Drugs 101

Intro and History

· Readings are on the midterms!
· For most of history, life expectancy was about 30 to 35 years
· Increase started about 150 years ago, reason is because we started to use science to improve life
· In history, not only did you not live not that long, but your quality of life was also poor, you would usually die of infections
· Nowadays, we die because our bodies wear down
· Back in history, people were usually sick all the time and carry parasites all the time like lice and fleas
· Throughout history, people were chronically infected with worms, as well as chronic infections, food was also hard to preserve so people ate rotten food often
· 5 factors contribute to our long life
· In this course, well deal with the last 2 factors - vaccinations and antibiotics, which have had the greatest effect on our health in terms of improvement
· Sanitation
· Our waste is removed away from all right away, in the old days, people lived close to their waste, there was no separation, the separation we have today contributes to our health
· Also, people were in contact with dead bodies as well
· Safe water supply is new, in history people just drank from rivers or lakes that contained all sorts of microorganisms 
· Understanding how a disease works, how to filter water, you can avoid diseases
· Chlorination – major part of filtering water
· The idea of cooling food to store it is a new idea
· Pharmaceuticals improve health
· Vaccination – allows you to avoid sickness, really successful for VIRAL diseases
· Small Pox – only viral disease to be eradicated
· Polio – no longer present in north America
· Antibiotics – change the world, alleviates bacterial infections
· Birth – women used to die from birth and be afraid from giving birth, penicillin discovered in 1930 reduced maternal mortality dramatically
· United States accounts for about 50% (49.1) of world drug market
· Canada accounts for 3.8%
· Types of Medical Treatment
· Surgical – modern surgery is made possible by drugs
· Medicinal  - we will focus on this in this class, treatment using drugs
· Most drugs in all of history have come from plants
· WHY? Plants produce a lot of strong poisons in order to protect themselves
· Only difference between a poison and a drug is the dose you get!!! What is important is how much, not what it is
· Greeks used to call drugs and poison the same word, pharmakon
· Only the dose makes the poison
· Dosages
· Insulin and salt, you need the opposite than what we assume, examples for slide 37
· How were drugs discovered?
· Observation and experiment
· Basically trial and error using strong poisons given in low doses
· Works if you do it right
· Strong poisons are easily identified, you eat it and you die
· Weak poisons used rarely
· Philosophy
· Major method in history
· Basically, people used reasoning to derive treatments, this is a problem because people essentially made things up
· Hippocrates
· Ox liver for night blindness is right
· Poppy juice for crying babies is right
· Animal fat for baldness is wrong
· Opium – narcotic pain killer, puts you to sleep, excellent cough suppressant
· Toxic in high doses
· Used to be present in everything, you could buy it everywhere
· Cocaine – pain killer and stimulant
· Used in surgery as a topical pain killer
· Quinine – very effective against malaria, most effective treatment
· At one point, the bark where it comes from became more valuable than gold
· Tonic water contains quinine and was invented by British military
· Problems with observation
· Human brain searches for patterns in everything, even when they are not there, called apophenia
· Anecdotal evidence is unreliable
· Perceptions subject to placebo effects
· People lie, which can fool people into believing into something that may be wrong or harmful
· Once evidence is available, hard to contradict
· Parents cold remedies
· Apophenia – seeing patterns in something even when there isn’t one
· Pareidolia – seeing sounds or images as something else
· Only experimental evidence is reliable
· You have to make a measurement which must be measured properly and accurately
· Problems with herbal remedies
· Poor control over dose
· Plants produce variable amounts of active ingredient
· There is variability from one plant to another, 2 strawberries can be different
· Also variation is preparation and administration, raw carrots taste different from cooked carrot, depending on how you treat the substance you change the chemical composition of the substance which could be beneficial or harmful
· Also, in most history, people were illiterate, people shared information by word of mouth, so differences in the treatment will result because of communication errors, imprecise
