
the liver by the portal circulation, causing hepatitis. In addition, they can be car-
ried to the lungs, brain, genital area and form lesions.

Untreated Entomoeba infections can become chronic and fatal. Antiamoebic
drugs used in the treatment should be effective on both intestinal and extraintes-
tinal forms of the parasite. Extracts obtained from Cephalis ipecacuanha were first
used in the treatment of the disease. The active ingredient of the extract is eme-
tine, an ipecac alkaloid. Due to the cardiotoxic and gastrointestinal side effects of
emetidine, alternative compounds have been discovered and entered into ther-
apy. Later, carbarson and glycobiarsol were synthesized and the antiamoebic
effect of chloroquine having antimalarial effect was determined. Following the
development of haloquinoline derivatives, haloacetamide derivatives, paromomy-
cin, azomycin, metronidazole, nimorazole, ornidazole and tinidazole have intro-
duced treatment [10, 37, 38].

Antiamoebic drugs are divided into two groups according to their sites of action:

1) tissue amoebicides; and
2) luminal amoebicides.

Tissue amoebicides are drugs that kill amoebae that have settled in tissues such as
intestines and liver. These compounds are ineffective against amoebae in the
intestinal lumen.

Luminal amoebicides are compounds that act on amoebae in the intestinal
lumen.

There are also compounds such as metronidazole that act on amoebae located
in both tissue and lumen.

Antiamoebic compounds can be classified according to their chemical structure
as follows:

1) 4-aminoquinoline derivatives;
2) antibiotics;
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3) haloacetamides;

4) 8-hydroxyquinoline derivatives;
5) ipecac alkaloids;

6) 5-nitroimidazole derivatives;

7) organoarsenic compounds; and
8) other compounds.

1.4.2.11 4-aminoquinoline Derivatives

Chloroquine with 4-aminoquinoline structure, used in the treatment of malaria,
also has antiamoebic activity. It has an equivalent activity to emetine in hepatic
amoebiasis, since it accumulates in the hepatic parenchyma and reaches high
concentrations. It is used orally [10].

Tetracyclines or paronomycin along with antiamoaebic drugs are used to treat
invasive intestinal infection caused by amoebae. These drugs are ineffective in
extracolon amobiasis. Tetracyclines have direct and indirect effects, respectively,
by Kkilling amoebae and the microorganisms with which amoebae live in
symbiosis.

Paromomycin, on the other hand, has an antiamoebic effect by reaching high con-
centrations in the lumen of the large intestine. It acts by interacting with DNA [10].

1.4.2.12 Haloacetamides
Haloacetamide derivatives have the -N-COCHCI,- structure. Diloxanide furoate
([4-[(2,2-dichloroacetyl)-methylamino] phenyl] furan-2-carboxylate), chlorbetamide
(2,2-dichloro-N-[(2,4-dichlorophenyl) methyl]-N-(2-hydroxyethyl) acetamide), clefa-
mide (2,2-dichloro-N-(2-hydroxyethyl)-N-[[4-(4-nitrophenoxy) phenyl] methyl]
acetamide), etofamide (2,2-dichloro-N-(2-ethoxyethyl)-N-[[4-(4-nitrophenoxy)phenyl]
methyl]acetamide), quinfamide ([1-(2,2-dichloroacetyl)-3,4-dihydro-2H-quinolin-6-yl]
furan-2-carboxylate) and teclozan (2,2-dichloro-N-[[4-[[(2,2-dichloroacetyl)-(2-ethox-
yethyl)amino |methyl|phenyl|methyl]-N-(2-ethoxyethyl) acetamide) are haloacetamide
derivatives. Among the haloacetamide derivatives, the most used compound in therapy
is diloxanide furoate.

Diloxanide furoate is used to treat amoebic colitis caused by Entomoeba histolytica.
It shows activity in the intestinal lumen. Since it has low water solubility, formula-
tions to increase its solubility should be developed. It is a luminal amoebicide, used
alone in luminal cases, and in combination with a tissue amoebic drug for tissue
amoeba. It acts by disrupting protein synthesis in ribosomes [39].
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14.2.13 8-hydroxyquinoline Derivatives
8-hydroxyquinoline derivatives were used as popular oral antiparasitic agents
from the 1950s to the 1970s. However, due to its toxic effects, its oral forms were
withdrawn from the treatment in 1970, although the topical forms continued to
be used. Although the antiamoebic activity of 8-hydroxyquinoline derivatives has
been proven, these compounds are not widely used today due to their side effects.
However, although myelo-optic neuropathy was observed, especially in
Japanese patients, with the use of chinofon (8-hydroxy-7-iodoquinoline-5-sul-
fonic acid), clioquinol (5-chloro-7-iodoquinolin-8-ol) was used safely during this
period. Topical formulations continue to be used in some countries. Clioquinol
has fewer side effects and little is known about resistance to this compound.
Currently, clioquinol is being investigated for new indications beyond its
antiamoebic effects [40].
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1.4.2.14 Ipecac Alkaloids
Ipeca is a drug obtained from the plant Cephalis ipecacuanhae.

The Cephaelis plant was discovered in Brazil in the 1600s and was taken to Paris
in the second half of the same century. Used to treat dysentery in France, it was
discovered many years later to contain two alkaloids (emetine and cephaline).
Emetine and cephaline are obtained from the dried roots and rhizomes of the
plant Cephalis ipecacuanhae. In the nineteenth century, emetine was found to be
effective in treating dysentery caused by amoebae.

These alkaloids, which have a reversible effect on DNA synthesis, cause cardio-
toxicity and muscle weakness in addition to their side effects on the gastrointesti-
nal tract [41, 42].

Emetine ((2S,3R,11bS)-2-[[(1R)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolin-1-yl]
methyl]-3-ethyl-9,10-dimethoxy-2,3,4,6,7,11b-hexahydro-1H-benzo[a] quinolizine)
is a potent antiamoebic drug that kills trophosides. Although there are many stereoi-
somers of emetine with asymmetric centers in four positions, the most active isomer
is the natural compound (-)-emetine. The active compounds were obtained by quat-
ernizing the nitrogen atom in the emetine and replacing the substituents. Opening of
the tetrahydroisoquinoline ring resulted in loss of activity.

