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Anti-viral Drugs

Antiviral agent :

· Viruses are intracellular  parasites , their replication depend primarily on synthetic processes of the host cell.

· antiviral agent must either block viral entry into or exit from the cell or be active inside the host cell. 

Major site of anti viral drug action : 

1. absorption to & penetration into susceptible host cell.

2. uncoating of viral nucleic acid .

3. synthesis of early regulatory proteins.

4. synthesis of RNA or DNA. 

5. synthesis of late structural proteins. 

6. maturation of viral particles. 

7. release from the cell.

* most antiviral act on  step 4&5.

Example of pathogenic virus: 

· DNA virus : poxviruses " smallpox" , herpes viruses "chicken pox" , adenoviruses "sore throat".

· RNA virus : orthomyxo viruses "influenza" , rubella viruses "german measles" , retroviruses " AIDS" T cell leukemia. 

Antiviral drugs :

* DNA polymerase inhibitor:

1) agent used to treat HSV & VSV. 

Acyclovir:

Mechanism of action : 

· Acyclovir requires three phosphorylation steps for activation:-

1) To monophosphate by virus_ thymidine kinase.

2) To di & tri phosphate by host cell kinase.

· acyclovir is activated only in infected cells 

· acyclovir triphosphate inhibits viral DNA polymerase, terminating the nucleotide chain .

Resistance to acyclovir: 

· Caused by changes in the viral genes coding for kinase or DNA polymerase. 

Pharmacokinetics:

· Given orally (20% only of dose is absorbed, un affected by food, peak plasma concentration after 1-2 hours.

· Given also IV or topically. 

· Widely distributed.

· Excreted by kidney, partly by tubular secretion. 

· Cleared hemodialysis not by peritoneal.

Clinical uses: 

Effective to treat: 

1) herpes simplex virus that cause : 

· cold sore.

· Conjunctivitis.

· Mouth ulcer.

· Genital infection "simple or recurrent"

· Encephalitis ( I.V acyclovir drug of choice).

2) varicella _ zoster viruses that cause:

· chicken pox .

· encephalitis in immunocompromised patients. 

Adverse effects:

· The drug is generally well tolerated .

· nausea, diarrhea, headache.

· I.V infusion may be associated with reversible renal dysfunction. 

Other drugs similar to acyclovir: 

1) valacyclovir is a pro drug of acyclovir has a higher oral bioavailability & longer duration .

2) famcyclovir is metabolized to pencyclovir the active compound. 

3) Trifluridine  used mainly topically .

2)agent used to treat cytomegalovirus infection (CMV):

gancyclovir :

· like acyclovir, has to be activated to triphosphate & competes with  guanosine for incorporation into viral DNA. 

· Not rapidly broken it remains in infected cells for 18 – 20 hours. 

· Given I.V, orally or intraocular implant.

· Excreted in urine .

· Half life 4 hours .

Clinical uses : 

1) it is the drug of choice for CMV infection mainly in patients with AIDS to : 

· delay the progression of CMV retinitis. 

· prevent end organ CMV.

2) for CMV colitis, esophagitis, pneumonitis. 

3) for CMV retinitis. 

Adverse effects : 

· myelosuppression ( 20 – 40 %) as neutropenia.

· CNS ( headache, mental change, seizures).

· Vitrous hemorrhage, retinal detachment are associated with intra ocular implant.

· Probenecied  increase its plasma level.

Valgancyclovir:

· Is a pro drug that rapidly hydrolyzed to active compound gancyclovir by intestinal & hepatic estrase.

Pharmacokinetics 

· well absorbed orally & rapidly metabolized in the intestinal wall & liver to gancyclovir.

· Excreted mainly through kidney.

Clinical uses: 

· Treatment of CMV retinitis in patient with AIDS.

Cidofovir

· cytosine nucleotide analog.

· Its phosphrelation  to the active diphosphate is independent of viral enzymes. 

· Acts as a potent inhibitor & alternative substrate for  viral DNA polymerase.

· Inhibit DNA synthesis & incorporated into viral DNA chain .

Pharmacokinetics:

· half life 2 – 6 hours.

