BPS1101 Midterm 1 Notes
Lecture 1 – History and Intro
· Higher standards of living – longer life span and improved quality of life
· 2009 – Canada average: 81.2; World average: 66.6
· Approx 30 to 35 years for most of recorded history (last 6000 years)
· Approx 30 to 35 years through the stone age (500,000 to 6000 years ago)
· 82 years in 2009 (Canada)
· Most improvements over last 150 years
· 150 years ago, life expectancy was the same as the stone age
· Started to apply scientific ideas in everyday life around 1850
· Causes of death have shifted from infectious disease to 'wear and tear' (body just wears out)
· Historically, people lived entire lives in an unhealthy state (parasites)
· Main causes of death in 1900: pneumonia, tuberculosis, influenza
· Main causes of death in 2004: heart disease, cancer, traffic accidents, diabetes

Disease was common and dangerous
· Most people carried lice and parasites throughout their life time (comb was invented due to lice)

Main Reasons for improved health
· Improved sanitation
· Waste is separated. Controlling spread of disease. 
· Historically, chamber pots used when cesspits were available. 
· Chamber pots next to bed full waste – being close to fecal would increase exposure to disease
· Populations exposed to dead and dying
· Relatives would die in your house and you'd have to deal with it
· Clean drinking water
· Nature does not make pure water. Things live in the water and you can get an infection from it. 
· Guinea worm – dracucculiasi: microscopic animal that lives in water, water-born infection
· Worms have to exit the body. Secrete chemicals to cause pain and burning sensation. Person will want to cool off foot in water and this allows worm to burst out of body and complete its life cycle.
· [image: ginea worm.gif]
· Major improvement was chlorination
· Things can get into pipes that lead to tap. Chlorine will preserve it and make sure further infection will not happen. 
· Refrigeration
· Food spoilage was common before refrigeration
· Seasonal availability. 
· Certain foods have vitamins and nutrients that you need but are only available during summer times. Only recently we have found ways to transport and provide these items
· Modern food storage year round
· Refrigeration keeps food cold and there are also chemicals to preserve food 
· Vaccination
· Very successful for viral diseases
· Smallpox either killed or disfigured you
· Eliminated in 1977 due to vaccines
· Vaccination scar – born before 1972 
· Polio eradicated from North America in 1991 
· Currently less than 1000 cases worldwide. 
· Major eradication barrier is politics.
· Antibiotics
· Penicillin reduced maternal mortality
· North American drug market (2009)
· Prescription drugs  $300 billion
· OTC drugs  $25 billion 



Most ancient medications were useless
· People like to believe in magic
· Feel better just by getting some treatment 
· Only a small number of treatments actually worked 

Most ancient drugs from plants
Why plants?
· Plants produce lots of poisons
· Plants produce poisonous materials to protect themselves against attack. 
· Sources of drugs. Drugs are poisons.

Drugs are poisons
· Drugs
· Produce desired (beneficial) biological effect
· Poisons
· Produce undesired (harmful) biological effect 
· Difference between drug and poison – how much you have and what effect it has. Not the actual ingredients.
· The amount (dose) that you have, not the substance itself that makes the difference. 
· "pharmakon" – Greek word that means drug and poison. 

Sola dosis facit veneum
· The Dose makes the Poison
· Poison – kill
· Potion – cure

Dosages
· Normally we assume
· Low doses produce beneficial effects (drugs)
· High doses produce harmful effects (poison)
· Sometimes
· Low doses produce harmful effects (poison)
· Higher doses produce beneficial effects (Drug)
How were drugs discovered?
· Observation (rare)
· People observed the effect of the drug
· Strong poisons
· Philosophy (very common)
· Based on belief
· Cure arrived at by reasoning
· Healing often connected with superstition, magic, religion
· Make it up as we go along

Drugs from observation
· Strong poisons (common)
· Easily identified (easier to see)
· Low dose makes it into a drug
· Weak poisons (uncommon)
· Large quantity for effect
· Ex. Caffeine

Papyrus Ebers
· Egyptian piece – thousands of herbal remedies and cures

Hippocrates 460-370 BC
· Father of medicine
· Promoted experimental methods
· Tried to reject superstition and religion from healing
· Ox liver for night blindness
· Poppy juice for crying babies
· Animal fat for baldness

Identification of opium for pain
· Opium (extracted from poppy seeds)
· Narcotic painkiller, sedative
· Toxic in high doses
· Drug in low doses

Opium became a popular drug
· Widely available at the turn of the century and many medications had opium added

Identification of cocaine as a stimulant
· Observation
· Extracted from coca leaves
· Topical painkiller 
· Stimulant
· Dental anaesthetics. 
· Strong effect. Preserved through time. 

Coca leaves in high altitudes
· Their version of coffee (pick me up) high altitudes, low oxygen levels. used cocaine as coffee. 

"Classic" coke
· Early formulations had cocaine

Spin and damage control
· Distance themselves with the involvement of cocaine. Still made from coca leaves.

Quinine as a malaria treatment
· Derived from tree in South America
· Peruvian bark once more valuable than gold
· British army uses quinine in India.
· Bitter unpleasant taste. 
· Mixed with alcohol to give to soldiers  gin and tonic (tonic water is the quinine concoction) 
· Tonic water contains quinine

Problems with observation
· Human brain searches for patterns
· Even when they're not there
· Can get mislead and discover things that aren't really there
· Ancients did not use experiments or statistics
· Relied on their own experience
· Anecdotal evidence unreliable
· Drug and effect may be coincidence
· Perceptions subject to placebo effects
· People lie
· Once "evidence" is available, hard to contradict
· Many harmful remedies retained because of this
· Parent's cold remedies

Apophenia
· Apophenia: seeing patterns or connections in random or meaningless data 
· Even when they are not there

Pareidolia
· Pareidolia: perceiving sounds or images as something else

Anecdotal evidence is misleading 
· Sample a larger group of people because random things can happen

Anecdotal evidence relies on chance
· Medication and cure may not be connected
· May eat a plant at the same time you were getting better anyway
· Poison and harm may not be connected

Tomatoes were once thought to be poisonous

In North America, bugs not knowingly eaten
· Very nutritious, the digestive enzymes are better at digesting insect proteins than other proteins
· We have a perception in North American society that there's a problem with eating insects

Only experimental evidence is reliable
· Make a measurement
· Measure properly  the key step/aspect
· Measure accurately 

Must rely on statistical significance
· Collect data from large number of experiments
· Look for averages and trends
· Has to be objective
· Tend to put a heavy emphasis on statistics – stats mean nothing if data was measured poorly

Problems with traditional remedies
· poor control over dose
· plants produce variable amounts of active ingredient
· dark strawberries: contain more flavour molecules than the other strawberries do
· a flavour molecule touches other flavour molecules and produce a biological response and taste something as good/bad. 
· Depends how many molecules are there and the type of molecules. 
· Same with drugs. On a molecular level, they work the same way. 

Preparation changes chemical composition
· Ex. Raw carrots taste difference from cooked carrots
· Different pattern of chemical substances. How you prepare it has a big difference as to what the drug does.

