ANTIVIRAL, ANTIMICROBIAL, ANTIPARASITIC, ANTIFUNGAL

	Name
	Mechanism
	Pharmacokinetics
	Spectrum
	Toxicities
	Resistance
	Miscellaneous



	Acyclovir, Valaciclovir
	Accumulates in infected cells as phosphorylated metabolites

1st Phos by Thymidine Kinase, 2nd and 3rd by host enzymes

Ac-TriP inhibits herpes DNA polymerase

Incorporated into viral DNA ( chain termination
	Oral 5-15% absorbed

V- prodrug – 50-60% F

Converted to Ac on first pass

T1/2 = 2-3hrs

Most eliminated unchanged by glomerular
	HSV-1, HSV-2, VZV, EBV, HHV6
	Local irritation with extravasation

Transient renal dysfunction 

Rare CNS toxicity
	TK deficient virus

DNA pol mut making virus less sensitive to Ac-TriP

Usu immunocompromised pts.
	Poor substrate for host TK

	Famciclovir
	Not an obligate chain terminator

Better substrate for TK than Ac, but AC more potent in inhibiting HSV DNA pol.
	Prodrug for penciclovir – converted on first pass

F= 70%


	Same as Ac
	
	
	

	Ganciclovir
	Inhibits viral DNA pol

HSV TK efficiency: P/F > G > Ac

Also phosphorylated by CMV protein kinase

Not an obligate chain terminator
	F = 5-10%

T1/2 = 2-3hrs

Glomerular 
	Same as Ac

CMV
	Site of injection irritation

Bone marrow Suppression

CNS tox

Testicular tox

Mutagenicity
	
	Approved for CMV Retinitis and prevention of post transplant CMV disease 

	Foscarnet
	Analog of pyrophosphate

Inhibits viral DNA pol

Does not require phosphorylation
	F low

Renal 
	CMV including Ganciclovir-resistant CMV

HSV-1, HSV-2 including Ac-resistant HSV
	Decreased glomerular filtration rate

Hypo/Hypercalcemia

Thrombophlebitis

Nausea and Vomiting

CNS: Fatigue, headache, seizures
	Cross resistance with Ac and Ga when DNA pol is mutated
	Approved for CMV retinitis and Ac resistant HV

	Amantadine, Rimantadine
	Prevents uncoating of infectious viral nucleic acid by interfering with transmembrane domain of the viral M2 protein

Prevent virus assembly by interfering with hemagglutinin processing
	Oral, F = 90%

T1/2 = 17hrs

R: less toxic and lower F, longer T1/2
	Influenza A
	CNS: insomnia, lightheadness, nervousness, difficulty in conc. And drowsiness

Minor GI
	Mutation in M protein
	

	Zanamivir
	Inhibition of neuraminidase 

Alteration of virus protein aggregation


	Powder inhaler

Unabsorbed drug in feces

T1/2 = 2.5 to 5.1hrs
	Influenza A and B
	Bronchospasm

Allergy-like rxn, oropharyngeal edema

Rash
	Mut in viral neuraminidase or viral hemagglutinin
	

	Oseltamivir
	Prodrug requiring conversion to oseltamivir carboxylate by hepatic esterases

Inhibits viral neuraminidase
	T1/2 = 1-3hrs
	Influenza A and B
	Minor
	Mut in viral neuraminidase or viral hemagglutinin

Cross resistance with zanamivir
	

	Ribavirin
	Inhibits mRNA capping

Inhibits IMP dehydrogenase

Inhibits RNA-dep RNA pol
	Oral, F = 40%

Accumulates as RBV TriP

T1/2 = 2hrs
	Respiratory syncytial virus

Lassa Fever
	CNS: Amantadine like

Anemia – Red cell destruction
	
	In combo with Interferon alpha for HBV and HCV

	Zidovudine (AZT)
	Phosphorylated by cellular enzymes to TriP

Inhibits HIV-encoded Rtase

Acts as chain terminator like Ac
	Eliminated by glucuronidation (phase II)

Short T1/2 of parent compound

Longer T1/2 of intracellular ATP-TriP
	
	Bone Marrow suppression

Anemia, sometimes granulocytopenia

Rare myopathy

Lactic acidosis/steatosis
	5 specific AA changes ( slow to develop

10-30 fold resistance
	Also inhibits mitochondrial DNA pol

	Nevirapine
	Does not inhibit HIV-2 Rtase

Does not require intracellular activiation

Non competitive inhibitor
	Eliminated by oxidation (phase I)

