
Lecture 13. Chemotherapeutic drugs. Antifungal, antiviral, antiprotozoal and antihelmintic drugs. Cancer chemotherapy. 

Immunopharmacology 

Lecturer Cristina GHICIUC, MD, PhD 

1 

Lecture 13 
Chemotherapeutic drugs. Antifungal, antiviral, 
antiprotozoal and antihelmintic drugs. Cancer 

chemotherapy. Immunopharmacology. 
1. Antifungal drugs 

2. Antiviral drugs 

3. Antiprotozoal and antihelmintic drugs.  

4. Cancer chemotherapy.  

5. Immunopharmacology. 
 
 

1. Antifungal drugs. 
 
Classification of antifungals 
1. Polienes: Arnfothericin B*; Natamycin; Nystatin**; 
2. Benzofuranones: Griseofulvin*; 
3. Azoles:  

3.1. Imidazoles: Ketoconazole, Miconazole, Econazole, Clotrimazole; Isoconasole**; 
3.2. Triazoles: Fluconazole*, Itraconazole*, Voriconazole*; Bifonazole**, 

Fenticonazole**, Sertaconazole**, F1utrimazole*; 
4. Alylamines: Terbinafine; Naftifine**; 
5. Other structures: Flucytosine*; Hydroxistilbamidine*; Cyc1opiroxol-amine*; 
Caspofilngin*, Tolnaftat**; Tolciclat**; Haloprogin**; Cyclopirox**; Candicidin**; 
Clordantoine*. 

* - only systemic; ** - only local 
 
1. Polienes  
AMPHOTERICIN B 
Mechanism of action: bind to sterols in the fungal membrane → pore formation → 
membrane loss of cell contents. 
Antifungal spectrum (broad): Candida albicans, Cryptococcus neoformans, Blastomyces 
dermatidis, Histoplasma capsulatum, Sporotrix schenckii, Coccidioides immitis, 
Paracoccioides brasiliensis, Aspergillus fumigatus, Penicillium marneffrei 
- it is not effective against the bacteria, but it is active in Naegleria meningoencephalitis 
- fungal resistance: produced by the decrease in ergosterol or by modifications of the fungal 
membrane. 
Pharmacokinetics: 
- the absorption is low, after oral administration 
- distribution: broad; does not penetrate physiological barriers (produces low concentrations 
in cerebrospinal fluid and is administered intrathecally to patients with fungal meningitis). 
Indications: systemic mycoses, fungal meningitis. 
Adverse effects: 
- immediate adverse effects (after iv administration): fever, chills, muscle spasms, nausea, 
headache, hypotension 
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- late adverse effects: hepatotoxicity, nephrotoxicity (renal tubular acidosis, disturbances in 
serum potassium levels, disruptions in the plasma levels of magnesium), neurotoxicity after 
intrathecal administration (seizures, arachnoiditis), anemia. 
 
NATAMYCIN 
The drug is with systemic and local administration. 
Antifungal spectrum (broad): yeasts, dermatophytes, Aspergillus spp., Trichomonas spp. 
Indications:  
- candidiasis 
- trichomoniasis 
- fungal keratitis 
- respiratory mycoses. 
Adverse effects: nausea, vomiting, diarrhea, irritation. 
 
NYSTATIN 
Mechanism of action: bind to sterols in the fungal membrane → determine pore formation 
→ membrane loss of cell contents. 
Antifungal spectrum (narrow spectrum): Candida albicans, Cryptococcus neoformans, 
Histoplasma capsulatum, Microsporum audouini, Epidermophyton spp., Trichophyton spp. 
- fungal resistance: it has not been described. 
Pharmacokinetics: 
- after oral administration, the drug does not determine effective therapeutic blood levels 
- after cutaneous or mucosal administration → the drug is not absorbed 
- the drug is not inactivated in the digestive tract 
- excreted unchanged in feces. 
Indications: skin and mucosal fungal infections (vaginal mucosa, intestinal mucosa). 
Adverse effects: the drug is highly hepatotoxic → it is administered only topically. 
 
2. Benzofuranones: GRISEOFULVIN 
The drug is administered only systemically. 
Mechanism of action: bind to the microtubule forming the mitotic spindle → block fungal 
mitosis (block the polymerization of microtubule). 
Antifungal spectrum (narrow spectrum): 
- Microsporum spp., Epidermophyton spp., Trichophyton spp. 
- fungal resistance: absence of the system dependent energy to penetrate the fungal cell. 
Pharmacokinetics: 
- the absorption is increased in the presence of fat meals 
- distribution is wide, the drug is stored in the keratin layer of the skin or in the stratum 
corneum of the nail, in the horny layer of hair, skin 
- the elimination is renal, partly as unchanged. 
Indications: 
- fungal infections of the hair (→ treatment is for few weeks) 
- onychomycosis (treatment of the hands: 3 to 5 months; of the legs: 8 -12 months) 
- skin fungal infections (treatment is for few weeks). 
Adverse effects: 
- direct toxic reactions: headache, nausea, vomiting, diarrhea, hepatotoxicity, 
photosensitization, confusion 
- immunological reactions (rash, leukopenia) 
- teratogenicity, carcinogenicity 
- disulfiram-like effect. 
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Interactions: 
- enzyme induction: drug decreases the action of oral anticoagulants, contraceptives 
- barbiturates decrease the action of griseofulvin by enzyme induction. 
 