The dehydro derivative obtained by saturating second and third positions is as active
as emetine. Dehydroemetine ((11bS)-2-[[(1R)-6,7-dimethoxy-1,2,3,4-tetrahydro-iso-
quinolin-1-yl] methyl]-3-ethyl-9,10-dimethoxy-4,6,7,11b-tetrahydro-1H-benzo[a]qui-
nolizine) is used when 5-nitroimidazole derivatives are ineffective or contraindicated.
It has cardiovascular, gastrointestinal and neuromuscular side effects.
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1.4.2.15 5-nitroimidazole Derivatives

Nitroimidazole is an essential and unique ring system discovered in the 1950s.
After its discovery, many drug molecules containing this ring system with various
activities such as anticancer, antibacterial and antiviral have been synthesized.
The most effective drugs used in the treatment of systemic and intestinal amoe-
biasis are nitroimidazole derivatives. The prototype of the group is metronidazole.
This group of compounds shows activity by reductive bioactivation and formation
of reactive intermediates. Nitroimidazole derivatives are prodrug and the nitro
group is responsible for the activity of the drug. Activity occurs when the nitro
group is converted to nitric oxide and reactive nitrogen species. These products
inhibit growth by interacting with the cellular components of the protozoa.

Metronidazole (2-(2-methyl-5-nitroimidazol-1-yl) ethanol) was the first com-
pound found for the treatment of trichomoniasis infections caused by Trichomonas
vaginalis. Later, it was also used for the treatment of various diseases. Today it is
used in the treatment of parasitic infections such as gastrointestinal infections,
giardiasis (G. duodenalis) and amoebiasis (caused by E. histolytica). It is also effec-
tive against gram-positive and gram-negative bacteria. Metronidazole is a well
tolerated drug and can also be used in pregnant women.

Ornidazole (1-chloro-3-(2-methyl-5-nitroimidazol-1-yl) propan-2-ol) is a 5-nitro-
imidazole derivative antiprotozoal drug that is successful in 87% of protozoal cases.
Although it was first used to treat trichomoniasis, it was later discovered to be
broad-spectrum antiprotozoal and antibacterial agent. Ornidazole is used clinically
in raceme form.

Secnidazole (1-(2-methyl-5-nitroimidazol-1-yl) propan-2-ol) is a well-tolerated
drug used in amoebiasis, giardiasis, trichomoniasis and urogenital infections. Its
antiamoebic activity is due to the reduction of the nitro group on the imidazole ring.

Tinidazole (1-(2-ethylsulfonylethyl)-2-methyl-5-nitroimidazole) is effective on
intestinal amoebiasis activity as well as some other protozoa species and some
bacteria. Although its effect profile and side effects are similar to metronidazole,
it reaches higher blood levels and has a longer duration of action compared to
metronidazole.

Nimorazole (4-[2-(5-nitroimidazol-1-yl) ethyl] morpholine) is also known as
nitrimidazine. Despite its antiinfective and antiamoebic activities, it is mainly
used for trichomoniasis infections [10,43].
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1.4.2.16 Organoarsenic Compounds

Although carbarsone and glicobiarsol have been used as organoarsenic compounds
in the past, today the use of organoarsenic compounds as antiamoebic agents is
limited due to the availability of more active and less toxic compounds [10].

1.4.2.17 Other Compounds
Compounds with different chemical structures such as bialamicol and nitazoxa-
nide are also used as antiamoebic. Bialamicol has the hydroxybiphenyl structure.
It is used in the treatment of acute and chronic amoebiasis. Nitazoxanide is a
thazolide compound, used in the treatment of invasive intestinal amoebiasis.
Leishmaniasis is the general name for infections caused by Leishmania species.
The parasite is transmitted by the bite of humans by sandflies that feed on infected
sources. Thus, infections caused by Leishmania occur and an immune response
develops. Although cutaneous leishmaniasis is the most common form, visceral
leishmaniasis is more serious and dangerous. Leishmania donovani, one of the
Leishmania species that cause visceral leismaniasis or kala-azar and settles in the
reticuloendothelial system, especially in the liver and spleen in humans. L. tropica
causes cutaneous leishmaniasis and settles on the skin. In immunocompromized
individuals, Lesichmania infections are seen as co-infection [2, 18, 44, 45].
Although many compounds have been synthesized subsequently, there is no
definitive cure for the disease. Resistance to antileishmanial drugs reduces the
treatment success of infections caused by leishmania by up to 33% [1]. Compounds
used in the treatment of Leishmania can be classified as:

1) organic antimony compounds;
2) diamidine derivatives;
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3) antibiotics; and
4) other compounds.

1.4.2.18 Organic Antimony Compounds

First, antimony potassium tartrate was found to be effective in leishmaniasis, then
antimony compounds were studied and sodium stibogluconate (trisodium;
(4R,5S,6R)-2-[[(4R,5S,6R)-4-carboxylato-6-[(1R)-1,2-dihydroxyethyl]-5-hydroxy-2-
oxo-1,3,21-dioxastibinan-2-yl]oxy]-6-[(1R)-1,2-dihydroxyethyl]-5-hydroxy-2-oxo-
1,3,2°-dioxastibinane-4-carboxylate;nonahydrate) was synthesized. Among the
antimony compounds discovered to date, the two compounds used today are sodium
stibogluconateandmeglurnineantimonate(hydroxy(dioxo)-ks-stibane;(ZR,3R,4R,5S)—
6-(methylamino) hexane-1,2,3,4,5-pentol).

The structure of sodium stibogluconate was proven by chromatographic meth-
ods and meglumine antimonate structure was clarified by FAB-MS (fast-atom
bombardment mass spectrometry) studies. Accordingly, two meglumine mole-
cules are symmetrically coordinated with an Sb atom.

