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Parasites

Definition:

Eukaryotic organism depending from another organism, the host, during a part of its life or the total
lifetime

Diversity:
Endoparasites
- living inside their host
- Protozoa -2 unicellular eukaryotic organisms non producing photosynthesis
- Metazoa = pluricellular organisms = Helminths (= worms)

- Cestodes (segmented flat worms): Tenias

- Trematodes (non-segmented flat worms): Flukes - Cosmopolitan diseases more
frequent in tropical areas

- Nematodes (cylindrical worms): Ex: pinworms

Ectoparasites
- living on the host surface
- Arthropods
- Insects
- Mites



Diversity of parasites:

Taxonomic position:
- Domain Eukaryota:

- Protozoa (non photosynthetic unicellular Eukaryota)

.

Trypanosoma brucei gambiense  Entamoeba histolytica

Leishmania infantum Trichomonas vaginalis




Diversity of parasites:
Taxonomic position:
- Domaine Eukaryota:

- Helminths (pluricellular Eukaryota = vorms)

Fasciola hepatica (fluke) Schistosoma mansoni Taenia saginata

Ascaris lumbricoides Enterobius vermicularis




Parasite genus

Protozoa

Plasmodium
Entamoeba
Giardia
Trichomonas
Trypanosoma

Leishmania

J

Nematodes
(round worms)

Ascaris
Ankylostoma

Strongyloides

Enterobius

Helminths

Plathelminths
(flat worms)

Trematodes Cestodes
(non segmented) (segmented)
Fasciola Taenia
Schistosoma Echinococcus




Antiparasitic drugs
Definition

Synthetic or natural compound
—> active against one or several parasite stages -2 biocide or biostatic actitivities
- well tolerated by the host = requires selective activity and low toxicity

Setting up a treatment

- After diagnosis on the +/- symptomatic host: what kind of parasite ?

—> Requires a precise identification of the parasite species
- Then, choosing the treatment targeting the diagnosed parasite '

Conditions for the efficacy of an antiparasitic treatment :

AmBisome’
Ligosomal Amphotericia B

- Patient compliance (duration, dosage) S haptsoras
- Getting the healing L)
- Preventing drug resistance emergence 3

- Avoiding personal and social behaviours favouring new contamination
- Following sanitary recommendations



Antiprotozoal drugs

-> should concentrate where the parasite dwells to prevent toxicity

/> within blood

\Plasmodium sp.

Trypanosoma brucei/ \

w0

\ / - within tissues \

/9 within cavities

3

-

\ Intestine - Entamoeba histolytica

AN

Uro-genital tractus - Trichomonas vaginalis /




Main biological targets of antiprotozoal drugs

Inhibition of heme biomineralisation
-> Toxicity for the parasite

- Inhibition of oxidative phosphorylation
- Impairment of parasite respiration

- Inhibition of trypanothione-reductase
- Impairment of detoxification

- Inhibition of polyamine metabolism
- Impairment in cell functions

- Damages to membranes
- Loss of membrane integrity
- Impairment in the biosynthesis of membrane lipids

Inhibition of DNA biosynthesis
- Impairment of parasite reproduction



Antimalarial drugs

Life cycle of Plasmodium sp. > Malaria

Mosquito stage
Salivary gland =
sporozontes e = \
/ Sx10*
‘ b Midgut sporozoites
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Blood stage




Antimalarial drugs

— The main sites of action of antimalarial drugs
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Mechanism
of action
of antimalarials

Schizonticide

Gametocytocide

Quinolines

- '\B
- Quinine o
~

- Chloroquine \H
(not marketed _
cl N

anymore)
CF5
Ny_-CF3
7
-  Mefloquine YR
HO
0
| = “CH,
o
N
- Primaquine 3

- Weak bases
- Lysosomotropic substances

- Accumulate into parasite digestive
vacuole

- Inhibition of heme polymerization




Main mechanism of action
of quinolines

- Inhibitors of heme biomineralisation

- Formation and accumulation of a cytotoxic complex with protoporphyrin IX produced from the
hemoglobin degradation within the digestive vacuole, normally transformed into hemozoin

(= non toxic malaria pigment)

