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Cibles des médicaments antifongiques

SYNTHESE

Fungal cell Cell membrane and cell wall des GLYCANS
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Cibles des medicaments antifongiques
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Polyenes antifongiques

Molécules amphiphiles mais volumineuses
— mal résorbées
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Cible pharmacologique: les stérols membranaires

eucaryotes supérieurs

cholestérol

champignons

Hy

ergostérol
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Mécanisme d’action des polyénes antifongiques

1. formation de diméres
peu solubles...

[\
I

2. Insertion dans la membrane
au niveau de l'ergostérol

3. passage d'eau et ions
A

Asemblage moléculaire entre
amphotéricine B, stérol
et phospholipide
dans une membrane
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Mécanisme d’action des polyenes antifongiques

Amphotericin B Ergosterol Cholesterol
TRENDS in Microdvology

Fig. 3 The polyene antif agent, hotericin B, | and chol
visualised in three dimensions. Ergosterol, the sterol found in fungal cell mem-
branes, retaing a eylindrical shape in all rotations and binds better 1o the hydre-
phebic {right-hand} side of the hotericin B le than does ch I
with its sigmaoid . Ch | is the b sterol found in mamma-
lian cells; the differential binding affinity of amphotericin B for the two sterols is
the basis of its selective antifungal action.

Odds, Trends in Microbiology (2003) 11:272-279

Asemblage moléculaire entre
amphotéricine B, stérol
et phospholipide
dans une membrane
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Fongicides
Spectre large, peu de résistance

usage topique
« oral: candidoses, dermatophyties
 décontamination intestinale

Polyénes antifongiques: propriétés pharmacologiques

Résorption mauvaise voire nulle
(nystatine)

Antagonisme avec les azolés

Faible spécificité — toxicité:

* immédiate:
fievres, frissons, nausées,
vomissements, hypotension,
arythmies, ...

* & court terme: néphrotoxicité

* & moyen terme: anémie

* mycoses systémiques
* mycoses oropharyngées
et digestives graves
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Formes lipidiques de I'amphotéricine

AMBdeoxychoIate ABELCET
T
Polar -25A
interior =
Lipig Side view

Amphetercin B

AMPHOTEC AmBisome

WO, phospholipid bilayer

/ amphote

The various lipid formulations of AMB have demonstrated antifungal efficacy at least equivalent to the
conventional product with significantly reduced nephrotoxicity.

In: THE USE OF LIPID FORMULATIONS OF AMPHOTERICIN B IN CANCER PATIENTS -- Rod Quilitz,
PharmD, Department of Pharmacy, H. Lee Moffitt Cancer Center & Research Institute, University of San

Francisco, Cal.

http://www.moffitt.usf.edu/cancjrnl/iv5n5/department3.html
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Formes lipidiques: propriétés pharmacologiques

3 Drug profiles of amp B (AMB) for

Parameter AME decxycholate AMB lipid complex Uposomal AMG
Dosage® imgkg per day) 0515 5 35 [of higher)
Maximum sensm concentration’ Lower Higher
Infusicn-redated toaity High [(50%~60%) Moderate 20%—40%) g (10%=20%)
Decrease in serum potassivm

Anaemia weee - -
Hephrotomicty wves fup b BO%) » [15%-25%) - (10%-20%)
Prevention of infusson-related tadcyt Reguired Required ‘Generally not required

* Commonyy perscrived reatmen! dedea; dose vanes wih pamogen High-doss ipossmal AUB requred for Typemycete nisction (2 £ mgiyg per day) *In comparmon wih AUB ssoxychsiate |inciuses fever, call,
hesdache, ot 8nd muscie pan. and hyzctension. Betre Beraoy, 8 164 cose 8 patents n Nfusicn-related reac §UsuBly COmDriads "CoCkIST 0f BtyTeRC.
actemetc and arthistamine Srugs. Value of corticosteroids nit proven

Mais cher et administration intraveineuse obligatoire
— indications limitées

Chen et al. Med J Aust. (2007) 187:404-9.
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Formes lipidiques: indications selon la notice

Infections fongiques généralisées:
Abelcet est recommandé dans le
traitement des infections fongiques
graves, chez les patients n'ayant
montré aucune amélioration avec
I'amphotéricine B conventionnelle, ou
chez les patients ayant développé une
insuffisance rénale lors du traitement &
I'amphotéricine B, méme lorsque ce
dernier avait été administré en méme
temps qu"un litre de solution saline
physiologique par jour.