The action mechanism of antimony compounds is not fully known. One of the
proposed models is the prodrug model, and antileishmanial activity occurs as a
result of the conversion of the pentavalent antimony atom to the trivalent form.
The second model explains antileishmanial activity of antimony compounds by
the interference of the antimony atom in cellular mechanisms. The third hypoth-
esis proposes that antimony compounds exert antileishmanial activity by activat-
ing the host’s immune system [45].
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1.4.2.19 Diamidine Derivatives

Diamidines are a very large family of compounds with pharmacological and bio-
logical properties. From this group, hydroxystilbamidine isethionate (4-[(E)-2-
(4-carbamimidoylphenyl) ethenyl]-3-hydroxybenzenecarboximidamide; 2-hydr
oxyethanesulfonic acid) and pentamidine isethionate [4-[5-(4-carbamimidoyl-
phenoxy) pentoxy] benzenecarboximidamide; 2-hydroxyethanesulfonic acid]
are compounds that show antiprotozoal activity as well as other pharmacological
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properties. Diamidine group compounds act by hydrogen bonding of amidine to
DNA adenine.
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1.4.2.20 Antibiotics
In cases where treatment with sodium stibogluconate was unsuccessful, a combi-
nation of amphotericin B and pentamidine isethionate is used. Additionally, there
are some occasions in which Amphotericin B is used alone. In some cases of leish-
maniasis, paronomycin with known antiprotozoal activity is used topically [10].
Other compounds include miltefosine (hexadecyl 2-(trimethylazaniumyl)ethyl
phosphate), an alkyl phospholipid analogue developed as an antineoplastic agent,
that is used orally for the treatment of visceral leishmaniasis. Due to the high
toxicity of antimony compounds, miltefosine has gained importance. Since it does
not affect the immune system of the host and is only effective on the parasite, it
can be used safely in leishmaniasis infections seen in immunocompromized
patients [10, 46].
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Trichomoniasis is a non-viral sexually transmitted disease and one of the most
common protozoal diseases worldwide. Trichomonas class protozoa produces
intestinal and urogenital infections. Thychomoniasis caused by T. vaginalis is the
most important of these infections and is seen in both men and women. Symptoms
can range from asymptomatic to epithelial lesions characterized by foul odor and
discharge in women. In addition, there is an increased risk of miscarriage and
increased susceptibility to HIV-1 and cervical cancer in pregnant women.
Although men can have urethritis, prostatitis, and discharge, the vast majority of
infections are asymptomatic. Trichomonas infections are a serious problem for
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public health because of their symptoms, results, effects on both sexes and high
incidence [47].

The drugs used in the treatment of trichomoniasis are classified as systemic
compounds and topical compounds

1.4.2.21 Systemic Compounds

In the systemic treatment of trichominiasis, 5-nitroimidazole derivatives are used.
Metronidazole is the most commonly used compound from this group. High
treatment success can be achieved with metronidazole, which is used in both
sexes. Tinidazole is more effective in vitro in trichomoniasis infections and has
fewer side effects than metronidazole. Tinidazole is used when treatment with
metronidazole is unsuccessful. In patients allergic to these compounds, intravagi-
nal administration may be preferred over oral administration. In such cases, it
should be noted that the success of the intravaginal application is lower. In addi-
tion to metronidazole and tinidazole, there are examples where other 5-nitroimi-
dazole derivatives are used in the treatment of trichomoniasis [47].

1.4.2.22 Topical Compounds

In the treatment of trichomoniasis, there are drugs that are used topically in the
form of vaginal tablets or suppositories. These compounds are useful in prevent-
ing the recurrence of vaginal infections and normalizing the vaginal flora.
Povidone iodine is used in the form of a vaginal tablet or suppository, while iodo-
quinol is used as a vaginal tablet [10].

Drugs used in the treatment of infections caused by Trypanosoma group para-
sites are called antitrypanosomal drugs. The only alternative therapy is chemo-
therapy for the treatment of protozoal diseases caused by African trypanosomes
(Trypanosoma brucei ) and South American trypanosomes (Trypanosoma cruzi)
species. However, like all available chemotherapeutics, these compounds have
disadvantages such as low efficacy, high toxicity and development of resistance.

The disease is transmitted by the bite of Triatoma insects. The acute period
begins following the bite of the insect, while the heart, esophagus, intestine and
peripheral nervous system are affected in the chronic period. There are 15-20
years between these two periods. The infection caused by T. cruzi is known as
Chagas disease because it was first discovered by Brazilian doctor Carlos Chagas.
Chagas disease, also known as American trypanosomiasis, is more common in
central and south America. The disease can be the cause of some serious condi-
tions such as cardiomyopathy and death in adults. African trypanosomiasis infec-
tions caused by the bites of T. gambiense and T. rhodesiense species are also called
“sleeping sickness”. If the disease is not treated, it results in death. Benznidazole
and nifurtimox are used in the clinic for the treatment of the disease. These com-
pounds are effective in the acute phase of the disease, and treatment is almost
impossible in the chronic phase [2].

21



22

1 Introduction

Both compounds have nitroheterocyclic structure. Benznidazole is a nitroimi-
dazole derivative and shows activity by inducing the oxidation of parasite nucleo-
tides. Nifurtimox, a 5-nitrofuran derivative, creates a nitroanion radical and
causes parasite DNA breaks. A change in the nitroreductase enzyme in the para-
site causes to resistance to these compounds. Both compounds have limited use
due to their serious side effects [1, 10, 48, 49].

Arsenic was first used for the treatment of sleeping sickness after its discovery
in 1858. After arsenic was found to be effective against protozoa causing the dis-
ease, melarsoprol was synthesized. Later, pentamidine, nitrofurazone, nifurtimox
and benznidazole were synthesized.

The drugs used in the treatment of trypanomosa infections can be classified as
follows:

1) 5-nitrofuran derivatives;

2) urea derivatives;

3) organoarsenic compounds;

4) diamidine derivatives;

5) 2-nitroimidazole derivatives; and
6) amino acid derivatives.

1.4.2.23 5-nitrofuran Derivatives
Nifurtimox ((E)-N-(3-methyl-1,1-dioxo-1,4-thiazinan-4-yl)-1-(5-nitrofuran-2-yl)
methanimine) is the prototype of 5-nitrofuran derivatives. It is the first choice in
the treatment of Chagas disease. Although the mechanism of action of nifurti-
mox has not been fully elucidated, nifurtimox acts by a mechanism based on its
metabolism through partial reduction to chemically reactive radicals leading to
the production of toxic reduced oxygen species. The formed metabolic products
can react with macromolecules such as DNA.

Myalgia, gastric side effects, muscle weakness, weight loss, memory loss, der-
matitis and polyneuritis are side effects of nifurtimox [50,51].
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1.4.2.24 Urea Derivatives

Suramin sodium (hexasodium;38-[[4-methyl-3-[[3-[[3-[[2-methyl-5-[(4,6,8-trisulfona
tonaphthalen-1-yl)carbamoyl|phenyl]carbamoyl|phenyl|carbamoylamino] benzoyl]
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amino]benzoyl]lamino]naphthalene-1,3,5-trisulfonate) a urea derivative, has been
used for 100 years in the treatment of African troponmyosis. After the discovery of the
trypan blue dye, a series of potent compounds were synthesized. In the following
period, with the synthesis and treatment of suramin, a new era began in African tryp-
anosomiasis chemotherapy. It causes the death of the parasite by binding to the dehy-
drogenase and kinase enzymes of the protozoa, inhibiting the dihydrofolate reductase
and thymidine kinase enzymes necessary for folate biotransformation, and also inhib-
iting the enzymes necessary for glycolysis.

