* Infectious diseases cased by fungi called Mycoses

* Many common mycotic infection are superficial and only

involve the skin, but fungi may also penetrate the skin causing

subcutaneous, cutaneous, and systemic infections

Subcutaneous Cutaneous
Chromoblastomycosis

Fungi

* Eukaryotic organisms

Have rigid cell wall contain chitin (derivative of glucose) and
polysaccharides

¥

* Cell membrane composed of ergosterols

Structure of the chitin molecule
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Antifungal Drugs

* The antifungal drugs presently available fall into the following categories:
~ Systemic drugs (oral or parenteral) for systemic infectipms

Amphotericin B — of

* Naturally occurring polyene macrobde

_antibiotic [polyene = contaiming mary
double bonds; macrolide = cortaming & large

lactone ring of 12 or more atoms)

= For many years, amphotericin B was the only
efficacious antifungal drug availabile for
systemic use. While highly effective in many
serious infections, it is alvo quite Toxic,

* Inthe last several decades, the relatheely
nontoxic arole drugs (both oral and .
parenteral formulations) and
the echinocandins (only availlable for
parenteral administration) have been
introduced.
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.Common fungal infections -

T

= in the mouth or throat is called *Ihrush™ or oropharyngeal

candiduanit.
in the s commaonly referred to as a
- OCCuT there Is overgrowth of the norma

speties enter the

vaging
- %gé
4 and spread throughout the A

@- Athlete’s foot

(D - crmgworm

@ = Yeast diaper rash
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*» Fungi is opportunistic arganism which make systemic
infection in immunosuppressed individuals [cancer, transplant

patients, those debilitated by AIDS, tuberculosis )

+ Oppartunistic lungi: cryptococcal meningitis or aspergillosis
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Amphotericin B
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Amphotericin js rly abs
In i= poorly absorbed from the gastrointesti
usually administereg _.;.u:m:an.m_... {slow __._”n:u__..m.._ucm mﬁﬂmﬂﬁﬂ e

Oral amphotericin B is thus effective only on f

tract and cannot be used for treatment of systemic disease,

* The drug is widely distributed in most tissues, but only 2-3% of the blood

level is reached in cerebrospi i
! pinal fluid, thus occasionally n itati
intrathecal therapy for certain types of fungal men; s

.m:..:_:mm . . i
iy o_..w Sw_h_____. im :m_uImHn metabolism; the half-life is approximately 2

* A small fraction of the drug is excreted in the urine; ification i
mall ! ne; dosage modification
necessary only in extreme renal dysfunction. — -

Amphotericin B

* Mechanism of action:

+ The antifungal action of amphaotericin B is due to ﬁ,.m
effects on the permeability and transport properties
of fungal membranes.

+ Polyenes are molecules with both hydrophilic m_._,u
lipophilic characteristics (ie, they are amphipathic).
They bind to ergosterol, a sterol specific to fungal cell
membranes, and cause the formation of artificial

pores.
The pores disrupt membrane function, allowing
electrolytes (particularly potassium) and small
molecules to leak from the eell, resulting in cell
death.

Some binding to human membrane sterols does
occur, probably accounting for the drug’s prominent

toxicity.
ijcan: S M p N\ Vmucas e &y
membrane sievels

Amphotericin B

* Clinical uses:

* Amphotericin B is one of the most important drugs available for the
treatment of systemic mycoses and is often used for initial induction
regimens to rRpidly reduce fungal burden and then replaced by one of the
newer azole drugs for chronic therzpy or prevention of relapse.

