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ANTI-FUNGAL DRUGS

INTRODUCTION

· Several categories:
1. Systemic (oral/parenteral) for systemic infections
2. Oral drugs for Tx of mucocutaneous infections
3. Topical drugs for Tx of mucocutaneous infections
A. TOPICAL ANTIFUNGALS
INTRODUCTION

· Topical Tx useful in superficial fungal infections i.e: confined to stratum corneum, squamous mucosa or cornea
· Such diseases include dermatophytosis (ring worm), candidiasis, tinea versicolor, piedra, tinea nigra and fungal keratosis
· Topical admin of antifungals is usually not successful for mycoses of nails (onychomycosis) & hair (tinea capitis) and has no place for Rx of s.c mycoses, s.a sporotrichosis & chromoblastomycosis
· Efficacy of topical agents in Rx of superficial mycoses depends not only on the type of lesion & MAO of the drug but also on viscosity, hydrophobicity and acidity of the formulation
· Regardless of formulation, penetration of topical drugs into hyperkeratotic lesions is often poor
· Removal of thick, infected keratin is sometimes a useful adjunct to therapy and is the principle mode of action of Whitfield’s ointment
· There are many topical agents available for Rx of superficial infections
· Older drugs: gentian violet, carbol-fuchsin, acrisorcin, triacetin, sulfur, iodine & aminacrine now rarely indicated
· Preferred formulation for application usually cream or solution
· Ointments are messy and too occlusive for macerated or fissured intertriginous lesions
· Powders applied by shake containers or aerosols is largely confined to feet & moist lesions of the groin and other intertriginous areas
· NB: intertrigo= chafing (soreness or irritation of skin caused by friction between 2 skin surfaces that are in contact. E.g armpit, under the breasts, between the thighs
· Rx of superficial fungal infection caused by dermatophytic fungi may be accomplished with:
(i)  Topical antifungal agents e.g: clotrimazole, miconazole, econazole, ketoconazole, oxiconazole, sulconazole, ciclopirox olamine, naftifine, terbinafine
(ii)  Orally admin e.g: griseoflvin, terbinafine, ketoconazole, fluconazole & itraconazole
· Superficial infection caused by Candida spp. may be Tx with topical application of cotrimazol, miconazole, econazole, ketoconazole, oxiconazole, ciclopirox olamine, nyastatin or amphotericin B
· Chronic generalized mucocutaneous candidiasis is responsive to longterm therapy with oral ketoconazole
SPECIFIC TOPICAL ANTI-FUNGALS

1. AZOLE DERIVATIVES (IMIDAZOLES & TRIAZOLES)
· Compounds are closely related, synthetic, used topically and sytematically
· Indications:
a) Ringworms
b) Tinea versicolor
c) Mucocutaneous candidiasis
· Resistance to imidazoles or triazoles very rare among fungi that cause ring worm
· Selection of agent based on cost and availability, since testing in vitro for fungsl susceptibility to drug does not predict clinical responses
Modes of application

1. Cutaneous
· Effective for tinea corporis, tinea pedis, tinea cruris, tinea vesicolor and cutaneous candidiasis
· Applied BD for 3-6 wks
· Some have in vitro activity against bacteria, NOT clinically useful
· Not suitable for oral, vaginal or ocular use
2. Vaginal Application
· Vaginal creams, suppositories and tablets for vaginal candidiasis are used OD for 1-7 days, preferentially at bedtime to facilitate retention
· 3 vaginal formulations: clorimazol tablets, miconazole suppositories and terconazole cream; all are available in high and low dose preparations
· Shorter duration of therapy recommended for higher dose preps
· Admin for 3-7 days
· Approx 3-10% of vaginal dose absorbed
· Some imidazoles teratogenic in rodents, no effects in humans attributed to imidazole or triazole use
· Most common side effect is vaginal burning or itching
· Male partner may experience mild penile irritation
· Cross allergenicity assumed to exist due to structural similarities
3. Oral
· Oral troche (medicated lozenge used to soothe throat) of clotrimazole, considered as topical therapy
· Only indication for 10mg troche is oropharyngeal candidiasis
· Antifungal activity due entirely to local conc of drug; no systemic effect
· Topical imidazoles have wide range of activity against:
· Dermatophytes (epidermophyton, microsporum & trichophyton)
· Yeasts incl candida albicans & pityrosporum
· Miconazole available for topical admin as cream or lotion & as vaginal cream or suppositories for use in vulvovaginal candidiasis
· Clotrimazole avail for topical application to skin as a cream and tablets for use in vulvovaginal candidiasis
· Econazole available as cream for topical administration
· Oxiconazole avail as cream or lotion
· Ketoconazole as cream for Tx of dermatophytosis and candidiasis and as shampoo for Tx of seborrheic dermatitis
· Sulconazole avail as cream or solution
· Topical antifungal/corticosteroid fixed combinations used to provide more rapid symptomatic improvement than an antifungal alone eg: cotrimazole-betamethasone dipropionate (candid-B) creams
· OD or BD application to affected areas generally results in clearing of superficial dermatophyte infxns in 2-3 weeks, although continue drugs until eradication of organism cofirmed
· Paronychial & intertriginous candidiasis can Tx effectively by any of these drugs when applied 3 or 4 times a day (TD or QID)
· NB: paronychia = infection in tissues adjacent to a nail on a finger or toe
· Seborrheic dermatitis should be Tx with BD application of ketoconazole, until clinical clearing obtained
· Adverse local rxns to imidazoles include stinging, pruritis, erythema & local irritation
· Allergic contact dermatitis uncommon
2. CICLOPIROX OLAMINE
· Synthetic broad spectrum antimycotic agent with inhibitory action against dermatophytes, candida spp & P.orbiculare
MOA