Although suramin is used for the treatment of various parasitic infections such as
Plasmodium falciparum, Trypanosoma brusei, Trypanosoma evansi, Onchocerca
volvulus infections, ivermectin, with high oral bioavailability and lower toxicity,
has now replaced suramin. Nephrotoxicity, dermatitis, anemia, peripheral neurop-
athy, bone marrow toxicity and hypersensitivity reactions are its side effects [52].
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1.4.2.25 Organoarsenic Compounds

Organoarsenic compounds are selective because they are eliminated by mamma-
lian cells by oxidation to pentavalent compounds, whereas the parasite does not
have this mechanism, and this group of compounds has decreased penetration
into mammalian cells.

Melarsoprol [2-[4-[(4,6-diamino-1,3,5-triazin-2-yl) amino] phenyl]-1,3,2-dithi-
arsolan-4-yl] methanol is a classical arsenic-derived compound that shows activ-
ity by inhibiting DNA synthesis. It is especially effective when the parasite affects
the central nervous system. Melarsoprol shows its biological activity by turning
into melarsen oxide when it enters the cell. Melarsoprol reacts with trypanothione
to form a complex with the sulfhydryl groups of cysteine and inhibits the enzyme
trypanothione reductase. This mechanism, is a proposed mechanism for the
action of melapsoprol. In recent years, the clinical importance of melarsoprol has
decreased due to the developments in the treatment of trypanosomiasis, espe-
cially the treatment success of the nifurtimox eflornithine combination, and the
oral use of fexinidazole in tablet form. In order to reduce the toxic effect of melar-
soprol, cyclodextrin complex was developed and approved in some countries and
entered into treatment [53, 54].
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Tryparsamide ([4-[(2-amino-2-oxoethyl) amino] phenyl]-hydroxyarsinate) is an
arsenic-containing compound used in the treatment of trypanosomiasis. This
compound is ineffective in the early stages of the disease. Significant resistance to
the compound has developed. It is used in the treatment of meningoencephalitis
symptoms caused by the disease in the later stages of infection. It is used in com-
bination with suramin. It has the side effects of organoarsenic derivative com-
pounds [54].
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1.4.2.26 Diamidine Derivatives

Pentamidine isethionate, which is used in the treatment of leishmaniasis, is a
compound that is effective against Trypanosoma gambiense and Trypanosoma
rhodesiense in the early stages of the disease, and ineffective against Trypanosoma
cruzie. It is a compound with a low therapeutic index and interferes with active
transport in the parasite.

1.4.2.27 2-nitroimidazole Derivatives
Benznidazole (N-benzyl-2-(2-nitroimidazol-1-yl) acetamide) is the second com-
pound approved after nifurtimox for the treatment of infections caused by T. cruzi.
It is a 2-nitroimidazole derivative compound. The uptake mechanism is assumed
to be by passive diffusion. Benznidazole is a prodrug and requires cellular activa-
tion to exert its effect. It is effective in acute and chronic phases of infection.
Benznidazole activity emerges through electrophilic metabolites produced by the
reduction of the nitro group to an amine group by free radicals and nitroreduc-
tases. It does not produce reactive oxygen species. The trypanocidal activity of
benznidazole is hypothesized to arise by binding the reduced metabolites to the
macromolecules of the parasite. It has also been determined that it causes oxida-
tive stress in the parasite.

Fexinidazole (1-methyl-2-[(4-methylsulfanylphenoxy) methyl]-5-nitroimidazole),
a 2-substituted 5-nitroimidazole derivative, was discovered as a result of new drug
studies for the treatment of human African trypanomososiasis, due to the low
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efficacy, toxicity and administration problems of existing drugs. Its mechanism of
action is similar to nifurtimox and benznidazole. It is used orally and acts in the
acute and chronic stages of the disease [55-58].
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1.4.2.28 Amino Acid Derivatives

Eflornithine (2,5-diamino-2-(difluoromethyl)pentanoic acid) is an alpha-dif-
luoroamino acid derivative compound, and is an inhibitor of the ornithine decar-
boxylase enzyme. Ornithine decarboxylase is the key enzyme in polyamine
production. Polyamines are essential for DNA synthesis and cell proliferation in
protozoa. In mammals, it is somewhat ineffective due to rapid turnover of the
ornithine decarboxylase enzyme. It is used in the treatment of sleeping disease
caused by T. gambiense. Its oral bioavailability is not good and high doses are
required for treatment. It is also being investigated for cancer treatment as part of
the drug repositioning strategy [54,56].
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Intestinal infection caused by Giardia lamblia is known as giardiasis or lamblia-
sis. 4-aminoquinoline derivatives, nitroheterocyclic compounds, are used for the
treatment of this disease. The most preferred compounds are metronidazole and
quinacrine hydrochloride. Pneumocystosis, an infection known as interstitial
plasma cell pneumonia, causes death in 50% of cases. Sulfomethoxazole-
trimethoprim is used in the treatment. Although combinations of sulfadiazine
and sulfapyrazine, tetracyclines, dapsone, pyrimethamine and spiramycin, which
are sulfonamide derivatives, can be used in the treatment of toxoplasmosis caused
by Toxoplasma gondii, pyrimethamine-sulfonamide combination and spiramycin
is preferred in pregnant women. Toxoplasma infections are the most common
parasitic diseases and one-third of all parasitic infections are caused by T. gondii.
Toxoplasma infection in humans is transmitted by eating food contaminated with
feces of an infected cat, by eating undercooked food contaminated with toxo-
plasma cysts, and by transmission from mother to fetus. Immunocompromized
individuals are most susceptible to Toxoplasma infections [2,59].
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1.4.2.29 Antihelmintic Drugs

