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Anti-fungal drugs
Fungal infection:-
Fungal infection occurs due to:

1. Abuse of broad-spectrum antibiotics.

2. Decrease in the patient immunity.

Types of fungal infection:-
1. Superficial: affect skin, mucous membrane. e.g:

· Tinea versicolor

· Dermatopyhtes: fungi that affect keratin layer of skin, hair and nail. e.g: tinea pedis, ring worm infection.

· Candidiasis: yeast-like which cause oral thrush, vulvo-vaginitis, nail infection.

2. Deep infection: affect internal organs. e.g:

· Candidiasis

· Cryptococcal meningitis, endocarditis

· Pulmonary aspergillosis (leading cause of death)

· Old people, diabetics, pregnant woman, immunocopromized , burn wound victims are more prone to fungal infection

Structure of fungal cell:-
· They have nucleus & well defined nuclear membrane & chromosome

· They have rigid cell wall composed of chitin (N-acetyl glucosamine) where as bacterial cell wall is composed of peptidoglycan

· Fungal cell membrane contains ergosterol, human cell membrane contain cholesterol
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Classification of antifungal drugs:-

1. Systemic antifungal drugs for systemic deep infections:

· Polyene macrolide: Amphotericin B

· Flucytocine

· Azoles:
· Imidazole  ( ketoconazole

· Triazole  (  fluconazole, itraconazole

· Newer azoles  ( voriconazole

· Caspofungin

2. Systemic antifungal drugs for mucocutaneous infections:

· Grisofulvin

· Terbinafine

3. Topical:

· Nystatin

· Topical azoles: clotrimazole & miconazole

· Topical AllylAmines. e.g: naftifine, terbinafine

· White field ointment: 12% Benzoic acid
& 6% Salicylic acid

· Castellani paint
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 Amphotericin B   
· Amphotericin A&B are antifungal antibiotic     
· Amphotericin A is not used clinically

· It is a plyene macrolide

· (polyene = many double bonds)

· (macrolide = containing a large lactone ring)

 Pharmacokinetics:

· poorly absorbed orally ( given orally coz
 it is effective for fungal infection of GIT)

· for systemic infection given as slow IV infusion

· intrathecal route

· highly bound to plasma protein

· poorly crossing BBB

· metabolized in liver

· excreted slowly in urine over a period of several days & bile (coz of 2 route for excretion no need for dose adjustment)

· T½ life =15 days

    Mechanism of action:

· it is a selective fungicidal drug

· disrupt fungal cell membrane by binding to ergosterol, so alters the permeability of cell membrane leading to leakage of intracellular ions & small molecules ( cell death

    Resistance to Amphotericin B:

· If ergosterol binding is impaired either by:

1. Decreasing the membrane concentration of ergosterol

2. Or by modifying the sterol target molecule

    Adverse effects:

1. Immediate reactions (infusion-related toxicity):

· Fever, muscle spasm, vomiting, headache, hypotension

· Can be avoided by:

· Slowing the infusion

· Decreasing the daily dose

· Premedication with antipyretic, antihistaminic or steroids

· Small dose is usually given to avoid anaphylaxis or convulsions

2. Slower toxicity:

· Most serious is renal toxicity (nearly in all patients)

· Hypokalaemia
· Hypomagnesaemia
· Impaired liver function

· Thrombocytopenia

· Anemia (normochromic, normocytic)

   Clinical uses:

· Has a broad spectrum of activity & fungicidal action

· The drug of choice for a life-threatening mycotic infection

· For induction regimen for serious fungal infection

· Also for chronic therapy & prevention therapy of relapse

· In cancer patients with neutropenia who remain febrile on broad-spectrum antibiotics

    Local uses:

· Topical drops & direct subconjuctival injection for mycotic corneal ulcer & keratitis

· Local injection into the joint for fungal arthritis

· Bladder irrigation for candiduria

· Liposomal preparations of Amphotericin B:
· Amphotericin B is packaged in a lipid-associated delivery system to reduce binding to human cell membrane, so reducing:

1. Nephrotoxicity

2. Infusion toxicity

· it is more effective but more expensive.