AmBisome est destiné au traitement des
formes graves de mycoses
systémiques et/ou profondes des
patients ne répondant pas a
I'amphotéricine B conventionnelle ou des
patients représentant une contre-
indication & I'administration de celle-ci
due a l'existence de lésions rénales. Une
réponse positive a été obtenue chez 80
% de ces patients traités pour une
candidiase systémique, chez 70 % des
patients traités pour une aspergillose et
chez 100 % des patients traités pour une
cryptococcose....

02/12/2008

FARM2129 - Antifongiques




Dérivés azolés

imidazoles a
HZC—CIH—\ /) cl A
Q cl ilin
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‘Q o e o | by O
CHz—C—N N— oc o
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Miconazole Ketoconazole
triazoles

Itraconazole

Voriconazole
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OH L

'3 0 N N
Ravuconazele p—

Posaconazole
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Biosynthése de I'ergosterol

Hydroxy-methyl-glutaryl (HMG)-CoA

} HMG-CoA reductase
Mevalonic acid
Y
Squalene

Allylamines (terbinafine) § Sgqualene epoxidase (ERGT)

B

A" desaturase

| (ERG3) Azoles §1:1.1u demethylase (ERG11) -
¥
C14-demethyl-Hanasterol

14c-methyl-3 6-diol ;
Amaralfing § Cld-reductase (ERG24)

Fecosterol
Amoralfing ¢ A% Tisomerase (ERGZ)

Episterol

Polyenes (amphaotericin B) ——

in Moteciiar Medc

Fig. Z. Mechanizm of action of antilungal drugs alfecting the ergostercd biosynthetc pathway. The
target enzymaos are roported on the right with encoding genes in parentheses, whereas the antitungal
drugs are reported on the lett of the arrows indicating the sequential steps of sterol biosynthesis
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Biosynthése de I'ergosterol

enzymes de
la famille
desP450

14-déméthyl,
14-15ane
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Dérives azolés et site actif de Ergllp

Le cytochrome P450 posséde un Le cycle imidazole ou triazole
héme essentiel a I'activité se colle arheme ...
oxydo-reductasique

http://users.aber.ac.uk/cca/p450/intro.html
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Dérivés azolés et site actif de Ergllp

liraconazole

Voriconazole

Fluconazole

porphyrin malety
al, PAGD orzymie Larget
Throe triazole anifungals, itraconazole
@ (bottom] are shown in comparable
o wivire the azoles
ferent side chains attached to
the comman azole phammacophore in the three eamples shown will obvicusly
bind differently 10 the surmounding regions of the whale P4BO protein.

af the ps

QOdds, Trends in Microbiology (2003) 11:272-279
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Mécanismes de résistance aux dérivés azolés
Mechanism Caused by: Comments
Alteration in drug target Mutations which alter drug binding but not Target is active (i.e., can catalyze demethylation)
(14a-demethylase) binding of the endogenous substrate but has a reduced affinity towards azoles
Alteration in sterol biosynthesis Lesions in the A%®).desaturase Results in accumulation of 14a-methyl fecosterol
instead of ergosterol
Reduction in the intercellular Change in membrane lipid and sterols; Poor penetration across the fungal membrane;
concentration of target enzyme overexpression of specific drug efflux active drug efflux
pumps (CDR1, PDRS, and BEN")
Overexpression of antifungal Increased copy number of the target Results in increased crgosterol synthesis;
drug target enzyme contributes to cross-resistance between
fluconazole and itraconazole
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Mécanismes de résistance aux dérivés azolés

A" Losomerase
{ERG2) '

pistarol

Mechanism

Caused by:

Comments

Alteration in drug target
(14a-demethylase)

Alteration in sterol biosynthesis

Reduction in the intercellular
concentration of target enzyme

Overexpression of antifungal
drug target

Mutations which alter drug binding but not
binding of the endogenous substrate

Lesions in the A™®)-desaturase |

Change in membrane lipid and sterols;
overexpression of specific drug efflux
pumps (CDR1, PDRS, and BEN")

Increased copy number of the target
enzyme

Target is active (i.e.. can catalyze demethylation)
but has a reduced affinity towards azoles

Results in accumulation of 14a-methyl fecosterol
instead of ergosterol

Poor penetration across the fungal membrane;
active drug efflux

Results in increased ergosterol synthesis;
contributes to cross-resistance between
fluconazole and itraconazole
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Mécanismes de résistance aux dérivés azolés
Azoles Azoles
MDR
o ¢
f({,
) "
2o,
%
Q09 !
— Ergosterol
S - 5 -
Mechanism Caused by: Comments

