Antiviral Agents


Quick review of viruses:

1. Ultimate expression of parasitism; replication occurs when virus takes control of the host cell’s synthetic machinery

2. Does not have energy and they float around until it comes into contact with a suitable or appropriate cell

3.  They have a capsid, (helical or icosahedral) a basic life form that surrounds genetic material

4. Some are further surrounded by external lipid layer (containing glycoprotein); viruses which don’t have this layer are naked

5. Genetic material is either DNA or RNA; never both
General summary of Antiviral agents

1. Diagnosis of viral infection is based on: 

a. Clinical criteria 

b. Cultures

c. Fluorescent antibody testing 

d. PCR

e. Serology

2. Compared to the number of drugs available to bacterial infections, the number of drugs to treat viral infections are limited due to:

a. Difficulty to obtain selective toxicity to virus b/c replication is intimately involved in cellular metabolism of host cells (intracellular)

b. There are many cycles of replication during incubation period and it’s too late to interfere

c. Mutant and resistant virus are also seen.  

**ID of different phases of replication and differences btwn viral and human metabolism lead to development of antiviral drugs.

	Viral infectivity stages & drugs used at various stages

	Adsorption
	γ globulin

	Penetration
	

	Uncoating
	Amantadine 

	Transcription
	Puring/pyramidine derivatives:

-acyclovir

-gancylovir…

	Translation
	

	Replication
	

	Assembly
	Rifampin 

	Maturation
	Use protease inhibitors especially in HIV infection

	Egression
	


	Drug
	PK
	MOA
	Uses
	AE

	Gamma globulin
	
	-Contain specific antibodies that could prevent penetration of viral particles
	Modification of:

   -measles

   -hepatitis

   -rabies

   -poliomyelitis

Temporary passive protection (3 wks)
	


	Drug
	PK
	MOA
	Uses
	AE

	Amantadine

Rimantadine
	-acidic environment of endosome is required for entry of this drug due to the basic nature of the drug
	-Inhibit replication of influenza A virus

-Interfere w/uncoating of influenza A by increasing the pH surrounding the viral particle
	Prophylaxis:

   -Influenza A

   -Rubella

Parkinson’s disease b/c it ↑ level of dopamine in CNS


	Toxic effects:

   -Insomnia

   -hallucinations

   -slurred speech

   -dizziness

   -ataxia

   -seizures

CI:

   -pregnancy

   -nursing mothers

Rimantidine has less severe and less frequent AE b/c does not cross BBB

	Oseltamivir

Zanamivir
	
	-neuraminidase inhibitor
	-Influenza infections
	

	Guanidine

Hydroxy Benzyl Benzimidazole
	
	-inhibit early protein synthesis of RNA enteroviruses
	
	Not used anymore!

	Acyclovir

(Acycloguanosine)
	Resistance:

   -deficiency of thymidine kinase 

   -mutation of virus

-p.o. for maintenance

-topical for cutaneous inf

-i.v. for CNS inf

-New derivatives:

   -Famciclovir, Penciclovir, Valacyclovir

   -very potent; given once or twice a day whereas older drugs given up to 4 time a day
	-viral thymidine kinase phosphorylates acyclovir to acycloguanosine triphosphate which then inhibits herpes DNA polymerase
	-HSV-1

-HSV-2

-Varicella Zoster Virus

-Genital herpes

-Mucocutaneous lesions

-Prophylactically in IC and transplant pts
	1. Local ( irritation

2. Oral ( GI disturbance (diarrhea)

3. Renal dysfunction (crystallize in tubules, drink plenty of fluids to avoid)

4. Confusion, delirium, seizures, tremors, hypotension

5. Neutropenia, thrombocytopenia

	Idoxuridine (thymidine analogue)

Cytarabine

Vidarabine 

(adenosine analogue)
Trifluridine
	-restricted to topical application
	-these drugs are phosphorylated by host cell kinases to triphosphates

-inhibit viral DNA polymerases 
	-Herpes Simplex

-Keratoconjunctivitis

-Corneal keratitis

Vidarabine:

 -disseminated HSV & HZV in IC pts

 -herpes encephalitis

 -acyclovir resistant HSV and AML

 -less effective than acyclovir
	Systemic admin:

   -BM ↓ and renal damage

Vidarabine

   -SIADH

   -GI irritation

   -hepatic dysfunction

   -convulsions

   -tremors

   -paresthesias

   