Long T1/2 = 25-30hrs

P450 enzyme inducer
	
	Rash

Stevens-Johnson Syndrome

Drug interactions
	Single AA change ( within days to weeks

1000 fold resistance
	

	Ritonavir
	Does not require intracellular activation Competitive inhibitor

HIV protease inhibitor
	Variable F

Eliminated by oxidation (3A4)

T1/2 = 3-5hrs

Potent P450 inhibitor and hepatic enzyme inducer
	
	Nausea, vomiting, diarrhea

Hyperlipidemia

Glucose Intolerance

Fat redistribution

Hepatic transminitis

Circumoral and extremity parasthesias

Drug interactions
	Single AA change ( within weeks to months

3-5 fold resistance

Secondary changes cumulate with increasing resistance
	

	Sulfonamides
	Inhibit dihydropteroate synthetase

Prevents synthesis of bacterial folic acid from PABA

Bacteriostatic

Co-Trimoxazole with Trimethoprim
	Acetylated in the liver 
	Enterobacteria, chlamydia, pneumocystis, nocardia
	Hemolytic anemia

Acetylated precipitate ( crystalluria ( damage to kidneys

Hypersensitivity

Kernicterus in newborns ( sulfas displace bilirubin on serum albumin
	Over production of target enzyme, bypass of inhibited rxn
	Avoid in newborns – kernicterus

Avoid pts receiving methenamine for UTI ( condenses with formaldehyde

	Antifolates

Trimethoprim
	Inhibits DHFR

Decrease in folate coenzymes for purine, pyrimidine and AA synthesis

20-50X more potent than sulfas
	
	
	Folate antagonism (megaloblastic anemia, leukopenia, granulocytopenia)
	Over production of target enzyme, bypass of inhibited rxn
	

	Penicillin
	Inhibit cross-linking of peptidoglycan strands catalyzed by transpeptidase – bind covalently with enzyme

Some b-lactams target PBPs located in bacterial cell membrane

Bactericidal, Time dep killing

PAE on Gram Pos
	Higher CSF levels in meningitis

Short T1/2 = 45 minutes

Dose every 4hrs
	Strep.

Neisseria meningitidis

Syphilis

Oral anaerobes

Clostridia

Actinomyces

Listeria

Pasteurella multocida
	CNS toxicity, bleeding, nephrotoxicity

Common:

Hypersensitivity – maculopapular rash, urticarial rash, fever, broncospasm

Toxic – GI symptoms

Less Common:

Hypersensitivity – vasculitis, neutropenia, interstitial nephritis, serum sickness, exfoliative dermatitis, anaphylaxis

Toxic – bone marrow depression, hepatitis, platelet aggregation, seizures
	Alteration in PBP site

Reduced permeability

Beta lactamase (plasma mediated)
	Allergy – IgE Hypersensitivity

	Procaine penicillin
	Very slowly absorbed IM
	Long acting
	
	
	
	

	Benzathine penicillin
	Very Very slowly absorbed IM
	Long acting
	
	
	
	

	Ampicillin
	
	Orally F = 50%
	Gram pos cocci,

Gram Neg rods,

H. Influenza
	Diarrhea, Skin rash
	
	Combined with sulbactam intravenous

	Amoxicillin
	
	F = 100%

Dose 3x/day
	
	
	
	Combined with clavulanate oral  (Beta lactamase producing Staph, Neisseria, H flu)

	Carbenicillin
	antipseudomonal
	
	Gram pos cocci,

Gram Neg rods,

Pseudomonas
	
	
	

	Tarcillin
	Time-dep killing

Twice as potent as carbenicillin
	
	Pseudomonas,

Proteus,

Strep, Entero
	Sodium overload
	
	Combined with clavulanate (Penicillinase producing Staph, Neisseria, H flu)

	Piperacillin
	Antipseudomonal aminoacylpenicillin
	
	Gram Neg incl pseudomonas, Klebsiella,

Anaerobes incl Bacteroides, entero, Gram Pos (not Staph)
	
	
	Combined with tazobactam (b lactamase producing Staph)

	Methicillin
	
	T1/2 = 0.5 – 1.5hrs
	Penicillinase producing Staph, Pneumococci, Group A strep
	
	Methicillin resistance due to altered PBP
	

	Cephalosporins
	
	Dose 3-4x/day, except for ceftriaxone
	Gram Pos, Gram Neg incl Pseudomonas
	
	Res to Staph and some other b-lactamases
	4 generations

	Carbapenems, Imipenem
	Significant PAE for Gram Neg
	T1/2 = 1hr


	Broad spectrum = Gram Pos, Gram Neg, Anaerobes
	
	Rare

Seizures
	

	Monobactam, Aztreonam
	
	
	Gram Neg
	
	
	

