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I. Review of antifungal agents

ά!ƴ ŀƴǘƛŦǳƴƎŀƭ ŀƎŜƴǘ ƛǎ ŀ ŘǊǳƎ ǘƘŀǘ ǎŜƭŜŎǘƛǾŜƭȅ ŜƭƛƳƛƴŀǘŜǎ 
fungal pathogens from a host with minimal toxicity to the 
ƘƻǎǘΦέ Dixon and  Walsh 

Antifungal drugs work by exploiting the differences between 
mammalian and fungal cells.  Both fungi and animals are 
eukaryotes so  it is difficult to design drugs that target fungi 
without affecting human cells. 

http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4042
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THE ñTREE OF LIFEò HELPS REMIND US WHY

IT IS SO HARD TO FIND GOOD DRUGS TO KILL

FUNGI THAT DONôT KILL US AT THE SAME 

TIME

Itôs useful to look at the big picture.
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Formulations of antifungal drugs

Antifungal drugs target the aspects of fungal 
metabolism that are absent in mammals. They are 
delivered to patients in two general ways:

Topical ςfor external application only:  creams, 
ointments, powders, aerosols, and vaginal 
suppositories.

Systemic:  intravenous  (IV) and oral formulations



Many antifungal drugs are
too toxic to be delivered
by IV.



Antifungal drugs fall into six main 
categories

*1. Polyene Antifungal Drugs - interact with sterols in the cell membrane (ergosterol 
in fungi, cholesterol in humans) to form channels through which small molecules 
leak. Examples:  Amphotericin, nystatin, and pimaricin 

*2. Azole Antifungal Drugs- inhibit cytochrome P450-dependent enzymes 
(particularly C14-demethylase) involved in the biosynthesis of ergosterol. 
Examples: Fluconazole, itraconazole, and ketoconazole 

*3. Allylamine and Morpholine Antifungal Drugs ςAllylamines inhibit ergosterol 
biosynthesis at the level of squalene epoxidase. Examples: Allylamines (naftifine, 
terbinafine) The morpholine drug, amorolfine, inhibits the same pathway at a later 
step.

4. Antimetabolite Antifungal Drug - 5-Fluorocytosine acts as an inhibitor of both DNA 
and RNA synthesis via the intracytoplasmic conversion of 5-fluorocytosine to 5-
fluorouracil.

5. Echinocandins ςinhibit cell wall biosynthesis.
6. Other ςGriseovolvin andmany topical compounds (tolnaftate, undecylate) inhibit 

fungal growth but are too toxic or otherwise inappropriate for systemic infections.
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4042



Ergosterol

The first three categories of antifungal drugs 
target the ergosterol pathway.

Ergosterol is the major sterol in the fungal 
plasma membrane, where it is important for 
membrane fluidity and integrity. It has a 
άǎǇŀǊƪƛƴƎέ ŦǳƴŎǘƛƻƴ ƛƴ ǿƘƛŎƘ ǎƳŀƭƭ ŀƳƻǳƴǘǎ 
are necessary for the cell to complete the cell 
cycle, grow, and divide.



Cholesterol 

www.cyberlipid.org/images/dump402.jpg 

In mammals, cell membranes contain cholesterol.

Fungal membranes 
contain ergosterol.



1. Polyene antibiotics

The polyene compounds are named because of the 
alternating conjugated double bonds that constitute 
a part of their macrolide ring structure. These drugs 
interact with sterols in cell membranes (ergosterol in 
fungal cells; cholesterol in human cells) to form 
channels through the membrane, causing the cells to 
become leaky . The polyene antifungal agents 
include nystatin, amphotericin B, and pimaricin. 

Note:  The polyene antibiotics are all products of        
Streptomycesspecies.

Å http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4050



basic-clinical-pharmacology.net/chapter%2048_...