· Most methods in history used were not reliable since they weren’t based off of the scientific method, however, for powerful chemicals the treatments worked to a degree
· Philosophy to identify cures
· Cure arrived at by reasoning
· Basically people just make up the cure
· Method requires good information, the conclusion depends on starting off with good information, base info has to be correct, garbage in garbage out
· Healing often connected with superstition and magic
· Hippocrates develops doctrine of humors
· He used reasoning to derive the elements of the body
· Universe is made of 4 elements
· Earth, air, water, fire
· Dry, cold, wet, hot
· Body is made of 4 humors
· Blood, phlegm, yellow bile, black bile
· Cold, wet, hot, dry
· 4 humors are normally in balance, too much or not enough of a humor causes disease
· Cure by re-balancing the humors, so basically using a treatment that is opposite to the properties of the sickness
· Bloodletting
· Re-balance blood humor by cutting a person and remove a certain amount of blood
· This is a bad idea because you need your blood
· Creative methods to remove blood
· Leeches
· George Washington was killed by bloodletting
· Rebalance with emetics and purges
· Emetics make you barf
· Purges refers to excretion to cleanse body of waste
· Doctrine of humors was crap
· Based on incorrect idea, made up
· Treatments developed using it were harmful and painful
· Doctrine of Signatures
· Named by jakob bohme, shoemaker and philosopher
· Idea is that god left clues/signatures to tell us how to use things
· Disease and cure were linked
· Walnuts look like brains
· Eating walnuts is good for brain health because they look like a brain 
· Boneset stems grow through the leaves
· Thought that these leaves help bone growth for treating broken bones
· Sharks don’t get cancer – this fact is used for treatment, turns out it’s a myth
· Sharks have cartilage whereas we have bones so the cartilage used as cancer treatment
· Not even true, sharks due get cancer, based on a myth
· Breath mints have chlorophyll
· Chlorophyll is the green pigment in plants
· Idea comes from the fact that farmers used to chew parsley to get good breath, parsley is green, chlorophyll is green, so use it in breath mints, total bogus
· Active ingredient is actually the natural and artificial flavors which just cover up your bad breath smell which is still there
· Mandrake
· Roots used for many medicinal and magical purposes because it looks like a little person
· Protect against the screaming by using dogs to pull root out
· Rhino horn
· Because horn looks like penis, maybe it will help you verile
· Mercury
· People drink mercury as a purgative, idea is that because it is heavy it pushes all toxins out of the body
· Only limited by your imagination
· Because avocado is shaped like pregnant women, it is advertised for cervical health
· Doctrine of signatures was crap
· most remedies developed this way were harmful
· at best were harmless
· lack of rationality or evidence, basically seeing connection in nothing
· Life expectancy didn’t increase with philosophy and reasoning, only with scientific method it increased
· Some problems require surgery
· Amputation without anesthetic
· No anesthetic, so don’t have method for killing pain, basically get them drunk or doing really quickly 
· Art of amputation
· Surgeons practiced to get faster at cutting peoples legs off
· Best way to cut is v shape, and attach both flaps of skin
· Nitrous oxide
· Gets you high and forget about procedure, doesn’t really kill the pain
· Nitrous oxide used in propellant
· Used in cool whip
· Ether
· Found to be better, makes you unconscious, totally kills the pain, this changed the way we do surgery, first real anesthetic
· Anesthetics make
· You can do heart surgeries, drugs make modern surgeries possible
· Less than
· Even if you survive surgery, recovery is slim, you would usually die later or get infections and then die too, this was because they didn’t know where infection came from, 70% mortality rate
· Joseph lister
· Tried to prevent infection during surgery
· Believed that bacteria caused disease
· He decided to use antiseptic, used phenol,  invented carbolic acid sprayer/smoke ball – candle boils phenol which produces vapor which is sprayed on area of surgery
· This had a dramatic effect in increasing success of surgeries
· Great for patients, but not for doctors, doctors started to experience problems because they are exposed to it a lot, high dose, phenol is really good in low doses, so no problem for patients who are only there for a few hours
· To prevent doctors from harmful doses, he came up with the idea that doctors just wash and wear gloves and do surgery in a clean environment