3. Azoles 
Mechanism of action: the inhibition of C-14 alfa steroid methylase → block the conversion 
of lanosterol to ergosterol (the essential steroid of the fungal membrane). The azoles are 
fungistatic or fungicidal, dose-dependent. 
Antifungal spectrum (broad):- Candida (albicans, tropicalis, glabrata, neoformans), 
Blastomyces dermatidis, Histoplasma capsulatum, Coccidioides immitis, Pracoccioides 
brasiliensis, Trichophyton spp., Malassezia (Microsporum) furfur, Epidermophyton spp., 
Corynebacterium minutissium 
- less sensitive: Aspergillus fumigatus, Spirotrichum schenckii 
- Miconazole, Econazole, Clotrimazole → bacteria G (+) 
- fungal resistance: by multiple mechanisms. 
Pharmacokinetics: 
- azoles are inhibitors of drug metabolism enzymes (cytochrome P450) 
- drugs penetrate the corneum stratum where they remain few days. 
 
Derivatives of imidazole: KETOCONAZOLE, MICONAZOLE,  ECONAZOLE, 
CLOTRIMAZOLE, ISOCONAZOLE 
Pharmacokinetics: 
- the absorption of Ketoconazole is increased in acidic pH, it decreases in the presence of 
food, antacids 
- limited distribution: does not pass into the cerebrospinal fluid (it is not effective in cases of 
fungal meningitis), it produces high concentrations in vaginal secretions 
- hepatic metabolism 
- elimination is primarily biliary; also a small proportion is eliminated to the kidney. 
Indications: 
- systemic mycoses 
- oropharyngeal candidiasis and gastrointestinal candidiasis 
- fungal skin infections (ketoconazole is also effective in seborrheic dermatitis; Miconazole 
and Econazole are also effective for G + bacteria), mucous membranes, hair fungal infections 
- Clotrimazole: epidermo-mycoses, oropharyngeal candidiasis and vaginal candidiasis. 
Adverse effects: 
- Ketoconazole: 

• hepatotoxicity 
• allergic reactions 
• digestive disturbances (nausea, vomiting, abdominal pain) 
• gynecomastia, impotence, menstrual irregularities; 

- Miconazole and Econazole: local erythema, pruritus; 
- Miconazole: nausea, diarrhea; 
- Miconazole (iv): anginal pain, hyperlipidemia, inhibition of platelet aggregation; 
- Clotrimazole: local irritation, rash. 
Contraindications: pregnancy, breastfeeding, hepatic failure. 
Interactions: 
- Ketoconazole increases plasma concentrations of oral anticoagulants, oral antidiabetics 
- Ketoconazole increases the toxicity of cyclosporine, phenytoin, terfenadine, astemizole 
- rifampicin reduces the plasma concentration of ketoconazole 
- cimetidine and antacids decrease the absorption of ketoconazole. 
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Triazole derivatives: FLUCONAZOLE, ITRACONAZOLE, VO RICONAZOLE, 
BIFONAZOLE, FENTICONAZOLE, SERTACONAZOLE, FLUTRIMAZ OLE 
Pharmacokinetics: 
- Fluconazole absorption is not affected by food / antacids 
- the absorption of itraconazole capsules is increased in the presence of food, the absorption 
of itraconazole solutions is reduced in the presence of food, antacids, inhibitors of gastric 
secretion 
- distribution is wide:  

• Fluconazole determines high concentrations in cerebrospinal fluid, saliva, sputum, 
vaginal fluid;  

• Itraconazole does not realize active concentrations in cerebrospinal fluid 
- elimination is renal 
- Fluconazole does not inhibit cytochrome P450. Fluconazole does not depress the immune 
system. 
Indications: 
- Fluconazole: 

• meningitis with Coccidioides spp. (it is the treatment of choice) 
• digestive candidiasis, vaginal 
• prophylaxis reduced fungal infections in immunocompromised individuals; 

- Itraconazole: 
• cryptococcal meningitis 
• dermatophytosis and onychomycosis (the treatment of choice) 
• infection with Aspergillus spp., Histoplasma spp., Blastomyces spp., Sporothrix spp. 

Adverse effects of antifungal triazole derivatives: 
- nausea, vomiting, diarrhea, abdominal pain 
- increase in transaminases 
- Stevens-Johnson syndrome 
- alopecia 
- Fluconazole: rash 
- Itraconazole: peripheral neuritis.  
 
