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ANTIVIRALS
Antiviral Prophylaxis
Anti-HIV drugs

Nucleoside Analog Reverse Transcriptase Inhibitors (NRTI’’s)

Non-Nucleoside Analog Reverse Transcriptase Inhibitors (NNRTI’s)

Protease Inhibitors (PI’s)

Viruses are obligate intracellular parasites with no cell wall, no membrane.  They are not affected by most antimicrobials, they use host cell protein synthesis facilities.  Only a few drugs can selectively target viral replication.  


A problem is that viral replication is at a maximum before most clinical symptoms appear (unlike bacterial replication and disease symptoms, which are more synchronized).  However, some exceptions include the Herpes virus (latent) where replication continues after symptoms occur (and viral shedding).

Antiviral Prophylaxis
1.
Gamma-globulin (passive immunization), concentrated immune globulins for: Rabies, VZ (Chicken pox), Hep B.


Mechanism of action of Gamma-Globulin (Passive Immunity): 

· block penetration of virus

· temporary passive protection

· partial inhibition of viral replication - often followed by active immunity

2.
Amatadine: Tricyclic amine

Mechanism of action: Inhibits uncoating and fusion of Influenza A, Rubella and some tumor viruses, this inhibits replication.


Prophylaxis:  given 2-3 days before or 6-7 days after Influenza A, ( incidence and severity of symptoms. Given for patients at risk 


with known exposure who have not received vaccine.


Also used for ?  


Side effects include:  hypotension, urinary retention, CNS effects (NOT w/ Anticholinergics).

3. 
Vidarabine (ara-A, Vira-a)

Mechanism of Action: Inhibits viral DNA polymerase more than mammalian  Useful topically against Herpes simplex, zoster (for 


keratoconjunctivitis).  Replaced by Acyclovir for systemic use.

4. 
Acyclovir:  Synthetic Purine nucleoside (9-[(2-hydroxyethoxy)methyl] guanine (Guanine analogue).


Mechanism of action:  Acyclovir ( Acyclovir-P-P-P ( Inhib. of viral DNA polymerase.  Viral thymidine kinase converts Acyclovir 


better than mammalian to the Triphosphate - enhances specificity 30-100 fold.


Acyclovir-P-P-P inhibits Herpes virus DNA polymerase 10-30x more efficiently than host cell.


Oral acyclovir ( frequency and severity of lesions due to Herpes simplex 1 & 2 and Varicella-Zoster viruses, not effective in preventing recurrence - still get latent virus in sympathetic ganglion.  Drug of choice for Herpes infections in immunocompromised individuals.


Acyclovir resistance: ( due to TK-deficient herpes viruses.


Adverse effects:  Nausea, vomiting, and headache

5. 
Gangcyclovir:  Used for resistance to Acyclovir, more toxic.

Also requires phosphorylation to inhibit herpes virus DNA polymerase, resistance to Acyclovir often confers resistance to Gancyclovir.  Can inhibit CMV and EB virus.


Not as specific and more side effects than Acyclovir.

6. Foscarnet:  New Antiviral drug for Herpes.. Does NOT require herpes virus Thymidine kinase to be activated. Inhibits DNA 

polymerase of Herpes virus and RT of HIV.

Anti-Retroviral Medications in Treatment of HIV

AIDS was the leading cause of death in men 25-44 in 1995, but not in 1996, and 6th most frequent overall cause of death in the US.

Heterosexual transmission is more frequent worldwide.  More than 400,000 cases of AIDS were reported in 1995, over 1 million infected, and over 200,000 deaths with 2.5 million cases reported worldwide and an estimated 30-40 million by the year 2000.  HIV 1 and 2 are strongly associated with the disease.