Elizabeth Lee Hazen 
1885 - 1975 

Rachel Fuller Brown
1898-1980
http://www.notablebiographies.com/Br-Ca/Brown-Rachel-Fuller.html 

Nystatin, patented in 1957, was the first important anti-fungal drug.  It was 

developed by  Elizabeth Lee Hazen and Rachel Fuller Brown who both

worked for the New York State Board of Health (hence NYSTATIN).  

The money earned from the drug was used to fund a non-profit 

Research Corporation.



Nystatin

www.doctorfungus.org/.../Nystatin_liposomal.htm

Similar to other polyene antifungal agents, nystatin 
binds to ergosterol in the fungal membrane. This 
binding disrupts osmotic integrity of the fungal 
membrane, resulting in leakage of intracellular 
potassium, magnesium, sugars, and metabolites and 
then cellular death. 

www.baby-medical-questions-and-answers.com/ba...

Baby Thrush 

Nystatin may be safely given orally as
well as applied topically due to its minimal absorption
through mucocutaneous membranes such as the 
gut and the skin. Cutaneous, vaginal, mucosal and
esophageal Candidainfections usually respond well
to treatment with nystatin. Cryptococcusis also
sensitive to nystatin.



Amphotericin B

ÅAmphotericin Bis a macrocyclic type compound 
similar in structure to nystatin and marketed by 
Bristol-Myers Squibb.It is less toxic than  nystatin for 
intravenous administration.Its mechanism of action 
has not been fully elucidated but it involves binding 
to the cell wall, leakage of potassium from the cell, 
and possibly initiation of a lipid peroxidation cascade 
which irreversibly damages the cell wall of fungi.It 
has a substantially greater affinity for ergosterol than 
cholesterol explaining its greater effects against 
fungal cells than human cells. 
http://www.aspergillus.org.uk/indexhome.htm?/aspergillosis.htm~main



Amphotericin B 

Amphotericin B binds to sterols, preferentially 
to the primary fungal cell membrane sterol, 
ergosterol. This binding disrupts osmotic 
integrity of the fungal membrane, resulting in 
leakage of intracellular potassium, magnesium, 
sugars, and metabolites and then cellular 
death. 

www.healthbiotech.in/amphotricin-b.html www.doctorfungus.org/.../Ampho_Deoxycholate.htm



Schematic representation of the interaction between amphotericin B and cholesterol in a phospholipid 

bilayer.

(A) The conducting pore is formed by the end-to-end union of two wells or half pores.  (B) Molecular 

orientation in an amphotericin B-cholesterol pore. The dashed lines represent hydrogen bonds formed 

between amphotericin B and cholesterol molecules. 

Mahmoud A. Ghannoum and

Louis B. Rice. 1999.  Clinical Microbiology

Reviews 12:  501-517.

http://cmr.asm.org/content/vol12/issue4/images/large/cm0490028005.jpeg


Amphotericin B: broad spectrum

Å Amphotericin B is the main antifungal agent for treatment of life-
threatening mycoses and for most other mycoses, with the possible 
ŜȄŎŜǇǘƛƻƴ ƻŦ ǘƘŜ ŘŜǊƳŀǘƻǇƘȅǘŜ ƛƴŦŜŎǘƛƻƴǎΦ  Lǘ ǊŜǇǊŜǎŜƴǘǎ άŀ ƎƻƭŘ ǎǘŀƴŘŀǊŘΦέ 
Its broad spectrum of activity includes most of the medically important 
molds and yeasts, including dimorphic pathogens such as Coccidioides 
immitis, Histoplasma capsulatum, Blastomyces dermatitidis,and 
Paracoccidioides brasiliensis.It is the drug of choice in treating most 
opportunistic mycoses caused by fungi such as Candidaspecies, 
Cryptococcus neoformans, Aspergillusspecies, and the Zygomycetes. 

Å Acquired resistance to this agent is rare, but is noteworthy that some fungi 
ǇƻǎǎŜǎǎ άƛƴǘǊƛƴǎƛŎέ ǊŜǎƛǎǘŀƴŎŜΦ Pseudallescheria boydii, Fusariumspp., 
Trichosporonspp., certain isolates of Candida lusitaniaeand Candida 
guilliermondii are resistant.

