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s i Fungal Infections
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| Mycoses :Infectious diseases caused by fungi, they are often chronic in

nature. el @& Site @ Bunged N e Al el %
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Clinical Classification of Mycoses

Classification Site Infected Example
Superfidial Outermost skin and hair Malasseziasis (tinea versicolor)
Cuuaneous Deep cpidermis and nails Dcnnn%br_mm
Subautaneoas Dermis and subcutan cous tissue Sporotni
Systemic Discase of more than one internal organ b
Opportunistic / Candidiasis
( “/\{,.,\ ) o{)oc-‘\o'\&shc L\,A\S.u.p Crypeococrosis
ic fmmwoampev"df—’ AL \e M"cm]mm
Nonopportunist| Histoplasmosis
(\, Lo GA)LD*" LIS -’S,"" Blastomycosis
ver { A 5 n . avls Cocddioidomnycosis
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Fungal Infections

Tinea Versicolor Sporotrichosis Histoplasmosis
/\————- — e———————————

Lo o b\,:»b’\e e A > 4> 5 go
Fungal infections treatment are more difficult than bacterial
infections treatment, why 2?2277
1-Eungi has a cell- wall which is quit rigid = chitin + cell

membrane contain ergosterol T baeciee <€ fenlmed

ergosterol targeted by anti fungal drugs.
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2-Fungal infections occur in poorly vascularized tissues or
avascular structures such as superficial layer of the skin ,
hair, nails. g sefieinst ateas® >0 0505 cender 1§ 550
3- Fungi are slow growing(cant target cell division)
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Antifungal drugs.
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Drugs acting on fungi

c ety
| | ars
Alter cell Block beta-glucan  Block nucleic Disrupt
membrane permeability synthesis acigTymhesis microtubule functions \
l nr_&ﬂxd
[ Azoles | | Polyenes | | Tc]ﬁnafino] | Echinocandins | Flucytosine Griseofulvin | For olivr ‘e
L, 1 e e—— b e e e—— . shngheieh®ASERSS P! Cn

Source: AJ. Trevor, B.G. Katrung, M. Kruldering-Hall: Katzung & Trevor's Fha scology: Cxamination 8 Board Review, 11ith Bd.
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Antifungal drugs. deeestin on

. Systemic antifungal drugs for systemic Infections: reir ok of
. A_nTphotericin B. - N ok i nsh rocbiers
e Flucytocine /

« echinocandins

" Azslesitriazocs) ocal { srBicist
Oral systemic antifungal drugs for cutaneous infections: Terbinafine,
— = = \

Griseofulvin.
. Topical antifungal therapy: Fac  bee iced vseonly (ool £t 350

. - o fo(_/(.( '-(

e Nystatln. Syshe = (e gtes > )

< toEiEaI azo[es( |m|diazoles): (‘fo:—v L Fox t‘cily
Clotrimazole, Miconazole. Ketoconazole.

% topical aIlyIamines:TeL_tggﬂle.
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Targets of antifungal drugs.
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» Amphotericin B:

~ s sSken e

by
Streptomyces nodosus

«Target: efgosterol (cell mevbra.c )
«Fungicidal —» @43\ 5O

«Treating progressive and potentially life-
threatening funaal infections _ |

«A naturally occurring polyene antifungal produced
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Drugs for Subcutaneous and Systemic Mycotic Infections

_MCcl/cun ISm O[e aclion:

Amphotericin B Interacts
ydrophobically with

ergosterol in the fungal cell

membrane, forming a pore.
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Amphotericin B whe
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/, Ky Y neomfc T
O Poorly absorbed from GIT. S T oeedly Ve

Orally only for Gl fungal infections(FI). o <c
GL T Ue oxcoly ¥&2

-« Amphotericin B is usually given by len t a dosage of
0.5—-1 mg/kg/d, but in fungal meningitis intrathecal administrjmj

— X e - A "
scaji'”ﬁ RV T O ey I S L
v @Highly ptn. Bound, poor penetration to body fluids and tissues. :g SN :fw
o . - - . . < l
/D Slowyé'lmatlon in urine and bile=>long t1/2 (2ws). °¥e 1€ .
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Amphotericin B ol By it Brnrds o