· The active metabolite ( cidofovir diphosphate ) has prolonged intracellular half life 17 – 65 hours.

· Cidofovir phosphocholine has a half life 87 hours serve as an  intracellular reservoir of active drug .

· CSF penetration is poor.

· Excreted through kidney.

Clinical uses:

· I.V cidofovir is effective for CMV retinitis.

· Polyomavirus associated progressive multifocal leuko-encephalopathy syndrome in AIDS patient.

Adverse effects: 

· I.V cidofovir may cause nephrotoxicity ( dose dependent ).

· Uveitis, decreased I.O.P. 

· Neutropenia & metabolic acidosis are rare. 

· Hypersensitivity reaction.

· Adenocarcinoma in rats & embryotoxic. 

· Anti Retroviral Agents
· Used to HIV infected patients (AIDS)

· Combination therapy needed and known as highly active anti retroviral therapy (HAART)

A- Neocluside reverse transcriptase inhibitors: (NRTIs)
· Mechanism of action: 
· all are phosphorylated by host cell enzyme to give 5-triphosphate which compete with host cellular triphosphate that are essential substrates for the formation of pro viral DNA by viral transcriptase( viral RNA dependent DNA polymerase)

· This result in chain termination

· Polymerase affinities of the drug for many host DNA are lower than they are for HIV reverse transcriptase

· Gama DNA polymerase in the host cell and may cause unwanted effects mitochondria is sensitive.
1-ZIDOVUDINE:  (ا العريس زيدو اسم الدلع )
(analog of thymidine). 
· Well absorbed from the gut 

· distributed to most body tissues and fluids

· Protein binding 35%

· plasma T½ = I hr, intracellular T½ of the phosphorylated compound = 3.3 Hrs
· metabolized in liver to glucuronide compound

· excreted through kidney.

clinical uses:

· It decreases the progression and prolong the survival in HIV patients
· In HIV associated dementia and thrombocytopenia
· It is given during pregnancy between 14-35 weeks (orally) then Iv during labor, then orally to the neonates up to 6 weeks of the age to reduce transmission of HIV from mother to new born

Adverse effects:
· mylo-suppression (anemia or neutropenia)

· GIT intolerance (NVD) nausea-vomiting –diarrhea

· CNS (headache – insomnia)

· Less frequent: thrombocytppenia, hyperpegmintation of nails myopathy

Toxicity:

· anxiety (confusion and tremors).
· plasma level of the drug is increased if given with probancied, phenytoin, valporic acid, methadone ,fluconazole
· toxic effect of the medication occur whether by inhibition of 1st pass metabolism or inhibition of its clearance

2-DIDANOSINE :     (analogue of deoxyadenosine)

· orally taken and it is absorption is affected by meals

· excreted via kidney

· CSF 20%of plasma concentration

· plasma T½=30 min , intracellular T½ more than 12 hour

· Formulation: powder, enteric coated tab, chewable

Adverse effects:
· dose related pain and sensory loss in feet*
· dose related pancreatitis (major clinical toxicity)*
· GIT disturbances 

· headache

· insomnia ,skin rashes , bone marrow depression(less common)

· alteration of liver function

· hyperuricemia
3-LAMIVUDINE:

· used for HIV-1,HBV infections
· with HBV is more effective so reduce and less side effects
·  No significant side effects as it doesn’t affect mitochondria DNA synthesis or Bone marrow cells
· has high oral bioavailability
·  has high rate of mutation if given alone*
· it is synergistic with a variety of antiretroviral nucleoside analogue.

4-STAVUDINE:
· high oral bioavailability .
· plasma T½= 1.5hr and intracellular= 3.5hr.
· CSF level 55% of plasma concentration.
· excreted via kidney .
· major toxicity is dose-related peripheral sensory neuropathy*
·  it inhibits also beta and  gama DNA polymerase  reducing mitochondrial DNA synthesis*
B- Non neocluside reverse transcriptase inhibitors (NNRTI)*
· They are highly selective non competitive inhibitors of HIV1 reverse transcriptase.
· They bind to the enzyme @the site adjacent to the active site .
· They don’t require activation by cellular enzymes.
· Lack of cross resistance with NRTIs.
· Lack effect of host blood forming elements.
· Most of them are inducers or inhibitors to CYT P450.
· Hypersensitivity reaction(life threatening dermatitis).
· There is cross-resistant w each other . 