No standardization
· No instructions
· Information passed verbally
· Imprecise 
· Poor reproducibility

Philosophy to identify cures
· Cure arrived at by reasoning (make it up)
· Search for "proof" afterward
· Healing often connected with superstition, magic, religion

Hippocrates develops the Doctrine of Humors
· Universe is made of 4 elements: Earth, Air, Fire, Water
· It was a theory to describe what illness was all about. 
· Based on the idea that the universe is made of 4 elements
· Today we know that is not true so from the beginning, he is constructing a medical architecture that is 100% wrong
· Body is made of 4 humours
· Blood
· Phlegm
· Yellow bile
· Black bile
· Nobody knows what yellow and black bile are

Doctrine of Humors
· 4 humors are normally in balance
· Too much or not enough of a humor causes disease
· Cure by re-balancing the humours
· Diagnose using the properties of the humors
· Ex. Fever associated with hot and dry
· Cure by using cold and wet

Too much thinking
· Properties of 4 elements
· Earth – dry
· Air – cold
· Fire – hot
· Water – wet
· Properties of 4 humors
· Blood – cold
· Phlegm – wet
· Yellow bile – hot
· Black bile – dry
· This becomes medical science because he was such an influential person

Bloodletting and the doctrine of humors
· Re-balance blood humor
· Figured out locations (of where to get blood from) through astrology usually. 
· There were very creative methods to remove blood

Bloodingletting often killed the patient
· Ex. George Washington got an infection from cuts from doctors.

Rebalance with emetics and purges
· Induce vomiting. Just to rebalance humours. Most likely harmful to you. Unlikely to give any benefit. 

Doctrine of humors was stupid
· Based on incorrect ideas (made it up)
· Treatments developed using it were harmful and painful
· Bloodletting
· Purges
· Fasting
· Special foods
· Created a dangerous situation. This persisted up to about 100 years ago 

Doctrine of Signatures
· Jakob Bohme, shoemaker and philospher (1575-1624)
· God left clues to tell us how to use things 
· Disease and cure were linked 
· This approach is/was used by almost all cultures 
· Exists in every civilization on this planet 
· Idea is that God has put clues in the world to tell us how to use them.
· If we can figure out the clue/signature, we will know how to cure sickness etc. 

Walnuts look like brains
· Eating walnuts is good for brain health 
· People look for patterns, relied on imagination of person doing the investigation

Boneset stems grow "through" the leaves 
· Used to prescribe it for problems with your bone (ex. Broken bone)
· Why? Most plants have leaves on the one side than the other.
· Boneset leaves are at the exact same level, left and right. Gives illusion that stem grows through the middle of the leaf. Bones grow through the middle of our body and thus boneset plant. 

"Sharks don't get cancer"
· Sharks have cartilage whereas we have bones
· Shark cartilage used as cancer treatment 
· Nothing in shark cartilage that will do anything for cancer. Just a piece of connective tissue. 

"Breath mints have chlorophyll"
· Chlorophyll apparently helps with breath
· Fresh breath – parsley
· Parsley – green
· Green – chlorophyll
· Chlorophyll – fresh breath
· nothing in chlorophyll will help you with fresh breath!
· Not just candy!
· Only a little bit of chlorophyll
· What freshens your breath? The natural and artificial flavours. Ex peppermint.

Mandrake roots look like people
· Mandrake roots used for many medicinal and magical purposes
· Primary use was a cure for demonic possession
· The root looks like a person – therefore the signature was that it must be used for something medicinally.

Mandrake harvest using a dog
· Protect against the screaming from mandrake roots
· Ensure the magic is preserved 

"Rhino horn is a phallic symbol"
· Powdered rhino horn used in Chinese medicine as an aphrodisiac
· The horn is made from the same chemicals as fingernails

Mercury is a heavy liquid
· People drink mercury as a purgative
· The mercury is supposed to be heavy and push the toxins and detoxify and cleanse out the bad stuff

Only limited by your imagination
· Avocado, eggplant, pears resemble the shape of pregnant women and was believed that it is good for the women.  "prevent cervical cancer"

Doctrine of signatures was crap
· Most remedies developed this way were harmful
· At best were harmless
· Denied the patient proper treatment
· Lack of rationality or evidence
· Based on appearance or location
· Required imagination to see connections

Some problems require surgery
· Surgery is possibly today due to drugs. Certain conditions cannot be dealt with medication. Must be physically altered.

Amputation without anesthetic 
· Back in history, only had the tools to remove pieces, rather than altering
· Amputation had to be done quickly
· Amputation learned by trial and error
· Cut bone off in a V shape, rather than straight down. Can use two tissue flaps to close up.

Sir Humphry Davy discovers nitrous oxide
· Chemist that noticed that nitrous oxide had an anaesthetic effect. 
· Gave a bit of a high, therefore wouldn't feel the pain. 
· Also impaired memory a little bit so you wouldn't remember the nasty things that happened

Nitrous oxide as a propellant
· Used in cool whip

William T.G. Morton and ether 1846 
· Discovered ether was an effective anaesthetic. 
· Knocked patient out, relieved of sensation and patient wouldn't remember anything.
· Patient would inhale ether vapour and go to sleep. Didn't know about germs back then (may have not washed their hands)

Anaesthetics make modern surgery possible
· Historically, less than 30% survived surgical treatment
· Assuming you survived the surgical treatment, you would often develop many infections and die. People didn't know where infections came from. 
· Therefore no steps were taken to try to prevent it. 

Joseph Lister uses phenol as antiseptic
· Pasteur was the first to notice bacteria and things. Act as tiny predators trying to eat our bodies and make us sick.
· Lister believed this, and tried to find a medical treatment based on the idea of trying to get rid of bacteria

Carbolic acid sprayer
· Chemical treatment. Use poison to kill bacteria and not patient. Used to deodourize sewers at the time
· The chemical substance would be put into a gadget (gas chamber). Light the candle to boil the chemical mixture and the vapour would be sprayed out
[image: ]
· You would spray this on the patient. 
· It would kill bacteria on surface of person and prevent them from getting an infection. Worked well. Dramatically reduced infection rate after surgery.

Toxic effects of phenol on doctors
· Don't want to breathe in phenol.
· For doctors, they would be performing lots of surgeries and get nasty health effects from breathing in the phenol. 

Washing and glove use was safer
· Cleaning the operation theatre, hands etc., wearing proper equipment.
· Only started out 150 years ago (found out about bacteria ~150 years ago)

Antisepsis brought to Canada by Thomas Roddick in 1877
· Started to wear white to easily see dirty stains

Carbolic smoke ball for home use

Listerine becomes household product
[image: ]
· Listerine for dandruff
· Deodorant 

Listerine no longer contains phenol
[image: ]Thymol vs phenol 

Patent medication in the 1800s
· No regulation
· Industrialization created big markets
· Lots of opportunity for fraud
· All these problems had/have always existed but there was a dramatic increase in the 19th century
· The emergence of science made people trust claims
· "scientifically proven"
· "patented"
· Didn't have to prove your medication's worth.
· Because of the industrial revolution, can supply a whole city with something that's not good for the patients. 
· Twisted science to make their things seem like it was better
· Patent is a legal document that prevents other people from using your stuff

Rise of patent medicine in late 1800s
· Put alcohol in medicine, makes you feel good

Mrs. Winslow sooths with opium
· Selling opium to stop kids from crying in the night (morphine).