Q Given parentrally: ‘
o - . . o B . if&" t‘ 5:“!’0’35"\ )
. |V infusion- systemic Fl: against Candida albicans and Cryptococcus
neoformans; the organisms causing endemic mycoses, including

)iljrap[asmua;%?_l“ﬂn, Blastomyces dermatitidis,
/ﬁiwac;- tuwe <.: Y
e |T —fungal meningitis. T TV cubao b

Jeltl

- dntra articglaEB- ungal joint infections. e ity
«-a>p.~c ¢ | Lul poocly a’%¥
« Eye drops —tungal corneal uicer. s beipubest

« Irrigation of bladder — fungal cystitis.
—_— - -
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Adverse effects

Q Infusion rejdafed(immediate reactions):

) 5 \rcnojpfdblt'b N — a—ch—U\ 3
shake and bake syndrome o mff;; be dolyusbed S L

fever chills, muscle spasm , shock-like fall in BPpypobension B
C\/ Slow infusion, start with small dose(a test dose of 1 mg IV) el - e f"ﬁ‘;/‘ ‘
LB

v Premedlcathn with: antihistamine, antipyretics. * covkccoste,m‘o, e
C‘,}’:’ rﬁ%\i"\“’ c“)‘ st hy o eur/ e 5({/1140? Q‘uu‘%u 7 =
Q Dose-related(CumuIatuve Toxicity): nephrotoxicity, & due to reduced
er d renal tubular cells.
dcxbro, 2

* a bolus infusion of normal qalm&L&éf@d after amphotericin
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L R Ot e ey po Kaleniyay

SO R oas
a Neurotoxluty Intrathecal administration of amphoteri¢

ré_>
in B'may cause
" N
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* Three lipid formulations ofamphotencm B :am

photericin B colloidal dispersion, ,
amphotW"m—MlmLM‘J 1" R

« Theyh developed in an attempt to reduce the toxicity profile ofthls drug Vpoy |
f Mandt increase efficac by s Sclubililpt 221 >0 4 L.p-a’%-s PASRP

: ' 4

z %CC)‘U-'-"(&%’ gzt N voeui
€| « Prior to reconstitution Amphotericin B Intravenous sh

ould be stored in the
refrigerator, protected against exposure to light. The

reconstituted solution may be
stored in the dark, at room temperature for 24 hours,

— —— — + N refrigerator temperatures
for 1 week with minimal loss of po en -
C hﬂvﬂf_(f/(,\pdo

._,Sd(,(n'_ﬁ_,)'\rﬂmis b,a:-y[_‘_“,)u,_; d""jsl‘ﬁbllcotb‘f JL

« Anyunused material should then be discarded. Solutio

infusion should be used promptly after Preparation and should be protected from
||ght during admmlstratlonm‘u Foil alls
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&' Echinocandins —

« Echinocandins are the newest class of antifungal agents to be developed.

. Ca’s‘m[u_ngiu,_m.ix:af.@;gi_nare the only licensed agents in this category of

+kC7 A 'ﬁch+ ](3- ‘jlu Coun +l"'¢‘/‘ s V\Lﬂd(’-'d( ﬁ"’

antifungals.
-_ Caspofungin is used for disseminated and mucocutaneous Candida infections 5‘-1:\:{41:5:‘
in patients who fail to respond to amphotericin B. :
' patients | \;;“bhp’_ oy i—c()“'J)\u\S\)\ of cell wpM
< S g T ConiSy |

N o comophivac
« they are well tolerated. Infusion-related effects of caspofungin ContbtreineAicod dorf
include headache, Gl distress, fever, rash, and flushing (histamine awpPhiairac iy

ERS

I’_E/I‘e'a_é_e_) (ess Commoen ~hcin A PRG feercin Yensed i
fmﬂoa'r'me,ul
(LY

. i i i i closporine may elevate liver
Comblne.d use of echinocandins with cyclosp ',m\‘/q €vale livel
transaminases. et sqppresendt

( oy cwichic cffest V  Clucgesio Yg=> o0/~
T 4771 9] T 7 7 ,]-\
: =05 cAamfPhot r acin ¢

> Flucytosine (5-FC) =g 5 o

A . =
leic A sEr N % a-'\l'l eboocs| l-c t’u inclcas< thr (
e s _ ’ > potic of ¥V
* Syntheti imidine is often used with amph ici he of systemic

mycoses and meningitis caused by tococcus neoform did s.