Alteration in drug target Mutations which alter drug binding but not Target is active (i.e., can catalyze demethylation)

(14a-demethylase) binding of the endogenous substrate but has a reduced affinity towards azoles
Alteration in sterol biosynthesis Lesions in the A%®).desaturase Results in accumulation of 14a-methyl fecosterol

instead of ergosterol

Reduction in the intercellular Change in membrane lipid and sterols; Poor penetration across the fungal membrane;

concentration of target enzyme overexpression of specific drug efflux active drug efflux

pumps (CDR1, PDRS, and BEN")

Overexpression of antifungal Increased copy number of the target Results in increased crgosterol synthesis;

drug target enzyme contributes to cross-resistance between

fluconazole and itraconazole
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Miconazole

Cl

c Cl
« premier antifongique azolé

* mauvaise résorption digestive
Cl

 usage essentiellement topique
( candidoses)
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Kétoconazole

CH3
N N CO

Cl

— -

« améliore la résorption digestive en milieu acide

cl A co-administration d’anti-acides ....

indications (peu utilisé aujourd’hui):
- candidoses (histoplasmose, coccidioidomycose)
- prophylaxie des colonisations par levures chez les neutropéniques
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Fluconazole

‘ augmente I'activité ‘

N X

N N
N OH N 2éme
N triazole
X x N

[serwinzole]| PR

E A Résorption digestive méme a pH neutre

augmente la spécificité
et diminue la dégradabilité

Indications :

- méningites cryptococciques (pénétration dans LCR)

- candidoses.
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Itraconazole
N
A3
A F N=C
C,H
N N 0 AR
N (0] N
N O

« identique au kétoconazole
« résorption digestive uniquement si pH acide

cl A co-administration d’anti-acides ....

« 2 triazoles; meilleure activité

Indications :
- candidoses
- aspergilloses
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Voriconazole
F

N

N OH * spectre large; puissante activité
N * pas de résistance croisée
E avec les autres azolés

* identique au fluconazole
F * résorption digestive méme a pH neutre

e indications :

— aspergilloses invasives

— infections invasives graves a Candida résistant au fluconazole.

— Traitement des infections fongiques graves e
a Scedosporium spp. ou Fusarium spp.

« en premiére intention aux patients immunodéprimés,
atteints d’infections évolutives,
pouvant menacer le pronostic vital.
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Dérivés azolés et interactions avec CYP
(CYP2C19, CYP2C9 et CYP3A4)

2 Majer drug interactions encountered with triazole agents

Degres of interaction

FlU e VOR POS  Effoct Clinicaity significant
Substrates of CYPIAL and CYRICE - . e ++  INCraASAd PIABMA CONCENITANENS of other dNIg SUBEIIEE Yos (S0 CONAINIKINT)
Inducers of CYP344 and CYPZCR! . ses sas e+ Detreased plasma concenrations of wiazoles &5 (30me conraindicated)
wartarin - e - s INCreased protrombin bme Yes
Phanyioin . - e ytin levels, Iovels. Yo
Ritampicin oo ver e ree Decreasved triazcle levels Yes (conkraindicaled with ITC, VOR, POS)
Proton-pump inhidses - - e ++ INCIoAsNd pOOLOR-pLME INRILAGE Irvels. B6CroaSHd INATSH Yes
absorpan
Creasporing .- " e e Touicity, rensl failure Yes
Tacrolimus - - e ++ Touemy, renal tailure Yos
Sirohmus = s - - Teudedty. ranal failure Y8 (contrainaicated with VOR)
stating - e - se INCIEIBOA S1AN Ievels Yes
FLU = fucanazele; ITC = &racenaznie: POS = posacenaznle; VIOR = VENEonkzoie, « « mid, s = madersty, +vs » high, +xea = very hgh. * i1 Witk FLU, 7T, VOR
POS], terienasing, astemizoin. pimazide, quiniing, erpet akaisis ar with VOR). IBerolmus, Cychsoonn, i, waHarn, Dmeprazeie. preminn
beazoSazacines, HV == o * chudes rilirgich (cenbandeated wih ITC VR, POS) ifabuln {conlraindeated

!
i (T, WOR), Kargascting bastuborates. (Coniramndicated with VOIR), Ghenyisn, HIV poleass MBI, NEn.nuckeokms (eris HAMCIGtass nbbion

