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I. Intro

A. Originally handful of drugs

B. Now thirty, probably because HIV

C. Now looking for antivirals for flu

D. If don’t know what patient has, generally say you have virus and don’t give medication, but now we have anti HIV drugs fighting back, but still a problematic area for having good drugs that work

E. Nucleic acid metabolism, inhibiting production of new DNA, they make more copies of the virus, not a lot to copy, just a viral gene, a protein shell, a virus doesn’t have a lot more than that

F. Toxic to DNA, have secondary side effects like anemia

II. Viruses are guerilla warfare

A. Typically a western culture, very good at fighting and seeing enemy, bacteria, but now fighting an enemy that hides

B. They not easily visible, take advantage of supplies from your camp, they enter cell

C. Antivirals generally have to enter inside the cell, pharmacokinetics all are small and lipophylic and cross BBB bad news have CNS toxicity, and limits types of drugs can use

D. Different strategies of viruses here, they mix their DNA with host DNA, other organisms that do that too, in this case, they’ve inserted a strand of their DNA into human chromosome, its randomly placed around, if want to get rid of viral DNA, must get rid of selectively take out of cell, or wait until cell dies off

III. Fast and mean viruses

A. Infections that have short disease course

B. Usually come on pretty quickly, comes up time and again

C. By the time patient gets symptoms from them, colds and influenza, you basically have most of cells that will be infected, they are infected, and immune system clears out additional virions and prevent more cells from being infected and helps wrap things up for you

D. Some viruses affect for long terms, with cyclic outbursts, problem with herpes sores, by time patient gets drug, most cells damaged that will be damaged are damaged

E. So what do you do with things like these?  When drugs used, must be used right away, can take drugs prophylactically to prevent infection from showing up

IV. Slow and mean viruses

A. Take long time show up, HBV, HIV

B. Latent phases, that doesn’t mean not active during these years, their effect is building up all over the body, invading the immune system, they have long term battle with immune system, which doesn’t completely clear infection as a general rule

C. If you have these, you keep on having them

V. Antiviral drug overview

A. Some antiviral therapies can clear these, like HCV, to a limited degree

B. Don’t try to kill virus, generally try to prevent virus from infecting cells and producing competent new virions

C. If this works right, then the disease progression can be halted, no new cells infected, in theory all old cells cleared out over time, hope with HIV therapy, if keep new cells from being infected, how many years does take natural turnover of infected cells to eliminate progression of HIV in body

D. They tried taking people off therapy after 2-3 years, that doesn’t seem to work

VI. Selective advantage of antivirals

A. They go after prevention of making new viruses

B. Affect one new cell

C. Human cell not making 10 thousand copies of self then breaking out, have genetic synthesis, some retroviruses have RNA as primary gene

D. Need this shell, this encapsulation, to go out into the world with, this protein shell, glycoprotein, sometimes pick up lipids from cell membrane on way out, but has to assemble that protein shell

E. I make it sound like they just go in and replicate, but they do have some regulatory control, proteins that are being produced that tend to up or down regulate the production of the virus, so they do have some control, which could end up being some target

F. Viral penetration into cell, drugs work along those lines

VII. Nucleoside analogs overview

A. Nucleoside:  sugar and base, typically a DNA base, joined together

B. Nulceoside analogs, typically have faulty sugar to this

C. Lets say you have thymidine, connected to a five sided sugar, is either deoxyribose, or else its ribose, its phosphate backbone up there, then have OH group, for ribose, you have two of these, for deoxyribose you only have one of these, if faulty sugar molecule, you have problem with the deoxyribose sugar, something which makes this unable to continue its change, so prevent the phosphate group from being able to bind to the base of the sugar, do this with substitution of one or both of the OH groups, substitution with azido group, added on so you can’t make combination, so then you have azidothymidine, and its not able to continue with the phosphate group, and that drug is known as AZT, one way or another, these work that way, acyclovir, doesn’t have same ring, but its broken open, so can’t continue phosphate backbone

D. so advantage is virals recognize these faulty sugars more than normal sugars, so DNA can’t continue on

E. Competition for good nucleosides, to prevent the virus from being able to use those

F. 20 of drugs are nucleoside analogs, half of drugs used for HIV are nucleoside analogs, they tend to have same basic MOA

G. Side effects overlap with one another, they are not totally selected for the viral replication enzymes, sometimes will inhibit the DNA polymerase to prevent human cell from using copy DNA