* It has the widest antifungal spectrum of any agent and remains the drug of
choice, or codrug of choice, for most systemic infections caused by
Aspergiilus, Blastomyces, Candida albicans, Cryprococcus, Histoplasma, and [ i g

* Amphotericin B is usually given by slow intravenous infusion at a dosage of
0.5-1 mg/kg/d, but in fungal meningitis intrathecal administration, though
dangerous, has been used.

larga hsloplasmesis

* Local administration of the drug, with minimal toxicity, has been used in
- - 2 ooy abECasses involving
treatment of mycotic corneal ulcers and keratitis. the lung

e

Systomic mycosis:

v eYaosierol-

Amphotericin B
Al i ﬂ.« aflinity for the

* Resistance:

; drug
* Resistance to amphotericin B occurs if ergosterol
binding is impaired, either by:

* decreasing the membrane concentration of
ergosterol

ar

* by modifying the sterol target molecule to reduce its
affinity for the drug.
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Amphotericin B

* Adverse Effects: y

1.Lrnfusi30n-related reactions are negrly universal and gnnsist of fever,
:9$ chills,"muscle spasms, vomiting, headache, and hypotension.
-

\$ They can be ameliorated by slowing the infusion rate or decreasing the
2 & ( dailydose.

t% \ Premedication with antipyretics, antihistamines, meperidine
5)\ §>\' (pethidine), or corticosteroids can be helpful.
When starting therapy, many clinicians administer a test dose of 1 mg

intravenously to scale the severity of the reaction, This can serve as a
guide to an initial dosing regimen and premedication strategy.

Hypotension: A shock-like fall in blood pressure accompanied by
hypokalemia may occur, requiring potassium supplementation. Care
must be exercised in patients taking digoxin and other drugs that can
cause potassium fluctuations.

Amphotericin B

2. Nephrotoxicity

* Renal damage is the most significant toxic reaction. Renal function
usually returns with discontinuation of the drug, but residual damage is
likely at high doses.

» Amphoterici ases the glomerular filtration rate and causes
renal tubular acidosisiwith magnesium and potassium wasting.

{ Anemia|may result from decreases in the renal formation of
erythropoietin.

* Itis common practice to administer normal saline infusions with the
\ daily doses of amphotericin B to reduce renal damage.

» -5¢ Dose reduction (with lowered toxicity) is possible in some infections
when amphotericin B is used with flucytosine.

3. Neurotoxicity
» Intrathecal administration of amphotericin B may cause[Sefzures)and

{neurologic damage]]
|
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Flucytosine

Clinical uses:

Adverse effects:

* 5-FCis a synthetic pyrimidine often used with
amphotericin B for the treatment of systemic mycoses

and meningitis caused by Cf}:oromcfusneaformansand

Candlida albicans.
* Mechanism of action:
* 5-FCenters fungal cells by cytosine permease.

* Once inside, it is converted to 5-

fluorouracil (5-Fu) by

t

h

€ enzyme cytosine deamina

se,

* The adverse effects of f
flora) to the toxic antin

lueytosine result from
eoplastic compound fi

metabolism (possibly by intestinal
uorouracil,

* Selective toxicity occurs

because mammalian cells lack

* Bone marrow toxicity with anemia,

most common adverse effects,

x5 fU + amphotericin

B

leukopenia, and thrombocytopenia are the

—

cyryprococcal
Meningiti g

cytosine deaminase.

* Fungilacking cytosine deaminase are resistant to 5-FC.

* Note: Amphotericin B increases ce|| permeability,
allowing more 5-FC to penetrate the cell. Thus, 5-FC and
amphotericin B are synergistic.
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Azole Antifungal Agents zole oat

* The azoles used for systemic mycoses include ketoconazole, an imidazole, and
the triazoles fluconazole, itraconazole, voriconazale, and posaconazole.

* Miconazole, and clotrimazole (an imidazoles) are used only in topical therapy.
* Oral bicavailability is variable (normal gastric acidity is required).

* Fluconazole, itraconazole and voriconazole are available in both oral and
intravenous formulations.

* The drugs are distributed to most body tissues, however,

rug levels achieved in
the CNS are very low (except fluconazole). funja

Sasadl s gd) o)y

ln -
* Liver metabolism is responsible for the elimma o||1 upa"zj.l'é%nufungals except
- fluconazole (which is eliminated by the kidneys, largely in unchanged form).