« Orally, distributed to most body tissues (including the CNS)-—)"‘"P’NI'Y,{":»SS C <

« Eliminated intact in the urine (dose reduced in renal impairment)

« When given with amighotericinfB or trigioles (resistance decreased & synergistic
antifungal effects).

e DA » s S a7
« Toxicity: €eversibl ’boqefmarrow\d?_p_[_eﬁi_?@‘, alopecia & liver dysfunction (prolonged
high levels). (M 2N V5] e o S
Cmo J&v v 5,7 . - g
ankicars) &, ADR 2\ rhyost mend
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Azole Antifungals |

oo [ imidesoo

—L Fluconazole } d/\—[‘%ﬂ
Eudebed b +C)p\‘co‘1

A5

B — Econazc:lejj
——L -Posaconazole J
——{ Clotrimazole }

—I Itraconazole q 7( Kétoconazole]
—— D L—

—{A Voriconazole ] R ) aLg Miconazole ]
—_— c; s{_e»\ L..—.::?___-
2 Foase o — il
o Omo ™ o ‘)‘)"" 37”0C0"&SLQ|'q (s 23)
@t eﬁgcc‘l‘ a“) 5 tr)f"jl'n L‘OV"LoH A Cﬂ;}r\.—
The azoles used for systemic mycoses include ketoconazole, fluconazole, '
itraconazole, voriconazole, an . . L
A , and posaconazole P T (i !y
X S o
*Miconazole, and clotrimazole are used only in topical therapy. I mpolcinc,

Mechanism of action of azoles

"lﬂ ‘\fh.“ hlc @vtrs\co"‘ U@
Z

. ol . k‘ &€ Lanosterol pa /
Target: inhibit ergostero S. = sl
They inhibit "Cytochrome P450" which is Paso
responsible for demethylation of by e 4l

Ergosterol
R

lanosterol to Land then << Pey DCI‘,'.“J o
. oy e Q
the membrane permeability will increase. ~Yeto:
rndiaﬁ]gu g 952 edGe 4 \) s in
X iy > . e, s¢ !
Azoled St Bredominantly fungistatic %"‘_& 2
D . L

-
— (s

SIS
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they olffec intrei . .
wode e bty = Characteristics of Azoles

-‘_”" Fleiv alpsof‘PLl'Ob\ 'lV\ tb\c fal-S ~ j— Secunw SowdC- x (Qu,(p c;€
Oral bioavailability is variable (normal gastric acidity is required). elirmrnod- i
y ( g ty q d) C('Cka-l, L\cfnbn‘c ax

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

formulations.

*The drugs are distributed to most body tissues, but with the exception of fluconazole,

drug levels achieved in the CNS are very low. g 527 &' —oshte E

sLiver metabolism is resansiBIe for the eliminatidn of azole antifungals except fluconazole
(which is eliminated by the kidneys, largely in unc anged form).

Pharmacologic properties of systemic azole drugs. sPead (o ¢ \5,‘ %o "'u,_) |
CSF: Serum
Water Solubllity Absorption Concentration Ratlo ty (hours) Elimination ‘f:mluld_ﬂm
Ketoconazole Low Variable <01 7-10 Hepatic (onl N
Itraconazole Low Variable <0.01 24-42 Hepatic Oral, IV
Flucogazcle High High 2-3 E
Voriconarole High High 6 Onal, IV { = f‘:'z
Possconazple Low High 2 Hepatic Oral, IV Adco hzey
Isavuconazole High High 120 Hepatic Onl, IV CAomw Sev <) >
J«;/ N etmn JHL Seneid )5 =,
“hs 2
N c coccund  z 3 Eoer L
C\(:‘CM & f"t Pb o MC‘-MI'Z.Aq I 'Ll- O(YS “ C[[ St
Clinical uses
« Ketoconazole— Useed ovally fopically
« It has a narrow antifungal spectrum and causes more adverse effects than other
azoles, ketoconazole is now rarely used for systemic mycoses.
J .
drug~Scwy cndoccain Lt ¢t WY @Y S a/(erm.c.,LcsPL; éoc‘%
. 2ystew 4
RCYY 57 T2 sziucfsc Ceoction Sle) i 4
However, ketoconazole continues to be used for chronic mucocutaneous idiasis
and is also effective against dermatophytes It is also used topically in the treatment of
seborrheic dermatitis and dandruff ) o
”___?——
£
<]
=
o
=
o
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Ketoconazole