H. What cells in particular is that important for, well the two classical ones, are the bone marrow cells, so these drugs cause anemia, and the GI tract cells, so these drugs cause GI upset, wasting, N/V, the GI have rapid turnover rate, they adjust themselves with digestive enzymes, if inhibit making new ones, you have incompetent GI tract, with N/V

I. Some have side effects because inhibit the human mitochondrial DNA polymerase, inhibit the mito from replicating, with lack of energy secondary to that

J. MOA:  they incorporate incompetent nucleoside analogs, and viral replicating chain is terminated

K. Tend to have in common they are prodrugs, so cell has to activate them, for thymidine to be incorporated into DNA, have to triphosphorylate, then cut off phosphate for energy and these drugs are added on, inhibit viral replicating enzymes, not all go after reverse transcriptase, there’s variety of viral enzymes they go after, downregulation in cells ability to activate these, you have recalcitrance of action, human resistant to activating these drugs

VIII. Vidarabain

A. Don’t need to know for test what the nucleoside substitution is going on

B. But general them, typically a base that is a DNA base, then you have something different about the sugar, here you have arabinose sugar instead of deoxyribose sugar

C. This useful against a set of viruses, well, drug to bug is always important

D. useful against herpesvirus, VZV

E. cause CNS side effects

IX. Acyclovir

A. Just like the previous one, except that its a little safer, and the reason why its safer, it has additional MOA, it seems that the viruses its effective against, have their own thymidine kinase, that’s the enzyme that puts on phosphate molecules, so you don’t have to go through the human system, its taken up by infected cells, one thing about them, is that they are on high demand for nucleosides, including because they are essentially replicating, they also actively transport in acyclovir

B. If have altered thymidine kinase, can’t activate, it’s a viral thymidine kinase, can carry with it to cause resistance

C. VZV and herpesvirus, like vidarabine but safe

D. Long list like acyclovir, pencyclovir, some turn into acyclovir in body, so they are prodrugs that get activated into different type of prodrug

X. Trifluridine

A. For herpes simplex keratitis

B. Too toxic

XI. Gancyclovir

A. Number nucleoside analogs are anti HIV, which I’ll talk about in second half of lecture

B. Nucleoside substitution

C. More toxic than acyclovir

D. Usually since have good activity against CMV infections, its opportunistic organism, causes blindness, most of us have or carry CMV inside of us 90% of us carry gancyclovir inside our body, helpful not have CMV in blood if donating to immunocompromised or children

E. 60-70% have oral herpes

F. For severe CMV infections, helpful for EBV

G. Given intravitreally, injection lasts for 1 month, have less systemic side effects, and at the site where CMV is doing a lot of damage to the patient

XII. Ribavirin

A. Used for RSV, its also the R its mechanism of action is a little different, lowers cellular nucleoside pools, inhibits viral cellular mRNAs (now we talk about mRNA instead of duplication of gene)

B. Now questioning is it worth it because its potentially toxic

C. Now used in combo with interferon for HCV with 40% cure rate

XIII. Other nucleoside analogs:  talk about those used in HIV in a bit, a lot of other ones used around there, try to get around toxicities, try to get money on use

XIV. Antivirals for colds and flus

A. Must always hit symptoms in first 48 hours, because this isn’t even the peak of symptoms that somebody has in flu

B. Can be used for prophylaxis

XV. Amantadine

A. They look, have like a cage, so they look like almost the shell of a virus themselves, they kind of explain the MOA and prevent the protein coat from coming off the virus, early first stage infection of the cell

B. Have virus recognize outside of shell, then virus internalizes, dumps out genetic information

C. Pretty specific for influenza A virus, these drugs were discovered first for parkinson’s disease and doctor noticed that patients on amantadine didn’t have as much flu

D. You have nursing home, somebody has nursing home, can give this to prevent infection in the first place

E. Dr Ali talked about amantadine under parkinson drugs

XVI. Zanamivar

A. Works at other end, neuroaminidase, an eynzme that works on part of glycoprotein of newly formed virions, good for influ A and B, it has all limitations as other ones in class, must be used fn first 2 days

B. No one walks in office to say I’ve had a flue for first 2 days

C. If give in first 24 hours, reduces the symptoms and days of course

D. New drug in pipeline for colds, essentially did a big study and does this drug work to limit the cold symptoms, and their first study came back no

E. They said did we actually culture to prove that patient has rhinovirus, for colds, well, maybe some of these patients had allergies and not real colds, so they did another study, just completed, 5000 people, identified rhinovirus, gave in first 498 hours, cute down symptoms 2 days, not useful never going to culture someone’s rhinovirus, if it does end up being prescribed, will be commonly prescribed, because dr.’s prescribe drugs whether work or not