1-NEVIRAPINE:  (العروسه نيفي الدلوعه )
· orally taken, bioavailability more that 90%.
· not food dependant.
· highly lipophilic (fetus –mothers milk ,CNS).
· 60%bound to plasma proteins .
· metabolized in liver.
· excreted in kidney .
· enzyme inducer.
Clinical uses:

· as a component of a combination anti retroviral regimen in the treatment of HSV1 Infection in adult and children.
· prevents transmission of HIV from mother to new born (as zidovudine)

adverse effects:

· skin rashes (life threatening dermatitis)

· hepat5itis and fetal hepatotoxcity

· headache

· fever

· somnolence (no3as)

· enzyme inducer to CYp 3A4
زيدو & نيفي (couple):D أهم وظيفة لهم بالحياة ) (  prevents transmission of HIV from mother to new born ).
2-EFAVIRENZ:
· orally taken, bioavailability is increased when given with fatty meals

· plasma T ½= 50hr (long half life) given once daily

· 99% bound to albumin 

· CSF concentration 1% (3 times free fraction in plasma)

· metabolized in liver

· enzyme inducer to CYP 3A4(moderate)
· excreted in urine and feces (dose adjustment not required in renal impairment)

clinical uses and adverse effects:

· in combination with NRTIs
· most common adverse effect are tolerable and related to CNS and resolve within 2 weeks

· skin rashes (25%) life threatening dermatitis 

· contraindicated in pregnancy *
3-DELAVIRDINE

· rapid oral absorption

· highly bound to plasma proteins
· metabolized in liver

· excreted in urine and feces.
uses and adverse effects:

· in combination with NRTIs

· Rash is common side effect

· nausea, dizziness and headache

· enzyme inhibitor*
C- Protease inhibitors:
· reversible inhibitors of HIV as partly protease enzyme that is responsible for cleavage of viral poly protein in to a number of essential enzymes ,reverse transcriptase ,protease, integrase and several structural proteins. The inhibition prevents maturation of the viral particles and resulting in non infectious virions .

· HIV specific protease inhibitor bind to the site where cleavage occurs

· their use with reverse transcriptase inhibitors has transformed the therapy of AID

· they have great affinity for HIV1 and HIV 2 enzymes than human protease (renin)

Examples of protease inhibitors:

(Saquinavir- Nelfinavir –Indinavir -Ritonavir) 
· all are given orally, Nelfinavir and Ritonavir are best given with food

· saquinavir within 2 hr of a fatty meal for enhanced absorption

· CSf level is negligible with saquinavir and highest with indinavir(76%)

· saquinavir is:

·  subject to extensive 1st pass metabolism 
· it is cyp 3A4 inhibitor

· it is available as hard or soft gel capsule combined with Ritonavir

· Ritonavir:

·  has high oral bioavailability,bad taste and metabolized to its active metabolites

· excretion for both primarily via feces

· all are enzyme inhibitors (most potent enzyme inhibitor Ritonavir)

Adverse effects:

· NVD

· associated with metabolic abnormalities such as insulin resistance, high blood sugar and hyper lipidemia
· long term use leads to unusual re distribution of cautanous fats , increased abdominal fats ,breast enlargement and buffalo humps
· increased liver enzymes in blood with Ritonavir and indinavir

· Ritonavir causes parasthesia around mouth hands and feet

· Ritonavir causes kidney stones to be formed

· All inhibit the cytochrome P450 enzymes

D- Fusion inhibitors (new class of antiretroviral drugs):
Enfuvirtide (T-20):
· binds to GP 41 subunit of the viral envelope glycoprotein preventing the fusion of viral and cellular membranes (block entering into cells)

· kinetics and uses:

· SC rout, in combination with other anti retroviral agents in patients with resistant HIV

· protein binding 92%

· metabolized in liver

adverse effects:

· local injection site of reaction

· hypersensitivity

· eosinophilia 

· Anti-hepatitis agents (like in AIDS they are suppresive) :-

1.Alfa-interferon:

· Endohenous protiens, exerts a variety of actions: antiviral, immunomodulatory & antiproliferative.