« contre-indiqués: terfénadine, astémizole, cisapride, quinidine, alcaloides de I'ergot
« surveillance étroite : ciclosporine, tacrolimus, anticoagulants oraux, sulfonylurées
« adaptation de posologie : statines, benzodiazépines

Chen et al. Med J Aust. (2007) 187:404-9.
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Dérivés azolés : propriétés pharmacologiques %

Pharmacocinétique

« absorption variable; parfois dépendante du pH.
« distribution variable; LCR : fluconazole
voie orale: itraconazole, fluconazole, voriconazole
« demi vie longue (> 24 heures) sauf kétoconazole (8 h) et voriconazole (6 h)

Effets secondaires
« toxicité hépatique (surtout kétoconazole)

« troubles digestifs (miconazole)
« intolérance cutanée par voie locale
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Allylamines

e

Squalene

terbinafine

TERB HS
HZT\/\/CECC<CH3)3 % Inhibiteur de la

E:LQEVY squaléne epoxidase
NH

Squalene-2 3-epoxide

G T

Lanosterol

WO
Ergosterol

« actif uniquement sur les dermatophytes
« bien résorbée mais effet de premier passage important
« interaction avec inhibiteurs et inducteurs des cytochromes
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Cibles des médicaments antifongiques

SYNTHESE

Fungal cell Cell membrane and cell wall des GLYCANS
(échinocandines)

Sl |
$ & } p-(1,6)-glucan /

B-(1,3)-glucan

} Chitin

? } Phospholipid bilayer
of cell membrane

L
Ergosteral @  B-(13)-glucan synthase
a

Ergosterol
Synthesis DNA/RNA Synthesis
Pathway

“»

-\.‘ Squalene
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Echinocandines : caspofungine

N OH
&

H
%,
B

H2N1
o] N o
HO
H,N N /EO H_;C
;\_f o HN i
0 NH

O Hy, CH,
H 0 CH,
N
H +2CH,CO,H
a 3
o
{ i OH
H

HO

Figure 1. Structure of caspofungin.
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Echinocandines

Anidulafungin Caspofungin Micafungin

Developing glucan chain___
—

AN
slli'wﬂs /‘R. e )f: " ot ‘i

Cal

- chitin
fembrane

&, BTQostercl

GTP binding site UDP-glucose

TRENDS in Microbiciogy

Fig. 5. Cartoon depicting the transmembrane complex of two proteins, Fks1p and Fks2p, involved in synthesis of f-1:3 glucan in the cell walls of Saccharomyces cerevisiae.
Activity of the complex is regulated by the GTP-binding peptide, Aholp. Fks1p is the target of the echinocandins, with the structures of the three agents now entering
clinical use illustrated above. Evidence for Candide albicans suggests that the Fks2p homelogue in this species might not be expressed in growing cells. Much remains
unknown about the glucan synthase protein complex and the manner of interaction of echinocandins with the com plex

QOdds, Trends in Microbiology (2003) 11:272-279
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% Caspofungine: propriétés pharmacologiques

Indications:

« candidoses (oropharyngées, oesophagiennes)

« aspergilloses invasives chez les patients qui ne répondent pas ou sont intolérants
aux autres traitements

Pharmacocinétique:

«  Mauvaise résorption orale

¢ Accumulation dans I'organisme lors d’un traitement prolongé (25-50 %
d’augmentation de I'AUC aprés 2 a 3 semaines de traitement).

« Métabolisation par le foie; demi-vie, environ 10 h.

Effets secondaires
¢ phlébite au site d’injection
+ fievre, nausées et vomissements.

Interactions médicamenteuses Patients a risque
¢ 72 AUC de la caspofungine par cyclosporine d’infection fongique!
e N AUC par inducteurs des cytochromes P450
(rifampicine, inhib.protéases du HIV, phénytoine, carbamazépine, dexaméthasone).
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Cibles des médicaments antifongiques

Cell membrane and cell wall

Fungal cell

B-(1,6)-glucan
B-(1,3)-glucan
et e e } chitin
MWWO } Phospholipid bilayer
WU\W 30608 A of cell membrane
@
Ergosteral .. B-(1,3)-glucan synthase
a
Ergosterol
Synthesis DNA/RNA Synthesis
Pathway
:‘ Squalene
ANy
SYNTHESE
des Ac. Nucl.