XVII. Interferons

A. In 50 and 60 decided lots of viruses, going to decide how to use this, and they didn’t find very much use

B. Genital warts, have minor efficacy in getting rid of them

C. Lots of problems with them, must give IM or IV, with repeat injections over long period of time, so all of that negative thing about them, they have found good use for them, work with ribaviron to treat HCV fro 

D. This is treatment for months and months, 6 or 12 months of therapy

E. Potential side effects

F. Had very short half life, had to be given by injection, and a short half life, giving IV drip in hospital for long time, and keep getting people back from rejection, adding molecule called pegylated interferons keep from getting eliminated quickly

G. Expensive $15-20K to eliminated HCV

H. HCV studies with pegylated interferon

XVIII. For exam:  should know uses of these drugs, not just DOC but what else it can be used for, more than one DOC for all organisms, potentially a lot, but also saying, don’t worry about extra drugs, falling together in classes, I’ve seen people put together 20 cards 3x5 with all information, its not like its an infinite information, one or two side effects, then full classes tend to share side effects

XIX. AIDS:  a disease and a set of diseases

A. Second half of my antiviral lecture dealing with AIDS, the endpoint of HIV infection

B. AIDS is almost a review, because this is all potential diseases can get with AIDS, M avium, PC

XX. Markers of disease progression and antiviral efficacy

A. CD4 counts:  these lymphocytes are the controller regulator form of lymphocyte for the immune system, HIV is particularly nasty against these types of lymphocytes and can watch them disappear in patient over time

B. Healthy patient, hopefully me or you, have between 1000-1500 CD4 cells per cubic mm of blood, and that’s competent to fight

C. HIV patients cut down to 500-600 and becomes symptomatic

D. Below 200 is now or has been used for a time as the definition of when somebody actually has AIDS versus HIV infection

E. Other things involved, whether they have opportunistic infection, whether someone has AIDS or just HIV infection, you have 300 CD4 cells, you can still end up with patient that doesn’t have opportunistic infection, but has full blown strep infection because immune system is not good

F. If have below 200 have AIDS

G. Finally, can disappear, with CD4 being 5 and by then they have full blown AIDS with several opportunistic infection at the same time

XXI. Goals of therapy

A. You want to decrease viral load, increase CD4, prevent death

B. Increase CD4 counts, to have them rebound, that’s kind of the older method of predicting course, the newer method is viral count, how many HIV particles per ml, it’s a PCR type test, versus microscopic or something like that, and you count that and find that if the person has a high number, almost arbitrary number, over 30,000 its likely to progress to AIDS, and keep lower check, below 10,000, how high should it be before start treating, probably over 30,000 progressing to AIDS and have to knock down number of HIV particles

C. Handle progression markers pretty well, the CD4 counts go up, continue to rise, you can end up having non detectable viral counts, usually have lower limits or so, if its below 50 virions per ml

D. Bad news is have serious long term side effects, because we rushed them into production, which I’m not arguing, probably a good thing to do

XXII. Immunosuppression and opportunistic infections

A. Hallmark of AIDS, CMV infection, should also realize that AIDS patients can get practically any disease, more likely to get flus, OM, any organism just because they don’t have competent immune system

B. Infections tend to be more serious when immune system is compromised, more serious, more organisms, more septicemia, can have them spread to other organs, have CNS complications secondary to strep infections which happens in other patients, just more rarely

C. Immune system seems to be awry, attacking the body

D. Treatment of opportunistic infections, not just AIDS patients, don’t just use anti-HIV drugs for these patients, but for treating the individual diseases you may go after that

XXIII. Therapy for HIV

A. Four sets of drugs

B. Nucleoside analogs reverse transcriptase inhibitors (NRTIs)

1. when changes from RNA to DNA is reverse transcriptase enzymes, humans don’t have this enzyme

2. we don’t go from RNA to DNA, we go from DNA to DNA or from DNA to RNA

3. they are NRTI, because work against RT, which is HIV copy of enzyme 

C. Nonnucleoside analogs (NNRTIs):  don’t have the thymidine base, the DNA base attach to it, all these do is inhibit the reverse transcriptase, just plug into the hole of the enzyme reverse transcriptase, not directly preventing elongating of newly formed HIV DNA, the way that the nucleoside analogs are, which is making incompetent DNA, these just prevent the DNA from having activity, it just inhibits the enzyme through another site, not by being a false substrate