Kickapoo Indian Oil cures all with alcohol
· High alcohol content.
· No such thing of a drug that has no side effects. Chemical substance that has an effect in your body will always have bad and good effects – hopefully that good outweighs the bad

Kickapoo Indian Sagwa cures all with alcohol

Great Radium Spring Water
· Radioactive water as a pick-me-up

William J.A. Bailey makes Radithor
· Radioactive water. Someone noticed that radium can be used to kill cancer cells in the lab
· Bailey twisted this to curing stupidity (twisted science – from cancer to morons)

Eben M. Byers was a believer
· Consumed radioactive water everyday. 
· Had to have his jaw removed because it was so damaged by radioactivity. He later died.

Board of Food and Drug Inspection
· Formed in 1907
· Labelling only
· No regulation of therapeutic claims
· No safety testing
· First attempt ever to try to regulate drugs to make them safer
· Didn't require any testing at this time. Required labelling. 

Massengill company and drug safety
· Sold sulfanilamide (antibiotic) as a powder
· First successful antibiotic. Marketing problem is that powders are not something everyone likes to take. Horrible taste
· Came up with the idea of dissolving in water to be more better tasting to children

Massengill sells sulfanilamide exilir
· Destroyed people's kidneys

Message to the AMA
· "please wire collect by Western Union suggestion for an antidote"

Labelling forced drug off the market
· Legal definition of elixir is a substance dissolved in ethanol
· No law said that you couldn't sell toxic drugs
· Government got them to take it off the market by a loophole..
· "elixir" means dissolved in ethanol, company used ethylene glycol and finally the company removed it from the market

Government inspectors track down drug
· Recovered 234 of 240 gallons that were sold
· 107 dead, 260 permanently disabled

Dr. Samual Evans Massengill
· "My chemists and I deeply regret the fatal results, but there was no error in the manufacture of the product. We have been supplying a legitimate professional demand and not once could have foreseen the unlooked-for results. I do not feel that there was any responsibility on our part." 

Food and Drug Administration (FDA) was created
· Ensure the safety of drugs
· Animal testing was now required (safety only) 
· Clinical trials were done to follow safety in humans
· Directions for proper use were required on the label
· Took to 1932 to get this kind of legislation

Problems still occur
· Thalidomide
· Developed as a sedative – 1957
· Very few side effects
· By 1962, thalidomide recognized as a teratogen
· Phocomelia
· Never marketed in the US
· Teratogenicity was discovered before FDA approval was given
· Babies were born without limbs

Teratogen causes birth defects
· From Greek word "teratos" for "monster"
· Thalidomide was tested in rats
· Rates do not often give birth to deformed pups
· In humans, problems with a fetus result in miscarriage, stillbirth or birth defects
· Picked the wrong animals to test on – that's why they didn't pick this up before.

Modern safety standards
· Safety testing done in at least 2 species
· At least one must be a primate
· Must show that the drug is bioavailable
· Gets into body
· Must use relevant doses

Industry needs regulation
· Ensures safe products
· Ensures products work
· Increases costs
· Important to have rules in place to oversee things that the industry is doing. Making sure that products are safe and that they work.

William Perkin first synthetic dye – 1856
· Discovered the first synthetic dye
· Before this time, the average person could not afford colourful clothes.
· Perkin, by accident, discovered dye that was cheap to make. Generated a whole industry of dye companies.

Dye companies became pharmaceutical companies
· Organic dyes had similar chemical structure as drugs that came after

Bayer started as a dye company
· Started out producing different coloured fabrics

The first artificial drug – 1897
· Natural drugs can only go so far. The plant is not producing the chemical substance for you.

Artificial drugs were better and cheaper
· The plant is not producing the chemical substance for you – producing for itself. Engineering artificial substances allows us to design the products that we want. Engineering the structure of it.

Most pharmaceuticals are made from this
· Artificial substances can be made from oil. More than half of oil from the ground are used to make things, rather than energy

Genetically engineered drugs
· Safest source of human protein (?)
· Modern drug companies came from old dye products that made things from petroleum

Modern drugs work
· Each starts with a scientific idea
· Each is optimized using scientific methods
· Each is tested scientifically

Sources of drugs today
· Biologic 14%
· Vaccine 4%
· Natural Product 5%
· Semi-synthetic 23%
· Synthetic 54%
Lecture 2 – Pain
Prescription drugs
· $300 billion per year (US)
· Requires doctor's prescription

Two basic types of marketing strategies
1. Prescription drugs: compounds developed by drug industry. Sold by prescription. Requires doctor's prescription. $600 billion worldwide. Targeted by drug industry. Big money. Get the payoff for their research money that they put into it. 
2. Over the counter – OTC

Over the counter – OTC
· $25 billion per year (US)
· No prescription required
· Some are "behind the counter"

OTC vs prescription
· OTC drugs most commonly used
· Cheaper than prescription
· Cost is visible
· Spend 10x more on prescription drugs
· Based on research
· Industries will charge you as much as they think they can get out of you (OTC) 
· Don't usually know how much prescription drugs are (covered by insurance etc). 
· OTC has to be cheaper because you walk in with your own money and you can be choosy. 


Top OTC medications (North America 2008)
· Cough and cold $4.1 billion
· Pain reliever $2.7 billion
· Antacid $1.4 billion
· Toothpaste $1.2 billion
· Laxative $0.8 billion
· Good example of marketing over something you actually need
· Unnecessary medication. If you eat a balanced diet with fibre, shouldn't have a problem with passing waste. Body can take care of itself

Important considerations when buying
1. safety
2. indications
3. counter-indications
4. price

Safety
· dose makes the poison
· how much do I need to make it effective and how much will make it a problem?
· Dosage is more dependent on body size, not how "bad your headache is" 
· Ex. Take 1 or 2 two tablets? Taking two doesn't make your headache go away faster.
· Prescription meds can be dangerous whereas OTC is safe.

Side Effects
· ALL drugs have side effects!!
· Effect – what is it?
· Info is easy to find
· Label or box
· Google
· Incidence – how common is it?
· Info is difficult to find
· Doctors may not even know this information
· Need both to evaluate risk

Indications
· What to use for?
· Many people take the wrong drug
· Many people take drugs unnecessarily
· Taking more vitamins doesn't make you super healthy

Counter indications
· When you should NOT use
· Conditions
· Pregnancy, diabetes
· Drug combinations
· Can buy products with two drugs in them that don't work well together!
· Foods
· Some can give you nasty reactions with certain kinds of drugs
· Natural medication (ex. St. John's Wort) can contain products that interfere with medication. 
· "natural" remedies


Pain relievers most common OTC drug
· $2.7 billion per year (North America)
· 50 billion tablets (North America)
· 35,000 tonnes/year
· 1200 dump trucks

Aspirin – one of world's most popular drugs
· Alcohol
· Caffeine
· Aspirin
· Nicotine?
· In NA, not a common pain reliever anymore. Aspirin is the first ever artificial drug.