Helminths are parasites that affect millions of people worldwide. The ineffective-
ness of the drugs in their treatment, the possibility of developing resistance to
these drugs, and the contraindication of existing drugs in some populations, limit
the success of anthelmintic therapy. Anthelmintic drugs are drugs used against
parasites called helminths that settle in the gastrointestinal tract lumen, blood
and lymphatic vessels and some tissues. They show their effects by decomposing
the helminth or expelling it from the infected patient’s body. Zoologically, hel-
minths are subdivided into helminths, nematodes, cestodes, trematodes, and
filariae. The anthelmintic drugs available in the treatment act by paralyzing the
parasite, by damaging the worm, causing it to be eliminated by the host immune
system, or by altering the parasite’s metabolism. Since the metabolic require-
ments of helminths differ from species to species, drugs that are effective on one
type of helminth may be ineffective against other species. Anthelmintic treatment
is carried out with the strategy of diagnosis and treatment of patients and admin-
istering a single dose of preventive treatment to individuals who are not diag-
nosed with the disease. Plant extracts were the first anthelmintic medicine, and
Aspidium is still used. With the discovery of the anthelmintic activity of the pip-
erazine ring, diethylcarbamazine citrate was developed. Later, pyrivinium pamo-
ate, bephenium hydroxynaphthoate, niclosamide, metrifonate, thiabendazole,
niridazole, pyrantel pamoate and pyraziquantel were developed and introduced
as treatments.

Antihelminthic drugs used in treatment can be classified as follows according to
their chemical structures:

1) chlorinated hydrocarbons;
2) phenols and derivatives;
3) cyanine dyes;
4) piperazine derivatives;
5) antimalarial compounds;
6) various heterocyclic compounds:
i) benzimidazole derivatives;
ii) imidazothiazole derivatives;
iif) vinylpyrimidines;
iv) halogenated salicylanilide derivatives;
V) quaternary ammonium compounds;
vi) quinoline derivatives;
vii) heterocyclic compounds bearing nitro group; and,
viii) organophosphate compounds;
7) antimony compounds; and
8) natural compounds.
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1.4.2.30 Chlorinated Hydrocarbons

Tetrachloroethylene (1,1,2,2-tetrachloroethene), also known as perchlorethylene,
is a chlorinated hydrocarbon compound with anthelmintic activity that acts by
paralyzing the parasite. The helminth separated from the intestinal wall is
excreted with feces. It is used in the treatment of helminthic infections caused by
hookworms [10].
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Tetrachloroethylene

1.4.2.31 Phenols and Derivatives

Dichlorophen (4-chloro-2-[(5-chloro-2-hydroxyphenyl) methyl] phenol), bith-
ionol (2,4-dichloro-6-(3,5-dichloro-2-hydroxyphenyl) sulfanylphenol) and hexyl-
resorcinol (4-hexylbenzene-1,3-diol) are anthelmintic compounds with a phenol
structure.

Dichlorophen was used before praziquantel and niclosamide in the treatment
of infections caused by Taenia saginata. In addition to its anthelmintic activity, it
also has antifungal and antibacterial activity, and due to these properties, it is
included in the structure of soaps and cosmetics. It shows its effect by proteolysis
and digestion of the helminth.

Gastrointestinal side effects such as nausea, vomiting and diarrhea occur in up
to one-third of patients following ingestion of a single oral dose. Side effects such
as urticaria, contact dermatitis and photosensitivity may also occur.

Bithionol is a compound used as an anthelmintic in the treatment of infections
caused by Fasciola hepatica. Its effectiveness in the treatment of helminthic infec-
tions seen as co-infection in HIV patients has also been investigated [60].

Hexylresorcinol is used in the treatment of hookworm infections. It also has an
antibacterial effect [10].
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1.4.2.32 Cyanine Dyes
Although pyrvinium pamoate (2-[(E)-2-(2,5-dimethyl-1-phenylpyrrol-3-yl) ethenyl]-
N,N,1-trimethylquinolin-1-ium-6-amine) has been used for the treatment of pinworm
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infections, especially in children, its low bioavailability has made it the second
choice after pyrantel pamoate and mebendazole due to poor absorption from the
gastrointestinal tract [61].

Pryvinium pamoat

1.4.2.33 Piperazine Derivatives

Piperazine, which is used in the treatment of Ascaris lumbricoides and Enterobius
vermicularis infections, polarizes the muscle membrane by disrupting the ion
channels at the neuromuscular junction, and reduces the contractile effect of ace-
tylcholine by blocking the impulse transmission. As a result of this effect, the
paralyzed helminth is expelled from the intestine. Although it is an alternative
medicine in ascariasis, it has lost its importance due to other drugs used in entero-
biasis [10].

The mechanism of action of diethylcarbamazine citrate (N,N-diethyl-4-methyl
piperazine-1-carboxamide;2-hydroxypropane-1,2,3-tricarboxylic acid), which has
been used as an anthelmintic for over 40 years, is not fully understood. It is an inactive
drug invitro and used in filaria infections. It is known that by reducing muscle activity,
it provides immobilization of the helminth. Changes are also seen in the surface mem-
brane of the helminth. It increases the adhesion of helminth granulocytes [62].
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Diethylcarbamazine citrate

1.4.2.34 Antimalarial Compounds

Although mepacrin, which is used in the treatment of malaria, is used in the treat-
ment of helminthic infections caused by Taenia saginata and Taenia solium, it has
lost its importance in anthelmintic therapy with the introduction of niclozamide
[10,63].
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1.4.2.35 Various Heterocyclic Compounds

Different heterocyclic compounds are also used for the treatment and manage-
ment of parasites. In the current topic we are discussing important heterocyclic
compounds.

1.4.2.36 Benzimidazole Derivatives

Thiabendazole (4-(1H-benzimidazol-2-yl)-1,3-thiazole), mebendazole (methyl
N-(6-benzoyl-1H-benzimidazol-2-yl) carbamate) and albendazole (methyl N-(6-
propylsulfanyl-1H-benzimidazol-2-yl)carbamate) are benzimidazole derivative
compounds used in the treatment of infections caused by gastrointestinal hel-
minths. Initially, benzimidazole derivatives were thought to block several
enzymes, including helminth fumarate reductase and malate dehydrogenase
enzymes. It was later found that benzimidazoles bind to the beta-tubulin struc-
ture of the parasite with high affinity and inhibit microtubule polymerization. As
a result, the cell structure deteriorates and the parasite dies. It has been observed
that benzimidazoles used as anthelmintics selectively bind to the microtubules of
the parasite and do not harm the host [10, 64].

Thiabendazole is first benzimidazole derivative and is relatively non-toxic. It
entered treatment in 1961. It acts by inhibiting the parasite’s fumarate reductase
and malate dehydrogenase enzymes. As a result, the release of acetylcholinester-
ase is blocked. It is a broad-spectrum compound and is ineffective only against
filaria type nematodes [10, 64].