Future Med. Chem. © Future Science Group (2013)



Antiparasitic drugs Mechanism of action

Mechanisme of action Naphtoquinone = Antimetabolite
of antimalarial drugs - Analogue of Coenzyme Q
- Inhibition of oxydative
- Atovaquone

phosphorylations (complex Il or bcl)

Drug combination

W
Atovaquone \ of dlecron "—L’ﬂ
. oL '
Proguanil cl i 'd" <
g Em/[\cmy FAD
Biguanide - Active form: cycloguanil (metabolite)

- Inhibitor of DHFR (DiHydroFolate

H H H
: N N N<_CHs Reductase

- Proguanil /©/ hEhd ! )
Cl

NH NH CHs



Mechanism of action
of antimalarial drugs:

Artemisinin derivatives

Antiparasitic drugs

Sesquiterpene lactones

- Dihydroartemisinin

- Artemether

- Artesunate
(severe malaria) H

Mechanism of action

- Opening the endoperoxide
bridge

—> Production of free radicals
- Oxidative activity

—> Cell functional impairments
—> Damages on nuclear,
endoplasmic reticulum and
mitochondrial membranes

- Ribosome aggregation

- Reduction of protein
biosynthesis



Mechanism of action
of antimalarial drugs:

Artemisinin derivatives

ACT: Artemisinin Combination

Therapy
Combined with:

Piperaquine

N/\/\N/\

%@

Lumefantrine

K/":é?

Antiparasitic drugs Mechanism of action

Sesquiterpene lactones

Dihydroartemisinin

Artemether

- Opening the endoperoxide bridge
- Production of free radicals

- Oxidative activity

—> Cell functional impairments

— Damages on nuclear, endoplasmic
reticulum and mitochondrial
membranes

- Ribosome aggregation

- Reduction of protein biosynthesis



History of antimalarial chemotherapy

Drug
Sulfadoxine/ combinations
Pyrimethamine with artemisinin
PY/SDX (ACT)

Pyrimethamine
PY Atov - PRG

Proguanil Atovaquone
PRG Atov

Halofantrine
HF

Chloroquine Mefloquine
cQ MQ

Adapteed from Pradines, 2010



History of drug resistance emergence

Proguanil
PRG

Chloroquine
cQ

Drug
combinations
with artemisinin
(ACT)

Atov - PRG

Atovaquone
Atov

Mefloquine
MQ




Life cycle of Entamoeba histolytica 2 Amoebiasis

- Monoxenic direct life cycle




Antiparasitic drugs Mechanism of action
Mechanism of action

of antiamoebic drugs: Nitro-5-imidazole

I

Metronidazole N \ o - Act as a prodrug
/QI\}\ERI,O
o) - NO, reduction by pyruvate ferredoxine
H oxydoreductase (PFOR)
OH
- Tinidazole \ —> Nitro-radical anion: R-NO,
A Ng o
N '}:\) = Increase of nitro-5-imidazole uptake through
diffusion gradient
$£0
Diffusible r 0] - Production of ROS: superoxide anion
antiamoebic B - Ornidazole
drugs N © > DNA fragmentation
/Q}%’O
W\

Hoj) 0 = Inhibition of nucleic acid biosynthesis

Cl
Secnidazole

/EXEP\,/O@ No drug resistance observed in the field
N N
0

\)

OH




Mechanism of action of nitro-5-imidazoles

Interaction with pyruvate-ferredoxine oxydo-reductase (PFOR) = specific pathway in anaerobic bacteria
and some protozoa (equivalent to pyruvate dehydrogenase of aerobic organisms)

- Neutralization of radicals in host cell by oxygen that is toxic for the parasite
- SOD absent from the parasite (anaerobic)

In parasite cells

Reduction by PFOR

1e-
. ROS
R-NO, ) R-NO, ) Death of parasites

In host cells

R-NO,”" +0, ) R-NO, + O,
2H* —l SOD (SuperOxide Dismutase)

H,0,

l Catalase
—) Protection of host cells
H,0 + %0,



Nitro-5-imidazoles

Comparative pharmacokinetics:

- o

Bioavailability 100% ( not reduced by meals)