· Antisepsis brought to
· Roddick student of lister, 
· Used white clothing and tools because dirt is shown easily on them
· Carbolic smoke ball for home use
· Phenol is toxic, so it was a bad idea to bring it home
· Listerine
· His name is in Listerine
· Listerine no longer contain phenol, now contains thymol, which is less toxic, both chemicals based on same structure
· Problems with drugs
· Because of success of science, a lot of drugs were being made and produced, but this resulted in materials sold that were actually harmful, in 1800s there was dramatic increase in fraud
· After ww2, because of nazi doctor craziness, there were rules and regulations implemented on human experimentation
· Patented means nothing
· Rise of patent medicine late 1800s
· Patent medication is fraudulent medication
· Kickapoo indian oil cures all with alcohol
· Used alcohol to make people feel good, they were pretty much useless, just made you feel good
· Great radium spring water
· People sold radioactive water thought to be good for you
· William baily
· liquid contains radium, marketed as cure, based on a scientific discovery that radiation kills cancer cells, but he marketed it as something that increases intelligence
· twisted science
· cancer to intelligence, wher is the connection
· eben
· drank radithor for two years, got really sick, lower jaw had to be removed, died shortly after
· medicine from death’s laboratory
· people started to die from patent medicine, public outcry against this
· board of food and drug inspection
· only concerned with labelling
· didn’t have to prove anything
· Massengill company
· Pharma company that sold patent medicine, they were the company that trigured modern regulation
· Sold sulfanilamide, really good drug, antibiotic, they had good success selling this drug, but they wanted to expand market, so they wanted to sell to children because they get sick more, but children didn’t want it because it was so bitter and was powder form, so they changed it by a chemist called watkins and sold it as elixir, but it is antifreeze so very toxic, so children started to die
· Government noticed this and told company to stop, but they said no because they didn’t do anything wrong, so government forced it off the market by proving that elixir definition was wrongly used, but they were kinda late because 100+ children died
· Because of this, government created laws
· Food and drug administration
· Now you had to ensure the safety of drugs
· The animal testing is done by the companies not the government
· But problems still occur in other parts of the world with less laws
· Thalidomide
· Developed as sedative, it was very safe and had no side effects
· Because it was so safe, it was given to pregnant mothers, but this produced birth defect
· Teratogen causes birth defects
· Thalidomide was tested in rats, but rats don’t respond to teratogens the same way as humans, tend not to give births to deformed pups, they chose the wrong animal for testing, so government realized they had another problem
· Modern safety standards
· Safety testing done in at least 2 species, one must be primates
· Usually rat or dog, then monkey as primate
· Must show that the drug is bioavailable, meaning it can get into the body, because companies can make drugs that don’t even get absorbed into body, just get excreted out
· Must use relevant doses, because drug companies cheated by using small doses that don’t have any affect, so now you must use relevant dosages
· Changes drug discovery
· Genetic engineering replaces many animal experiments
· Allows us to grow organs now in test tubes, so don’t have to use animals as much
· Facilitates
· Allows us to engineer molecules that allows us to visualize proteins
· Genetically
· Useful for making proteins for people who lack them
· Good example is insulin
· Nowadays, human protein is used as source, before you used animal insulin which isn’t as good
· Drug today
· On average, each drug costs 1 bill to develop
· Sources
· Old days, we usede to get a lot from natural sources, but not today
· Most compounds are synthetic and genetically engineered materials
· Extracts
· But we still use plants and animals
· We use computers to design thme
· Drugs random screening
· Basically test things until you get lucky
· High failure rate
· 8 to 12 years
· 1 bill costs

Pain

· Pain medication is a common kind of medication that we take very commonly
· Prescription drugs market is bigger than otc drugs
· OTC is smaller market, no prescription required
· Some are behind the counter
· Are available for you, but you have to ask pharmacist to buy them
· OTC are much cheaper and are used more frequently, cost is visible, prescription are more expensive, spend most on prescription drugs in early life 