Mebendazole, a benzimidazole derivative, is a safe and broad-spectrum anthel-
mintic that has been used for many years for nematode infections. Its mechanism
of action is that it binds to nematode tubulin and inhibits intestinal microtubule
polymerization. Inhibition of microtubule synthesis prevents glucose absorption
in the parasite. This mechanism results in the elimination of the parasite from the
body. The dissociation rate from the microtubule of the parasite is lower than that
of the human microtubule [65].

Albendazole, like other benzimidazole derivative anthelmintic compounds, is an
oral drug for the treatment of intra- and extraluminal parasitic infections. Although
its absorption from the gastrointestinal tract is weak, absorption can be increased
with fatty foods. The compound, which is also used in the treatment of hydatid
cyst, is also used in Strongyloides stercoralis and tapeworm infections [10, 66].
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1.4.2.37 Imidazothiazole Derivatives

Imidazothiazoles, which are nicotinic acetylcholine receptor antagonists, are
compounds that allow the elimination of the parasite by paralyzing it. The first
anthelmintic compound discovered from this group was tetramisole. It has also
been used in the treatment of rheumatoid arthritis.

Tetramisole (6-phenyl-2,3,5,6-tetrahydroimidazo[2,1-b][1,3]thiazole) is a com-
pound in raceme form. The L isomer of the compound is levamisole ((6S)-6-
phenyl-2,3,5,6-tetrahydroimidazo[2,1-b][1,3]thiazole). The activity of the L isomer
is higher than the D isomer, and the L isomer is less toxic. It is a broad spectrum
anthelmintic. It has been used successfully in the treatment of ascarid infections.
It has also been used in the treatment of rheumatoid arthritis [67-70].
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Levamisole

1.4.2.38 Vinylpyrimidines

Pyrantel pamoate is a broad spectrum antinematodal anthelmintic compound
with a vinyl pyrimidine structure. It causes paralysis by depolarizing at the neuro-
muscular junction of the nematode. These effects are the opposite of the effects of
piperazine and these two anthelmintic drugs should not be used together. It is
especially used in pinworm infections such as Enterobius vermicularis and Ascaris
lumbricoides. It has low hepatotoxicity due to poor absorption [71].
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1.4.2.39 Halogenated Salicylanilide Derivatives

Niclosamide (5-chloro-N-(2-chloro-4-nitrophenyl)-2-hydroxybenzamide) was
the first commercialized compound to act as an anticestode. The mechanism of
action of all salicylanilide derivatives and niclosamide is also because they are
hydrogen ionophores, displacing their protons across the inner membrane of
the mitochondria. Thus, it inhibits ATP production, causing oxidative phospho-
rylation to be separated from electron transport. This process is observed in iso-
lated mitochondria of the helminth and the host. It is used in parasitic infections
caused by taenia species, Dipylidium caninum and Joyeuxiella pasqualei. It is
also used as molluscite [72].
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1.4.2.40 Quaternary Ammonium Compounds

Bephenium hydroxynaphtoate (benzyl-dimethyl-(2-phenoxyethyl)azanium;3-
carboxynaphthalen-2-olate) is used in the treatment of infections caused by
Ascaris lumbricoides, Ancylostoma duodenale and Necator americanus. Since the
salt form is less soluble in water, it is not absorbed from the gastrointestinal tract
and passes into the intestine. Nowadays, its use has been superseded due to the
introduction of new compounds with better pharmacokinetic properties [10].
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1.4.2.41 Quinoline Derivatives

Praziquantel (2-(cyclohexanecarbonyl)-3,6,7,11b-tetrahydro-1H-pyrazino[2,1-a]
isoquinolin-4-one) is a medicine used to treat infections caused by Schistosoma
species. Although the exact mechanism of action is not known, it is known to
antagonize voltage-gated calcium channels, although it was thought to impair cal-
cium homeostasis in the past. The uncontrolled flow of calcium ions as a result of
antagonism of these channels causes uncontrolled muscle contraction and paraly-
sis of the parasite. In addition, experimental studies have shown that myosin reg-
ulatory light chains and uptake of adenosine are important in the drug’s
mechanism of action. The R isomer has been shown to be anthelmintic, therefore,
it is the R isomer that is used in therapy [73].

Oxamniquine ([7-nitro-2-[(propan-2-ylamino) methyl]-1,2,3,4-tetrahydroquin-
olin-6-yl] methanol), the hydroxylated metabolite of 2-aminotetrahydroquino-
line, is used in the treatment of infections caused by Schistosoma mansoni. It has
been superseded by the introduction of praziquantel into treatment. Oxamniquine
is a prodrug that is sulfonated by endogenous sulfotransferases in the presence of
3’-phosphoadenosine-5’-phosphosulfate (PAPS). The resulting sulfate ester is
unstable and alkylates macromolecules by forming an electrophilic intermediate.
Thus, the cellular functions of the parasite are disrupted and this mechanism
results in parasite death [74].
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Praziquantel Oxamniquine

1.4.2.42 Heterocyclic Compounds Bearing Nitro Group

Niridazole (1-(5-nitro-1,3-thiazol-2-yl) imidazolidin-2-one) is used in the treatment
of infections caused by the Schistosoma species S. haematobium, S. mansoni, and S.
japonicum, and Dracunculus medinensis. Niridazole shows its effect by binding to
the macromolecules of the parasite with the reactive intermediates formed by the
nitroreductase. The 5-nitro group is essential for anthelmintic activity [75].

