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Organisms
|
v v
Prokaryotes Eukaryotes
v
Monera x
. - . ' '
Monerais a kingdom that contains  nicellular Multicellular
unicellular organisms with a
prokaryotic cell organization, (having
no nuclear membrane), such as v
bacteria Prousta
\ L J
1 \ eukaryotic one-celled l
With cell wall Yliving organisms Without
l distinct from cell wall
multicellular plants
1 and animals: protozoa, Animalha

Do not perform Able to perform slime molds, and
photosynthesis photosynthesis eukaryotic algae taxonomic kingdom
comprising all living
1 1 or extinct animals
Fungi Plantae
Lack chlorophyll, leaves, true stems, and Plants, also called green plants (Viridiplantae
gsand live as in Latin), are living multicellular

roots,

\saprotrophs or parasites

organisms of thekingdom Plantae. /




4 1. OVER VIEW OF FUNGAL
THE FUNGI KINGDOM

Myvcoloqy - the study of fungi
fungi - singular

fungus - plural

in CJ . f .
1) fungi are gukarvotic

they have a nuclei & mitochondria

2) they are heterotrophs

they depend on other organisms for food

3) they are multicellular

4) they cannot move on their own

.




4 1. OVER VIEW OF FUNGAL INFECTION N
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5.CLASSIFICATION

ANTIFUNGALS

I
POLYENES

— Nystatin

__ Amphotericin

| | |

B-3-GLUCAN

IMIDAZOLES® TRIAZOLE ALLYLAMINES SYNTHASE

INHIBITORS

—Miconazole — Fluconazole Naftifine — e potonln —
Clotrimazole |- Itraconazole Terbinafine — y )

Micafungin —

Ketoconazole ~ Voriconazole Tolnaftate — -

- Posaconazole

Anidulafungin

OTHER

Griseofulvin —

Flucytosine —

Tolnaftate —




Chemical classification with structure

1.Antifunal antibiotics OH  on
a.Polyene antibiotics ~ *

., O OH OHOH OHO

ININANG

Nystatin

Amphotericin B NH,

b.Other antifungal antibiotics

griseofulvin
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2.Allyl amines

e 230

terbinafine Tolnaftate




/3. CHEMICAL STRUCTURES AZOLE ANTIFUNGAL DRUGS
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Clotrimazole Miconazole Voriconazole
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4 5.CLASSIFICATION OF ANTIFUNGAL N

Butenafine LOTRIMIN ULTRA

DRUGS FOR SUBCUTANEOUS AND lotri
SYSTEMIC MYCOSES Clotrimazole, LOTRIMIN AF

s Ciclopirox PENLAC
Amphotericin B AMBISOME
) : Econazole ECONAZOLE NITRATE
Anidulafungin ERAXIS

: Griseofulvin GRIFULVIN V, GRIS-PEG
Caspofungin CANCIDAS .
Miconazole FUNGOID, MICATIN, MONISTAT
Fluconazole DIFLUCAN

: Naftifine NAFTIN
Flucytosine ANCOBON

Nystatin MYCOSTATIN
Itraconazole SPORANOX i

Oxiconazole OXISTAT
Ketoconazole NI1ZORAL

) ) Sertaconazole ERTACZO

Micafungin MYCAMINE

Sulconazole EXELDERM
Posaconazole NOXAFIL .

) Terbinafine LAMISIL

Voriconazole VFEND

Terconazole TERAZOL

Tioconazole VAGISTAT-1
Tolnaftate TINACTIN

Con...




( 6.SITES OF ACTION OF COMMON ANTIFUNGAL DRUGS \

- BIND TO ERGOSTEROL
POLYENE > | Amphotericin | <—
© S P AND FORM PORES
(CHANNELS)
GLUCAN
SYNTHASE
INHIBITORS \ | [
-f‘}f If"_ l ,.;.‘"1 Microtubule system
) | | | i
| Echinocandins <O " \ ~!! ii' é |
bl g S ('::":1 }' ” { ‘{l h@—(Grimfu'uin
IMIDAZOLES i ( ',‘,;:l.. ¢ ! -
TRIAZOLE —A@-@——»T ,fdlf; l
Lanosterol

ALLYLAMINES

Terbinafine :
Naftifine i g sine
Amorolfine : T . NI __/ils/\‘\, .