Nystatine:
· it is polyene macrolide ,similar in structure and mechanism to Amphotericine B

· too toxic for systemic use 

· topically used only

· found as cream, ointment, suppositories and others

· not significantly absorbed from skin, mucus membrane,GIT ((little toxicity)

· Clinical uses:

· Prevent or treat superficial candidaises of mouth esophagus and  intestinal tract

· vaginal  candidaises

· used in combination with anti bacterial and steroids agents

· Azoles:

· group of synthetic fungi-static agents with a broad spectrum activity 

· they have anti bacterial ,anti protozoal,  anti-thelminthic and anti fungal activity 

· Mechanism of action:

· inhibition of the fungal CYT p450 enzyme which is responsible for converting lanosterol to ergosterol (the main sterol in the fungal cell membrane)
· inhibition of mitochondrial CYP oxidase leading to accumulation of peroxides that cause auto digestion of the fungus
· imidazole may alter RNA and DNA  metabolism
· Classification: 

       according to nitrogen atoms in the azole ring to imidazole and triazole 

· Imidazole:
· Ketoconazole , Miconazole , clotrimazole
· They lack selectivity coz they inhibit human gonadal and steroid synthesis leading to decrease testosterone  and cortisol production 
· Also they inhibit human P450 hepatic enzymes
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Ketoconazole:

· Given only orally 
· Absorption is decreased with anta acid
,H2 blocker ,proton pump inhibitors
 and food.
· Cola drinks improve its absorption
 in patient with achy hydria???
· T½  life increases with dose  it is = 7 – 8 hr
· Metabolized in liver, excreted in 
bile (mainly) urine (low) 
· Poorly penetrates BBB
Uses:   

· used for topical and systimec fungal
 infections to treat:
1. oral and vaginal candida
2. Dermatophytes

3. systemic mycoses –mucocautaneous candida

4. Topical and shampoo form are useful in treatment of seborrheic dermataitis 

Adverse effects : 

1. NVD and anorexia 
2. hepato toxic

3. Inhibits humen P450 

4. Inhibit the adrenal and gonadal steroids leading to ( menstruation irregularity ,loss of libido, impotence, gynecomastia)

5. It is efficacy is poor in immune-compromised patient and meningitis

· Contraindications and drug interactions:

1. Pregnancy ,lactation And hepatic dysfunction 
2. Interacts with enzyme inhibitors and enzyme inducers 
3. H2 blocker and antacid decrease its absorption 
4. Ketoconazole and amphotericine shouldnot be given together  (important)  l2nh yl'3i 3ml el amphotericine  m3 el ergosterole .
· Triazoles
· Itraconazole ,  Fluconazole  , voriconazole

· They are selective , crossing BBB, resistance to degradation , causing less endocrine disturbances

Itraconazol:

· Lacks endocrine side effects
· Has broad spectrum activity 
· Given orally and IV
· Food increases its absorption 
· Metabolized in liver by CYT 3A4
· Highly  lipid soluble, well distributed to bone ,sputum, adipose  tissue
· Penetrates BBB poorly
· T1/2= 30- 40 hr
· Used in the treatment of dermatophytes and blastomycosis
· Iv in serious infections
Adverse effects:
1- NV and hypo-kalemia
2- Hypertension

3- Headache 

4- Skin rashes

5- Hepatotoxic

Fluconazole:

· Water soluble

· Completely absorbed from GIT

· Excellent bioavailability after oral administration

· Bioavailability not affected by food or gastric HCL

· Concentration in plasma is the same by oral or Iv rout

· Has the least effect on hepatic microsomal enzymes

· Excreted via kidney 

· T1/2= 25- 30 hr

· Penetrate the BBB well, it is the drug of choice in cryptococcal meningitis 

· It is effective in muco-cautanous candiasis

Adverse effects:

· NV 

· Rashes

· Like all azoles are contraindicated in pregnancy 

· Drug interactions: less common as it has the least side effects among all azoles on P450

Voriconazole:

· New azole drug

· given orally or Iv

· high oral bioavailability 

· inhibit P450 (enzyme inhibitor)

· broad spectrum antifungal drug

· effective in treatment of (aspirgillosis  
infections(1st drug of choice).
· reversible visual disturbance are common
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Flucytosin
· Synthetic pyrimidine antimetabolite.