4. Alylamines  
TERBINAFINE 
The drug has systemic and topical administration. 
Mechanism of action: inhibition of squalene 2,3 - fungal epoxidase which determines the 
inhibition of fungal ergosterol synthesis. 
Antifungal spectrum: highly active against dermatophytes, less active against Candida spp. 
Pharmacokinetics: 
- easy absorption after oral administration 
- intense first-pass effect 
- concentrated into: skin, sebum, sweat, nails 
- hepatic metabolism 
- renal elimination. 
Indications: dermatophytes, pityriasis versicolor, cutaneous candidiasis. 
Adverse effects: 
- digestive disorders 
- headache 
- rash 
- rare: liver toxicity, severe neutropenia,Stevens-Johnson syndrome, toxic epidermal necrosis. 
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5. Other structures 
FLUCYTOSINE 
Mechanism of action: drug penetrate into the fungal cell and determine deamination of the 
drug to 5-fluorouracil, which acts as an anti-metabolite. 
Antifungal spectrum: Cryptococcus neoformans, Candida spp., Aspergillus spp., 
Clodosporium spp., Phialophora spp. 
- fungal resistance: alteration of drug metabolism. 
Pharmacokinetics: 
- easy absorption after oral administration 
- weak binding to plasma proteins 
- concentrated in cerebrospinal fluid 
- renal elimination (80% in unchanged form). 
Indications: candidiasis, cryptococcosis, aspergillosis, chromoblastomycosis. 
Adverse effects: 
- myelotoxicity (anemia, leukopenia, thrombocytopenia) 
- gastrointestinal disturbances (nausea, vomiting, toxic enterocolitis) 
- hepatotoxicity (increase serum transaminases and alkaline phosphatase) 
- rash. 
 
 
 

2. Antiviral drugs. 
 
Classification of antiviral drugs 
1. Inhibitors of viral entry into cells 
1.1. Inhibitors of the absorption and penetration into the cells  
- Gamma globulin 
- Amantadine 
- Rimantadine 
- Disoxaviril 
1.2. Inhibitors of penetration into the host cell → fusion inhibitors: 
- Enfuvirtide 
- Docosanol 
2. Inhibitors of intracellular viral protein synthe sis 
2.1. Inhibitors of early regulatory protein synthesis: 
- Guanidine 
- Hydroxybenzyl-benzimidazole 
2.2. Inhibitors of the synthesis of viral nucleic acids 

2.2.1. Nucleosidic analogues: 
- inhibitors of the viral RNA polymerase / viral DNA polymerase: Ribavirin, 
Sorivudine, Trifluridine, Bromvinyledeoxyuridine; 
- nucleosidic inhibitors of retroviral revers-transcriptase: Zidovudine (AZT), 
Didanosine (ddI), Zalcitabine (ddC), Lamivudine(3TC), Stavudine(d4T), 
Abacavir (ABC), Emtricitabine, Adefovir dipivoxil (POM-PMEA); 
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- other nucleosidic analogues: Acyclovir, Valacyclovir, Pencyclovir, 
Famcyclovir, Cidofovir, Brivudine, Ganciclovir, Valgancyclovir, Vidarabine, 
Idoxuridine, Cytarabine, 5 - fluorouracil, 5 - bromouracil; 
- other inhibitors of the viral nucleic acids synthesis: Foscarnet, interferons 
(Interferon alpha, Interferon beta, Interferon gamma). 

2.2.2. Nucleotidic inhibitors of revers-transcriptase: Tenofovir, Cidofovir. 
2.2.3. Non-nucleosidic inhibitors of retroviral revers-transcriptase: Nevirapine, 
Efavirenz, Delavirdine, Atevirdine, Alfa-anilino-phenyl-acetamide. 
2.2.4. Inhibitors of retroviral proteases: Saquinavir, Ritonavir, Indinavir, Nelfinavir, 
Amprenavir, Fosamprenavir, Atazanavir, Lopinavir. 

2.3. Inhibitors of the late regulatory protein synthesis: Fluorophenylalanine, Puromycine, 
Thiosemicarbazone, Methisazone, 2-Deoxy-2-glucose. 
2.4. Other inhibitors of the synthesis of nucleic acids: Fosfonoacetic acid, Azidothymidine. 
3. Inhibitors of assembly(maturation) of viral particles and release of virus from the cell 
3.1. Neuraminidase inhibitors: Zanamivir, Oseltamivir 
3.2. Other inhibitors: 5-Fluoro-2-deoxyuridine, Puromycin, Rifampicin 
3.3. Chemokine receptor inhibitors 
3.4. Anti-integrases 
 
1. Inhibitors of viral entry into cells 
1.1. Inhibitors of the absorption and penetration into the cells  
GAMMA GLOBULIN 
Mechanism of action: the drug has anti-surface antigens antiviral → block the penetration of 
the viral particle to the host cell. 
Indications: 
- hepatitis; 
- rabies; 
- polio; 
- varicella-zoster. 
The protective effect is for 2-3 weeks. 
 