Salix
· Genus (family)
· Willow
· Poplar
· Beech
· Wintergreen
· Salicylates
· Aspirin compound is related to materials found in nature – artificial compound. 
· Not in these natural products
· Salicylates have medicinal properties




Sumerians used willow leaves for pain 2200 BC 
Will work!

Reverend Edward Stone 1702-1768
· Rector in Church of England
· Described treatment for ague (fever) in 1763
· Found that the willow tree can treat fever

Willow bark has a bitter taste
· Similar to quinine
· Egyptians used willow for inflammation (also worked) – ease the pain by making swelling go away
· Knowledge of herbs lost in dark ages:
· Only allowed to believe what the church told you to believe. If they said that a medication is no longer allowed, you would not be allowed to use it anymore.
· Slowly removed from public knowledge

Doctrine of Signatures
· Association between disease and cure
· People who live near swamps get malaria
· People with malaria have fever
· Treat malaria with quinine
· Quinine is bitter
· Willow bark is bitter
· Willows grow in swamps
· Willow bark will cure fever!!
· Logic that Edward Stone applied.  no experimentation, he just got lucky

Willow bark for fever
· Dried bark
· Ground to a powder
· Given for fever
· Water will abstract out the active ingredient of the bark

Salicin
· Henri Leroux 1829
· Active material in willow – isolated chemically in 1829. Chemical structure is not aspirin.
· He did not discover aspirin, just this substance that led to the discovery of aspirin. Aspirin is artificially made. 
· [image: ]C13H18O7 

The molecules actually look like the drawings
· Oil contains molecular fossils. Extract chemical compounds which are traces of animals that make up the oil. Can sometimes identify which animals make up the oil.

A little Salicin from a lot of bark
· The active substance is only present in a small amount. Supply was limited.
· Only if you lived in an area with a lot of willow trees. Most people had no access to this kind of material. Usually had to be rich to have these kinds of treatments.

Salicyclic acid made from salicin
· Rafaelle Piria 1838
· Analgesic
· Antipyretic
· Antinflammatory
· Salicyclic acid is better than the stuff in willow – more potent, don't need as much to get the same effect

Coal tar was a waste product in 1800s
· Take coal tar and in one step, transform it into the same chemical substance (Salicyclic acid)
· Natural gas to light streetlights and cooking fuel. Waste material (tar) after you remove gas from coal, can be used

Synthetic vs "Natural"
· Natural: get from bark, flower... might involve chemical reaction, close to natural source it came from
· Synthetic: made from oil
· Artificial: chemical compound that doesn't occur in nature 

Dye companies specialized in coal tar chemistry
· Modern pharma companies started out as dye companies. 
· Went from dye to pharma mainly because they have the technology to do so from tar/oil

Salicyclic acid made and sold by dye companies
· Relatively cheap

Salicyclic acid was a drug with problems

· [image: ]Analgesic (Reduces pain)
· Antipyretic (reduces fever)
· Antinflammatory (reduce swelling)
· These three are good things
· Bitter taste
· Stomach irritation
· Bleeding in stomach if you took too much
· Could make something artificial/make it better

Felix Hoffmann 1868-1946
· Father had arthritis
· Took salicyclic acid for pain
· Suffered from stomach problems
· Decided to chemically modify salicyclic acid that would have improved qualities
· Today, most are artificially designed

Process of drug optimization

· Taste less bitter
· No stomach irritation
· Not effective for pain
· Need to modify this part of the molecule in a different way

August 10, 1897

· Found that now reduces pain and fever, doesn't give stomach irritation, doesn't taste too bad
· World's first ever artificial drug. Designed by Hoffman to become a better material. 

Hoffmann used a biological assay
· A test that you do to find an easy way to measure something that's usually hard to measure. 
· He used it for stomach irritation
· Decided to use an animal as a surrogate – used fish gills
· The gills and stomach are both sensitive
· Not true  just happened to work for him back in the day

· Aspirin initially sold as a powder

Aspirin and ASA
· Acetasalicyclic acid (ASA)  generic/scientific name
· Aspirin: trade name. Only one company who trademarks aspirin can use it. 


ASA
· Benefits
· Pain
· Fever
· Inflammation
· Reduce heart attack risk
· Side effects
· Tinnitus
· Stomach irritation
· Blood clotting

ASA effective for muscle pain
· Won't help with internal injuries (not effective for visceral pain)
· The pain process is different for muscles and internal organs

Prostaglandins
· Local hormones
· Produced and "used" in same cell
· Exist for short times
· Ulf von Euler 1934
· Signal molecules used over short distances and short times. Only exist for minutes Intense signals. Produce pain


Prostaglandin biosynthesis
· Storage molecule called arachadonic acid. 
· When you need to feel pain, the enzyme (cyclooxygenase) converts arachadonic acid into prostaglandin ....  feel pain
· Cyclooxygenase: enzyme. Carry out chemical reactions. Complicated structure
· Carry out chemical transformation. Molecule that functions like an assembly like to carry out transformation. 
· Aspirin takes out the enzyme, stops functioning. Don't get prostaglandins anymore, therefore don't get pain anymore.






ASA for pain, inflammation and fever
· Engineered to kill pain more effectively and have less side effects

One Aspirin tablet every 2 days for 5 years
	Myocardial infarction
	Aspirin
	Placebo 

	Fatal 
	10
	26

	Non-fatal
	129
	213



· Experience fewer heart attacks. When they do, they're less deadly. 
· Only if you take Aspirin for a very long time
· Don't have to take a full sized Aspirin tablet, can take ¼ of tablet to get the same effect





Prostaglandins and blood clotting









· Blood clotting in heart attacks
· This blood clotting is important for people with high risks for heart attacks  blood clotting is in the wrong place
· Aspirin blocks cyclooxygenase. Reduces clotting, and makes it safer for you to have a heart attack.

Aspirin to prevent heart attack
· Beneficial for the heart
· Can use lower dose. Only used by people with high risk of heart attack

Side effects of ASA
· Death
· More than 60 tablets at once
· Tinnitus
· Ringing in the ears
· More than 10 tablets
· Warning of salicylism (Aspirin poisoning)
· Stomach irritation
· Inhibition of prostaglandin synthesis
· Excess HCl, damages stomach
· Has mucus to protect stomach from HCl
· ASA and cancer? Some tumours produce prostaglandins, and people try to see if ASA can reduce cancer risk.
· Have to take 14 tablets per week over 10 years just to get a small difference. Not significant.
· Can use aspirin as the raw material for explosives

Prostaglandins help to protect the stomach
· Decrease acid production
· Increase mucus production
· Prostaglandins are good in this case (want them in your stomach). Helps to protect stomach
· Aspirin inhibits cyclooxygenase... reduce prostaglandin, increase acid, decrease mucus. 
· [image: ]

Aspirin in the stomach
· Increase acid production
· Decrease mucus production

Bufferin
· Contains an antacid
· MgSO4 (Gypsum)
· Pills dissolve quickly
· Plastic coating on ASA tablets. Aren't supposed to dissolve in stomach
· Best way to avoid irritation  drink lots of water, smooths out stomach lining, less likely for it to get jammed in the lining.