· They bind to specific membrane receptors on the cell surface, initiating a number of intracellular actions.

· Is produced by B & T-lymphocytes, macrophages & fibroblasts in response to the presence of viruses & cytokines.

Mechanism of action:

· In the ribosomes of the host cell it induce the production of enzymes that inhibit the translation of viral mRNA into viral proteins, thus stop the production of viruses (degradation of viral mRNA & tRNA)

Pharmacokinetics:

· Given SC, IM, IV

· Half life 2-4 hours (variable)

· Don't cross BBB

Clinical uses:

· Treatment of viral hepatitis B&C

· Prevent reactivation of HSV after trigeminal root resection

· Prevent spread of herpes zoster in cancer patients

· Cancer leukemia

· Multiple sclerosis

· Genital warts

Adverse effects:

· Flu-like syndrome(as rifampicine)* 
· Thrombocytopenia

· Granulocytopenia

· Increase liver enzymes

· Nausea, fatigue, rash, anorexia, alopecia, hypotension, edema

· Severe neuropsychiatric side effects

Contraindications:

· Psychosis

· Neutropenia & thrombocytopenia

· Heart disease

· Decompensated cirrhosis

· Uncontrolled seizures

· Organ transplantation

· Pregnancy

2.Ribavirin:

Mechanism of action:

· Interferes with the synthesis of guanosine triphosphate, so inhibit viral mRNA

· It inhibits the replication of a wide range of DNA & RNA including influenza A, parainfluenza, paramyxovirus, HIV, hepatitis.

Pharmacokinetics:

· Oral bioavailability increased with fatty meals & decrease with antacids.

· Excreted through urine.

Clinical uses:

· Ribavirin capsules in combination with SC interferon are effective for treatment of chronic hepatitis C.

· Monotherapy is not effective in hepatitis C.

Adverse effects:

· 10-20 % hemolytic anemia.

· Depression, fatigue, rash, cough, insomnia, nausea, pruritis.

Contraindications:

· Anemia

· Renal failure

· Heart disease

· pregnancy
· Anti-influenza agents 
Amantadine  &  Rimantadine

· Prevent replication of the viral RNA of influenza A within the host cells through blocking a viral membrane protein M2 (an ion channel).

· Rimantadine the ά- methyl derivative of amantadine is more active.

Pharmacokinetics:

· Amantadine is excreted unmetabolized in the urine.

· Rimantadine undergoes extensive metabolism & eliminated by liver.

· Dose adjustment is needed in old ,renal insufficiency for amantadine.

· For rimantadine in hepatic insufficiency.

· Both of them cross BBB.

Clinical uses:

· Prevention of clinical symptoms of influenza A.

· Reduce the duration of fever & systemic complains.

· Amantadine is used for management of Parkinson disease.

· Adverse effect:

· Gastrointestinal intolerance.

· CNS.

· Teratogenic.

· Over dose leads to anti-cholinergic effects.

Zanamivir

· Inhibits neuroaminidase an enzyme is essential for virus replication & release.

· Active against influenza A & B.

· Available as powder for inhalation.

· Nasal & throat discomfort.

· Bronchospasm.

Oseltamivir

· Act as zanamivir.

· Given orally.

· It's a pro-drug that is activated in gut & liver.

· Plasma half life 6-10 hours.

· Excretion in urine.

Clinical uses & side effects:

· Prophylaxis of influenza.

· Nausea & vomiting decrease when given with food.

· Regimens for the treatment of AIDS

· Preferred :One NNRTIs, plus two NRTIs
· e.g: zidovudine ,didanosine , stavudine (NRTIs).

· Nevirapine (NNRTIs).

"There are only two ways to live your life.

One is as though nothing is a miracle.

The other is as if everything is."

>>Albert Einstein<<
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