	Drug
	PK
	MOA
	Uses
	AE

	Ganciclovir
	
	-phosphorylated into triphosphate that inhibits CMV DNA polymerase
-incorporated into CMV DNA, suppressing and inhibiting CMV replication
	1. AIDS: 

   -CMV retinitis

   -esophagitis

   -colitis

   -pneumonia

2. BM transplants:

   -prophylaxis against CMV inf
	Toxic:

   -Reversible neutropenia

   -thrombocytopenia

   -leukopenia

   -renal dysfunction

   -convulsions

	Ribavarin
	
	- Synthetic analogue of purine ribonucleoside guanosine

-converted into corresponding triphosphate
	1. Aerosol used in respiratory syncytial virus induced bronchiolitis and pneumonia

2. I.V used in life threatening hemorrhagic Lassa fever

3. Life threatening SARS pneumonia
	1. binds to RBC ( hemolytic anemia

2. mutagenic

3. gonadotoxic

4. carcinogenic in experimental animals

	Foscarnet
	-i.v.
	-inorganic phosphate analogue which does not require Phosphorylation

-inhibits herpes virus DNA polymerase in acyclovir resistant and thymidine kinase deficient strains
	1. CMV retinitis in AIDS patients (better choice b/o anti-HIV activity)

2. Acyclovir resistant HSV, VZV

3. Ganciclovir resistant CMV
	1. reduction in renal function

2. electrolyte abnormalities

3. anemia

4. tremors

5. seizure

	Interferons
	
	-endogenous glycoproteins produced by the cells infected virus

-exert inhibitory action on RNA and DNA synthesis by inducing second protein:

  -protein kinase (inhibition of peptide chain initiation

   -oligoisoadenylte synthase(RNase( degradation of mRNAA by RNase

   -phosphodiesterase ( degrades terminal nucleotide of elongation of tRNA resulting in inhibitory effect of elongation

Biological effects:

  -antiviral action

  -cell growth inhibition (ie. Cancer)

  -immunoregularoty action

  -macrophage activation

  -induction of new cellular protein

  -enhancement of lymphocyte cytotoxicity
	1. Viral infections

2. Certain neoplasms

3. prevent dissemination of HZV in cancer patients

4. Reduce and prevent reactivation of CMV after renal transplantation

5. Prevent reactivation of HSV after trigeminal root resection

6. Suppress chronic hepatitis B and C

7. Intralesional injection interferon into genital warts

8. Adjunctive treatment in hairy cell leukemia, AIDS related Kaposi’s sarcoma and condyloma acuminatum
	Toxicity:

   -Flu-like syndrome as fever, headache, weakness, fatigue

   -GI upset

   -anemia

   -CVS disturbances


Questions:

1. Amantidine

2. Foscarnet

3. Acyclovir

4. Idoxuridine

5. Zidovodine

a. Drug which acts by increasing endosomal pH, inhibits uncoating of influenza A virus……………………………………………..amantidine

b. Drug does not undergo Phosphorylation and inhibits DNA polymerase……………………………………………………………..foscarnet

c. Drug inhibits reverse transcriptase enzyme (RNA dependent DNA polymerase)……………………………………………………zidovodine

d. Drug converted to di and triphosphates by virally infected host cells………………………………………………………………..acyclovir

e. Drug is phosphorylated by host cell kinases and usually used topically……………………………………………………………..idoxuridine

6. All of the following are true about antiviral agents except:

a. Interferons are used in suppression of viremia with hepatitis B, kaposi’s sarcoma, HZV infection

b. Acyclovir is phosphorylated by viral thymidine kinase

c. AZT inhibits reverse transcriptase enzyme that helps to make structural protein and enzymes 

d. Interferons can cause BM ↓, CVS dysfunction, and flue-like symptoms

e. i.v./p.o. preparation of ribavarin could be given in treatment of RSV

Answer E; don’t use b/o various toxicities

7. Gancyclovir

8. Acyclovir

9. Ribavarin

10. Amantidine

11. Foscarnet

a. DOC in treatment of CMV retinitis………………………………………………………………………………..ganciclovir

b. Drug used as prophylactic  agent in influenza A epidemic………………………………………………………...amantidine

c. Drug used i.v. in life threatening situations of hemorrhagic fever…………………………………………………ribavarin

d. Inorganic phosphate used in acyclovir resistant cases …………………………………………………………….foscarnet

e. DOC in Herpes Simplex encephalitis………………………………………………………………………………acyclovir

f. Drug used in pneumonia caused by RSV…………………………………………………………………………..ribavarin
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