Reye Syndrome
· Children with viral infections in the 1970s
· Lead to neurological problems
· many of the children were also taking ASA and creates an association
· recommend that you don't give aspirin to children

· caplets and tablets are the same, just pressed into different shapes
· gelcaps are advertised to work faster than caplets/tablets. It does and doesn't
· suppose they dissolve right away in your stomach. Still sits in our stomach for 15-20 mins anyway. Absorption occurs when it moves into your small intestine. 

Some forms add caffeine for headaches

Name brand vs generic
· there is no difference. Work in the same way.
· Quality often costs more. There will be a difference. Not in the case for name brand vs generic. 
· extra strength vs normal is just more dosage
· gel caps – liquid, bursts open in stomach
· drugs get absorbed in the small intestine. Doesn't matter if it's tablet or gel cap (tablet dissolves slower in stomach but will still sit there in stomach)

Generic drugs are the same quality as name brands
· same chemical substance
· same dosage
· must have equivalent bioavailability
· same amount of drug enters the body

Bioavailability  the % of drug that gets into your body

Use name brand to find the generic
· Look for active ingredient in generic brand to compare to the brand name
· No difference in the manufacturing process





A. Cahn and P. Hepp 1886
· Experimenting to find a vermifuge
· Gave patient naphthalene
· Mothballs
· Noticed fever reduction
· Acetanilide [image: ]
Antikamnia (antifebrin)
· Made from coal tar 

Carl Duisberg
· Chemist at Bayer
· Needed to dispose of 50 tons of aminophenol
· Use waste to develop phenacetin (Same groups) 


Phenacetin
· APC tablet
· Aspirin
· Phenacetin
· Caffeine
· Now replaced by something better

D. Lester and LA Greenberg – 1947


Acetaminophen pain relief
· Used for pain relief. Active ingredient in tylenol.

Acetaminophen raises pain threshold
· Makes you less sensitive to pain. 
· Does this by modifying one material inside the body
· Creates another substance to reduce your pain. Not fully understood.
[image: ]
· Acetaminophen for muscle pain


Acetaminophen not for inflammation
· Does not inhibit prostaglandin synthesis
· Will not reduce the swelling, not as effective as aspirin
· Acetaminophen for visceral pain
· Acetaminophen is an antipyretic

Arthritis use – not always effective
· Osteoarthritis 
· Rheumatoid arthritis

No risk of Reye syndrome
· No association for acetaminophen
· Thus, Tylenol is available as a children's formula
· Death from Tylenol
· More than 60 tablets
· #1 suicide result in England

No problems with stomach irritation
· Stomach irritation (Side effect)
· ASA
· Strong irritation (Chronic)
· Acetaminophen
· Weak irritation (chronic)

Acetaminophen liver toxicity
[image: ]
· Liver protects you against poisons in your food.. food gets detoxified in liver before it circulates in your body (black arrow)
· SAFE way
· Red arrow is TOXIC way
· Food and drugs can activate cytochrome P450

Never take for hangover (tylenol)
· Alcohol stimulates liver function

Children's Tylenol in small bottles
· Acetaminophen poisoning is very common. The drug is added in all sorts of OTC medications and prescription meds.
· Sinutab, Tylenol, Buckley's all contain acetaminophen
· Meant to reduce fever in children's tylenol
· Only two or three dosages in the bottle. 
· In a small bottle just in case children drink the whole thing and the dosage will not harm them in a major way

Tylenol Varieties
· Regular
· Acetaminophen 325 mg
· Migraine
· Acetaminophen 500 mg
· Caffeine 65mg
· PM
· Makes you slep
· Acetaminophen 500mg
· Diphenyldyramine 15mg (antihistamine  sleepy)
· Side effects don't necessarily have to be bad (maybe something undesired)

Tylenol and cyanide – 1982
· Hollow gelatin package (capsule)
· Someone refilled the capsules with cyanide, and put them back on the shelves in pharmacies
· J&J recalled Tylenol. Removed Tylenol from every drug store in the world. This is what they should have done.
· Capsules are now replaced by tylenol caplets. Safety feature to make sure they're difficult to tamper with.

Safety seal added to all OTC meds
· Makes sure that it hasn't been tampered since it left the factory




· Arthritis and muscle/body are exactly the same. Price doesn't really have to do with anything, just depends how much you're willing to pay for your condition.

[image: ]Ibuprofen
· Developed 1961
· Originally by prescription only
· OTC use approved 1984

Similar mechanism to Aspirin
· Inhibits cyclooxygenase 


· Pain relief lasts longer
· Ibuprofen is present in Advil, Motrin
· Motrin targets your pain, Advil goes wherever (inhibits prostaglandin synthesis)
· Motrin and Advil are identical

Read the back of the box NOT the front
· Marketing (Advil migraine vs normal)
· Same chemical, same amount
· Public thinks that "migraine" will be more helpful than normal and thus end up paying more

· Advil extra strength – has much more material
· Advil and Advil migraine are the same

Naproxen
· [image: ]Aleve
· Very good for inflammation
· Generic now available
· Similar to ibuprofen
· Good for training (sore muscles)

Top pain relievers (North America)
· Acetaminophen 43%
· ASA 28%
· Ibuprofen 26%
· Naproxen 3%


KNOW THIS!!

COX-1 and COX-2
· 
Stops production of prostaglandins.. reduce pain/inflammation (?)










Effect of COX-1 inhibition
· Stomach
· HCl production increases
· Mucus production decreases
· Platelets
· Clotting is inhibited
· Long term COX-1 inhibition
· Ulcers in stomach can bleed severely
· Harmful effects 
· When you take an aspirin tablet, inhibits COX-1
· Inhibit COX-1 is what produces the nasty side effects associated with ibuprofen
· Reduces protective layer of mucus. Long term can cause ulcers.

Effect of COX-2 inhibition
· Produces pain
· Produces inflammation
· Reduces fever
· Beneficial effects

Current arthritis treatments
· Inhibit both COX-1 and COX-2
· COX-2 is beneficial
· Reduce pain
· Reduce inflammation
· COX-1 is harmful
· Stomach irritation
· Increased HCl production
· Reduced mucus production
· Blood clotting inhibited
· Bleeding ulcers in chronic users
· 20,000 people a year die from this

Selective COX-2 inhibitor for arthritis
· Beneficial effects won't give harmful effects
· There were drugs that selectively targeted COX-2.
· Better, safer alternative to reducing pain of arthritis than aspirin, ibuprofen or neproxin 

VIOXX Clinical Trials
· Approximately 60 studies were done
· Approximately 5000 patients
· No ulcers or serious stomach bleeding noted
· No serious side effects 
· No difference in cardiovascular disease vs placebo
· Drug approved in 1999
· Sales averaged $2.5 billion/year
· In clinical trials, they noticed no problems. No heart problems. And thus was approved in 1999
· Much safer than the existing therapies. Much better to take this for arthritis.