(0]
N
\
HN JLN’l;>\NO2
-/
Niridazole

1.4.2.43 Organophosphate Compounds

Metrifonate (2,2,2-trichloro-1-dimethoxyphosphorylethanol) is an organophos-
phorus cholinesterase inhibitor. It has been used to treat human schistosomiasis.
It has no place in treatment protocols today due to its low therapeutic efficacy and
the fact that it requires repeated doses. It is still used in veterinary medicine. It is
being researched for the treatment of Alzheimer’s disease [76, 77].
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1.4.2.44 Antimony Compounds

One of the oldest known anti-schistosome drugs is antimony potassium tartrate
(dipotassium; antimony(3+);2,3-dioxidobutanedioate). This compound is active
against S. mansoni and S. haematobium species. Antimony potassium tartrate
shows its effect by paralyzing the parasite. It also prevents the parasite from laying
eggs. Due to its high toxicity, side effects and application difficulties, it is not cur-
rently used in the treatment of schistosomiasis [77].

o O Sb+3
> _OJg—zLO_
: 0 O
o K " Sb+3

Antimony potassium tartrate



1.4 Control of Parasites

Stibophen (pentasodium;2-(2-oxido-3,5-disulfonatophenoxy)-1,3,2-benzodioxastib
ole-4,6-disulfonate) shows activity by affecting the phosphofructokinase activity of
the parasite. Stibophen has a much higher affinity for parasite enzymes than for
host liver enzymes. Despite its high toxicity and especially cardiovascular side
effects, it is included in schistosomiasis treatment protocols [78].
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1.4.2.45 Natural Compounds

Discovered in Japan in the 1970s, ivermectin ((1R,4S,5’S,6R,6'R,3R,10E,12S,
13S,14E,16E,20R,21R,245)-6'-[ (2S)-butan-2-yl]-21,24-dihydroxy-12-[(2R,4S,55,6S)-
5-[(25,4S,5S,6S)-5-hydroxy-4-methoxy-6-methyloxan-2-yl Joxy-4-methoxy-6-methy-
loxan-2-ylJoxy-5',11,13,22-tetramethylspiro[ 3,7,19-trioxatetracyclo[ 15.6.1.1*%.0%]
pentacosa-10,14,16,22-tetraene-6,2’-oxane|-2-one), is a new antiparasitic drug.
Ivermectin is a 16-membered macrocyclic lactone derived from its precursor, aver-
mectin, from Streptomyces avermitilis. Ivermectin is obtained by saturating the
double bond between 22-23 in avermectin. It has a broad spectrum and is effec-
tive against gastrointestinal roundworms, lungworms, mites, lice and hornflies. It is
used for the oral treatment of various internal nematode infections including oncho-
cerciasis, strongyloidiasis, ascariasis, cutaneous larval migrans, filariasis, gnathosto-
miasis and trichuriasis, as well as ectoparasitic infections such as lice and scabies.
Since it is an effective drug against Onchocerca volvulus, it has replaced diethylcar-
bamazine in the treatment of that parasite. In the treatment of onchocerciasis, a
single dose is used orally for six months or once a year. Initially, it was believed that
ivermectin blocked neurotransmitters acting on GABA-gated Cl- channels. GABA
is considered the primary inhibitory neurotransmitter in the somatic neuromuscu-
lar system of nematodes. Later, ivermectin was found to target glutamate-gated Cl-
channels. By this mechanism, while ivermectin affects nematodes, it cannot reach
the central nervous system where GABA receptors are localized, as it cannot cross
the blood-brain barrier and thus does not affect mammals [10,79,80]. In the current
COVID-19 pandemic, a large number of drugs for treatment have been tried in the
clinic as part of the drug repositioning strategy. One of these drugs is ivermectin.
The therapeutic effect on COVID-19 infection is still under investigation. The gen-
eral opinion is that ivermectin does not reduce either the risk of mortality or the
need for mechanical ventilation in severe COVID-19 infection [24, 81-86].
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Paromomycin ((2S,3S,4R,5R,6R)-5-amino-2-(aminomethyl)-6-[(2R,3S,4R,5S)-5-[(1R,
2R,3S,5R,6S5)-3,5-diamino-2-[(2S,3R,4R,5S,6R)-3-amino-4,5-dihydroxy-6-
(hydroxymethyl)oxan-2-yl]oxy-6-hydroxycyclohexyl]oxy-4-hydroxy-2-
(hydroxymethyl)oxolan-3-ylJoxyoxane-3,4-diol) is a macrolide antibiotic used in the
treatment of giardiasis, amoebaiasis and cryptosporidiosis. It acts by interacting with
ribosomal subunits [87].
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1.4.2.46 Drugs Used against Ectoparasites

Ectoparasites are insects that settle on the skin or in the stratum corneum of the
skin due to inadequate personal care. They cause dermatitis with itching in the
area where they are located. Infections are caused mainly by scabies (Sarcoptes
scabiei), the common bed bug (Cimex lectularius), fleas, and lice, including the
body louse (Pediculus humanis), pubic louse (Phthirius pubis), and head louse
(Pediculus humanus capitis). Ectoparasite infections are more common in under-
developed countries. Sulfur preparations were used for the treatment of ectopara-
sitic infections until modern drugs became available. Then, compounds such as
benzyl benzoate and chlorophenotan were synthesized and their insecticidal
effects were investigated. Active compounds isolated from Pyrethrum led to the
synthesis of pyrethrin analogs.

Drugs used against ectoparasites can be classified as:

chlorinated hydrocarbons;
pyrethrins and prethyroids;
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sulfur compounds; and
other compounds.

1.4.2.47 Chlorinated Hydrocarbons

Having a hexachlorocyclohexane structure, lindane (1,2,3,4,5,6-hexachloro-cyclohex-
ane) is one of the first-generation anthelmintic compounds that inhibits insect and
GABA A receptors. Thus, it inhibits the flux of chlorine channels. Lindane is used as a
model compound for insecticide activity determination. Shampoo and lotion lindane
formulations are used to treat scabies and lice. It is toxic to the central nervous system,
reproductive system, cardiovascular system, kidney and liver. It is not a first line ther-
apy drug due to its toxicity [88, 89]. Chlordane (1,3,4,7,8,9,10,10-octachlorotricyclo
[5.2.1.0%°]) dec-8-ene, like other chlorinated hydrocarbons, is a highly toxic com-
pound. It is a broad-spectrum insecticide. It disrupts the hormone balance by causing
endocrine damage [90, 91].