Å http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4050



!ƳǇƘƻǘŜǊƛŎƛƴ . Ґ άŀƳǇƘƻǘŜǊǊƛōƭŜέ

Amphotericin B must be administered intravenously and is associated with 
numerous side effects, including phlebitis at the infusion site,  chills,  and 
renal failure.

Approximately two thirds of patients suffer acute infusion-related toxicity 
which may include chills, fever, anaphylactoid like reactions, renal toxicity 
and sometimes acute confusional states. AmBisome and other lipid based 
amphotericin B preparations may be used instead of the deoxycholate 
form and cause less toxicity, particularly less renal toxicity. 

A major advance in the use of this agent has resulted from an improved 
understanding of the mechanism of its renal toxicity, which is presumed to 
involve tubuloglomerular feedback in the kidneys. The suppression of 
glomerular filtration can be reduced by administering sodium chloride.

Å http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4050



2. Azole Antifungal Drugs 

ÅThe azole antifungal agents have five-membered 
organic rings that contain either two or three 
nitrogen molecules (the imidazoles and the triazoles 
respectively). The clinically useful imidazoles are 
clotrimazole, miconazole, and ketoconazole. Two 
ƛƳǇƻǊǘŀƴǘ άǎŜŎƻƴŘ ƎŜƴŜǊŀǘƛƻƴέ ǘǊƛŀȊƻƭŜǎ ŀǊŜ 
itraconazoleand fluconazole. In general, the azole 
antifungal agents are thought to inhibit cytochrome 
P450-dependent enzymes involved in the 
biosynthesis of cell membrane sterols.

Å http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4042



basic-clinical-pharmacology.net/chapter%2048_...



Azoles

Triazoles:

Fluconazole

Voriconazole

Itraconazole

Posaconazole

Imidazoles:

Ketoconazole

Miconazole

Clotrimazole

Inhibit ergosterol biosynthesis



Ergosterol Pathway

Squalene

Mevalonic Acid

Squalene epoxide

Lanosterol

Ergosterol

HMG CoA

Erg11 Azoles

Erg11 is the gene controlling the 
enzyme In the pathway.



Lanosterol Ergosterol

Erg11p

cytochrome P450

Azoles (FLC)

x

Consequences:

Modified sterols replace Ergosterol in the PM

Loss of membrane fluidity 

Disturbance of integral membrane enzymes

Uncoordinated chitin synthesis

Azole Mode of Action



Ketoconazole

ÅKetoconazolecan be administered both orally and 
topically and has a range of activity, including 
infections due to. H capsulatumand B dermatitidis, 
for which it is often used in non-
immunocompromised patients. It is also active 
against mucosal candidiasis and a variety of 
cutaneous mycoses, including dermatophyte 
infections, pityriasis versicolor, and cutaneous 
candidiasis. It is not indicated for treatment of 
aspergillosis or of systemic infections caused by 
yeasts. 

Å http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4042



Ketoconazole: side effects

ÅThe affinity of ketoconazole for fungal cell membranes is less 
compared to that of fluconazole and itraconazole. Thus, 
ketoconazole has more potential to effect mammalian cell 
membranes and induce toxicity. 

Loss of appetite, feeling sick and vomiting are the most 
common side effects and occur in about 1 in 10 patients. The 
side effects are particularly a problem with high doses - above 
400mg per day. Ketoconazole has caused severe liver 
reactions in some patients. 

Å http://www.aspergillus.org.uk/indexhome.htm?/aspergillosis.htm~main



Ketoconazole

Ketoconazole is known to be effective for the 
treatment of seborrheic dermatitis and dandruff. In 
addition, 2% ketoconazole shampoo was found to 
improve hair density and the size and proportion of 
anagen follicles in androgenetic alopecia and, in 
combination with finasteride, to have an additive 
effect for this kind of baldness. However, whether 
topical ketoconazole is effective enough to improve 
the clinical appearance of androgenic
alopecia is not yet clear. This shows an open trial of 
topical 2% ketoconazole lotion (Nizoral®) in 
combination with shampoos.

www.keepingmyhair.com/.../

Possible baldness 
treatment?