Distribution Excellent distribution within all tissues and biological liquids

Biotransformation  Hepatic > Cyt P3A4 - Oxidized metabolites

Plasmatic peak 1-3h 2-4h 2h 2-3h

Half-life 8-10h 12-14h 12-14h 25h

Elimination Urinary (70%) Urinary Urinary and fecal Urinary (slow)
and fecal

Trade name Flagyl® Tiberal® Fasigyne® Secnol®



Spectrum of activity of nitro-5-imidazoles

Some protozoa

- Entamoeba histolytica
Dipomo AL
- oo

X

Contamination of water, food, or
handsfomites with infective cysts.

- Giardia intestinalis ophosoten e sso

passed in stool but
they do not survive in




Spectrum of activity of nitro-5-imidazoles

Some protozoa

- Trichomonas vaginalis

Some anaerobic bacteria
- Clostridium difficile

[
BAFTA HEALTHIE# FEOPLE™

soual iInlECourss

o4

A\ = Infective Stage
A\ = Diagnostic Stage

oi-lultipﬂes by lengitudinal e. Trophozoile in
binary fission wagina or orifice
of urathra




Mechanism of action
of antiamoebic drugs:

—

Antiamoebic drugs
having intraluminal
action only )

Aminoside (or aminoglycoside)
- Paromomycin (Humatin®)

Dichloracetamide
- Diloxanide (Entamide®,
Furamide®))

(notin France)I

N
Sons
o
0 0

\ |

Antiparasitic drugs Mechanism of action

- Poorly absorbed by oral route
- Intraluminal action

- Binding to rRNA 16S
- Accumulation of aberrant
proteins

= Inhibition of protein
biosynthesis

- Disrupting ribosomes ?



Life cycle of Leishmania sp.—> Leishmaniases

Sandfly Stages Human Stages
Q Sandﬂ':.r takes a blood meal @) Promastigotes are
(ingects promasy slage -
into the aﬁ phagnc}r‘t:zed by
Divide in the gut and ._,.4’ or owr 1:9;:
migrate to proboscis of monanuclear

phagocytic cells

'

Amastigotes transform into
promastigote stage in the gut

Prmnastrgmas fransform
into amastigotes

e Amastigetes mulliply in cells
— of varipus tissuwes and infect
\.—_ i Vo other cells
Do

Sandfly takes a blood meal
{ingests macrophages infeched
with amastigotes)

A\ = nfective Stage WA
A._ Diagnostic Stage AAFER . HEALTHIER - PEOPLE®




Antiparasitic drugs Mechanism of action

Pentavalent antimonials

Mechanism of action

of antileishmanial drugs:

Antimony derivatives - Meglumine antimoniate
(Glucantime®)

Inhibition of trypanothione-reductase

Impairment of glycosomal activity
(Glycosomes = organites where glycolysis
occurs in Kinetoplastidae)

- Sodium stibogluconate
(Pentostam®)




ntiparasitic drugs Mechanism of drug resistance

entavalent antimonials SbV

Meglumine antimoniate (Glucantime®) ol

o “-YoO
— Sl oo°
—.ﬂ))) ) .

o)

o)
oy—/—— Amastigote

" SbV —= Sbill -




Mechanism of action
of antileishmanial
drugs

Antiparasitic drugs

Polyene macrolide

- Amphotericin B
(Fungizone®, now used under the
liposomal form: AmBisome®)

Alkylphospholipide
- Miltefosine

0
|/O@ ® CHs

od \O/‘\/I\\l“‘CH3
CHs
CH

3

Aromatic diamidine
- Pentamidine

HNY©/ @YNH
NH2 NH2

Mechanism of action

- Formation of pores > K+ leakage
- Decrease membrane fluidity
—> Stimulation of INF-y production by
macrophages
- Biosynthesis of TNFa and IL1
- Production of nitric oxide (NO)
= Increase of oxidative burst
- Apoptosis

- Impairment of the membrane lipid
biosynthesis

- Inhibition of cytochrome c oxidase

- Apoptosis

- Inhibition of DNA biosynthesis (rich in AT
bases in these parasites) = inhibition of
thymidine synthetase