· OTC spend most on cough and cold, but use pain killers more
· Laxatives bought more by old people
· OTC no doctor involved, you are the doctor
· Should consider
· Safety
· Dose that makes the drug, # of tablets depends on body size, taking more tablets doesn’t really make a difference
· Dose that makes the poison, taking too much can lead to poisoning, 
· Side effects – doesn’t have to mean something bad, just something unintended, can be harmful and some cases good
· ALL drugs have side effects
· Effects are usually easy to find, label or box or google
· Incidence – how common is it? This is difficult to find
· Need both, effect and incidence, to evaluate risk
· Indications
· What is it used for? Many people waste money and don’t get any relief because they buy the wrong drug, many people take drugs unnecessarily
· Counter Indications
· When YOU SHOULD NOT use drug
· Conditions, drug combos, foods, natural remedies
· Pain relievers most common OTC drug
· Aspirin, worldwide most popular drug
· From Salix family trees
· These plants contain poisons that protect them, poisons called salicytes
· Knowledge of herbs lost in Europe during dark ages because of church control
· Reverend discovers that willow can be used as pain killer, ate bark and said that it tasted like quinine, so he said that willow is also medicinal
· Typically 1-2 tablespoons of bark used
· About 50 years after his death, Henri Leroux found out that Salicin compound in willow was the active ingredient, only present in small amounts, used a lot of bark to get the 30 g
· Chemical sturcutes
· Molecular formulas, lewis structure, line structure
· Salicin works but is not that great, so Piria converted it to Salicylic acid, which is a much better drug, it is more effective analgesic for pain, antipyretic for fever, and antinflammatory for swelling
· They found that coal tar can be used to make salycilic acid more profesiontly
· Coal tar was a waste product coal into coal gas burning
· William perkin discovered that you could easily convert coal tar into a dye, he developed the first colored dye called mauve
· Natrual willow bark of 1.5kg only gives 14 g of sacilycic acid
· Synthetic using 1kg coal tar gives 300 g
· Artificial – something which doesn’t exist on the planet, it is something that is created by humans
· Synthetic – using coal or oil, more efficient than natural, synthetic means using oil
· Natural – means extracting something from natural source, uses a lot of natural resources to get only a small amount
· Salicylic acid made and sold by dye companies like the Bayer company
· But there were problems with it
· Bitter taste and could also cause stomach irritation
· Because of his father, Hoffmann decided to better the drug, his idea was to start with the chemical structure and make small change to lose bad side effects
· He discovered acetasalicylic acid, which is what we know now today as aspirin which he engineered himself, it is an artificial substance, he created it, this compound doesn’t exist normally
· This was the first ever artificial drug
· Biological assay – hOFFMAN used animals, he used fish gills as suragote as sensitive tissue like the stomach
· Bayer company came up with the name Aspirin, was initially sold as powder, and soon came up with a tablet, which made the drug more convenient
· Aspirin is the name brand/brand name/trade name
· A.S.A. is the scientific name of the compound, it is the generic name
· Generic drugs are usually more reliable and useful
· Asa not effective for visceral pain, this is because of how aspirin works
· Aspirin deals with communicative cells, when we are in pain, body produces prostaglandins which communicate pain and causes inflammation, to produce it, arachadonic acid is converted to it using cyclooxygenase enzyme that carries out the reaction like a machine
· Drugs block action of enzyme, they inhibit its ability by sticking to it, aspirin prevents cyclo from functioning
· Aspirin reduces risk of heart disease over long time, this is achieved becaseu prostaglandins are involved in blood clotting, so aspirin blocks production of prostaglandins so less of them results in decreased risk of blood clotting
· Asa and cancer? Only gives effect if you take aspirin for 10 years everyday
· Guy who killed 80 people in oslo Norway, he used aspiring tablets to make his explosives
· ASA used to make picric acid which is explosive
· Tinnitus – ringing in the ears, a warning that you are poisoning yourself with Aspirin
· More than 10 tablets
· Big problem of Asa is stomach irritation, it increases production of HCL
· Prostaglandins helps protect stomach by increasing mucus production, so too much asa results in decreased protection which can lead to an ulcer, but can only result from chronic use of asa, not just the few random times