· Appears to inhibit uptake of precursors of macromolecule synthesis
· Site of action is probably fungal cell membrane
P’kinetics

· 1-2% of dose absorbed when applied as solution under occlusive dressing
· Available as 1% cream & lotion for topical Tx of dermatomycosis, candidiasis & tinea versicolor
Adverse effects

· Incidence low
· Pruritis and worsening of clinical disease reported
· Potential for delayed allergenic contact hypersensitivity appears small
Clinical use

· Topical 8% ciclopirox olamine approved for Tx of mild-moderate onychomycosis of fingernails & toe nails
· Well tolerated, minimal S/Es
· Overall cure rates in  clinical trials <12%
3. Allylamines; naftifine & terbinafine
· Naftifine hydrochloride and teerbinafine (lamisil) are allylamines that are highly active against dermatophytes but less against yeasts
· Antifungal activity due to selective inhib of squalene epoxidase, key enzyme in synth of ergosterol
Clinical ude of naftifine and terbinafine

· Avail as 1% creams and other form for TX of dermophytosis and are applied on BD dosing schedule
Adverse rxns

· Include local irritation, burning sensation and erythema
· Contact with mucous membrane should be avoided
4. BUTENAFINE
· Butenafine hydrochloride is a benzylamine, structurally related to allylamines
· Inhibits epoxidation of squalene and hence block synth of ergosterol, an essential component of fungal membranes
· Avail as 1% cream, applied OD for superficial Dermatophytosis
5. TOLNAFTATE
· Synthetic antifungal cpd that is effective topically against dermatophyte inections caused by epidermophyton, microsporum & trichophyton
· Active against P.orbiculare but not canadida
Clinical use

· Cream sol, powder or powder aerosol; application BD to inf areas
· Recurrences following TX are common, inf of palms, soles and nails are usually unresponsive to tolnaftate alone
· Powder/ aerosol used chronically following initial Tx in patients susceptible to tinea inf
Adverse effects

· Generally well tolerated, rarely causes irritation or allergenic contact sensation
6. NYSTATIN & AMPHOTERICIN B
· Both useful in topical Tx of Candidia albicans, both ineffective against dermatophytes
· Nysttin limited to topical Tx of cutaneous and mucosal candida infections beacause of narrow spectrum and negligible absorption form GIT following oral admin
Clinical use of Nystatin

· Tx of paronychial and intertriginous candidiasis, applied BD or TD
· Oral candiasis (thrush) TX by holding 5ml (infnts 2ml) nystatin suspension in mouth for several minutes QID before swallowing
· Recurrent or stubbornly resistant perianal, vaginal, vulvar and diaper area candidiasis may respond to oral nystatin; o.5-1 million units in adults (100,000 units in children) QID in addition to local therapy
· Vulvovaginal candidiasis Tx by insertion of 1 vaginal tablet BD for 14 days, then at night (nocte) for additional 14-21 days
Clinical uses of amphotericin B

· Available as cream & lotion for topical use
· Recommended dose in Tx of parenychial & intertriginous candidiasis is application 2-4 times a day to affected areas
Adverse effects of nystatin

· Oral admin associated with mild nausea, diarrhea & occasional vomiting
· Topical applic non-irritating and allergic contact hypersensitivity exceedingly uncommon
Adverse effects of amphotericin B