Nucleus OTHER

—— Fungal cell wall

Ergosterol-rich fungal
cell membrane
© Elsevier. Rang et al: Pharmacology 6e - www.studentconsult.com

k Con..j




( 6.SITES OF ACTION OF COMMON ANTIFUNGAL DRUGS W

Fungal cell Fungal cell membrane and cell wall

Proteins

B-glucans

Chitin

Cell membrane
bilayer

S

l Flucytosine '

Squalene ALLYLAMINES Ergosterol [

f}-glucan
Amphotericin B,] synthase

l e 4 Wl oL vENES /d
f ( Echinocandins)

Squalene epoxide » Lanosterol  |IMIDAZOLES GLUCAN

Sourcz: Katzung BG, Masters SB, Trevor A): 8asic & Clinical Pharmacalogy, TRIAZOLE SYNTHASE

1ith Editian: httpiffwww, accessrmedicine.com
INHIBITORS

Copyright ® The McGraw-Hill Cormmpanies, Inc All rights reserved.



/" 6.SITES OF ACTION OF COMMON ANTIFUNGAL DRUGS

Membrane function Cell wall synthesis
Amphotericin B Caspofungin

i Ergosterol
Nucleic acid synthesis
synthesis Fluconazole
5- Flucytosine ltraconazole
Lanosterol synthesis VorconEzoe
Naftifine
Terbinafine




4 /. ANTI FUNGAL DRUGS MECHANISAM N

<&
FLUCYTOSINE

> OTHERS

g ey

Tolnaftate
Hydroxystilbamidine

[Interferes with protein synthesis. J

Potassium iodide
Sulfonamides
Penicillin

[

IMIDAZOLES

Undexylenic acid
N -,

., CANDINS

-
Interferes with ergosterof synthesis.
Clotrimazole, Ketoconazole, Terconazole,

\

T

[Inhlbits gh;gan in fungal cell wall.]

\
/ POLYENES

Amphotericin B - IV-administered, used for
systemic infections. It binds to ergosterol in cell
wall causing leakage of material.

L Amp B is toxic to renal tubules.
Nystatin is an ointment for oral candidiasis.

~

N[
Natamycin is topical and used for eye Infections.
TRIAZOLES | y P ye ) GRISEOFULVIN

Intraconazole, Fluconazole,

Vorifanarals: Aasreanazole

i 3
Interferes with ergosterol synthesis,

/

2

Binds to keratin precursor making cells resistant to
fungal invasion.




4 8.MECHANISM OF AMPHOTERICIN B N

s

hydrophobically with
ergosterol in the fungal cell
membrane, forming a pore.

n Amphotericin B interacts

FUNGAL CELL

K* and other
small molecules

a Potassium and other small
molecules are lost through

the pore, causing cell death.

Several amphotericin B molecules
bind to ergosterol in the plasma
membranes of sensitive fungal cells.

There, {hey form pores (channels)
: ;
mwmmf I I hiot

and the sterol,

The pores disrupt membrane
function, allowing electrolytes
(particularly potassium) and small

molecules to leak from the cell,
ting | | dead
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9.MECHANISM OF FLUCYTOSINE N

Flucytosine
€» <~ Amphotericin B

{%%%%%%%ﬁmrmease Wﬁ)ﬁf/}fffff

FUNGAL CELL

N - S
L

77N
H

Cytosine H,O
deaminase
NH,

5-Flurouracil

l

5-FAUMP

l

dUMP | > dTMP

Thymidylate l
synthase
DNA

Decreased dTMP leads to
inhibition of DNA synthesis
and cell division.

Flucytosine enters fungal cells via a
cytosine-specific permease an enzyme not
found in mammalian cells.

Flucytosine is then converted by a series of
steps to 5-fluorodeoxyuridine 5'-
monophosphate.

This false nucleotide [nhibits thvmidyvlate
Mwmwm{ | vl i =
component,

Note: [Amphotericin B increases cell
permeability, allowing more 5-FC to
penetrate the cell. Thus, 5-FC and
amphotericin B are synergistic.]




4 10.MECHANISM OF KETOCONAZOLE N

Azoles are predominantly fungistatic.

They Inhibit C-14 a-demethylase (a
@ < Ketoconazole cytochrome P450 enzyme), thus
P45 blocking the demethylation of
lanosterol to ergosterol the principal
3 sterol of fungal membranes.

This inhibition disrupts membrane
structure and function and, thereby,
Inhibits fungal cell growth.