VIGOR was done for marketing
· Illustrate reduced risk of ulcer
· 18 month study
· Used naproxen as a placebo
· Used VIOXX as TWICE the normal dose
· Naproxen was given at the normal amount
· Study showed 54% reduction in serious GI side effects with VIOXX

Full VIGOR data released to FDA
· Increase risk of heart attack
· 0.4% for VIOXX (45 out of 4047 patients)
· 0.1% for naproxen (19 out of 4029 patients)
· No difference in mortality (7 deaths for VIOXX, 6 deaths for naproxen)
· Paper in NEJM reported no adverse effects
· Only data from first 10 months was included
· They wrote a paper describing the results in the previous slide
· Carried out an 18 month study, but only included 10 month data
· 4x the heart attack for VIOXX than naproxen
· Company looked really bad by publishing in a journal by not adding in the full 18 months of data. Made it look like they were trying to hide this side effect. 

FDA analysis of 1.4 million patients
· Estimated that VIOXX caused 88,000 – 139,000 heart attacks during 1999-2004
· In 2004, Merck voluntarily removed drug from market
· Cut 7000 jobs
· >10,000 lawsuits
· Company that developed the drug decided to voluntarily remove it from the market.
· Business decision  it was because of all the lawsuits they were receiving
· All the money they made from sales went to lawyers

Benefits outweigh risks 
· Current arthritis treatment (Ex. Aspirin, ibuprofen)
· FDA estimates 10,000 to 20,000 deaths/year from gastrointestinal bleeding
· VIOXX as an arthritis treatment
· FDA estimates 18,000-28,000 heart attacks/year
· Risk of heart attack similar to ibuprofen
· Possible solutions
· Improved labelling
· Improved MD education (let doctors know patients should have follow ups etc)
· Merck refused to re-introduce the drug
· They thought that risks outweighed benefits
· >10,000 lawsuits

· Celebrex (from same family of drugs) did their clinical trials after this. 
· They took steps to monitor patients due to the heart attack risk. Now on the market.
· Readings: Knowing Your....... & Use of Natural Numbers


Lecture 3 – Headaches
· 90% of the population have cephalalgia (headaches)

Once believed that headaches were caused by demons
· lose the demon to lose the headache
· found way to exorcise the 'demons' 
· ex. Put head in oven  heat will scare demons away
· metallic tractor pulls out the pain
· hot needles stuck into ears
· hot metal would suck toxins out of head and make demons go away
· would then be relieved of your headache
· surgical cures for headaches
· Q-ray  cure headache by magnetic headband
· Trepanation as a cure for headache
· Surgical method
· Drill a hole into skull to relieve pain
· Because of the demon idea (demons can escape through hole)
· Sensation of pressure (doctrine of signatures)
· If head is under pressure, drilling a hole should relieve it
· Speciality tools for trepanation
· Tools for square and round holes
· Trepanation is for life – permanent hole in skull
· Modern practitioners of trepanation
· Cult personality

Brain does not feel pain
· Treating things in this way is not effective
· Brain does not feel pain. 
· Pain comes from the thin layer of tissue that surrounds your skull

Pain in thin tissue surrounding skull 
· Tissue layer surrounding skull is susceptible to changes in pressure and this is where the pain comes from (thus you have the illusion that the pain is coming from the middle of your head)

Understand the headache before treating
· 12 types of headache
· 60 sub-types
· Headaches grouped into 2 classes
· Muscular
· Vascular

Muscular headache – muscle band around skull
· Muscle band around the skull
· Muscles tense and contract
· Literally squishes the other tissues that surround your skull, generates pain. Muscle contractions. 

Muscular headache caused by stress
· How to deal with it? Try to avoid stress

Treat muscular headache 
· ASA
· Acetaminophen (not the best because prostaglandins are not involved)
· Ibuprofen
· Naproxen
· These with all relieve muscle tension in headaches
· Prostaglandins are involved in these muscular contractions

Vascular headache involves blood circulation
· 3 major types
1. Toxic
2. Migraine
3. Cluster
· Cluster mostly happens to men around 50 years old

1. Toxic headache caused by poison
· Caused by poison – eat/drink/exposed to poisonous substance 
· Body reacts in a way that generates pain 

Pain is caused by vasodilation
· Blood vessels in the tissue surrounding skull get larger
· Increases diameter and increases blood flow
· Increased blood flow flushes out toxins a bit faster
· As those blood vessels get bigger, they push against the tissue and press against your skull (tissue swells and squishes itself) 
· [image: 06_vasoconstriction.jpg][image: 06_vasoconstriction.jpg]

Most common type of toxic headache
· Hangover – alcohol

Metabolism of alcohol contributes or helps

· [image: ]body tries to get rid of alcohol. Liver responds by chemically converting it to acetic acid 
· Acetic acid  safe chemical, won't cause hangover
· Alcohol causes pain of hangover
· Know ethyl alcohol, acetaldehyde, acetic acid (don't need to know names of enzymes)
· Acetaldehyde is a stronger poison than alcohol is. 
· It will magnify the effects of the hangover and the intoxicating effects of alcohol
· If you have a lot of the second enzyme and not the first, ethyl alcohol is converted to acetaldehyde and quickly converted to acetic acid which is safe
· If you have lots of the first enzyme – alcohol is changed to acetaldehyde.
· Not a lot of the second enzyme, you get a build up of acetaldehyde which is worse than alcohol.

Aging adds to the pain
· Presence of congeners increases severity
· Colour of alcohol/beverage has an effect  the darker it is, the more likely it is you'll get a hangover
· Vodka/gin doesn't give you as bad of a hangover
· Whisky/cognac would give worse headaches
· Come from wooden storage containers – come with substances that enhance the pain
	Vodka
	1

	Gin 
	1

	White wine
	4

	Beer
	4.5

	Whiskey
	4.5

	Sherry
	4.5

	Rum
	7.5

	Red wine
	9

	Whisky
	10

	Cognac
	10



Alcohol increases liver function

Liver makes acetaminophen toxic
[image: ]
· Don't take acetaminophen for hangover
· Tylenol
· Liver activates the lower pathway and turns Tylenol into a toxic substance

Some red wines contain histamine
· Red wine can also give headaches to some people
· Some contain histamine (cold symptoms) – such as headaches

Some fermented foods contain histamine
· Ex. Sauerkraut. Histamine is regarded by body as a toxin and you get a headache in response
Some aged cheeses contain tyramine
· Vasodilation – increased blood flow to head

Chocolate triggers some headaches
· Headache substance is the same thing associated with the pleasurable sensation of eating chocolate
· Causes vasodilation

Molecules are similar
· Histamine (Grape skin)
· Tyramine (Cheese)
· Phenylethylamine (chocolate)
· All have the NH2 group
· Aromatic rings
· Pattern of bonds is the same
· Flat shape, thin

Hotdogs contain nitrites

Nitroglycerin is a potent vasodilator
· Sometimes used as heart medication
· Contains product that causes blood vessels in body to expand
· Expands blood flow to heart and helps to nourish it
· Can also cause headaches due to vasodilation 

Monosodium glutamate MSG
· Spice developed by Kikunae Ikeda 
· Difference in taste of foods depending on if they were prepared with seaweed or not
· Seaweed magnifies the taste in other foods. Chemical substance is MSG. 
· Advertised this as food additive. 