Fluconazole and itraconazole

These triazoles  have become the standard for the azoles, and 
have replaced amphotericin B for managing certain forms of 
the systemic mycoses. 

Fluconazole is now routinely used to treat candidemia in non-
neutropenic hosts, and is gaining acceptance for use in 
cryptococcosis and selected forms of coccidioidomycosis. 
Fluconazole can be administered either orally or 
intravenously.

Itraconazole has proven to be effective for histoplasmosis, 
blastomycosis, sporotrichosis, coccidioidomycosis, 
consolidation treatment for cryptococcosis, and certain 
forms of aspergillosis. 

http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4042



Itraconazole

ÅItraconazoleis one of the most broad spectrum 
antifungals available and includes activity in 
Aspergillus, Blastomyces Candida(all species 
including many fluconazole resistant isolates) 
Coccidioides, Cryptoccocus, Histoplasma, 
Paracoccidioides, Scedosporium apiospermumand 
Sporothrix schenkii.It is also active against all skin 
fungi. It is not active against Mucorales or Fusarium
and a few other rare fungi. Resistance to itraconazole 
is described in Candida, although less often than 
with fluconazole and also in Aspergillus. 

Å http://www.aspergillus.org.uk/indexhome.htm?/aspergillosis.htm~main



Posaconacole

Posaconacolehas a chemical structure similar to that of itraconazole.It has 
the same mechanism of action as all azoles and prevents the formation of 
ergosterol necessary for the cell walls of fungi. The drug was approved for 
use in humans by the FDA (USA) in September 2006. 

Posaconazole has an extremely wide spectrum of action.The fungi whose 
growth are inhibited by posaconazole and include Aspergillus, Candida, 
Coccidioides, Histoplasma, Paracoccidioides, Blastomyces, Cryptococcus, 
Sporothrix, various species of Mucorales(causing Zygomyetes) and 
numerous other black moulds such as Bipolarisand Exserohilum. The 
majority of Aspergillusisolates are killed by posaconazole at clinically 
relevant concentrations. Acquired resistance to posaconazole  occurs in 
Aspergillus fumigatusand Candida albicansbut is otherwise rare.

Å http://www.aspergillus.org.uk/indexhome.htm?/aspergillosis.htm~main



Side effects of azoles include 
interaction with other drug classes

Side effects are not as common with the azoles as with 
amphotericin B, but life-threatening liver toxicity can 
arise with long-term use. 

Liver toxicity noted with ketoconazole has been less 
problematic with the triazoles. Other side effects 
include nausea and vomiting. Drug interactions are a 
potential problembetween azoles and many other 
drug classes and include cyclosporin, certain 
antihistamines, anticoagulants, and anti-seizure, oral 
hypoglycemic and other medications that are 
metabolized via similar pathways in the liver. 

http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4042



3. Allylamine and Morpholine 
Antifungal Drugs



basic-clinical-pharmacology.net/chapter%2048_...



Ergosterol biosynthetic pathway. Steps at which

various antifungal agents exert their inhibitory

activities are shown. TERB, terbinafine; FLU, 

fluconazole; ITRA, itraconazole; VOR, voriconazole 

http://cmr.asm.org/cgi/content/full/12/4/501/F2

http://cmr.asm.org/content/vol12/issue4/images/large/cm0490028002.jpeg


Most allymines are used only 
topically.

However, oral formulations of 
Terbinafine are available. 