AMANTADINE, RIMANTADINE, DISOXAVIRIL 
Mechanisms of action: 
- inhibition of the M2 protein at the surface of the viral capsid → prevent penetration of viral 
genetic material into the core → prevent viral assembly and the release of new virions; 
- Amantadine also determines the release of central dopamine and the inhibition of dopamine 
reuptake → postsynaptic dopaminergic effects; 
- Amantadine also determines the inhibition of NMDA receptors. 
Antiviral spectrum: 
- Amantadine, Rimantadine → influenza A (but not influenza B virus); 
- Disoxaviril → poliovirus, coxsackievirus, rhinoviruses. 
Indications: 
- antiviral prophylaxis and treatment of influenza; 
- Amantadine also for the treatment of Parkinson’s disease. 
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Adverse effects: digestive intolerance, disturbances in the CNS (nervousness, difficulty in 
concentration, bright dots in the visual field). 
The adverse effects are less obvious to Rimantadine. 
 
1.2. Inhibitors of penetration into the host cell → fusion inhibitors: 
ENFUVIRTIDE 
Mechanism of action: block the action of glycoprotein gp41 to anchor to the target cell 
membrane to initiate fusion between the viral lipid layer and the lipid cell membrane layer. 
Antiviral spectrum: HIV 
Indications: HIV infections with multidrug-resistant strains. 
Adverse effects: 
- local side effects: pain at the injection site, rash, nodules; 
- systemic adverse effects: nausea, vomiting, diarrhea, rash, eosinophilia. 
 
DOCOSANOL 
Mechanism of action: block the fusion of the viral lipid layer and the lipid cell membrane. 
Antiviral spectrum: herpes virus HSV-1. 
Indications: herpes infections recurrent oro-labial. 
 
2. Inhibitors of intracellular viral protein synthe sis 
Inhibitors of the viral RNA polymerase / viral DNA polymerase  
- RIBAVIRIN  (the nucleoside analogue of guanosine),  
- SORIVUDINE  (the pyrimidine nucleoside analogue),  
- TRIFLURIDINE  (the nucleoside analogue fluorinated pyrimidine),  
- BROMVINYLEDEOXYURIDINE  
Mechanism of action: 
- penetration into the host cell → the enzymes of the host cell determine the phosphorylation 
of drugs into active forms → drug inhibition of viral DNA dependent RNA polymerase → 
inhibition of viral synthesis; 
- Ribavirin blocks the conversion of GTP to dGTP; 
- Trifluridine blocks the conversion of dUMP to dTMP. 
Antiviral spectrum: 
- Ribavirin: influenza A and influenza B virus, parainfluenza virus, respiratory syncytial 
virus, paramyxoviruses, the hepatitis viruses, HIV-1; 
- Sorivudine: varicella-zoster virus, herpes virus HSV-1, Epstein-Barr virus; 
- Trifluridine: herpes virus HSV-1 and herpes virus HSV-2. 
Indications: 
- Ribavirin: 

- bronchiolytis or pneumonia with respiratory syncytial virus; 
- chronic hepatitis (treatment with Ribavirin is associated with interferon α-2alpha in 
patients with hepatitis C virus); 
- in immunocompromised patients with severe infections with the influenza virus, 
parainfluenza virus or other adenoviruses; 

- Trifluridine: only topical administration→skin infections with herpes virus, herpes keratitis. 
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Adverse effects: 
- Ribavirin: 

- administration in aerosols → conjunctival irritation or bronchial irritation; 
- systemic administration → anemia, bone marrow depression; 

- Sorivudine: bone marrow depression; 
- Trifluridine: ocular discomfort, eyelid edema. 
Contraindications: pregnancy. 
 
Nucleosidic inhibitors of retroviral revers-transcriptase: ZIDOVUDINE  (AZT), 
DIDANOSINE  (ddI), ZALCITABINE  (ddC), LAMIVUDINE (3TC), STAVUDINE 
(d4T), ABACAVIR  (ABC), EMTRICITABINE , ADEFOVIR  dipivoxil (POM-PMEA); 
Mechanism of action: three consecutive phosphorylations (determine the formation of 
monophosphate → formation of diphosphate → formation of triphosphate); 5-triphosphate is 
active → inhibition of reverse transcriptase of retroviruses → inhibition of viral synthesis. 
Antiviral spectrum: HIV-1 and HIV-2 
- Zidovudine (AZT) → also active on other viruses with tropism to human lymphocytes; the 
action is low on herpes viruses and Epstein-Barr virus; 
- Adefovir dipivoxil (POM-PMEA) → also active in other virus tropism to human 
lymphocytes, herpes viruses and hepatitis B virus. 
Pharmacokinetics: 
- variable absorption after oral administration; 
- distribution in all tissues and fluids (Zidovudine accumulates in cells in the form of 
monophosphate; Zidovudine determines high concentrations in CSF); 
- drugs are excreted in milk, they cross the placental barrier; 
- hepatic metabolism; 
- renal elimination. 
Indications: HIV infections (adults and children). 
Adverse effects: 
- Zidovudine: 

- early adverse effects: headache, myalgia, tiredness, nausea, difficulty in 
concentration, dyspepsia, insomnia; 
- later adverse effects (are very severe): anemia, leukopenia, thrombocytopenia, 
confusion, dementia, nail pigmentation, Stevens-Johnson syndrome, increase in 
transaminases, cardiomyopathy, ulcerations of the esophagus, lactic acidosis; 

- Didanosine: 
- peripheral neuropathy, insomnia, increase in plasma uric acid; 
- rarely: acute pancreatitis, hepatitis, lactic acidosis; 
- children: retinitis, optic neuritis; 
- very rare: suppressive effects on bone marrow; 

- Zalcitabine (ddC): 
- after the start of the treatment: transient symptoms such as stomatitis, mucosal 
ulcerations, rash, fever; 
- later adverse effects: pancreatitis, oesophageal ulcer, cardiomyopathy, leukopenia, 
thrombocytopenia, edema, diarrhea, peripheral neuropathy; 
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- Stavudine (d4T): peripheral neuropathy, hepatotoxicity, headache, confusion, asthenia, 
increased levels of creatine kinase; 
- Abacavir (ABC): peripheral neuropathy, gastrointestinal disturbances, hypersensitivity 
reactions. 
 