TABLE 48-2 Pharmacalogic properties of five systemic azcle drugs,

Flucytosine (5-FC)

1. 5-FUis converted into S-flucrouridine munuphosphatetFUMP},

which is phosphorylated further to FuTP, —3 'm’h'; IJL"' m

* Thisis incorporated into RNA, resulting in disruption of
protein synthesis,

R

* fdump
thereb

is a potent inhibitor ¢

y de

priving the fungj o

f thymidylate Synthase,

DNA comp

onent,

fth',rmidylic acid, an essential

* Resistance:
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involves decreased acti
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Azole Anti : :
sele cﬁun} %];/upngﬁnlmi%%ﬂzsﬁmhm mp 4o Selee wiyAZole Antifungal Agents
* Clinical uses

fungal g

P L{ 5. * Mechanism of action

* The azoles interfere with fungal cell membrane f
permeability by inhibiting the synthesis of ergosterol. |

* These drugs act at the step of 14a-demethylation of | “’iﬂ
lanosterol to ergosterol, which is catalyzed by a fungal | -

cytochrome P450 isozyme, \"’""’/
* Resistance: B =

| BET Rl

* With increasing use of azole antifungals, especially for | miwion sterosterotsmthorn I

P u | dIrupts membrane function wd

phylaxis in Immunocompromised and | iy —

- Ketoconazole — Grc'-ll + ".'D PIICG|

* Ketoconazole was the first oral azole introduced intg clinical
use. It is distinguished from triazoles by its greater propensity
to inhibit mammalian cytochrome P45Q enzymes; that is, it is
less selective for fungal P450 than are the newer azoles, A 3
result, systemic ketoconazole use only is only restricted to
cases where effective antifungals not available or not
tolerated and potential benefits of oral ketoconazole outweigh
potential risks.

* However, ketoconazole continues to be used for chronig
mucocutaneous candidiasis and |

s also effective against
dermatophytes (cause athlete’s faot and ringworms),
* Itisalso used topicall

Yy in the treatment of seborrheic
dermatitis and dandruff.
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o Sl 5
o |- e

. . A i EE

long-term pro | increisespermanbity
neutropenic patients, resistance js occurring. '

—_—

* Identified mechanisms of resistance include:
il Mutation; in the C-14 a-demethylase gene,
which cause decreased azgle binding.
2. Additionally, some strains of fungi have

developed the ability to pump the azole out of
the cell,

Azole Antifungal Agents
* Clinical uses
bFluconazole — oY al + |V

* Fluconazole is a drug of choice in esophageal and
oropharyngeal candidiasis and for most infections
caused by Coccidioides.

Azole Antifungal Agents

LS

* Pharmacokinetics:

* When ketoconazole or itraconazole are administered orally, they ]

requires gastric acid for dissolution and is absorbed through the
intestinal mucosa.

* Drugs that raise gastric pH, such as antacids, or that interfere with

gastric acid secretion, such as H2-histamine- receptor blockers and
proton-pump inhibiters, impair absorption.

* Administering acidifying agents, such as cola drinks, before taking the
drug can improve absorption in patients with achlorhydria.

for g
* Asingle oral dose usually eradicates vaginal candidiasis,

* Fluconazole is the drug of chaice {with amphotericin B)

in treatment of active disease due to Cryptococcus
necformans.

* The drug is also equivalent to amphotericin B in
candidemia.

coccus

neo+oFMal.

e
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# flfconazole = amphoterisy jﬁ%ﬂ candid
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Azole Antifungal Agents

* Adverse Effects:

Adverse effects of the azoles include vomiting, diarrhea, rash, and

sometimes hepatotoxicity, especially in patients with preexisting liver
dysfunction.

Ketoconazole is a notorious inhibitor of hepatic cytochrome P450
isozymes and may increase the plasma levels of many other drugs,
including cyclosporine, oral hypoglycemics, phenytoin, and warfarin.

Inhibition of cytochrome P450 isoforms by ketoconazole interferes
with the synthesis of adrenal and gonadal steroids and may lead to
gynecomastia, menstrual irregularities, and infertility.

The other azoles are more selective inhibitors of fungal cytochrome
P450. Although they are less likely than ketoconazole to cause
endocrine dysfunction, their inhibitory effects on liver drug-
metabolizing enzymes have resulted in drug interactions.
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‘Echinocandins

* Echinocandins (Caspofungin, micafungin, and anidulafungin) are the newest class of
antifungal agents to be developed.