Kwok syndrome and MSG
· Thinks that he got headaches from restaurants that use MSG 

MSG in Oriental cooking

Some people avoided MSG
· Millions spend researching potential effects
· Result of this research? MSG does not cause headaches
· No link between MSG and headaches

MSG is in virtually all prepared food
· Not just in Asian restaurants
· 1960s – MSG has been used in the whole food industry. All kinds of packaged foods (bottle/can/package)
· Enhances the flavour of food
· Cook the flavour out of food when you cook it on large scale
· Cheaper way to enhance flavour

Disguised as hydrolyzed vegetable protein

MSG is a normal human metabolite
· Constitutes approximately 5% of our protein
· Produced constantly in the body
· Circulating around in our systems! 
· Originally comes from seaweed

Caffeine gives rebound vasodilation
· Heavy coffee drinkers may also experience headaches
· Caffeine is a vasorestrictor (makes the vessels smaller) 
· If the body is constantly exposed to caffeine and trying to shrink blood vessels – body does things to counteract the effect
· when you stop drinking coffee, body overcompensates 

Brain freeze
· the coldness acts like a poison
· process occurs in your mouth
· tongue pushes food against soft palette (pushing food down throat)
· soft palette is close to brain 
· sends signals to brain, brain is now cold, body responds by vasodilation to try to raise temp of brain back up.
· Brain is tricked into thinking it's freezing
· Causes pressure on tissues and gives headaches

How to treat toxic headaches
· ASA
· Ibuprofen
· Naproxen

Acetaminophen and Toxic Headaches
· Increased liver function causes acetaminophen toxicity
· Liver damage
· Don't take acetaminophen for hangover

Caffeine may help reduce the pain
· Vascular headache is caused by vasodilation, caffeine is a vasoconstrictor 
· Causes blood vessels to get smaller
· Amount of caffeine in painkillers is not a lot

2. Migraine is an overused term
· Not just a headache, it's an experience
· Severe type of headache – most people don't get migraines

Migraine affects smaller % of population
· 18% of women get migraines
· 6% of men get migraines

Migraine headache is two-stage process

Phase 1 - Vasoconstriction
· Blood vessels in head get smaller

Phase 2 – Vasodilation
· During this point, you get the pain. Tissue is squished and now the pressure effect.

Migraine initiated by a trigger
· Series of events that were initiated by a trigger
· Tension
· Lack of sleep
· Menstruation
· Foods
· Relaxation
· Too much sleep
· Pregnancy
· Drugs
· Strong smells


Migraine headaches follow a progression
a. Prodrome phase
b. Aura
c. Pain
d. Postdrome

Prodrome phase gives a warning
· 30 to 40% of sufferers
· Mood swings
· Can last before a couple of days before headache occurs
· Characterized by mood swings (unpredictable from time to time)
· Not everyone experiences this

Aura phase in 20 to 30% of sufferers
· One or two hours before pain phase
· Scotomas
· Visual disturbances, flashes of light
· Olfactory hallucinations
· Smell things that aren't there
· Auditory hallucinations
· Vertigo
· Reduced sensation
· Hypersensitivity
· Not everyone gets this – this phase is important for prescription medications
· Feel weird, not yourself, floating/dizzy
· Distorts how you perceive the world

Pain involves half of the head
· Migraine is experience on half of the head
· Hemicrania (Latin)
· Hemigrania (French)
· Lasts 1 to 72 hours
· Nausea is common
· GI disturbances
· Movement makes it worse
· Diarrhea/constipation (GI disturbances)

Sensitivity to light, sound, smell

Postdrome phase may take hours or days
· "hung over"
· Exhaustion
· Poor concentration
· Depression or euphoria

Treatment – pain meds and ride it out
· ASA
· Acetaminophen
· Ibuprofen
· Naproxen 
· Prescription pain meds

Triptans can abort a migraine
· Designed to abort migraines. Prevent before it happens.
· Big benefit when taken in the prodrome/aura phases. 
· Once pain phase starts, this doesn't help so much.

Ergot is a fungus that grows on rye bread
· Rye bread was common in medieval Europe
· This fungus is extremely dangerous – bad poison

St. Anthony's fire from vasoconstriction
· Blood vessels contract down to nothing, cut off blood supply to extremities

Gangrene requires amputation
· Tissue is dead and is rotting away – needs amputation
· Caused from eating ergot


Midwives used ergot to induce labour
· Causes involuntary muscle contractions. 
· Lose control of muscles in face, twitch etc.
· If we can harness this muscle contraction in the right way – would be useful.
· For labour. Low enough dose to give contractions without causing harm to mother

Ergot is a powerful hallucinogen and poisoning seen as demonic possession
· Speaks in tongue/strange languages
· Along with muscle contractions – would seem like demonic possession

Inquisition in Europe
· Any kind of suspicion that you were involved with witchcraft would result in death

Normal Law was suspended for witches

No-win for witches
· Throw person into the river
· If they were with satan/devil they would float and the people would kill you
· If they were innocent, they would sink to the ground

Witchcraft in Salem 1692
· Rye was one of the major food products.
· Wet, rainy summer time – development of ergot fungus.
· The symptoms that the accused had were very similar to when you get poisoned by ergot
· Contamination itself is bad enough – if you survived, would still be in serious trouble

Witch hunts still occur today – Kira Canhoto killed during exorcism 1995
· Tortured to death by mother and gma who believed she was possessed
· Child may have been behaving in a way that was not understood and believed it was because of demonic possession

Extracts of ergot for migraine 1862
· Ergot started to be used medicinally
· Around mid 1800s
· Ergot has been used for thousands of years
· Has been investigated for migraines in 1862 – found it could be used to treat migraines
· No way to standardize the substance



Arthur Stoll isolates ergotamine in 1918
· If you could isolate the pure substance, can then accurately measure how much is in there and be given the safe dosage

Cafergot still available today
· Causes St. Anthony's Fire, hallucinations..
· The amount you take to get the benefit and the amount to do harm has a small difference

Ergotamine is not drug-like
· Gives drug-effects, but not drug-like
· Will prevent migraines but is dangerous.
· Poisonous if you take the wrong dose
· Hallucinations, muscular contractions, vasoconstriction, gangrene, death

Drug-like substance
· Provides beneficial effect
· Specific
· Limited side effects
· Low incidence
· Low severity
· Cheap to manufacture
· Patentable

Albert Hoffman discovers LSD by accident
· In 1940s, Hoffman was working for drug company and by accident, discovered LSD

The Bicycle Day
· Had a very powerful hallucination which incapacitated him
· "The bicycle day" refers to the discovery of LSD
· He couldn't walk or go home – one of his colleagues strapped him to his bike and rode him home

LSD was used by the CIA at McGill in 1950s
· Mind control experiments






Hallucinations from part of ergotamine

· Comparing the chemical structures
· LSD vs ergotamine share the blue parts of the molecule
· Seems to be associated with drug-like effects

Migraine starts with serotonin
· Migraines start with neurotransmitter called serotonin 
· This chemical seems to vary in its amounts just before you have a migraine headache

Serotonin levels change during migraine
· Serotonin amounts drop during aura 
· Could prevent migraine by replacing missing serotonin with a drug

Nerve signals are chemical
· Chemical reactions transmit this information from one side of our body to the other
· Nerves function like chemical reactions, not a wire

Nerve signals are cascading chemical reactions
· Domino effect









Nerve cells do not touch each other
[image: nerve cells web.jpg]
· Nerve signals travel along the outside of the cell (the membrane)
· S-synapse
· One nerve cell releases chemicals to another.
· The chemical becomes the signal, and is transmitted from one nerve cell to the other. 