D. Nucleotide analogs:  affective against resistant HIV infections, one just came out

E. Protease inhibitors (PIs):  enzyme that does a lot of the essential cutting of the protein coat, so essentially when the virus makes up its amino acid string, to make up a new protein coat, for replication, this one kind of cuts it into the right kind of building blocks, so it can be assembled into a virions, PI’s prevent production of infectious virions

F. All of these are viristatic, don’t kill cell or virus, just prevent new cells from being infected, or from new virions being formed from being competent

G. HAART:  highly active antiretroviral therapy, toss in sometimes 2 PI’s, usually its 2 NRTI and 1 PI, cost is $10K/year

XXIV. Nucleoside analogs

A. Goes after proviral DNA before it gets transcribed and made into new HIV RNA which gets packaged as being the genetic information for the virus

B. Azidothymidine (name on test) also nickname called AZT, zidovudine is its second generic name (Retrovir)

1. All of these drugs tend to share roughly the same MOA, interestingly, the difference between them, a little difference in side effects, and what they call the resistance profile, jumping ahead, HIV grows resistance rapidly, has all advantages like TB in terms of resistance, intracellular hides from high concentrations of drug, manages to have an enzyme for replicating its genetic code, which is a bit incompetent, which means it puts a lot of errors into replicative generations of virions, and because of that we have a lot of mutations, which can be selected out for resistance

2. If use this alone, get resistance

3. Toxicities, run into them again and again, certainly true for other nucleoside analogs, get GI disturbance, allergy, muscular weakness, secondary to inhibiting the mitochondrial DNA enzymes, which some of them have affinity for, almost everything you can say about AZT you can say about DDI, one thing that’s confusing is that they have many names of them, 

C. Dideoxyinosine

D. Dideoxycytidine, ddC, zalcitabine

1. See in name, doesn’t have two OH groups, “dideoxy”

2. DDC tends to be less efficacious than others in group

E. Didehydro-dideoxythymidine:  roughly same thing

F. 3-thiacytidien, 3TC, lamivudine

1. Tended to have better reputation than other nucleoside analogs

2. Has activity against hepatitis viruses

3. If you look at the resistance that occurs to different nucleoside analogs, and look at genetic acquisition of resistance, resistance to this shows up rapidly, 50-60% patients examined at PSM have resistance to this, won’t ask this on a test, some people wondered if this resistance is resistance, it turns out that change in RT may cause resistance, may also cause RT enzyme to replicate more accurately, just through that out as interesting side note

XXV. NNRTI

A. Very potent, very powerful, what else can you say, they don’t have same degree of toxicities as NRTI’s, they aren’t fake nucleosides, so they aren’t potentially causing anemias, or fitting themselves into inhibiting human enzymes as much, they find another part of the RT enzyme to inhibit and fit into that, that’s the good news

B. The bad news, is that they are resistance to these in 2 weeks, to prevent that from happening tend to use them in combination, in special treatments, problems of using the drugs alone, one use where work well alone, the time of delivery of HIV infected mother, more virions that mother has, more likely baby will be infected, give short term therapy to mother, can knock down short term therapy to mother, prevent problems from having, using AZT alone, cut down 25% to much lower % transmission (perinatal transmission important)

C. The advantage to this is in the 3rd world

XXVI. Nucleotide analog:  different resistance profile

XXVII. Protease inhibitors

A. Image picture of protease enzyme from HIV, they did that then used computer analysis to figure out what were the big key holes where you could fit a drug very tightly inside this protease enzyme, then asked question how can figure molecule to fit that keyhole, this is rational drug molecule design, but usually just screen drugs, have 10K chemicals, keep trying, you worry about how fits after it works, this one worked out everything by computer first then designed molecule, problem is its expensive to manufacture

B. Makes the essential cuts in viral coat, that’s simplistic, it makes cuts all over, but also in viral coat, when able to make cuts, have incompetent viral virion, which can escape from cell but can’t infect new cells

C. Ritonavir, all end in –avir

D. These drugs were rushed through, showing obvious efficacy against HIV, in mid 90’s didn’t have much working well, in combo can be life saving drugs, bottom line is side effects and long term side effects, just finding out now because didn’t do long term studies of side effects before, which I said before was the right thing to do