· Topical amphotericin B is well tolerated, occasionally irritating
· Hypersensitivity very rare
· May cause temporary yellow staining of skin, especially when cream vehicle is used
B. SYSTEMIC DRUGS FOR SYSTEMIC INFECTIONS
1.  AMPHOTERICIN B
Introduction
· Amphotericin A and B are anti-fungal antibiotics produced by streptomyces nodosus.
· Amphotericin A is not in clinical use.
Chemistry
· Amphotericin B  is an amphoteric polyene macrolide.
· Amphotericic = having xtics of both an acid and a base and capable of reacting as either
· Polyene = containing many double bonds
· Macrolide = containg a large lactone ring of >12 atoms
· Amphotericin B contains 7 conjugated double bonds in the trans position and 3 amino 3,6
dideoxymannos (mycosamine) connected to the main ring by a glycosidic bond
· A glycosidic bond is a functional group that joins a CHO (sugar) molecule to another group
· The amphoteric behaviour for which the drug is named derives from the presence of a carboxyl
(-COOH) group on the main ring and a primary amino group on mycosamine
· These groups confer aqueous solubility at extremes of PH
· The hydrophilic hydroxyl groups of the macrolide ring forms as opposing face to the lipophilic
polyene portion.
DRUG FORMULATIONS
1. Colloidal amphotericin B (CMB)