Other nucleosidic analogues: ACYCLOVIR, VALACYCLOVIR, PENCYCLOVIR, 
FAMCYCLOVIR, CIDOFOVIR, BRIVUDINE, GANCICLOVIR, 
VALGANCYCLOVIR, VIDARABINE, IDOXURIDINE, CYTARABINE , 5 - 
FLUOROURACIL, 5 – BROMOURACIL 
Mechanism of action: penetration into the host cell → viral thymidine kinases determine the 
phosphorylation of drug into an active forms → active form inhibit the viral DNA 
polymerase → inhibition of viral synthesis. 
Antiviral spectrum: 
- Acyclovir, Valacyclovir: herpes virus HSV-1 and HSV-2 (during replication), varicella-
zoster, Epstein-Barr virus, cytomegalovirus (CMV); 
- Penciclovir, Famciclovir: herpes virus HSV-1 and HSV-2; varicella-zoster virus; Epstein-
Barr virus, hepatitis B virus; 
- Ganciclovir, Valganciclovir: cytomegalovirus; herpes virus HSV-1 and HSV-2; 
- Vidarabine: herpes virus HSV-1 and HSV-2, varicella-zoster, cytomegalovirus, 
rhabdoviruses, poxviruses, hepatitis B virus oncogenes; 
- Idoxuridine: herpes virus HSV-1 and HSV-2; poxvirus; 
- Estriol: herpes virus HSV-1 and varicella-zoster virus. 
Indications: 
- herpes virus infections: 

a) topical administration: Acyclovir, Penciclovir, Ganciclovir, Vidarabine, Cidofovir, 
Estriol, Idoxuridine; 
b) systemic administration: Acyclovir, Valacyclovir, Penciclovir, Famciclovir, 
Ganciclovir, Valganciclovir, Vidarabine, Cidofovir, Estriol; 

- varicella-zoster infections: Acyclovir, Valacyclovir, Penciclovir, Famciclovir, Vidarabine, 
Estriol; 
- cytomegalovirus (CMV) infections: Ganciclovir, Valganciclovir → CMV retinitis in 
immunocompromised patients, the infection with CMV in organ transplantats; drugs are 
ineffective as monotherapy in patients CMV with pneumonia; 
- hepatitis B infections → Ganciclovir, Valganciclovir. 
Contraindications: pregnancy → Acyclovir, Valacyclovir, Vidarabine, Cidofovir. 
Adverse effects: 
- Acyclovir, Valacyclovir: 

- after topical administration: local irritation, erythema; 
- after systemic administration of Acyclovir: nausea, diarrhea, headache, rash; 
- high doses: neurotoxicity (tremors, delirium); 
- nephrotoxicity (to renal failure); 
- in immunocompromised patients: sometimes lethal thrombocytopenia, hemolytic 
uremic syndrome; 

- Penciclovir, Famciclovir: nausea, diarrhea, headache, hallucinations in the elderly; 
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- Ganciclovir, Valganciclovir: myelosuppression (neutropenia, thrombocytopenia and rarely, 
anemia), neurotoxicity (headache, confusional states, behavioral disorders), rarely: liver and 
kidney failure; 
- Vidarabine: teratogenicity, myelotoxicity (anemia, leukopenia, thrombocytopenia), 
gastrointestinal effects, neurological effects (confusional states, myoclonus, seizures), 
nephrotoxicity, hepatotoxicity, myelosuppression; 
- Idoxuridine: corneal toxicity, allergic contact dermatitis. 
 
Other inhibitors of the viral nucleic acids synthesis: FOSCARNET, INTERFERONS 
(Interferon alpha, Interferon beta, Interferon gamma). 
FOSCARNET 
Mechanism of action: the drug interacts with DNA polymerase and herpes virus reverse 
transcriptase of the retrovirus determining irreversible block and non-competitive 
pyrophosphate binding of the enzyme. 
Antiviral spectrum: herpes virus HSV-1 and HSV-2, HIV, varicella-zoster virus, 
cytomegalovirus, Epstein-Barr virus, hepatitis B virus. 
Indications: herpes virus infections, cytomegalovirus retinitis, cytomegalovirus colitis and 
cytomegalovirus esophagitis. 
Adverse events: nephrotoxicity (kidney failure); hydro-electrolyte disorders (hypocalcemia / 
hypercalcemia, hypophosphatemia / hyperphosphatemia), genital ulcers, neurotoxicity 
(headache, irritability, hallucinations and convulsions). 
 