E. GI disturbances, kidney stones, numbness around mouth (perioral anesthesia, for some reason its caused by these)

F. Saquinavir is least efficacious, but still released, it had 3% bioavailability, for HIV activity, that was below effective activity, so question of drug company promoting it, then came out with new formulation, with 4x that dose, have some HIV efficacy, so this is kind of still added to therapies, I think the drug therapy is criminal in marketing this one, especially with three percent bioavailability, now we found that saquinavir was low efficacy

G. Special toxicities:  lipid dystrophy (especially indinavir) where have thick neck with deposit of fat around the top of the spine called the Dowager’s hump, increases the LDL, fatigue

XXVIII. Antiviral resistance:  assay, map RT gene and protease gene for someone with HIV, and look at genetic changes seeing which drugs it is resistant to, it improves the length of response for drugs

XXIX. HAART

A. Combine drugs, take one from different groups

B. Attack organism at different parts of its cycle

C. Make it harder to make test questions because can’t simplify and all know combos

D. Death by AIDS has declined by 62% over the last few years

E. Compliance with these therapies is hell, some of these regimens have patients taking 40 pills a day, saquinavir is 6 pills 3 times a day, gobbling up all of these over course of day, over the course of their life, in theory, this is especially true when the patients doesn’t have active disease, to prevent it from breaking out sometime in the future

F. Morbidity health profile has improved, and I’ll tell you that the CD4 counts start rising and continue to rise, we haven’t figured where they’ll end up stopping, don’t have a million CD4 cells per cubic mm, but certainly end up increasing

G. Virions in blood can drop down where can’t detect, happens in 2/3 of patients, others can still find virions for

H. Problems with HAART is that they are expensive, its complex, intolerance, itonavir being powerful p450 inhibitor, they may be taking other drugs at the same time, lots of potential problems

I. Ineffective for unknown reasons, resistance can appear, and certainly not being able to follow the regimen can cause resistance to appear, and I put down complacency, and this has been argued that people feel there is a cure for AIDS, this is not a cure for AIDS

XXX. Sequelae of AIDS

A. The sequelae of AIDS if this spreads into tomorrows lectures, because I think we’re only about half of HIV, I research HIV, I find it a fascinating topic and an important topic too

B. Have things secondary to HIV infection, not due to additional opportunistic infection, CA, AIDS dementia complex, deterioration over time, this is HIV causing it, not opportunistic infection causing it, and peripheral neuritis

XXXI. Most common fatal infections

A. If its pathological background they ask in pathological, I ask pharm related questions

B. #1:  PCP:  75% AIDS patients have PCP, most common fatal organism for AIDS

C. #2:  Kaposi’s sarcoma:  appeared early on in history of AIDS, decline, may not be #2 anymore

D. #3:  M avium

XXXII. PCP

A. #1 killer in AIDS

B. Fungal infection (formerly classified as protozoa)

C. May spread to other sites, does spread to other sites, when it moves to point of being fatal

D. Pentamidine

1. drug used against PCP

2. If use inhalant have more getting to lungs where infection is, less to system where complication is DM

E. Co-trimoxazole

1. vs PCP

2. comb of sulfa and trimeth

3. use in AIDS, get the rashes, more often in AIDS patients, it’s a little less effective against PCP than the other 2 choices

F. Atovaquone

1. MOA not very well understood, don’t worry about the MOA when I have that little info provided, it doesn’t mean a whole lot

2. It can be used for plasmodium

3. New drug, not on list of drugs to know, it was on the handout, then I was thinking it was important, match the drug to bug then

XXXIII. Kaposi’s sarcoma

A. Why are people getting cancer, why are so many gay people getting a particular form of cancer, if you are working for this population it can be freaky, it turned out was secondary to AIDS

B. Production of new blood vessels, proliferative tissue

C. Tat protein, one of proteins that make up HIV seems to upregulate angiogenesis, or blood vessel production, typically seen around the skin, sometimes has pulmonary involvement

D. Come out recently with antibody that is helpful against this, then you go to anticancer chemotherapy, I won’t ask questions about anticancer chemotherapy

E. Allitretinoin:  one of drugs will fall between cracks, used for skin proliferative disorders, shingles, those sorts of things, and also works for kaposi too

XXXIV. M avium

A. Roughly same slide when talked about it before, I was lazy

B. Probably should just put it in this place

XXXV. Other common opportunistic infections that occur in AIDS:  toxo, CMV, HSV, VZV, Candida, every kind of organism goes after these people

XXXVI. We’ll go over the rest tomorrow, and we have a short lecture tomorrow, we’ll go over all of these tomorrow