· Nearly insoluble in water and therefore prepared as a colloidal suspension of amphotericin B complexed with the bile salt sodium deoxycholate for IV infusion
· The amphotericin B deoxycholate complex forms a colloid in water, with particles largely below 0.4 mm in diameter.
· Filters contains in IV infusion lines that trap particles above 0.22 mm in diameter will remove significant amounts of C-AMB
· Additions of electrolytes in the infusion solutions causes the colloid to aggregate
2. Liposomal Amphotericin B
· Several new formulations have been developed in which amphotericin B is packaged  in lipid-associated delivery systems (I.e liposomal Amphotericin B)
· Therapy with amphotericin B is often limited by toxicity, especially drug-induced renal impairment
· This led to the development of lipid drug formulations on the assumption that lipid-packaged drugs binds to the mammalian membrane less readily, permitting the use of effective doses of the drugs with lower toxicity.
· Liposomal amphoteicin B preparations package the active drug in lipid delivery vehicles, in contrast to the colloidal suspensions, which were previously the only available forms.
· Amphotericin binds to the lipids in these vehicles with an affinity btw that of fungal ergosterol and that for human cholesterol.
· The lipid vehicle then serves as an amphotericin reservoid, reducing nonspecific binding to human cell membranes.
· This preferential binding allows for a reduction of toxicity without sacrificing efficacy and permits use of large doses.
· Furthermore, some fungi contains lipases that may liberate free amphotericn B directly at the site of infections.
· Three such formulations are available with a moderate improvement in the clinical efficacy of the lipid formulations compared with conventional amphoteicin B.
· The lipid preparations are much more expensive and therefore their use is restricted to patients intolerant to, or not responding to, conventional amphotericin B Rx.
P' KINETICS OF AMPHOTERICIN B
· Poorly absorbed from the GIT therefore only effective on fungi within the lumen of the GIT and cannot be used for RX of systemic dx.
· The IV injection of 0.6 mg/kg/d of amphotericin B results in average blood levels of  0.3-1mcg/mL
· The drug is more than 90% bound by serum proteins.
· Most of the drug is metabolized although some are excreted slowly in urine over a period of several days.
· The serum half life is long – 15 days
· Hepatic impairment, renal impairment and dialysis have little impact on drug concentrations, and therefore no dose adjustments is required .
· It's widely distributed in most tissues however, only 2-3% of the blood levels is reached in CSF, thus occasionally necessitating intrathecal (IT) rx for certain types of fungal meningitis.
MOA
· Amphotericin B is selective in its fungicidal effects because it exploits the differences in lipid composition of fungal and mammalian membranes.
· Ergosterol, a cell membrane  sterol, is found in the cell membrane of fungi, whereas the predominant sterol of bacteria and human cells is cholesterol.
· Amphotercin B binds to ergosterol and alters the permeability of the cell by forming amphotericin B-associated pores in the cell membrane
· IT combines avidly with lipids (ergosterol) along the double bond-rich side of its structure and associates with water molecules along the hydroxyl- rich side.
· This amphipathic xtic facilitates pore formation by multiple amphotericin molecules, with the lipophilic portions around the outside of the pore and the hydrophilic regions lining the inside
· the pore allows the leakage of intracellular ions and macromolecules leading the fungal cell death.
· Some bonding to human membrane sterols also occurs, accounting for the drug's prominent toxicity
Mechanisms of resistance
· resistance to amphotericin B occurs if ergosterol binding is impaired by either decreasing the membrane concentration of ergosterol
· Modifying the sterol target molecule to reduce its affinity for the drug.
Antifungal activity
· Amphotericin B is the antifungal agent with the broadest spectrum of action.
· It's active against various organisms:
1. the clinically significant yeast, including c. albicans and cryptococcus neoformans
2. the organisms causing endemic mycoses, including histoplasma capsulatum, 
blasotmyces dermatitidis, and coccidioides immitis ; and 
3. the pathogenic molds, such as aspergillus fumigatus and mucor.
· Some fungal organisms such as candida lusitaniae and pseudallescheria boydii have intrinsic amphotericin B resistance.
Clinical use of Amphotercin B.
· owing to its broad spectrum of activity and fungicidal actions, amphotericin B is useful drug for nearly all life-threatening mycotic infections, altho newer less toxic drugs are replacing if for many conditions
· IT's often used as the initial induction regimen for serious fungal infections and is then replaced by one of the newer azole for chronic therapy or prevention of relapse.
· Such induction therapy are usually important for :
1. immunosuppresed pts
2. pts with severe fungal pneumonia
3. cryptococcal meningitis with altered mental status, or 
4. sepsis syndrome due to fungal infections
· once a clinical response has been elicited, the pt often continue maintenance rx with an azole;
· therapy may be lifelong in pts at high risk for dx relapse.
· Amphotericin has also been used as empiric therapy for selected pt in whom the risk of leaving a systemic fungal untreated are high
· the most common such pts is the Cancer pt with neutropenia who remains febrile on broad spectrum antibiotics
· for RX of systemic fungal dx, amphotericin B is given by slow IV infusion at a dose  of 0.5- 1 mg/kg/d
· it's usually  continued to a defined total dose (e.g 1-2 g), rather than a defined time span, as used with other antimicrobial drugs.
· IT Rx for fungal meningitis is poorly tolerated and associated with difficulties related to maintaining CSF access.
· Thus, IT therapy with amphotericin B is being increasingly replaced by other therapies
· however, it remains an option in cases of fungal CNS infections that have not responded to other drugs.
· Local administration of amphotericin B has been used with success for Mycotic corneal ulcers and keratitis can be cured with topical drops as well as by direct subconjuctival injections.
· Fungal arthritis has been rx with adjunctive local injections directly into the joint.
· Candiduria responds to bladder irrigation with amphotericin B, and this route has been shown to produce no systemic toxicity.
Adverse effects of amphotericin B
· These can be divided into 2 broad categories:
1. Immediate reactions, related to the infusion of the drug
2. Adverse reactions occurring more slowly.
A.  infusion related toxicity
· are nearly universal and consists of fever, chills, muscle spasms, vomiting, headache and hypotension.
· They can be improved by slowing the infusion rate and decreasing the daily dose.
· Premedication with antipyretics, antihistamines, meperidine, or corticosteroids can be helpful.
· When starting Rx it's advisable to administer a test dose of 1 mg IV to gauge how severe the reactions may be.
· This can act as a guide to an initial dosing regimen and premedication strategy.
B.  Cumulative toxicity
· renal damage is the most significant toxic reaction
· it occurs in nearly all pts rx with clinically significant doses of amphotericin B
· the degree of uraemia is variable and often stabilizes during rx, but can be serious enough to necessitate dialysis.
· A reversible component associated with reduced renal perfusion and represents a form of prerenal renal failure
· an irreversible component results from renal tubular injury and subsuquent dysfunction
· the irreversible form of amphotericin nephrotoxicity usually occurs in prolonged administration (>4 g cumulative dose).
· Renal toxicity commonly manifests as renal tubular acidosis and severe k+ and mg2+ wasting
· there is some evidence that the prerenal component can be weakened by sodium loading, and it is common practice to administer N/S (normal saline) infusions with the daily doses of amphotericin B.
· Abnormalities of Liver function tests (LFTs) are occasionally seen and also a varying degree of aneamia due to decreased erythropoietin production by damaged renal tubular cells
· after IT rx with amphotericin, seizures and a chemical arachnoiditis may develop, often with serious neurological sequelae.
2. FLUCYTOSINE