Amorolfine

www.doctorfungus.org/Thedrugs/Amorolfine.htm

Amorolfine blocks delta 14 reduction and delta 
7-8 isomerisation, resulting in depletion of 
ergosterol  in fungal cytoplasmic membranes. 
Fungal cell walls become thicker and chitin 
deposits are formed inside and outside the cell 
wall 

chemistdirect.co.uk

Curanail 5% Nail Lacquer 
Amorolfine Treatment is a once 
weekly treatment for mild fungal 
nail infections



Terbinafine

Terbinafineis an allylamine  manufactured by Novartis.  The 
drug was licensed in 1992. It is now the leading compound for 
fungal nail infections. Terbinafine is only available orally and 
topically. Terbinafine is active against all the skin fungi, 
including Epidermophyton floccosum, Microsporumspecies 
and Trichophytonspecies and Malassezia furfur.It is active 
against most Candidaspecies, although it may not be 
fungicidal in some species such as Candida albicans. This is 
little activity demonstrated against Aspergillus. It has limited 
activity against other organisms. Terbinafine has the 
advantage over the azoles in not affecting the metabolism of 
such drugs as cyclosporin and oral diabetic drugs. 
http://www.aspergillus.org.uk/indexhome.htm?/aspergillosis.htm~main



Terbinafine kills the fungus found in nail beds by changing the constitution of their 

cell membranes. The medication works by preventing the fungal organism from 

producing ergosterol, which is an essential part of fungal cell 

membranes. Terbinafine is mainly effective on dermatopytes.
Side effects can range from  minor irritants such as 

headaches, diarrhea, upset stomach and skin rashes, to the severe.

.
http://www.nailfunguscure.co.uk/prescription-nail-fungus/lamisil-for-toenail-fungus.htm

Terbinafine



Terbinafine: side effects possible

www.bmb.leeds.ac.uk/.../antifungals.html

Subacute cutaneous lupus erythematosus 
exacerbated by terbinafine

buyfluconazole.org/viagradhea/Jul09/lamisil-o...

Lamisil or naftin:"With their cell membranes. The fungal cells can 
leak out. Terbinafine tablets are used to treat fungal nail 
infections, which can be difficult to treat topically with creams."

emedicine.medscape.com

http://www.generictablets.org/cheapterbinafine.htm


4.  5-Fluorocytosine

5-fluorocytosineis a fluorinated analog of cytosine. It inhibits both DNA 
and RNA synthesis via intracytoplasmic conversion to 5-fluorouracil. The 
latter is converted to two active nucleotides: 5-fluorouridine 
triphosphate, which inhibits RNA processing, and 5-fluorodeoxyuridine 
monophosphate, which inhibits thymidylate synthetase and hence the 
formation of the deoxythymidine triphosphate needed for DNA 
synthesis.

As with other antimetabolites, the emergence of drug resistance is a 
problem. Therefore, 5-fluorocytosine is seldom used alone. In 
combination with amphotericin B it remains the treatment of choice for 
cryptococcal meningitis.

http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=mmed&part=A4054



basic-clinical-pharmacology.net/chapter%2048_...



5.  Echinocandins

ÅThe fungal cell wall is an attractive target. 
Echinocandinsinhibit B1,3-glucan synthase.    
Fungi have cell walls but mammals do not.  
Moreover, the enzyme is active outside the 
cell, so the drug does not need to enter.  



5-fluorocytosine (5-FC)is also called  Flucytosine. This small molecule is transported into 
susceptible fungal cells by a specific enzyme cytosine permease and converted in the cytoplasm by 
cytosine deaminase to 5-fluorouracil (5-FU)- a pyrimidine anti-metabolite used as chemotherapy for
many types of colorectal cancer. 5-FU is phosphorylated and incorporated into RNA where it causes 
miscoding and halts protein synthesis. Additionally, phosphorylated 5-FU is converted to its deoxynucleoside, which 
inhibits DNA synthesis by blocking the functions of a key enzyme in DNA replication- thymidylate synthetase. 

http://www.doctorfungus.org/thedrugs/antif_pharm.htm

http://www.doctorfungus.org/thedrugs/images/5_FC-target.jpg