· Often given in combination 
with amphotericine B & itraonazole.

· For the treatment of systemic

 mycoses & meningitis.

· It's a systemic fungistatic drug.

   Mechanism of action:   ( DNA & RNA).
· Taken up by fungal cells 
via the enzyme cytosine permease.

· Converted intracellularly to 5-FU.

· Then to 5-flurodeoxy uridine monophosphate
 inhibits DNA synthesis via inhibition of
  thymidlyate   synthase.

· & flurouridine triphosphate inhibits RNA synthesis.
Pharmacokinetics:

· Rapidly & well absorbed orally.
· Widely distributed including CSF.

· Mainly excreted unchanged through
 kidney .(dose adjustment) 
· T½ life = 3-6 hours.
   Clinical uses:

· Sever deep fungal infection as in meningitis.

· Generally given with amphotericin B.

· For cryptococcal meningitis in AIDS patients .
   Adverse effects:

· Nausea , vomiting ,diarrhea ,sever (enterocolitis.

· Reversible neutropenia ,thrombocytopenia ,
bone marrow depression.

· Alopecia.

· Elevation in hepatic enzymes.
Caspofungin
· It's a one of the new anti fungal drugs.

· Inhibits the synthesis of fungal cell wall by inhibting the synthesis of ß (1,3)-D-glucan.

· Given by IV route only.

· Highly bound to plasma proteins.

· T½ life = 9-11 hrs.

· Effective in aspergillus & candida.

· Excreted through kidney as well as fecal route.
Adverse effects:

· Nausea,vomiting,floating.

· Elevated liver enzymes.

· Very expensive.

Griseofulvin

· Fungistatic 

·  has narrow spectrum.

· Given orally (absorption increases with fatty meal ).

· T½life =24 hrs.

· Taken selectively by newly formed skin & concentrated in the keratin.

· Induces CYT P-450 enzymes.

· Should be given for 2-6 weeks for skin & hair infection to allow replacement of infected keratin by resistant structure.

· Inhibits fungal mitosis by interfering with microtubule function.

· Used to treat dermatophyte infection (ring worm of skin,hair,nails).

· Highly effective in athletes foot.

· Ineffective topically.

· Not effective in subcutaneous or deep mycosis.

Adverse effects:

· Peripheral neuritis
· mental confusion 
· fatigue 
· vertigo 
· GIT upset 
·  enz. Inducer 
· blurred vision .

Antifungal drug used for topical fungal infection: 

1) topical azole derivatives ( clotrimazole, miconazole). 

2)  Nustatin & amphotericin B.

3) Allyl amines ( terbiafine, nafitifine).

Oral antifungal agent used for topical infection:

1) Griseofulvin.

2) Oral azoles.

3) Terbinafine.

 Topical antifungal agent 

· Used in superficial fungal infection such as: Dermatophytosis (ring worm, candidiasis, fungal kertitis). 

· They are not effective in mycosis of the nails & hair or subcutaneous mycosis. 

· The preferred formulation for cutaneous application is cream or solution.

  Azoles for topical use: 

· In the form of vaginal creams, suppositories, tablets for vaginal candidiasis given once daily.
Clotrimazole & miconazole:

· Oral clotrimazole is used for oral thrush ( its activity remains for 3 days).

· Used in dermatophytes, cutaneous candidiasis & vulvovaginal candidiasis.

· Causes: erythema, edema, pruritus, urticaria & mild vaginal burning sensation.

Itraconazole:

· Effective for treatment of onchmycosis

· Should not be given in patient with ventricular dysfunction.