(5-fluorocytosine, griséofulvine)
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HaCO

Inhibiteurs de synthese des acides nucléiques

griséofulvine

OCH3

5-fluorocytosine

NH3
N F — utiliser en association avec I'ampho B pour les candidoses
J\ | et les cryptococcoses
o N « concentration dans I'urine — infection urinaire
H « leuco- et thrombopénie

« infections a dermatophytes (cuir chevelu, peau, ongles)
» adm. orale, résorption 2 par aliments riches en graisse
© e réactions allergiques, maux de téte, troubles digestifs

o)
” HsC,
C,

ol H3C

« inhibition de la thymidilate synthase; résistance fréquente

34
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Spectre des anti-fongiques
Levures, Candida, Crypto

AMB 5FC ICZ I1Z VRZ PSZ CAS
Candida albicans |

AL
AlAE
EENEEED

HEE HNEEEEEER

Candida tropicalis [
Candida parapsilosis [
Candida krusei |

BEEE
| NN
|

Candida glabrata
Candida lusitaniae - | N

Crypto neoformans | |

Champignons filamenteux Aspergillus, Fusarium

L
L

i
I
Il

Aspergillus fumigatus | -
Aspergillus terreus - -

Fusarium spp. |

L

11
BEE
HEE
11

E. Dannaoui

02/12/2008

FARM2129 - Antifongiques

36

18



Infections superficielles

4 Guidelines for antifungal therapy of superficial fungal infections

‘Condition Causative pathogens Treatment recommendations
Tinea pedisicruris Dermatophytes Topical azoles™
Tinea corporis Dermatophytes Usually requires oral azole (itraconazole preferred) or terbinafine (E2)

Onychomycosis

Cutaneous candidiasis

Vulovaginal candidiasist
Oral candidiasisT

Oesophageal candidiasis

Dermatophytes, yeasts

Candida spp

Candida spp.

Candida spp

Candida spp

Terbinafine (preferred) (E1) or oral azole (itraconazole) (E2)
Topical azoles® (E34)

Topical nystatin (E31)
Topical azoles® or topical nystatin (E3;); single dose oral fluconazole; 7-day course of oral fluconazole'® (E2)

Topical nystatin or amphotericin B; systemic fluconazole in immunocompromised patients (E2)

Systemic fluconazole (E2); echinocandin (E2) or newer triazoles (E2) if indicated

* Clotrimazole, miconazole, econazole most commonly used. All formulations (creams, powders, troches) available without prescription. * Refers to treatment of uncomplicated, non-recurrent disease.

Chen et al. Med J Aust. (2007) 187:404-9.
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& tor therapy of tungal it

infection Anaifungal agent Treatment durstion

Yeast infections

Candidaemia and ofher AMB, FLU, CAS and VOR equally effecive (E2). Lipid AMB can 14 days after ‘culure of after resolution of all

torms 50 bh 35) Tallor chaice of 3gent 1o spacies of SyMploms and Signs I neutrepenic (Sxpt opinkon). Dmer invasie
(Cangica and suscephdity result cANGGISS: vares with site of infection 3t

Cryplococt Initial therapy. AMB with or withoul Sucylosine (for contral nervous System I L 2-8 woed apy. 3 months to 1-2 years;

(E2). Herapy. FLU (E2), or offer waries with host and disease exent (E2)

riazole (E4)

Mould infections

MvasheG ASpEQIaLIS Inifial herapy: VOR ks ineatment of choice (E2), M patientis infolerant 10 VOR,  Lintl complate response midont, along with rocowsry of Immisn deficit
Nipicd AR i priterried over comventional AMB (E2) Mairtenance therapy VOR einil o cpinion)
(E2). FOS (E4). Salvage therapy. CAS (E4).

Zygomycasis W3 NArapy: Rgh-doee lipkd AME formulation (= & Moy per day) (E4) LU Complets reSpORSA awaent, 310ng with recovery of Immiune defict
Maintenance Meragy. POS (expent opinian) o opinion)

Scedosponum infedtions. Initial therapy: VOR with or (Ed). apy. VOR P dent along with recovery of Immune deficit
{E4) opinicn)

Infections caused by Initial therapy: AMB formulstion (E2). Maintenance ferapy: ITC (E2): FLU (E4).  Untl complete response evident. along with recovery of immune deficit

dimerphicfungl VOR (E4). FOS (E4) second line. Ingefinite et opinien).

AUB » arphotericn B, CAS = caspotungin, FLU » Buconascin, ITC » draconazcle, POS » posacorazoly, VOR = voriconazole

Chen et al. Med J Aust. (2007) 187:404-9.
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