· But every once in a while few tablets can cause stomach irritation if tablet gets stuck in stomach lining and dissolves in one area, best way to avoid this is to drink a lot of water when taking pills because the water inflates stomach so there is nowhere for tablet to get stuck
· Reye syndrome(inflammation of brain) and influenza - fever
· There was association with Reye syndrome and aspirin usage
· So just to be safe, you can't buy asa for children anymore, Tylenol is used for children
· Regular – 300 mg, extra strength – 500 mg
· Anacin – asa with caffeine
· Name brand vs generic
· Generic has same stuff as name brand, but people think that name brand provides more quality
· But generic drugs are the same quality
· Synthetic just means source is oil,  natural source means extracted from plant
· Artificial compound is something that doesn’t normally exist on the planet
· Aspirin is the first ever artificial drug
· People think brand name means better, but this is most times just marketing, but there is difference is quality based on brand
· But chemical compounds don’t change, they're the same in brand and generic drugs
· Bioavailability – how much drug gets in
· Basically, not 100% of the drug makes it into the body, a portion of it is digested 
· Generic drugs equal to name brand drugs
· Chemical substance is same
· Same dosage
· Same bioavailability
· That’s why it’s important to know scientific name of drugs
· Aspirin – acetylsalicylic acid (ASA)
· Drug stores make more money off name brand so they usually put them in clear view
· ASA summary
· Pain, fever, inflammation and prevents heart attack
· Side effects – reduced blood clotting, stomach irritation, rye syndrome
· Only need to worry about these if you're taking drug chronically
· Price per 100 tablets
· Bayer aspirin – normal dose is 325 mg
· Bayer Low dose – 81 mg
· Price/# of pills – to get lowest price
· A. Cahn and P. Hepp
· Experimenting to find a vermifuge
· Gave patient naphthalene
· Noticed fever reduction, but turns out bottle was mis-labelled, so it was actually acetanilide
· Antikamnia
· Made from coal tar
· Carl Duisberg
· Chemist at Bayer
· Needed to dispose of 50 tons of aminophenol and thought maybe he can turn it into something, which was phenacetin
· Phenacetin
· Still sold
· APC tablet
· Aspirin
· Phaneacetin
· caffiene
· Good painkiller
· D. Lester and L.A Greenberg
· Both antikamnia and phenacetin converted to Acetaminophen in body
· This is actually what we know as Tylenol today
· Acetaminophen raises pain threshold
· Interacts with arachidonic acid
· It just increases pain threshold
· So its good for muscular and visceral pain, because it works on nerves
· Antipyretic
· Reduces fever
· Does not inhibit prostaglandin synthesis (no affect on inflammation)
· Arthritis use – not always effective
· Effective for osteoarthritis
· Not effective for rheumatoid because it has to do with inflammation
· Stomach irritation
· Weak side effect of Tylenol
· Strong side effect of Aspirin
· No risk of Rye syndrome
· No association to Tylenol
· Children’s Tylenol for fever
· Death
· More than 60 tablets
· #1 suicide drug in England
· Actoaminophen liver toxicity – big concern with it
· Liver protects us from poisons by chemically altering substances in food so body can remove them easier
· Glucuronyl transferase is the safe pathway for liver to take
· But Tylenol can also interact with cytochrome P if you take high dose or other drugs
· This will lead to a second route which turns Tylenol into a toxic metabolite and then liver damage
· Never take for hangover
· Alcohol and Tylenol should never be used together
· Tylenol poisoning is very common
· It is a safe product, but because it’s in too many different products like cold medicines and prescription drugs, the amount is too much, overdose occurs
· Acetaminophen present in prescription meds
· Children Tylenol
· Relatively safe product
· Total amount of drug in bottle is not enough to harm child if child picks up bottle and drinks it, so bottles are made small for this reason
· Tylenol extra strength
· 500 mg instead of 350 mg
· Arthritis and muscle
· Same drug actually, but different price
· Migraine
· 500 mg Tylenol with a little of caffeine
· Tylenol PM makes you sleep
· Added diphenlhydramine 15mg which is an anti-histamine which is a cold medication
· Excedrin
· Contains tylenol, asa, and caffeine
· Fairly good pain killer
· IN Canada does not contain asa, basically no different than tylenol
· Midol 
· Has caffeine which serves as a vasodilator, caffeine is a laxative
· Pyrilamine is a dirutietic
· Tylenol and cyanide – 1982
· Crazy guy switched the both