(=]

% S
3 —
proto® — Increasing
e M| Acidity
o = |
Raall 111111} i lpH [~
— — 7 - Neutral
Scale |-
\’{J le = Increasing
. PH for its i
ewilable absorptio =
AR CYCom S\«s»-v()c v

]
=

systemic ketoconazole has fallen out of clinical use, why??
inhibits mammalian cytochrome P450.

Anti-androgenic effect

Fatal hepatotoxicity(rare)

P

cancev + A1 . CCodi
o AR (Mruncs )Y trredingy o
L l e+ Clinical Uses ey
g = —Qﬁ’(slﬁc

,;o/‘;’o "1‘."17
¢ Fluconazole— Cawdly climinabest, has opecl WS oerebrabion

is a drug of choice in esophageal and idiasis and for most infections

caused by Coccidioides. A single ial dose usually eradicates vaginal candidiasis
Fluconazole is the drug of choice for treatment and secondary prophylaxis agains';
cryptococcal meningitis and is an alternative drug of choice (with am,@t_ericig))i;
treatment of active disease due to Cryptococcus neoformans.

~——
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Fluconazole

Its oral bioavailability is high , it has a high degree of water solubility and good .
s formulations.

nd intravenou
cw penetration. It is available in oral a orm 2ol
u»lr/&c the otuwner m&a‘t« ca»Lgowj 3 Sew MCC—

Because of fewer hepatic enzyme interactions and better gastromtestmal tolerance, te) ol
he azoles, permitting more aggressive (? -

fluconazole has the widest therap?(}@ndex of t
dosing in a variety of fungal infections.

. W‘é& ,:5*CJ_\/’ .l.f—‘«‘.'b\c tae bo conazal
PAVEE o\ 't clsent] uceot nepadic
metbedoo Ly,

freCpyt —  pepabic (b

CquM m!.c('a.c.(-(ca
\

ﬂ\‘.’.w 'C\)\fe, NS l.nh';b:{{u]rl 1'..;,1‘1(‘;'«4 x;“‘u é

Azoles are considered teratogenic, and they

should be avoided in pregnancy
u regnancy unless the potential

benefit outweighs =5
the risk to the fetus. Sl L

37);{‘.;%&/?’&"1/ ,_fb‘\J_c\’&é:f’y’J % <-’712’Lr| rxbfd"
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* [Itraconazole Llacoraw) g5 Similurly <9 |
has a broad antifungal spectrum compared to fluconazole. Itraconazole is the drug of

e
—

choice for the treatment of blastomycosis, sporotrichosis.
B T

J’__’“‘; o= p:___, f{q Conazald Ycsistouee w3 éu.
In esophageal candidiasis, the drug is active against some strains _resistant to
fluconazole. Itraconazole is also used extensively in the treatment of
dermatophytoses, especially onychomycosis. iufcc éion ofna,'(g + hair sjculs

* is available in oral and intravenous formulations. _

i Ca.fo("cl<— )\&?E’Q — Zsb—\—-\.\: 'qlg:uu&@:
o e e S = bractilite heend €olicy
* The drug distributes wellifi most tissues, including bone and adipose tissues.

Has a negative inotropic effect and should be avoided in patients with evidence of
vgptncular dysfunction, such as heart failure. ol iy (el g '

Pog,'“‘,c \‘V\o‘tl’bpfc d_(_) g(igo‘u'-)\ Y e— Hhe C/gécé :.’f a,fbo)’r"‘

voriconazole /‘\

* Itis a drug of choice for treatment of invasive aspergillosis.