Introduction
· Flucytosine (5-FC) was discovered in 1957 during a search for new antineoplastic agents
· it has no anticancer properties, but is a potent antifungal agent
· flucytosine is a H2O soluble pyrimidine analog related to the chemotherapeutic agent fluorouracil (5-CF)
· It's spectrum of action is much narrower that that of amphotericin B
P'KINETICS
· Flucytosine is currently available in an oral formulation
· the dose is 100-150 mg/kg/d in pts with normal renal function
· it's >90% absorbed with serum concentration peaking 1-2 hrs after an oral dose
· it's poorly protein bound and penetrates well into all body fluid compartments including CSF
· it's eliminated by glomerular filtration with a half life of 3-4 hrs and can be removed by haemodialysis
· levels rise rapidly with renal impairment and can lead to toxicity
· Toxicity is more likely to occur in AIDs pts and those with renal insufficiency
· peak serum concentrations should be measured periodically in pts with renal insufficiency and this should be maintained at 50-100 mcg/mL
MOA
· flucytosine is taken up by fungal cells via the enzyme cytosine permease
· it is converted intracellulary first to 5-FU and then to 5-fluorodeoxyuridine monophospate 
(FdUMP) and fluorouridine triphospate (FUTP), which inhibit DNA and RNA synthesis 

respectively
· human cells are unable to convert the parent drug to it's active metabolites
· synergy with amphotericin B has been demonstrated in vitro and in vivo it may be related to 
enhanced penetration of the flucytosine thro' amphotericin damaged fungal cell membranes.
· In vitro synergy with azole drugs has also been seen but the mechanism is not clear
Mechanisms of resistance
· resistance is thought to be mediated thro' altered metabolism of flucytosine; tho' uncommon in 
primary isolates, it develops rapidly in the course of flucytosine monotherapy.
CLINICAL USE
· The spectrum of activity is restricted to :
i) cryptococcus neoformans
ii) some candida spp
iii) the molds that cause chromoblostomycosis
· flucytosine is not used as a single drug because of its demonstrated synergy with other drugs 
and to avoid development of secondary resistance.
· The clinical use at present is confined to combination therapy either with amphotericin B for 
cryptococcal meningitis or with itraconazole for chromoblostomycosis.
ADVERSE EFFECTS
· these results from metabolism (possibly by intestinal flora) to the toxic antineoplastic cpds fluorouracil
· Bone marrow toxicity with anaemia, leukopenia and thrombocytopenia are the most common adverse effects, with derangement of liver enzymes occurring less frequently
· a form of toxic enterocolitis can occur
· there seems to be a narrow therapeutic window, with an increased risk of toxicity at higher levels and resistance developing rapidly at subtherapeutic concentrations.
· The use of drug concentration measurements may be helpful in reducing the incidence of toxic reactions, especially when flucytosine is combined with nephrotoxic agents such as amphotericin B.
1. AZOLES
Introduction
· Azoles are synthetic cpds that can be classified as either imidazoles or triazoles according to the number of nitrogen atoms in the 5-membered azole ring.
· The imidazoles consists of :
· ketoconazoles
· miconazoles
· clotrimazoles
· miconazole and clotrimazoles are used only in topical therapy
· the triazoles include
· itraconazole
· fluconazole
· voriconazole
Pharmcology
· the pharmacology of each of the azoles is unique and accounts for some of the variations in their clinial use.
· *Ref table 48-2 katz for summary fo the differences among the 4 azoles
MOA
· the antifungal activity of azole drugs results from the reduction of ergosterol synthesis by inhibition of fungal CYT P450 enzymes
· the specificity of the  azole drugs results from their greater affinity for fungal than for human cyt p450 enzymes
· imidazoles have a lesser degree of specificity than the triazoles, accounting for their higher incidence of drug interactions.
Resistance to azoles
· occurs via multiple mechanisms
· increasing number of resistant strains  are being reported, suggesting that increasing use of azoles for prophylaxis and rx may be selecting for clinical drug resistance in certain settings.
Clinical use
· the spectrum of action is broad and includes:
· many candida spp
· cryptococcal neoformans
· the endemic mycoses (blasotmycosis, coccidioidomycosis, histoplasmosis)
· the dermatophytes.
· in the case of itraconazole and voriconazole, even aspergillus infections
· they are also useful in rx of intrinsically  amphotericin-resistant organisms such as psuedodallescheria boydii.
***TO READ***
Adverse effects & drug interactions. 
Read about 
echinocandins – caspofungins and anidulafungin
systemic antifungal drugs for mucocutaneous infections- griseofulvin, terbinafine.
Key:


OD = once daily


BD = twice daily


TD = thrice daily


QID = four times daily