Lanosterol

CH

Ergosterol
Ergosterol

[Note:In addition to blocking fungal
| | ergosterol synthesis, the drug also
SO0 e - inhibits human gonadal and adrenal
| Inhibition of ergosterol synthesis | Sterold synthesis, leadingto
' disrupts membrane functionand decreaged testost_e_rone and cortisol
| increases permeability production. In addition, ketoconazole
WOOOOOOX ,;.-finhibits cytochrome P450]

/
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11.MECHANISM OF TERBINAFINE

Funga| cef ceati Terbinafine inhibits fungal
sqgualene epoxidase. thereby
decreasing the synthesis of
ergosterol .

Toxic
products

Toxic
products

This plus the accumulation of

Squalene toxic amounts of sgualene
Terbinafine |5\t in the death of the
Squalene Q < Naftifine

epoxidase

Butenafine fungal cell,

Ergosterol
Ergosterol

Ergosterol

Fungal cell death

™~




12. MECHANISM OF GRISEOFULVIN I

It is only fungistatic, and it causes a
number of significant drug
Interactions.

Griseofulvin accumulates in newly
synthesized, keratin-containing

vk tissue, where it causes disruption
A
Griseofulvin




3. SOME ADVERSE REACTIONS OF ANTIFUNGAL DRUGS

Antifungal agent Form

Topical

Nystatin Pastille
Suspension

Clotrimazole Oral troche

Amphotericin B Suspension
Lozenge
Tablet

Miconazole Lauriad® Lauriad
Systemic

Ketoconazole Tablets
Fluconazole Tablet
Solution
iv. piggyback
ltraconazole Capsule
Solution
Posaconazole Suspension

Oral therapy is preferred when tolerated.
iv.: Intravenol¥. Ganesh D.Mote

Strength

200,000 units

10 mg troche

1 mg/ml
100 mg
10 mg

10 mg

200 mg

100 mg
10 mg/ml

100 mg
10 mg/ml
100 mg/2.5 mli

Adverse events

Nausea, vomiting and diarrhea

Nausea, vomiting, local discomfort
and anorexia

Nephrotoxicity, hypokalemia,
hypomagnesemia, anemia,
thrombocytopenia, infusion-related
reactions, nausea, vomiting and fever

Local discomfort

Hepatotoxicity, nausea, vomiting, edema
and diarrhea

Hepatotoxicity, photosensitivity dermatitis,
nausea, vomiting and rash

Hepatotoxicity, edema, hypokalemia, nausea,
vomiting, rash and diarrhea

Nausea, vomiting, diarrhea, hepatotoxicity
and edema

@,
Source: HIV Ther @ 2010 Future Medicine Ltd




14. SOME ADVERSE REACTIONS OF AMPHOTERICIN B.

Fever

Chilis

Kidny
failure

- Hypotensior

4
0@

'A

v.
3

l
l
n
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-
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POLYENES

R
xAmphotericin-B
For injection USP

T

50 mg
Lyophilized
For LV. Use
Nystatin and Triamcinolone o - R
Aceton?dg'm UsP - =
B  AmphotericnBld
P =xreae Complex njection
N in and Triamch;;ft;;e
Acatonlde l‘.ream, UsP




IMIDAZOLES

15 ml

CLOTRIMAZOLE
TOPICAL
SOLUTION USP

Canazole
lotion

Broad Spectrum
Antimycotic
With Fungicidal
Action

LUPIN

WNMW“‘F““
mMicogel

Fragrance free

For a healthier scalp

100 m|

up ta s months treatment

Broad Spectrum antifungal croam

(ot poarvamw i

CLOTRIMAZOLE CREAM I.P.

Broad Spectrum Antifungal Cream




TRIAZOLE ALLYLAMINES

—_—

6 o
noc%%w ? §¥ chlorid STA DA W CAPSULES NOC 1044797003 |
il ?l" lnaf|nhydr0 pydrochlorid |
FLUCONAZOLE ij sis ﬁ Cre wirkstoff: Terbi inafinhy | !
TABLETS USP gs | i§ 0 mgkg s ltl'aconazﬂle }
100 mg gidn ;‘ gei Pilzinfe tionen 7 |
Rx Only 30 Tablets géi {‘g 5] BOJC,'ETE,/' 5
| |
NDC 0462-0347-20 Rx only i

ZAZOLE®

VAGINAL CREAM 0.8%
(terconazole vaginal cream 0.8%)