- Fixation to tRNA

- Impairment of the mitochondrial activity



Life cycle of Trypanosoma brucei > Human African Trypanosomiasis

- 2 phases of the disease: haemolymphatic and meningoencephalitic
- 2 Trypanosoma species:

- T. brucei gambiense (West Africa)
= T. brucei rhodesiense (East and South Africa)

Tsetse fly Stages Human Stages

Epimastigotes multiphy o Tsetse fly takes
in salivary gland. They irvects o blnﬁ:dumeal ) ” —
transform into metacyelic "y tacyclic trypomnastigotes) ected

trypomashgotes transtorm
trypomastigotes. _— » % - — 9 into bloodstream
(8] AN trypomastigotes, which
are carried to other sites,

os

Trypomastigotes multiply by
binary fission in varous

Procyclic trypomastigotes
leave the midgut and transform

. ) : body fluids, e.g.. blood,
into epimastigotes
P 9 kymiph, and spinal fluid,
Tsatse fly takes
a blood meal
[Bloodstrean iy pamastigabes
are mgaated)
6 % A
Bloodstream lrwmhasligm\ea\-—-
transform into procyclic /h‘, aanpun\»aEIiguIEi in blood
trypomastigotes in tsetse fiy's s
midgut, Procyclic tryposmatigotes R
multiply by binary fission, h

ﬂ= Infective Stage
A= Diagnostic Stage

}



Mechanism of
action of
trypanocidal drugs

NECT: Nifurtimox-
Eflornithine
Combination
Therapy

- Active on the
meningo-encephalitis
phase provoked by

T. b. gambiense

(West Africa)

Antiparasitic drugs Mechanism of action

Naphtalene derivative

Suramine (Moranyl®, Germanin®)
o]
OY@NJLN’©\?0
H H N
H

;i;/NH \;iz
OH OH

A n T I H

07N 0=5=0 0=5=0'N""0

“IOG OH HO Oaﬂ
e S
S -5
[oFgl

2 2
o:lslfoH o o Hofﬁ:O

Nitro-5-imidazole
Fexinidazole

N ©
o, I W0

\S/O/ \ANU\"A

I 0

- Eflornithine (Ornidyl®)
CHF,
HoN A _0O
H,oN

*" OH

Nitrofurane
- Nifurtimox

Active on the haemolymphatic
phase of T. b. rhodesiense

Inactive on the late phase (meningo-
encephalitis)

Sulfoxide and sulfone metabolites
Active on hemolymphatic and
meningoencephalitic stages (T. b.
gambiense)

Competitive and suicide inhibitor of
ornithine decarboxylase (ODC)

High affinity for parasitic ODC

ODC turn-over - slower in parasite
than in host

Formation of an anionic metabolite
reacting with DNA
Reduction of nifurtimox = ROS



Anthelminthic drugs

- should concentrate where the parasite dwells to prevent toxicity

/9 Intraveinous \ /9 Intra-lymphatic \ /élntestinal \

. [
Schistosoma mansoni Wouchereria bancrofti Taenia saginata

\(schistosome) / \ (filaria) / (tapeworm)
/ —> Biliary duct \

Enterobius vermicularis
(pinworm)

Ascaris lumbricoides
(roundworm) /




Main biological targets of anthelminthic drugs

- Cuticle and/or plasma membrane
- Tubulin polymerization and microtubule biosynthesis
- Carbohydrate absorption and metabolism
- Protein biosynthesis
- Nucleic acid biosynthesis
- Nervous system: neurotoxicity
- Action on cholinergic synapses (cholinomimetic)
- Action on GABAergic synapses

- Action on adrenergic receptors
- Action on nerve impulse transmission



Miai Antiparasitic drugs Mechanism of action
ain

anthelminthic Benzimidazoles Beta-tubuline
drugs o
H

SN
—> Inhibition of microtubule polymerization

H O
S N
- Albendazole \©:N’>_N
Q o)
H /
i F|ubendazole”>_N>\—o
7
F N H
cl N
- Triclabendazole U)—s
cl 0 N©