—

PR

It is an alternative drug in candidemia with activity against some fluconazole-resistant

organisms.
-—”_——/

In AIDS patients has been used in the treatment of candidial esophagitis and
stomatitis. =
-

riconazole causes immediate but transient(lsual disturbances including blurring of

sion of unknown cause
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i Adverse Effects of systemic azoles /
l‘\-doct;kat[/v \ —_ (}‘&}‘\.J‘ S 8
(:3" SYne Comefteq | v walc
* include vomiting, . oot toXIcity, etpecs

diarrhea, rash, and sometimes hepatotoxmnty?especua?y in patients
with preexisting liver dysfunction.

Ketoconazole is a notorious inhibito tic cytochrome P450 isozymesand may

increase the plasma levels of many other drugs, including cyclosporine, oral
hypoglycemics, phenytoin, and warfarin. o
e e —

—_—

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.

—

—_—

Cutaneous mycotic infections (dermatomycoses)
< WAL CA

v"  Mold-like fungi that cause most cutaneous infections are called dermatophytes or
tinea.

Tinea infections

Tinea pedis

(infection of the Rt Tinea corporis Tinea unguium
inre :
feet) -3 a’bb‘\fh (_SE!&) (body) (nails)

oo —_—

Common dermatomycoses, such as tinea infections that appear as

rings or round red patches with clear centers, are often referred to
Ay .

as(ingworm.‘ — > S 7y

Cicgle. & ~
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Systemic drygs for mucocutaneous fungal infections
+ Fevpinarin .

Griseofulvin is not active topically and is fungistatic. Y=~ Sy sk"“‘c"'u?'
Oral absorption depends on the drug physical state (ultra-micro-size formulations
have finer particles, more effectively absorbed, aide high-fat foods).

Chfed @ =% a0, wlbamicco HU o 1 Bk, Y Wi

Ecs (wlu.chM'ou
Indicated for dermatophytoses of the skin and hair, but has been largely replaced by
terbinafine and the azoles, requires a long duration of treatment (for example, 6 to
12 months for onychomycosis). Duration of therapy is dependent o

n the rate of
replacement of health skin and nails. ) e . .
opvzov-yros\‘s)\ 2D 4. 2 - € W TP O F tmproyement NN v N 00 (@ I oY

Griseofulvin decreases the bioavailability of warfarin,
'\—_~“¥

resulting in decreased
anticoagulant effect.

- '\_‘
Va Tty A

d-of iterac biown

-~ Terbinafine

el s o S
Unod( boxic 22t Gqualene ) o2+ exopsivah 0% 5P
* MOA: inhibit epoxidation of squalene accumulation is toxic
to fungi.o,ﬁ;_,s\ B :u ch.fal;'\ C_,',\, .u:s 25\, o Mechanism of action:
* Clinical application: subcutaneous fungal infection ,__ J¥ Sauatens
accumulate in keratin. /_"V“;‘,‘;V mﬂfwuw
. . . b ter
* One tablet given daily for 12 weeks achieves a cure rate of .
= S et = . 14 g demeshylase  —— AZdles
up t0_90% for onychomycosis and is more effective than . l
. . . N T —— mmd..... seea
griseofulvin or itraconazole. :HHW.MHU

* Terbinafine is fungicida[ and is available in both oral and

. - - —
topical forms. pim Ot a7 5N ) s

Ea&:«:wﬂ
Like griseofulvin, terbinafine accumulates in keratin, but it is
much more effective than griseofulvin in onychomycosis
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TOPICAL ANTIFUNGAL THERAPY

-

Nystatin:

2. Topical azoles(imidazole) : clotrimazole,
Miconazole, Ketoconazole.

3. Topical allylamines:Terbinafine.

e f o C—“

‘g_,-‘" M/
owCo M‘/Co C'.

—

\f
Nystatin »ab\'”g % <o oy

e for the treatment of cutaneous and gral Candida infections.

» is negligibly absorbed from the gastrqintestinal tract, and it is not used parenterally
—_—

due to systemic toxicity. aihy ot s wle (s

« Itis administered as an oral agent (“swish and swallow”or “swish and spit”) for the

treatment of oropharyngeal candidiasis (thrush), intravaginally for vulvovaginal
candidiasis, or topically for cutaneous candidiasis. B
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