Clofenotane, which has 1-chloro-4-[2,2,2-trichloro-1-(4-chlorophenyl) ethyl]
benzene structure, has been used in insect control since the 1940s. Due to its wide-
spread use, it has caused significant environmental pollution. Its use is banned in
most countries today. It acts by blocking voltage-gated sodium channels [92].
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1.4.2.48 Pyrethrins and Prethyroids

Pyretrum is a natural insecticide obtained from the plant Chrysanthemum ciner-
ariaefolium. It shows structural similarity with pyrethroid insecticides and pyre-
thrin I, one of the active components of pyrethrum. Chemically, this group of
compounds is called pyrethrins because they are a mixture of esters (pyrethrin
I ([(1S)-2-methyl-4-ox0-3-[(2Z)-penta-2,4-dienyl]cyclopent-2-en-1-yl] (1R,3R)-
2,2-dimethyl-3-(2-methylprop-1-enyl)cyclopropane-1-carboxylate)) and 1II
([(1S)-2-methyl-4-ox0-3-[(2Z)-penta-2,4-dienyl|cyclopent-2-en-1-y1](1R,3R)-3-[(E)-3-
methoxy-2-methyl-3-oxoprop-1-enyl]-2,2-dimethylcyclopropane-1-carboxylate)
and (cinerin I ([(1S)-3-[(Z)-but-2-enyl]-2-methyl-4-oxocyclopent-2-en-1-yl]
(1R,3R)-2,2-dimethyl-3-(2-methylprop-1-enyl)cyclopropane-1-carboxylate)) and
II([(1S)-3-[(Z)-but-2-enyl]-2-methyl-4-oxocyclopent-2-en-1-y1] (1R,3R)-3-[(E)-3-
methoxy-2-methyl-3-oxoprop-1-enyl]-2,2-dimethylcyclopropane-1-carboxylate)
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of Chrysanthemum cinerariaefolium, the plant from which they are obtained.
Synthetic pyrethroids are more stable than natural pyrethroids. Synthetic deriv-
atives are quite diverse and toxic to the insect species. The high fat solubility of
pyrethrins makes them selective in the insect. The first synthetic insecticides
in the prethyroid structure were developed in the 1950s. Pyrethroids affect the
insect’s nervous system by interacting with voltage-gated chloride, calcium and
sodium channels. Since the effect of pyrethrins starts quickly and lasts for a
short time, it is combined with piperonyl butoxide to create a synergistic effect.
In this combination, piperonyl butoxide delays the oxidative inactivation of
pyrethrins by inhibiting cytochrome P450 monooxygenases that metabolize
pyrethrins in the insect [93-95].
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Permethrin ((3-phenoxyphenyl) methyl 3-(2,2-dichloroethenyl)-2,2-dimethyl-
cyclopropane-1-carboxylate) is an FDA-approved compound for the treatment
of lice and scabies, as a pet shampoo, to treat wooden furniture, and on the sur-
face of clothing. Since it is a synthetic compound with high stability, it cannot be
used together with a synergist. Its insecticidal effect is as much as natural com-
pounds, its toxicity to mammals is low [10, 84, 85, 96-98].
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1.4.2.49 Sulfur Compounds

Sulfur is the oldest compound used in the treatment of scabies. It is used in oint-
ment form, its effect is lower than other drugs, and it can be used on the whole
body. It has low toxicity [99, 100].
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1.4.2.50 Other Compounds

Benzyl benzoate is one of the oldest drugs used as a scabicide. It kills the parasite
by acting on its nervous system. It has the advantages of being odorless and not
irritating to the skin. Benzyl benzoate is also used in permethrin resistance infec-
tions [10, 101, 102].
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Malathion (diethyl 2-dimethoxyphosphinothioylsulfanylbutanedioate) is an
organophosphate insecticide and shows its effect by converting its active metabo-
lite malaoxone. It irreversibly inhibits acetylcholine esterase. It is safe because it
does not show serious systemic adverse reactions in topical use. On topical appli-
cation, it is converted to inactive rather than active metabolites. It is used in the
treatment of head and pubic lice [84].
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Crotamiton ((E)-N-ethyl-N-(2-methylphenyl) but-2-enamide) has been used topi-
cally for many years to treat lice and relieve itching caused by lice. It can also be
used in pediatric patients due to its low toxicity, but it must be applied multiple
times for treatment success [85,103].
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Spinosad is the chemical compound formed by the fermentation of
Saccharopolyspora spinosa, a naturally occurring soil actinobacteria. It is a mac-
rolide compound consisting of a mixture of spinosyn A and D. In spinosad,
Spinosyn A is the major component and Spinosyn D is the minor component. it is
approved by the FDA for the topical treatment of head lice. It acts by excitation in
the insect’s nervous system and disrupting the function of nicotinic and GABA
ion channels [10, 104, 105].
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Abametapir is a pediculicide drug with 5-methyl-2-(5-methylpyridin-2-yl) pyri-
dine structure. It shows its effect by chelating with metals such as iron, copper
and zinc. These metals are essential for the vital functions of the insect. It is used
in cases where other resistant drugs such as permethrin are not successful in
treatment [106, 107].
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1.5 Conclusions

Parasites are unicellular or multicellular organisms that have the potential to
cause disease in the host and have been present throughout the existence of
humanity. Chronic illnesses, which lower the quality of life for the host, and even
death can result from parasitic infections. In the past, parasite-related infections
have been treated with herbal remedies. Later, medications that had active ingre-
dients that were chemically manufactured entered the therapy. Research on para-
sites is now being forward in two primary directions: medication development
and understanding how parasites interact with their hosts to cause disease. As our
understanding of parasites and their relationship to disease advances this will
enable the development of medications with more logical approaches and to con-
trol parasitic infections.

1.5.1 Future Prospects

Chronic diseases and infections are phenomena that threaten human life and
cause economic and physical losses all over the world. Comprehensive studies
have not been conducted on the development of antiparasitic drugs, and the num-
ber of drugs offered for treatment is limited, as is research on existing drugs. Some
of the drug research and development studies carried out aim to discover new
molecules as drug candidates for the treatment of these diseases. Due to the resist-
ance to the drugs used in the treatment of infections, the difficulties experienced
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in getting the drug to some parts of the world and the developing technology, the
knowledge gained at the molecular level has increased the development of new
drug candidate molecules. Drugs for parasitic infections also have an important
place in these studies. In the future, it can be said that there will be important
developments in the treatment of parasitic infections and the prevention of dis-
eases caused by parasites. In this context, studies on compounds with optimized
pharmacokinetic properties, which are more effective, and whose side effects are
minimized, are continuing. In addition, due to the similarity between cancer and
parasitic diseases, antiparasitic drugs are thought to be a new starting point in
cancer treatment within the scope of drug repositioning strategy. In this context,
trials are underway for tumor treatment of some antiparasitic drugs (eg mac-
rolides, benzimidazole derivatives and artemisinin). The drug repositioning strat-
egy, which is a popular approach todays, is also used to develop antiparasitic drugs.
According to this strategy, compounds with various mechanisms of action, such
as kinase inhibitors or antirheumatic drugs, are being tested for their antiparasitic
activities in vitro.
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