	Vancomycin
	
	
	Gram Pos, Atypical pathogens (lactobacillus, leuconostoc)
	Allergenicity, Phlebitis, Red man, Questionable ototoxicity and nephrotoxicity
	
	Used for MRSA, MRSE, Ampicillin resistant enterococci, serious b-lactam allergy

	Aminoglycosides

Genatmicin (standard),

Tobramycin,

Amikacin

Streptomycin (TB),

Neomycin (topical)
	Binds to bacterial 30S ribosomal subunit

Blocks initiation of protein synthesis

Blocks further translation and elicits premature termination

Misreading of the genetic code 

Bactericidal

PAE ag Gram Neg

Conc dep. Killing

Accumulate by active transport
	IV

T1/2 = 2-3hrs

Standard 8 hr dosing
	Gram neg rods,

Gram pos cocci,

Tuberculosis,

Leprosy (S)
	Nephrotoxicity: proximal (internalization by endocytosis, accumulation, intracellular effects), reversible

Ototoxicity: accumulation and retention in perilymph, high freq loss first

Neuromuscular
	Enzymologic modification – acetylation, phosphorylation, adenylylation
	Synergism with blactams (for S. aureus or enterococci)

Antagonism with Chloramphenicol

Rare allergic reactions, lack of activity ag anaerobes

	Tetracyclines

Doxycycline,

Minocycline
	Bind to 30S subunit

Inhibit binding of aminoacyl tRNA to ribosomal A site

Accumulate by active transport – passively enter eukaryotic cells and do not accumulate

Bacteriostatic, Conc. Dep. Killing
	Doses 3-4x/day
	Broad spectrum – Chlamydia pneumonia, Lyme disease and non-gonococcal urethritis
	Calcium deposits in teeth and bones

Photosensitivity
	Genetically altered transport system – R factor mediated

Efflux
	

	Linezolid
	Binds to 50S ribosomal subunit

Inhibits formation of initiation complex

Bacteriostatic, Time dep. Killin
	F = 100%

T1/2 = 5hrs
	Worst of Worst: Vancomycin resistant enterococcus, MRSA, Pcn resistant S. Pneu.
	Headache, nauseas, diarrhea

Rare hypotension
	
	

	Chloramphenicol
	Binds to 50S subunit

Inhibits peptide bond formation by peptidyl transferase

Bacteriostatic
	Palmitate ester for children, succinate ester for IV

Inefficient in newborns

T1/2 = 6hrs
	S. Pneu, Neisseria meningitis, H flu

Gram neg, anaerobes
	Transient bone marrow suppression (dose related, reversible, all elements, vacuolation)

Aplastic anemia (irreversible, often fatal)

Gray Baby syndrome (reversible)
	Acetylation inactivation
	Binds to mitochondrial peptidyl transferase

	Clindamycin
	Binds to 50S

Inhibits peptidyl transferase

Bacteriostatic, Time dep. Killing
	
	S. Pneu, Group A Strep, Anaerobes
	Colitis – allows overgrowth of Clostridium
	Rare
	

	Macrolides

Erythromycin

Clarithromycin,

Azithromycin
	Binds to 50S

Inhibits translocase

Time dep. Killing
	E: dosing 6hr – nuisance
	Community Acquired Pneumonia – Mycoplasma pneu, Legionella pneumophilia, chlamydia, S. Pneu, Group A Strep, 
	Safest

Nausea, Vomiting
	Target modification (50S), efflux
	

	Quinolones

Ciprofloxacin

Travafloxacin
	Inhibition of type II topoisomerases, DNA gyrase 

Stabilize a DNA-topo catalytic intermediate

Bactericidal (presence of cleavable complexes), Conc dep. Killing
	F = 85%

C: Phase I oxidation, T1/2 = 4hrs

T: Phase II conjugation, T1/2 = 10hrs
	Gram Neg, Gram Pos, anaerobes

Leprosy
	CNS toxicity,

Nausea, vomiting, diarrhea

Phototoxicity

Arthropathy


	Mut in gyrase and topo IV
	

	Isoniazid
	Inhibit synthesis of mycolic acid

Bactericidal

Accumulates in mycobacteria

Forms oxygen free radicals
	T1/2 = 1-6hrs depending on acetylator status
	M Tuberculosis
	Hepatitis (reversible, increasing with age), Neurotoxicity (prevented by Vit B6),