Retrovirus:  Reverse transcriptase transcribes DNA from RNA and allows incorporation of virally synthesized DNA into the eukaryotic genome via the LTR (Long Terminal Repeat - also acts as a transcriptional promoter).  HIV infects glial cells, dendritic cells, Macrophages, and CD4 T cells and leads to the death of CD4 T cells.  However, the mechanism is NOT yet proven????. Infection and destructin of CD4 lymphocytes disables the cellular immune response leading to increased susceptibility to opportunistic diseases. 


All Retroviruses are enveloped ssRNA viruses and are highly susceptible to heat and drying.  These viruses are NOT transmissible through air or fomites, but require direct blood or sexual contact.


Some Retroviruses have “scavenged” human “oncogenes” into the viral genome, which may allow virus to induce activated (replicating) cell  which enhances retroviral replication.


2 binding molecules are important for adhesion and entry of the HIV virus:  CD4 and fusin = CCRX receptor (Receptor for the Rantes/MIP cytokines).  Individuals with altered CCRX receptors or with ( cell mediated immunity and ( Rantes/MIP are long-term survivors or not infectable.

Recent data: Long term survivors of HIV and HIV resistant  individuals  have:


1.   mutated fusin receptors, 


2.  ( level of Rantes/MIP, and 


3.  defective virus (lacking the TAT gene)


4. ( cellular (Th1) response to HIV - Which may contribute to #2.

Unfortunately, HIV is predicted to be resistant to most of these drugs eventually. 

Nucleoside analog Reverse Transcriptase Inhibitors:

All are competitive inhibitors of viral Reverse transcriptase and cause chain termination when incorporated: Convert RNA ( DNA (incorporated into the host cell).  Require host cell conversion to triphosphate form.

AZT (Azidothymidine):  3-azido-3-deoxythymidine, Zidovudine:  the 1st HIV drug

· Mechanism of action: Reverse transcriptase is 20-30x more susceptibleto AZT than mammalian DNA polymerase - but inhibition of eukaryotic DNA polymerase occurs - What are the likely effects?.

· Pharmacokinetics:  Oral absorption, 75% metabolized by hepatic glucuronidation (Phase II)

· Resistance:  High, occurs in most people within 2-3 years.  Not recommended as a single drug - prior resistance to AZT may make triple drug therapy ineffective.

· Clinical Effects: Temporary ( in HIV production, opportunistic infections but NO overall ( in survival alone.



Only major use alone: ( transmission from mother to infant (short term) - but may cause birth defects.

· Major Adverse effects:  Bone marrow suppression leading to granulocytopenia, anemia, thrombocytopenia (not helpful in 


immune suppressed patients).  GI distress due to destruction of GI epithelial cells (not helpful for the weight loss/wasting 


syndrome with AIDS).

· Combination therapy:  Usually AZT, ddI, or ddC(or a non-analog RT inhibitor) and a protease inhibitor.

ddI = Didanosine  (2nd  Reverse-Transcriptase Inhibitor approved.)

· Mechanism of Action:  Rapidly metabolized to ddA triphosphate and inhibition of reverse transcriptase.  More effective than AZT in a clinical trial.

· Adverse effects:  Peripheral neuropathy, Pancreatitis - supplement w/ B vitamins. Pancreatitis riskis (  with CMV infections, and TMP-SMX treatment.  Also:  GI effects including diarrhea, nausea, vomiting - Not good for cachexia produced by HIV.

ddC = Zalcitabine (Analogue of 2-deoxycytidine)
· Mechanism of action:  Converted to triphosphate and inhibits reverse transcriptase and causes chain termination.  Not very effective alone - may work in combination.

d4T = Stavudine (Thymidine anal.)
· Adverse Effects:  Less side effects than AZT due to lower affinity for Thymidine kinase and subseq. ( inhibition of pyrimidine synthesis.  Peripheral neuropathy and pancreatitis (NOT w/ ddI). Mutation at codon 75 ( resistance to d4T, ddI and ddC.

Lamivudine (3TC, Nucleoside analog):  Newest RT inhib., suppresses AZT mutant strains. Also effective versus Hepatitis B (in trials).  