· Rout evaluation of hepatic function is recommended 

· Should not be used concurrently with midazolan , trizolan.

Tolanftate:

· Effective in most cutaneous mycosis.

· Ineffective against candida.

· (Used in tinea pedis ( cure rate 80% ).

· Used as cream, gel, powder, topical solution applied twice daily.

Naftifine:

· Broad spectrum fungicidal.

· Available as cream or gel.

· (Used in treatment of tinea cruris.
Terbinafine:

· Synthetic allyl amine.

· Drug of choice for treating dermatophytes.

· Better tolerated needs shorter duration of therapy 

· Decrease the synthesis of ergosterol through inhibition of squalene epoxidase,The accumulation of squalene causing death of fungal cell.

· Fungicidal, its activity is limited to candida albicans & dermatophytes

· Effective for treatment of onchomycosis 6 weeks for finger nails infection & 12 weeks for toe nails infections. 

· Well absorbed orally, bioavailability ( due to first pass metabolism in the liver.

· Highly protein binding.

Adverse effects :

· Accumulates in skin, nails, fat.

· Hepatotoxic, liver failure even death. 

· GIT upset.

· Taste & visual disturbance. 
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	Drug used
	Disease

Systemic infections

	Amphotericin, flucytosine, and fluconazole
	systemic candidiasis



	Amphotericin, flucytosine, fluconazole, itraconazole
	Cryptococcosis( meningitis)

	Itraconazole & Amphotericin
	systemic aspergillosis

	Itraconazole & Amphotericin
	Blastomycosis

	Amphotericin, itraconazole, and fluconazole.
	Histoplasmosis

	Fluconazole, itraconazole , and Amphotericin
	Coccidiomycosis

	Fluconazole, itraconazole , and Amphotericin
	Paracoccidiomycosis



	Amphotericin, flucytosine, and Amphotericin.
	Mucormycosis

	Amphotericin & flucytosine
	Disseminated  sportrichosis


......

MCQ s:
(Wich one of !following antifungal drugs produce its effect by inhibiting DNA synthesis in fungal cell?:
1-Ketoconazole 
2-Flucytosine

3-Amphotericine B
4-griseofulvin.

T&F

(Griseofulvin:

Acts by distrupting microtubule function.(
May reduce ! efficacy of oral contraceptive .?
Oral absorption may be (with faty foods.(
Is effective topically against many dermatophytes.(
(As compared to Ketoconazole , fluconazole:

Has a higher oral bioavailability.

Readily  enters !CNS. 
Has less inhibitory action on hepatic CYT-P54 isoenzyme . 

Is eliminated as unchanged drug by ! kidney .

(Amphotericin B:

Highly protein bound .

Safe to be used in renal impairment .

Has aT½ life of more than one week .

Used in ® of cryptococal meningitis .

( Adverse effects of Ketoconazole may include :
Gynaecomastia .

Menstrual irregularities . 

Bone marrow suppression .

Hirsutism . 
(
 Qs of (cat 2) 2005 by : pharma stars 
"The pain now .. is part of the happiness then''
Done by :
دانة العيسى ,نرمين العثيمين ,أشجان حجي ,حنان شنقيطي ,

بدور الشلوي , الجوهرة الأمير ,
 الدانة آل سعد . 
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Figure 48-1.  Sites of action of some antifungal drugs.The cell cytoplasmic membrane shown is that of a typical fungus. Because ergosterol is not a component of mammalian membranes, significant selective toxicity is achieved with the azole drugs.
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Fungal infections are difficult to treat, particularly in the immunocompronused or neutropenic patient. Most fungi are resistant to conventional antimicrobial agents, and only a few drugs are available for the treatment of systemic fungal diseases. Amphotericin B and the azoles (fluconazole, itraconazole, ketoconazole, and voriconazole) are the primary drugs used in systemic infec�tions. They are selectively toxic to fungi because they interact with or inhibit the synthesis of ergosterol, a sterol unique to fungal cell membranes.
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