· Tylenol was recalled all over world by J and J
· They stopped selling Tylenol in capsules, now it’s sold in tablets
· Safety seal added to all OTC meds
· Generic Acetaminophen
· Often the best deal
· Tylenol summary
· Main side effect is liver toxicity
· Price
· Generic is cheaper, but more often now it is similar in pricing
· Childrens Tylenol is really expensive, but worth it
· Ibuprofen
· Originally by prescription only
· OTC approved in 1984
· Similar to Aspirin mechanism
· Good for pain, fever, inflammation, has stomach irritation problem
· It lasts longer than Tylenol and aspirin
· Ibuprofen
· Active ingredient in advil
· Motrin and advil are the same! Identical products
· Read the back of the box NOT the front
· Generic ibuprofen
· 200 mg Kirkland
· Price for 100 tablets
· Will pay more for advil than motrin even though they are the same
· Super strength is doubled the price, but it basically isn’t that different from regular
· Naproxen
· Aleve
· Very good for inflammation, works like aspirin, but works better for inflammation then them
· Generic now available but usually same price
· Top Pain relievers
· About half are Tylenol
· Aspirin and ibuprofen are both about 25%
· Benefits and side effects slide is not test material, just for our own info
· COX-1 and COX-2
· Cyclooxygenase enzyme targeted by aspirin, but there are more than one type of this enzyme
· COX-1 inhibition
· Long term use is associated with stomach ulcers
· Harmful effects associated with COX-1
· COX-2 inhibition
· Reduces pain, fever, inflammation
· This one gives the beneficial effects
· Current arthritis treatments affect both COX
· Inhibit both, so get good and bad
· Vioxx
· Selective COX-2 inhibitor for arthritis
· Clinical trials
· Over 60 studies done
· Found no serious side effects and difference in CVD vs placebo
· Drug approved in 1999 and immediately got money
· VIGOR study
· Study designed to make drug look good
· Was done for marketing
· Carried out 18 month study
· Used naproxen as a placebo
· Used twice vioxx dose
· Study showed 50% reduction in ulcers, but increased risk for heart attack
· Media went crazy about this
· So Merck just withdrew drug from market voluntarily
· 2005 Advisory Panel Conclusions
· Experts recommended drug be put back on market because benefits far outweigh risks
· Benefits outweigh risks
· Current arthritis treatment causes about 20,000 deaths/year from GI bleeding
· VIOXX about 20,000 heart attacks/year
· VIOXX only results in heart attacks, not death, so its better, it is actually safer if used properly
· SO experts recommended improved labeling and MD education
· But Merck refused to re-introduce drug
· Risks outweigh benefits, lawsuits were expensive

Headaches

· Cephalalgia (headaches) occur in 90% of population
· Once believed headaches cause by demons
· Metallic tractor pulls out the pain, metal
· Magil pull out of the pain 
· Q ray balance bracelet that supposedly removes headaches
· Trepanation as a cure for headache
· Cutting whole in head
· Specific tools for different diseases
· Modern practitioners of trepanation
· Amanda fielding
· Brain does not feel pain
· Pain has nothing to do with brain
· Pain of headaches from thin tissue surrounding skull 
· Understand the headache before treating
· 12 types of headaches
· 2 classes
· Muscular headaches
· Muscle band around skull tenses and causes pain
· Most caused by stress, pain all around skull
· Treat by taking pain reliever
· Vascular headaches
· 3 major types
· Toxic
· Migraine
· Cluster
· Toxic headache caused by poison
· Pain is caused by vasodialaition of tissue in skull, increases blood supply, the increased blood squishes tissue
· Most common type of toxic headache
· The hangover
· Metabolism of alcohol contributes or helps
· Alcohol is converted to acetic acid which is safe, body uses 2 enzymes to do this, but first enzyme activity produced acetaldehyde which is more toxic than alcohol, genetics in play, if you have lower number of copies of second enzyme makes you more susceptible to hangovers
· Aging alcoholic beverages adds to the pain, the chemicals in containers used to ferment alcohol are bad
· Presence of congeners (dark color) increases severity, darker the alcohol the worse the pain
· Alcohol increases liver function, for this reason, you don’t want to take Tylenol for hangover, because it will amplify effects of Tylenol
· Some red wines contain histamine which causes vasodialation
· Some fermented foods contain histamine
· Older cheese contain tyramine
· Chocolate triggers some headaches because of phenylethylamine
· Hot dogs contain nitrites which are potent vasodialators
· Nitroglycerin is vasodialor, active ingredient in dianomite
· [bookmark: _GoBack]