C

~,

|
Avermectines aé JKOO Inhibition of nerve impulse

’'e

- lvermectine &

Pyrazino-isoquinoline ©:€ Impairment of membrane permeability
N 0]
~
J

- Praziquantel OJ\O



Mechanism of action of benzimidazoles

Fixation of benzimidazoles to B-tubulin dimers = Inhibition of microtubule polymerisation

- Mitosis inhibition and impairment of cell activity
- Inhibition of absorption of nutrients (glucose, etc...)
- Decrease of glycogen stock
- Impairment of energetic metabolism (reduction of ATP production)
- Paralysis leading to parasite death = expulsion
QD

. .\
%%cg-\ / * 39

Tubulin
dimers Microtubule

-

Tubulin
dimers

3
Q8 & e &

Benzimidazole blocks

assembly
Depolymerization > Polymerization



Comparative action of the main benzimidazoles

Flubendazole Albendazole Triclabendazole

Bioavailability Low intestinal Low intestinal Increases with fat-
absorption absorption laden meal =2
(5-10%) (5-10%) Absorption > 80%

Biotransformation Hepatic Hepatic

Active compound Albendazole Triclabendazole

outside digestive sulfoxyde sulfoxyde

tract

Elimination half-life 8h30 11h

Elimination route Feces Biliary (90%) Biliary (90%)
(during 3 days) - Feces - Feces

Trade name Fluvermal® Zentel® Egaten®

Eskazole®



Spectrum of benzimidazoles activity in medicine

- Extended to Cestodes (+/- Trematodes)
- Adulticidal and/or larvicidal

Flubendazole

- Intestinal nematode infections except strongyloidiasis (= anguillulosis)

Albendazole

- Intestinal nematode infections: ascaridiosis, ancylostomiasis, pinworm infection,
whipworm infection (T. trichiura), anguillulosis and trichinellosis

- Larval cestode infections such as echinococcosis (Echinococcus granulosus and
E. multilocularis), cysticercosis (Taenia solium)

- High dose and long duration treatment
- Protozoan diseases: giardiasis and microsporidiosis (Enterocytozoon bieneusi)

Triclabendazole

- Distomatosis due to Fasciola hepatica



Avermectins

—> Chemical family: macrocyclic lactone
- Isolated from Streptomyces avermitilis fermentation

0
]
HO.,,”O @)
- o7 "o
B:I.a

~o

- Ivermectin
Semi-synthetic mixture of two isomers

- Nobel Prize in Medicine and Physiology on 2015:
- William Campbell (Irlande) and Satoshi Omura (Japan)
-> for their discovery of ivermectin, whose the derivatives have significantly
reduced the prevalence of river blindness and those of lymphatic filariasis

The same year, the Chinese researcher, Youyou Tu, shared this Nobel Prize for her treatment of
malaria with artemisinin



Mechanism of action of ivermectin

— Parasite paralysis as the consequence of neurotransmission inhibition (GABA-mimetic effect)

- Fixation with high affinity on calcium channels chloride-glutamate dependent of invertebrate
nervous and muscular cells
- Depolarization blockage through intake flux of CI’
- Hyperpolarization of nervous and muscular cells
- Neuromuscular paralysis of nematodes = Parasite death

(c)

Linker —»
neurone e

Interneurone »

J

.

Key:

Muscle cell
| AVM-sensitive GIuCl receptors

gl Pgp transmembrane pump

= GABA receptor TRENDS in Parasitoloay



Ivermectin characteristics

Characteristics pata

Bioavailability

Plasma peak and half-life

Biotransformation
Elimination

Secondary effects

Trade name

Administration on an empty stomach
with 2 h-fasting before and after
treament

Good tissue distribution, even within
the eye

Low diffusion in cerebrospinal fluid

4h/12h
No brain barrier crossing

Hepatic (Cyt P450)
Feces (<1% eliminated in urine)

Reaction to microfilariae lysis: prurit,
skin rash, cedema...