Hypersensitivity,

Drug induced lupus
	KatG – deletion, encodes catalase-peroxidase enzyme

InhA – pot, enzyme responsible for mycolic acid synthesis
	

	Rifampin
	Inhibits bacterial DNA-dep RNA pol

Bactericidal
	P450 Inducer
	M. Tuberculosis

Broad spectrum incl Neisseria, H flu, Legionella
	Orange discoloration of fluids

Hepatitis in children

Hypersensitivity,

Proteinuria,

Drug interactions
	RNA pol mut
	

	Pyrazinamide
	Active at acidic pH

Like INH, Bactericidal
	T1/2 = 12-24hrs
	M. Tuberculosis, Intracellular myco
	Hepatotoxicity, Hyperuricemia, Photosensitivity dermatitis
	
	

	Ethambutol
	Inhibit RNA synthesis and mycolic acid metabolism

Bacteriostatic
	
	
	Peripheral neuropathy, Retrobulbar optic neuritis with color blindness and eventual loss of peripheral vision
	
	

	Dapsone
	Inhibits folate synthesis
	T1/2 = 10-50hrs
	Leprosy,

Broad spectrum
	Severe hemolytic anemia in pts with G6PD def.

Methemoglobinemia, hemolysis, hypersensitivity
	
	

	Clofazimine
	Dye

Selectively inhibits DNA synthesis
	T1/2 = 70days
	Leprosy
	Reddish-blue skin pigmentation, small bowel thickening, abdominal pain
	
	

	Rifabutin
	Analog of Rifampin
	T1/2 = 16hrs
	MOTT

M. avium in HIVpts
	Similar to rifampin,

Uveitis
	RNA pol mut
	

	Amphotericin B
	Polyene

Binds to fungal cell membrane sterols (ergosterol)

Forms pores 

Leakage of small molecules

Fungicidal

PAE > 12 hours ag Candida
	T1/2 = 1day

Very slowly released

Not orally absorbed – IV

Escalation to final dose over 48-72 hrs

Rate: over 1-2hrs (longer if ( Cr, (K)
	Fatal fungal infections:

Invasive Aspergillosis

Dis. Candidiasis

Dis and meningeal Cryptococcus

Dis Histoplasmosis

Dis Blastomycosies

Coccidioidomyces

Persistent fever with granulocytopenia
	Shake n bake: fever, chills, hypotension

Phlebitis

Renal: ( GFR, azotemia (elevated creatinine), impaired concentrating ability, K and Mg wasting, renal tubular acidosis

Anemia

Drug interactions – nephrotoxic drugs (aminoglycosides), potassium wasting (diuretics, digoxin), neuromuscular blocking agents
	Rare
	Lipid formulations: lower toxicities, smaller impact on Cr, K, less anemia, very expensive

Use with Amp B intolerance and renal failure

	Nystatin
	Polyene
	Topical 
	Oral, vulvovaginal, cutaneous Candidiasis
	
	
	

	Azoles
	Block demethylation of lanosterol to ergosterol at lower doses (inhibits a CytoP450 enzymes)

At higher doses directly damages fungal cell membranes and inhibits pseudomycelial formation
	
	
	Drug interactions: induce or inhibit CytoP450

CYP 3A4 inhibition Itra> keto
	Prolonged use, esp in AIDS 
	

	Ketoconazole
	Azole
	Oral absorption

Requires gastric acidity

Poor into CSF

T1/2 = 8hrs
	Non life threatening, non meningeal infections

Blastomycoses in immunocompetent hosts

Histoplasmosis: mild-moderate, pulmonary, disseminated, immunocompetent

Candidiasis: mucocutaneous, esophageal
	Drug interactions with drugs that reduce gastric acidity – decreased absorption
	
	

	Fluconazole
	Azole

Fungicidal, No PAE
	Independent of gastic acidity

Good penetration into CSF and eyes

T1/2 = 30-50hrs

Less than 10% hepatic metabolism
	Maintenance cryptococcal meningitis, oral and esophageal candidiasis, vulvovaginal candidiasis, coccidioidomycosis, prevention of candidal infections: transplant, SICU
	
	
	

	Itraconazole
	Azole
	Oral absorption erratic, improved with acid and food

Hepatic metabolism

T1/2 = 20-30hrs
	Blastomycosis

Histoplasmosis

Candidiasis – mucocutaneous

Aspergillosis unresponsive to AmpB

Coccidioidomycosis deep seated


	
	
	