Mutation at codon 184 occurs early in montherapy - Now new HIV strains are resistant to both 3TC and AZT.  mutate.

· Adverse effects:  Milder than the other drugs but: GI distress, fatigue  and insomnia.

NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS

Neverapine (Delavirdine - newest):  Currently the only approved inhibitor.  

HIV Protease Inhibitors

Saquinovir (1st approved in 1995) Ritonavir, Indinavir
· Mech. of Action: Binds to the RT enzyme and disrupts the active site - can be used in conjunction with Nucleoside analogs.  Mutational resistance is rapid when the drug is used alone.

· Adverse effects:  Rashes, fever, nausea and Hepatitis/Liver fxn.  Less adverse effects in general than the nucleoside analogs. 

HIV Protease Inhibitors
1. Saquinovir (Invirase and Fortovase, 1st approved in 1995) + Ritonavir (Norvir), Indinavir (Crixivan) and Nelfinavir (Viracept).

 
a. Mech. of Action:  Inhibit HIV protease which prevents cleavage of Gag-Pol-Env long chain of protein into active enzymes and core proteins. Most contain a strctural analog of the Phe-Pro sequence at position 167-8 of the gag-pol polyprotein (IC50  = 1 nM). This prevents maturation and production of infectious of viral particles.  There is NO effect on integrated proviral DNA.  Weak activity versus human aspartyl proteases (10,000 nM for Renin/Pepsin).


b. Clinical effects: ( viral load, ( CD4 T cell count. Ritonavir and Indinavir are absorbed betterthan Saquinovir (due to ( 1st pass effect on Saquinovir, Fortovase capsules have ( bioavailability) and may be more effective.


c. Adverse effects: Saquinovir - GI distress, diarrhea, nausea.  Ritonavir:  GI and peripheral parasthesia.  Indinavir:  Kidney stones (drink 48 ounces of water/day). 

Drug interactions:  Metabolism of all the drugs is P450 dep. and interaction w/ any drugs that ( P450 should be avoided.  Rifampin and Rifambutin ( clearance and ( drug conc., Ketoconazole and Delaverdine ( drug conc. of Protease Inhibitors.

Combination drug Therapy:  Usually involves 2 different RT inhibitors and a protease inhibitor.  Early results indicate that viral loads are undetectable in 50-75% of patients.  

Is this a cure?  People already resistant to AZT are NOT helped by combination therapy.  

How long do undetectable levels need to last for a person to eradicate the virus?  Virus can be latent in the host cell DNA - cell must DIE to prevent reactivation.  Glial cells are long-lived as are Dendritic cells.  CD4 T cells and Macrophages are mostly replaced w/in 2-3 years except for memory T cells.

Herbal drug component from Astragalus paniculata (Chinese herb):

Mech. of action = Prevention of T-cell apoptosis.  Apoptosis = Programmed Cell death, proposed as a mech. for CD4 T cell loss in HIV infection.

T cells that die during HIV infection may not infected w/ HIV.  Ligation of  CD4  by Ab or by GP120/160 (viral envelope Ag)can ( apoptosis - viral antigens may be expressed on infected cells - killing w/out infection of CD4 T cells.  Causes of apoptosis: Ligands that trigger apotosis include TNF-(,Agents that cause apoptosis: TNF, FAS, IL-1, ionizing radiation (death due to apoptosis more than DNA damage), w/drawal of growth factor.

These agents cause apoptosis by ( ceramide by activation of sphingomyelinase.


Sphingomyelinase

Sphingomyelin ( Ceramide ( Ceramide activated prot. phosph ( cell cycle arrested (apoptosis).

3. Oxidative stress and apoptosis in AIDS (Immun Today, 1994):  Authors hypothesize that HIV can lead to ( antioxidant capacity (( GI nutrient absorption, ( GSH, ( MnSOD and Catalase) which can trigger apoptosis.