Stromectol®
Mectizan® (OMS)



Spectrum of ivermectin activity

Nematode infections

Onchocerciasis = River blindness
(Onchocerca volvulus)

Mectizan®

—> Larvicidal on Onchocerca volvulus
microfilariae living in sub-cutaneous
tissue

- No adulticidal activity

- Progressive paralysis

Intense infammatory reactions occuring
when parasites suddenly die

Blackfly Stages

oalsc‘.hﬂ'_.l {genus. Simuliwm

fakes a blood meal
(L3 arvaeh anter bile wiund)

H

ﬂ Migrate o head
and blackfly's probosces

6 L1 larvae

(@) Biackfy takes

{ingesls microfilarsa)

eh'lur;rninlamae pentrate
blackfly's madgut
and migrate to g
horaces muscles

A= Infective Stage
ﬁ= Dragnosts Stage

Adult worms can continue producing microfilariae
- Ivermectin treament should be given once a year for as long as there is evidence of continued infection

in order to stop transmission

Onchocerca volvulus

Human Stages

Subcutaneous tissues

a.ﬂ.dulls in subsutaneous nodule

GMUIE produce unsheathed
ricrofilariae that typically ane
found in skin and in lymphatics

== of connective tissues, but also

¢ cocasionally in peripheral

a blood meal

."f_
N

f|

S

3 9
| blood, uhing, and sputum

BAFEN: HEALTHIEH : PECPLE™



Spectrum of ivermectin activity

Bancroftian filariasis (Wuchereria bancrofti)
(Mectizan®)

ODPDX Wuchereria bancrofti
o Mosquita takes 3 blood meal CD C
L3 Tarvob enter ki) Hiuman Stagés s

Mosquito Stages

o Adults produce sheathed

~
o Migration to MOsQuUito
head and probascis = d
LN
microflarioe that migrate

7
q [ 7 JET
d © sausinlympnatics
d Into lymphatic and peripheral

O\
N
o U larvae
blocd circulation

o Mosquito takes.
a biood meal
ngests mrotarae) r
() sheaths, -
peatrate mosquito's midgut, m‘f
and migrate to thoracic muskles g e j
 — N’/

‘ @ d A D intectve suage

d Duagnostic stage

Ectoparasitic disease
- Sarcoptic mange (Sarcoptes scabiei)

—> Provoked by a mite (and not an helminth)

- If high parasite burden

- 2Md treatment dose and/or association

with a topical treatment

—> necessary within the 8 to 15 days
in order to get healing

Anguillulosis = strongyloidosis
(Stromectol®)

= Infectve Stage Infective feariform farvae

Ai riectve GD‘“EU@‘U!MMM skin

£\ = Disgnostic Stage initiating the infection. 1@ Tre fiariform migrate by
various pathways to the

2 d
¥
inte nyrphs. —

— Eggs Larvae and —_>
— hatct nymghs are
~ releasing larvae, " ,J,,M hn | =
Eoo shor burrows — R
called moting |-
pouches. Mating oceurs after
Adult females the nr:';ln penstrales
deposit eggs tha melting pouch
as they burrow. of the adult female.
%"‘7’% i
w 0 1 sty o gt  poacir ST

Transmission occurs primarily during person-to-person, skin-to-skin contact.
Occasionally transmission may occur via fomites.,

R\

Human scabies mites are often found

between the fingers and on the wrists
{areas highlighted in red).

Highlighted areas in pink
represent the most common sites
where rashes may occur, although

they can occur elsewhere.

A = Infactive Stage

A\ = Diagnostic Stage



Pyrazino-isoquinoline

Praziquantel

Mechanism of action o)
Praziquantel antagonizes voltage-gated calcium channels

- Increase of tegument/muscles membrane permeability to Ca%*

- Muscle tetany and paralysis

- Vacuolization of teguments

- Greater impact on adult worms than on immature forms



ADME characteristics of praziquantel

Characteristics pata

Bioavailability Good digestive absorption
Plasma peak 0.8to 1.5 h (4 to 5 h for metabolites)
Biotransformation Hepatic (Cyt P450) = hydroxylated

metabolites with first pass effect 2>
Inter-individual variations of plasma
concentrations

Elimination Renal for 80% praziquantel
(>70% of the dose under metabolite
forms within 24h)

Trade name Biltricide®



Spectrum of praziquantel activity

Action against all the parasite stages (adults and larvae):