	Clotrimazole
	Topically administered azole
	
	
	
	
	

	Flucytosine (5FC)
	Substituted pyrimidine

Deaminated by fungal cytosine deaminase

Inhibits TS and interferes with DNA synthesis
	Oral, F = 80-90%
	Candidiasis, Cryptococcus, sterilization of CSF
	Bone marrow suppression, rare hepatotox.
	Rapidly develops via many mechanisms 
	Synergism with Amp B which enhances 5-FU entry into fungal cells

	Caspofungin
	Echinocandins

Prevents formation of glucan polymers and cell wall

Fungicidal

Conc. Dep ag Candida

No PAE
	IV

T1/2 = 9-10hrs
	Broad in vitro: Aspergillus, Candida, Histoplasma, Coccidioides immitis
	Fever, nausea, vomiting, infusion site complications
	
	

	Griseofulvin
	Disrupts microtubules
	Topical

Concentrates in keratin layer of skin, hair, nails

Hepatic metabolism
	Severe infections of hair, nails, palms, soles
	
	
	

	Terbinafine
	Allylamine

Noncompetitive inhibitor of squalene-2,3-epoxidase from candida

Ergosterol depletion and accumulation of squalene
	Oral
	
	
	
	

	Pyrantel
	Muscle contraction – spastic paralysis

Neuromuscular blocking agent

Acetylcholine esterase inhibitor

Interferes with energy generation from glucose
	Poorly absorbed
	Ascaris

Enterobius, Ascaris, Hookworm
	Minimal
	
	Helminth targets: motility and energy generation

	Mebendazole
	Interferes with generation of energy from glucose

Selectively disrupts microtubules in worms
	Poor GI absorption
	Enterobius, Ascaris, Trichuris, Hookworm
	Minimal

Potent teratogen in animals
	
	

	Thiabendazole
	Interferes with energy generation from glucose
	Rapid GI absorption, nearly complete
	Strongyloides
	Frequent GI and CNS tox; occasional leukopenia
	
	

	Praziquantel
	Interferes with energy generation from glucose
	Good GI absorption
	Tapeworm, Trematode
	Frequent GI and CNS tox
	
	

	Chloroquine
	Selectively inhibits detoxication of heme in parasites

Class I - Asexual RBC stage

Treatment
	T1/2 = 6-7days
	P. vivax, P ovale, 

P. malariae

P. falciparum
	Permanent retinopathy with cumulative doses > 100g
	
	

	Mefloquine
	Prophylaxis

Class I – Asexual RBC stage
	T1/2= 7-14 days

Expensive
	Chloroquine-resistant P. falciparum malaria
	CNS toxicity
	
	

	Atovaquone + proguanil (Malarone)
	Prophylaxis

Binds to cytochrome b in P. faciparum
Inhibits mitochondrial electron transport – mitochondrial potential collapses

Inhibits pyrimidine biosynthesis

Class III – Initial Liver stage and Asexual RBC stage
	P metabolized by CYP2C19 (cycloguanil, a selective inhibitor of DHFR
	Multi-resistant P. falciparum malaria
	
	Point mutations rapidly
	Two drugs are synergistic – Pro with Ato collapses membrane potential; Cyclo with Ato causes multiple blockades in pyrimidine biosynthesis

	Primaquine
	Prophylaxis, Treatment

Significant activity ag. Exoerythrocytic parasites

Class II – Liver stages and Gametocyte RBC stage
	
	
	
	
	

	Quinine
	Treatment

Class I – Asexual RBC stage
	IV for treatment of severe illness
	Chloroquine-resistant P. falciparum
	
	
	

	Metronidazole
	Radiosensitizing agent
	Rapidly absorbed when oral

T1/2 = 8hrs

Hepatic metabolism
	Trichomonas vaginalis, Entamoeba histolytica, Giardia lamblia

Anaerobic bacteria

H. pylori
	Genetic tox – controversial

Nausea, metallic taste, disulfiram-like rxn with alcohol

Headache, ataxis, peripheral neuropathy

Avoid use in pregnant or lactating women
	
	

	Pentamidine
	Active transport and accumulation in parasites: 

Disorganization of mito DNA

Inhibition of mito Topo

Binding to ribosomes

Inhibition of phospholipid synthesis

PCP prophylaxis
	
	Trypanosoma brucei, Leishmania, blastomycosis, Babesia

P. carinii
	Severe in AIDS pts with PCP

Leukopenia, azotemia, hepatitis, unpredictable hypoglycemia, rash, sterile abscess at injection site, cardiovascular collapse
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