NET WT 20 grams ‘ ,
Quantity by weight not by volume w PharmaDerme S _A=20)

Mr.Ganesh D.Mote /




B-3-GLUCAN SYNTHASE
INHIBITORS

‘e

P

W0 0469-3250-10 S5,

Mycamine®
(micafungin sodium)
for injection

90 mg/vial
for Intravenous Infusion Orlf

. Single Use Vial
;‘Fﬂsiosage, reconstitution, a1 |
ilion, see package insert
Made in Japan < (8
Marketed by: Astellas Pharma®

L Deerield, | 60015-2548
s P

 Caspofungin
Acetate for Injection

Lyophilized

Carsan®®
& <




Griseofulvin Flucytosine

NDC 68682-355-10 R, Only

Flucytosine
Capsules

250 mg

Each capsule 100 Capsules
contains 250

mg flucytosine

* ® OCEANSIDE®

PHARMACEUTICALS

K Dr.K.Saminathan.M.Pharm, M.B.A, Ph.D
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SAR OF AZOLE ANTIFUNGAL AGENTS

1. The basic structural requirement for members of the azole class is a weakly basic

imidazole or 1,2,4-triazole ring (pKaof 6.5-6.8) bonded by a nitrogen—carbon
linkage to the rest of the structure.

At the molecular level, the amidine nitrogen atom (N-3 in the imidazoles, N-4 in
the triazoles) is believed to bind to the heme iron of enzyme-bound cytochrome
P450 to inhibit activation of molecular oxygen and prevent oxidation of steroidal
substrates by the enzyme.

The most potent antifungal azoles possess two or three aromatic rings, at least
one of which is halogen substituted (e.g., 2,4-dichlorophenyl, 4-chlorophenyl, 2,4-
difluorophenyl), and other nonpolar functional groups.

Only 2, and/or 2,4 substitution yields effective azole compounds.

The halogen atom that yields the most potent compounds is fluorine, although
functional groups such as sulfonic acids have been shown to do the same.

Substitution at other positions of the ring yields inactive compounds.

Presumably, the large nonpolar portion of these molecules mimics the nonpolar
steroidal part of the substrate for lanosterol 14-demethylase, lanosterol, in shape
and size.

The nonpolar functionality confers high lipophilicity to the antifungal azoles.

The free bases are typically insoluble in water but are soluble in most organic
solvents, such as ethanol.

10.Fluconazole, which possesses two polar triazole moieties, is an exception, in that

it is sufficiently water soluble to be injected intravenously as a solution of the free
base.

™~
Qe
O O

Clotrimazole

Fluconazole




Mechanism action of squaline epoxidase(allyl
amines and lanoseterol 14 a demethylase
inhibitor(Azoles derivatives)

Squalene Squalene Epoxide
HZC HaC
| N CHa, /d A CHa
CHa,
1§ HLC CHgs I HaC
CH =
| H3C 3 I H3C H3
= Squal
CHa qualene = o
H3C Epoxidase HLC
Squalene epoxide cyclase
H-C CH HsC,, CH3

CHy

= Lanosterol 14« HO B
HaC cHA demethylase H3C CHY Lanosterol
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Synthesis of Ketoconazole

ﬁ C|3H20H /_(

CH,OH

Cl C——CHJBr _'_ HT—OH — cl O\CLOCHgBr
HC—OH o
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| H2
cl C—C —N

0
1 H / N
ClQC_CHE‘Er /A — N
M cl

Cl |
- . H |
2 4-dichlorophenacylbromide 1-(3,4-dichlorophenyl)-2-(1H-
imidazole imidazol-1-yl)ethanone

NaBH,
Synthesis of Miconazole

: ey
Ho
—H L cl C— C—nN !
0
] 1{bromomethyl)-24-dichlorobenzere cl
Cl Q CH-CHz— Nﬁ < 1-(3,4-dichlorophenyl)-2-(1H-imidazol-1-yl)ethanol

Cl

Ll e

1-[2.4-dichloro-B-[(2.4-dichlorobenzyl)oxy]phenethyl -imidazole

.




N ﬁ C)\’(CI
+ —
C

O-naphthalen-2-yl carbonochloridothioate

CH
AN CH
adl

N-methyl 3-toludine

2-Naphthol thiophosgene

Synthesis of Tolnaftate

CHs

seafcs

O-naphthalen-2-yl methyl(m-tolyl)carbamothioate
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