INTERFERONS (α, β, γ): IFN-α, IFN-β, IFN-γ 
Mechanism of action: action on specific membrane receptors. 
Pharmacodynamic effects: 
- interferons have a role in viral replication at the protein level: 

- inhibit the transcription and translation;  
- block glycosylation of proteins  
- inhibit the maturation of the virus; 

- interferons increase the expression of major histocompatibility antigens and have 
antiproliferative properties and fix the upregulation ("up-regulation") of MHC class I and are 
immunomodulators of humoral and cellular immunity. 
Indications: 
- chronic hepatitis B → IFNα-2a, IFNα-2b; 
- chronic hepatitis C → IFNα-2a, PEG-IFN α-2a, PEG-IFN α-2b; 
- prevention of spread of varicella-zoster infection in people with cancer; 
- prevention of cytomegalovirus infection in people with organ transplants; 
- human papiloma virus infections, multiple sclerosis, rabies, haemorrhagic fever; 
- Kaposi’s sarcoma in patients with HIV infection, other malignancies (chronic myelogenous 
leukemia, lymphomas, multiple myeloma). 
Adverse effects: 
- flu-like symptoms (a few hours after administration); 
- neurotoxicity (somnolence, confusional states, anxiety, behavioral disorders, memory 
disorders, sleep disorders, convulsions); 
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- myelosuppression (granulocytopenia, thrombocytopenia); 
- myalgia, rash, autoimmune thyroiditis; 
- rarely: heart failure, renal failure, pulmonary fibrosis, hepatotoxicity, retinopathy, formation 
of antibodies against IFNα-2a. 
 
Nucleotidic inhibitors of revers-transcriptase: TENOFOVIR, CIDOFOVIR . 
CIDOFOVIR 
Antiviral spectrum: herpes virus HSV-1 and HSV-2, varicella-zoster, cytomegalovirus, 
poxvirus, hepatitis B virus, human papillomavirus, poliovirus, adenovirus. 
Indications: infections with herpes virus HSV-1 and HSV-2, varicella-zoster virus, 
cytomegalovirus retinitis; papillomavirus skin and laryngeal lesions; adenovirus 
keratoconjunctivitis. 
Adverse effects: nephrotoxicity, neutropenia, proteinuria. 
TENOFOVIR 
Antiviral spectrum: HIV-1, HIV-2; other retroviruses, hepatitis B virus. 
Indications: infections with HIV. 
 
Non-nucleosidic inhibitors of retroviral revers-transcriptase: NEVIRAPINE, 
EFAVIRENZ, DELAVIRDINE, ATEVIRDINE, ALFA-ANILINO-PH ENYL-
ACETAMIDE   
Mechanism of action: allosteric binding to reverse transcriptase of the retrovirus. 
Antiviral spectrum: HIV (selectively). 
Indications: HIV infections in adults. 
Adverse effects: skin rash, headache, nausea, increase in transaminases. 
 
Inhibitors of retroviral proteases: SAQUINAVIR, RITONAVIR, INDINAVIR, 
NELFINAVIR, AMPRENAVIR, FOSAMPRENAVIR, ATAZANAVIR, LOPINAVIR   
Antiviral spectrum: HIV-1, HIV-2. 
Indications: HIV infections in adults and children. 
Adverse effects: 
- Saquinavir: headache, nausea, abdominal pain, diarrhea, fever; 
- Ritonavir: headache, nausea, abdominal pain, taste changes, altered tactile sensations, 
dizziness, peripheral and central paresthesias, increased transaminases, hypertriglyceridemia; 
- Indinavir: crystalluria, nephrolithiasis, insomnia, pharyngeal pain, increase in 
transaminases, bilirubin, thrombocytopenia, hair loss; 
- Nelfinavir: fecal incontinence, diarrhea, fatigue, carbohydrate intolerance, high cholesterol; 
- Amprenavir: headache, nausea, flatulence, diarrhea, lipodystrophy, oral paraesthesia. 
 
3. Inhibitors of assembly(maturation) of viral particles and release of virus from the cell 
Neuraminidase inhibitors: ZANAMIVIR, OSELTAMIVIR  
Antiviral spectrum: influenza A and B. 
Indications: prevention and treatment of influenza. 
Adverse effects: rarely, nausea, diarrhea, headache, insomnia, vertigo. 
Contraindications: kidney failure. 
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3. Antiprotozoal and antihelmintic drugs. 
 