» Echinocandins are available only in intravenous formulations.
o Echinocandins interfere with the synthesis of the fungal cell wall by inhibiting the

synthesis of B(1,3)-glucan, leading to lysis and cell death.
EL‘JE_EEI?C neafarman.fﬂ !6-0 A

« These agents are active against Candida and Aspergilius,

mucormycosis. |
strointestinal sideﬁ -

o reported infrequently.

« Echinocandin agents are extremely well tolerated, with minmjga
effects an i A

<u Lo
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Griseofulvin

* Griseofulvin is‘oniy use is in the systemic treatment of dermatophytosisj

. !t is administered in a mi stalline form at a dosage of 1 g/d
improved when it is given with fatty foods.
« Griseofulvin’s mechanism of action at the cellular level is unclear, but itis

eposited in newly forming skin where it binds to keratin] protecting the skin
from new infection. i

- Because its action is to prevent infection of these new skin structures,
griseofulvin must be administered for 2—6 weeks for skin and hair infections to
allow the replacement of infected keratin by the resistant structures. Nail
infections may require therapy for months to allow regrowth of the new

protected nail and is often followed by relapse.

o Griseofulvinjhas been Iargelﬂreplaced bv[newer antifungal medications such as

( itraconazole and terbinafinﬁ

L

Terbinafine nok hove *

dy'ug - drug dnkeractiog

« Terbinafine is available in an oral formulation and is used
at a dosage of 250 mg/d. Itidused in the treatment of )

{'&Ermatophytoses!especiallvionychomycosis. )
« Like griseofulvin, terbinaﬁneliig keratophilic medication. |

. Like the azole drugs, it interferes with ergosterol
biosynthesis, but rather than interacting with the P450

system, terbinafinelinhibits the fungal enzyme squalene_)
This leads o the accumulation of the sterol

squalene, which is toxic to the organism. ﬂnvchumycﬁw

« One tablet given daily for 12 weeks achieves a cure rate (| .
i i Thickening  Kpuki—

of up to 90% for c-ny::homvcosus and[is more effective | i a
("than griseofulvin or itraconazole. Strongodor g

Ladyerse eﬁecﬁlar& rare, consisting primarily of
@ntestinal upggﬂandEeadache. |
« Terbinafine does not seem to affect the P450 system and

has demonstrated no significant drug interactions to
date.
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! m‘vﬁ vaginal candidiasis)andjintertriginous candidal infections.

Nystatin > ¥o¢ical

"

_ J . s « Terb

* Nystatin is m%ozm:m macrolide much like amphotericin Bt is 100 toxic S
for parenteraladministration and is only used topically. @

+ Nystatin is currently available in creams, ointments, suppositories, and R
other forms for application to skin and mucous membranes. N

b 1)

« Itis not absorbed to a significant degree from skin, mucous membranes, bi

or the gastrointestinal tract. As a result, nystatin has little toxicity,
although oral use is often limited by the unpleasant taste.

« Nystatin is active against most ﬁm:q__.%. sp and “}jcmﬁ commonly cmmﬁ
@ct?mmw.ﬁ: of local candidal infections,) - 5

@Bm common indications}i camﬂoaﬁrmzsmmm___%Em@@ oo

~ In medicine, an intertriginous area is where two skin
areas may touch or rub together.

CamScanner = oo &> guaall


https://v3.camscanner.com/user/download

Topical azoles

ol

- The two azoles most commonly used topically _._.,s_.ﬁﬁﬁxm—
are clotrimazole and miconazole. -

« Both are available over-the-counter and are often used
for vulvovaginal candidiasis.

ot

{+ Oral clotrimazole troches are available for treatment of
oral thrush and are a pleasant-tasting alternative

ﬁ to :ﬁﬁm:.:.l.\.ll\\l.!
 In cream form, both agents are useful for dermatophytic

infections. Absorption is negligible, and adverse effects

are rare. .

e —m e
> Topical and shampoo forms of ketoconazole are also
eatment of seborrheic

available and useful in the tr

am:‘:mzzm.
e
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