Trematode diseases
- Schistosomiases provoked by Schistosoma haematobium, S. mansoni, S. intercalatum,
S. japonicum

- Distomatoses provoked by Clonorchis sinensis, Opistorchis viverrini, Paragonimus
westermani

Cestode diseases
- Hydatid cyst provoked by the tapeworm: Echinococcus granulosus
- Alveolar echinococcosis provoked by the tapeworm Echinococcus multilocularis

- Cysticercosis provoked by Taenia solium
—> Diphyllobothriasis caused by Diphyllobothrium latum

No action against nematodes



Spectrum of praziquantel activity

- Schistosomiases caused by Schistosoma haematobium, S. mansoni, S. intercalatum, S. japonicum

ﬁ,= Infective Stage
£\ = Diagnostic Stage

9 Cercariae released by snail

|ntc| water and free-swimming
Sporocysts in snail a'

(successiae generations)

"‘——.. Cercariae lose tails during
\ 0 penetration and become
% Penairate schistosomulae
skun - l

<,

e Miracidia peneirate
snail tisswe

'ﬂ Circulation

Migrate o portal blood
in liver and matura

into adults ()

T
e %ﬂ infeces AA inuine ¢
-

Eggs hatch \
releasing miracidia

Paired adull worms migrate (o
EA ' mesenteric venules of bowelrectum

' . {laying eggs that circulate to the
5. mansom i liver and shed in stools)
C C vanous plexus of bladder




Spectrum of praziquantel activity

- Distomes
Clonorchis sinensis, Opistorchis viverrini,

Paragonimus westermani

Metacercariae in flesh or
skin of fresh water fish are,
ingested by human host,

A= Infective Stage
&= Diagnostic Stage

.
Free-swimming cercariae / y \

encyst in the skin or flesh
of fresh water fish. a

r-‘.

A

e Excystin
duodenum

Miracidia Sporocysls Rediae Cercariae

Eggs are ingested
m i 9 \ i
A R “1 f

.;:'I_ ‘g -1@ ”? )

Embna:ed eggs

passed in feces. biliary duct

2 2 @ @

e Cercariae invade the crustacean
al
® @

nd encyst into metacercariae. A
El - p;-eﬂ.l

i)-8 o0
SpOMSQ W“"%m@ \ é

crustaceans containing
metacercanae,

é inadequately G
cooked or pickled
(4]

7]

Excyst in
duodanum

Miracidia hatch "

and penetrate snail \
{74
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Spectrum of praziquantel activity

—> Hydatid tapeworm
(Echinococcus granulosus)

- Alveolar hydatid tapeworm
(Echinococcus multilocularis)
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Spectrum of praziquantel activity

- Cysticercosis
(Taenia solium)

panatrale intestinal
will, v circulaba bo
musculature
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Embryonated eggs

ingested by pigs
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Cysticercosis
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ﬂ Humans infacted by
ingesting raw or A
undarcooked infected meat

Oncosphares develop
into cysticenci in pig musche

Eggs or granvid proglottids in Teces
and passed inlo environment




Spectrum of praziquantel activity

- Diphyllobothriasis

Infected crustacean ingested

by small freshwater fish Predator fish eats
(Diphyllobothrium latum) Crustacann. dovelops o from (O nfected smallfish

plerocarco larva e

A .
vy --""""_";/
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Procercold larvae / Human ingesis 6 I

in body cavity raw or undercooked,
of crustaceans infected fish

ﬂ= Infective Stage
ﬂ= Diagnostic Stage

Adults in small intestine

Proglottids release
9 immature eggs

Coracidia hatch from
eggs and are i fad
by crusiaceans.

e Eggs emnnale Unembryonated eggs
in water passed in feces



Conclusion

- Few human vaccines against parasites

- Antiparasite chemotherapy
- Necessary despite
- Problems of toxicity
- Problems of drug resistance

- Protozoa > ++
- Helminths > +/-
- Need of:
- Identification of new therapeutic targets
- New drugs

—> Drug targeting approaches
- Reducing toxicity

- Drug combination
- Reducing toxicity
- Reducing drug resistance

Artesun’
120mg

Attt

Stromectol® 3 mg
(vermectia Tablets)
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