3.1. Treatment of protosoal infections: 
3.1.1. Amoebiaze: 
� Dicloroacetamide derivative: Diloxanid-furoate, lodoquinole; 
� nitroimidazoles: Metronidazole, Tinidazole, Ornidazole, Secondizole; 
� other structures: Emetine, Dihydroemetine, Paromomicine, Clorchinaldol, Cliochinol, 

Diiodohydroxichinoline, Chioroquine. 
3.1.2. Leishmanioses: 
� Pentamidine; 
� Sodium stibogluconate; 
� Meglumine antimoniate; 
� other structures: Amphotericin B, Metronidazole, Cycloguanil embonate, 
� Dehydroemethyn-resinate, Allopurinol ± Sodium stibogluconate. 
3.1.3. Malaria: 
� 4-aminoquinoline: Chloroquine; Hedroxichioroquhine; Amodiaquine; 
� Quinoline-methanol: Chinine; Mefloquine; 
� Fenantrilcarbinol: Halofantrine; 
� Diaminopirimidine: Pirimethamine; 
� 8-aminoquinoline: Primaquine 
� Biguanide derivatives: Proguanil 
� From plants: Artemisinin, Artemether, Artesunate. 
3.1.4. Pneumocistosis: Atovaquone. 
3.1.5. Toxoplasmoses: 
� Sulfonamide + Pirimethamine � of choice, 
� Spiramicine, Azitromicine, Cotrimoxazol, Pentamidine. 
3.1.6. Trichomoniases: 
� nitroimidazoles: Metronidazol, Tinidazol, Ornidazol, Secondizole. 
3.1.7. Tripanosomiases: 
� aromatic diamide: Pentamidine, Stilbamidine, Propamidine; 
� Melarsaprol; 
� other structures: Alpha-difluoro-methyl-omitine, Nifurtimox, Suramine. 
3.2. Treatment of helminthiases: 
� benzimidazole derivatives: Albendazole, Mebendazole, Tiabendazole; 
� other structures: Bithionol, Diethylcarbamasine cytrate, Emetine, Ivermectin, Levamisole, 
Metrifonate, Niclosamide, Oxamniquine, Oxantel, Paromomicine, Piperazine, Praziquantel, 
Pyrantel, Quinacrine, Suramine, Tetrachiorethylene. 
 
Nitroimidazoles: METRONIDAZOLE, TINIDAZOLE, ORNIDAZOLE, 
SECONDIZOLE  
Mechanism of action: the prodrug is activated by reducing the band "Nitro" by ferredoxin to 
sensitive compounds that react with different macromolecules inside anaerobic bacteria or 
protozoa → effect "cid ";  
- Metronidazole has also anti-inflammatory effect. 
Spectrum of activity: 
- protozoa: Entamoeba histolytica (only trophozoites) Trichomonas vaginalis, Giardia lamblia 
- bacilli G (-) anaerobes: Bacteroides spp., H. pylori 
- cocci G (-) anaerobes: Peptostreptococcus spp., Clostridium. 
Pharmacokinetics: 
- absorption is rapid after oral administration; 
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- weak binding to plasma proteins; 
- distribution is broad in tissues: cerebrospinal fluid, brain, bile, seminal fluid, vaginal 
secretions, bone, saliva, liver abscesses; the drug passes into breast milk; 
- hepatic metabolism; 
- renal elimination. 
- Metronidazole is an inhibitor of enzymatic metabolism of other drugs. 
Indications: 
- extraintestinal and intestinal amebiasis, trichomoniasis → it is the treatment of choice 
- giardiasis,  
- infections with anaerobes: Clostridium difficile diarrhea, balantidioses, Gardenella vaginalis 
infections, Fusobacterium spp. → as alternative treatment. 
Adverse effects: 
- metallic taste, glossitis, oral candidiasis, nausea, vomiting, headache, diarrhea 
- red-brown urine 
- disulfiram-like effect 
- paresthesia, peripheral neuritis, ataxia, mental disorders, convulsions, peripheral neuropathy 
- pancreatitis, leukopenia 
- mutagenic, carcinogenic. 
Contraindications: pregnancy, breastfeeding, young children. 
Precautions: severe hepatic impairment, organic brain disorders, blood dyscrasias. 
Interactions: 
- Metronidazole increases the effects of oral coumarin anticoagulants; increases the toxicity 
of lithium 
- phenytoin and phenobarbital accelerate the elimination of Metronidazole 
- cimetidine decreases the plasma clearance of metronidazole. 
 
 
 

4. Cancer chemotherapy. 
 
Indications for antineoplastic chemotherapy (curative treatment): 
- testicular cancer 
- diffuse histiocytic lymphoma, Hodgkin’s disease, Burkitt’s lymphoma 
- choriocarcinoma 
- acute lymphoblastic leukemia 
- Wilms tumor 
- embryonal rhabdomyosarcoma. 
Common adverse effects of antineoplastic chemotherapy: 
- digestive disturbances: nausea, vomiting, gastrointestinal bleeding, ulcers 
- myelosuppression 
- alopecia 
- nephrotoxicity 
- teratogenicity 
- immunosuppression 
- carcinogenicity. 
 
Cytotoxic drugs can be classified as either: 
• Cell cycle nonspecific: these kill cells whether resting or actively cycling (as in a low 
growth fraction cancer such as solid tumours, e.g. alkylating agents, doxorubicin and allied 
anthracyclines) 
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• Cell cycle (phase) specific: these kill only cells that are actively cycling (often because their 
site of action is confined to one phase of the cell cycle, e.g. antimetabolite drugs). 
 
Classification 
1. Antitumor drugs with specific action on the cell cycle 
- Antimetabolites 

• Folic acid antagonis: Methotrexate 
• Purine antagonists: Mercaptopurine, Azathioprine, Thioguanine, Pentostatin, 

Fludarabine, Cladribine 
• Pyrimidine antagonists: 5-Fluorouracil, Floxuridine, Azacitidine, Cytarabine, 

Capecitabine, Gemcitabine 
- Antitumor peptide: Bleomycin 
- Alkaloids of podophyllotoxin: Etoposide (VP-16), Teniposide (VM-26) 
- Vinca alkaloids: Vincristine, Vinblastine, Vinorelbine 
- Taxanes: Paclitaxel, Docetaxel 
2. Antitumor drugs with non-specific action on the cell cycle 
- Alkylating agents 

• nitrogen mustards derivatives: Cyclophosphamide, Ifosfamide, Chlorambucil, 
Melphalan, Mechloretamine 

• Alkyl sulfones: Busulfan, Treosulfan 
• Ethylenimines: Thiotepa 
• Nitrosourea derivatives: Carmustine, Lomustine, Semustine, Estramustine 
• Other structures: Mechlorethamine, Dacarbazine, Temozolomide 

- Cytotoxic antitumor drugs: 
• Anthracyclines: Doxorubicin, Daunorubicin, Epirubicin, Idarubicin, Aclarubicin, 

Mitoxantrone, Valrubicin 
• Other structures: Dactinomycin, Mitomycin, Mithramycin 

- Platinum compounds: Cisplatin, Carboplatin, Oxaliplatin 
- Camptothecins: Topotecan, Irinotecan 
- Other structures: Procarbazine, Altretamine 
3. Other antitumor agents 
- Hormonal agents 
- Aromatase inhibitors: Aminoglutethimide, Anastrozole, Exemestane, Letrozole 
- Other structures: asparaginase, hydroxyurea, mitotane, retinoic acid derivatives, growth 
factors from bone marrow 
- Monoclonal antibodies: 

• monoclonal antibodies indicated for the release of isotopes: Arcitumomab, 
Ibritumomab Tiuxetan, Tositumomab; 

• monoclonal antibodies indicated as antitumor agents: Trastuzumab, Rituximab, 
Bevacizumab, Cetuximab, Gemtuzumab, Alemtuzumab.  

 
Monoclonal antibodies identified as antitumor agents 
Mechanisms of action: 
- Trastuzumab, Cetuximab: receptor blockade of human epidermal growth factor (HER2); 
- Bevacizumab: binds to vascular endothelial growth factor → inhibition of angiogenesis; 
- Rituximab: lysis of complement mediated cytotoxicity and antibody-dependent cell → 
stimulation of apoptosis. 
Indications: 
- Bevacizumab, Cetuximab: metastatic colorectal cancer; 
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- Trastuzumab: metastatic breast cancer in HER2 amplified cells; 
- Gemtuzumab: acute myeloid leukemia; 
- Rituximab: lymphoma. 
Adverse effects: 
- Cetuximab: myelosuppression (neutropenia, anemia, thrombocytopenia, opportunistic 
infections); 
- Gemtuzumab: myelosuppression (particularly neutropenia), hepatotoxicity, hypersensitivity 
reactions. 
 
Monoclonal antibodies indicated for the release of isotopes: 
- release of technetium 99m (99mTc):  

• Arcitumomab → indications: gastrointestinal carcinoma; 
- release of indium (111In): 

• ibritumomab tiuxetan → indications: non-Hodkin’s lymphoma; 
- release of iodine 131 (131I): 

• Tositumomab → indications: non-Hodkin’s lymphoma. 
 
 
 

5. Immunopharmacology. 
 
Classification:  

• Specific immunosupressor drugs: monoclonal and policlonal antilymphocyte 
antibodies, immuneglobulin. 

• Non-specific immunosupresors drugs:  
o Physical agents: X and gamma radiations; 
o Chemical agents: 

� alchilants: Cyclophosphamide, Clorambucil, Dacarbazine, 
Procarbazine; 

� purine antagonists: Mercaptopurine, Azathioprine, Thioguanine, 
Fludarabin-phosphat, Cladribine; 

� pirimidinic antagonists: Fluorouracil, Cytarabine, Azacitidine; 
� antimetabolits: Metotrexat; 
� nonsteroidal antiinflammatory drugs; 
� disease-modifying antirheumatic drugs; 
� other agents: Hydroxiureea, Dapsone, Tetraclordecaoxygen; 

o viral agents; 
o Natural drugs and analogues: 

� Alcaloids: Vinblastine, Vincristine, Podofilotoxine; 
� Colchicine; 
� Dextran; 
� Bucillamine; 
� Cyclosporine and other immunosupressor drugs; 
� Glucocorticosteroids and their analogues; 
� Antibodies and circulatory immune complexes; 
� Gamma globuline; 
� Prostaglandinee and leukotrienes; 

o Other immunosupressors: Mycophenolate mofetil, Mizoribine, Brequinar 
sodic, 15-Deoxyspergualin, Sirolimus, Talidomida, Leflunomid. 