Messages carried by neurotransmitters
· Signal comes down along the membrane of cell
· Once it gets to synapse, a chemical reaction occurs
· Chemicals are called neurotransmitters
· Receptor is a sticky molecule which is designed to stick to the neurotransmitter
· Once neurotransmitter gets sucked in, starts the nerve cell signal on the bottom side

Use a drug that works like serotonin
· Might not have enough of a neurotransmitter
· Thought that this was the cause of migraine
· Not enough of a chemical signal to prevent it
· Idea is to make drug that's like serotonin, go in and amplify that serotonin signal
· Will abort the migraine

Serotonin is a poor drug
· Used in many parts of the brain
· Drug must only affect migraine
· Does not easily pass from blood to brain
· Drug must travel from stomach to brain in the blood
· Why not just use serotonin?
· Will work as neurotransmitter in brain – from bloodstream, will not go into the brain because it is not drug-like

Basis for serotonin drug selectivity
· Serotonin fits into receptors
· Fit onto receptor of receiving molecule (glove is like receptor)
· Serotonin can fit into other receptors
· Body makes more than one kind of receptor
· Engineer a drug that will be shaped in one receptor.
· Re-engineer a molecule to only fit in one kind of receptor by changing shape. 

Engineer for the effect you want

· Parts of the molecule that are consistent from each molecule is shown in red
· Clip off the black and blue part
· Modify red part and will have a molecule that has selectivity. 

Sumatriptan selectively targets migraine


· Compare this to serotonin 
· The two molecules share those components
· Sumatriptan won't fit in every place that serotonin does
· Only fits in part of brain that deals with migraine – selectively. Prevents migraine from happening.

First triptan drug for migraine
· Sumatriptan
· Like a magic potion for headache

Many options for migraine
· Sumatriptan
· Rizatriptan
· Naratriptan
· Zolmitriptan
· Eletriptan
· Almotriptan
· Many options – good because it keeps prices down, and gives consumers a selection
· Not all drugs will work equally well for all people

Lots of causes of headache
· Treat with painkiller
· Gain added benefit from understanding




Lecture 4 – Colds
Colds are the most common infection
· Outnumber all others by 25 to 1

More than 200 viruses cause colds

· Rhinovirus is most common
· No difference in symptoms between flu and cold – symptoms of all these viruses are identical
· No way you can tell if you have the flu or cold unless you do a test on the virus in your body

Influenza virus can be fatal

Virus destroys tissue, immune system makes symptoms
· Destroys tissue in respiratory system. 
· Stimulates immune system to cause the symptoms that we feel
· Normal section of tissue is where cells are closely packed together
· Large gaps between cells are areas where cells have been destroyed
· Symptoms are produced by immune system 

No cure for the common cold
· Average cold lasts a week
· Some cold medications relieve symptoms
· Many remedies do nothing
· But doing something makes you feel better
· No medication will prevent colds
· Every virus has to be treated differently
·  Lessen severity of symptoms

Common Cold research Unit Salisbury England
· Formed after WW2
· Dormitories to house the test subjects (humans)
· Would offer a free/cheap vacation to become their test subject
· House test subjects in extreme comfort
· The vacation was not exactly free
· They would dose you with cold virus and try out different kinds of cures and investigations to see how things get transmitted

Sneezing does not spread colds well
· Average adult sneeze doesn't contain a lot of viruses in it

[image: sneeze-collector]Sneeze collector
· Experiments used a sneeze collector
· Tube is connected to vacuum pump
· Sneeze gets sucked in using the ball part
· Connect sneeze and end up with mucus at the bottom
· Use material and measure its effects

Being cold does not cause colds
· Wet hair does not cause colds
· There is nothing that has to do with cold temperature and catching colds
· Direct exposure to virus does not always cause cold
· Direct transfer of virus will not make you catch a cold
Wet hair does not give you a cold either. 

Cold virus in nasal secretions
· Colds are spread through nasal secretions
· Runny noses – spreading mucus from nose to other common surfaces 

Nasal secretions spread easily
· Experimenters used a machine that was pumping out fluid to simulate nasal secretions. 
· Fluorescent – used UV light to see where all the mucus can get to 

Cold viruses are transferred by touching
· Main way that we get them from person to person
· Commonly touched objects (money, doorknobs)

Colds are more common in crowds
· School season is cold season
· Since crowds are more likely to transfer viruses – in school, there are always people around you. Thus in the summertime, we don't really get colds because we are not all close to each other like in school. 

Tristan ca Cunha in the middle of nowhere
· Extremely isolated in the middle of the Atlantic ocean

Incidence of colds and contact with outside 
[image: colds on the island]
· Each black dot represents an incidence of cold
· The white shapes represents when ships from the outside world visit
· There's an outbreak shortly after an arrival of a ship
· June/ July/August is their winter – coldest months and weather is bad so ships don't come during that time
· Even though it is cold temperature for them, they do not get colds

Washing hands may reduce colds
· Hand sanitizer may reduce colds
· Don't overdo it – avoid skin damage!
· Layer of natural oil that occurs over your skin – keeps moisture in your skin
· May wash away that protective layer of oil

Wearing a mask will not protect you
· Masks protect others from the wearer 
· Try to limit the spread of colds
· Try to avoid touching surfaces
· 
Incidence of colds decrease with age
[image: ]
· Only get infected once from that particular virus
· Can get immunity/antibodies from Virus A. Thus in the future, you will not get affected from Virus A
· The more you get sick, the more you get protected and thus with age, you get sick less often
· Kids get sick a lot and transmit it to their parents (thus the bump in the graph) – parenting age

Young children are more social
· Children behave differently than adults – social
· Secretions spread easily from person to person

As you age, you acquire immunity by being infected
· Exposure to virus causes illness
· Immune response is too slow and weak to prevent
· Body makes large amounts of antibodies only during infection
· After each infection, you build up "memory cells"
· Later exposure to the same virus does not make you sick
· Rapid and strong immune response
· Only get infected with a virus once in your lifetime
· Each cold you get is a brand new virus

$4.1 billion on colds each year (North America)
· Spend more money on cold medication than any other OTC medication

Read the back NOT the front of the box
· Ingredients to make sure that the product has a higher chance of doing what you want it to do – lots of products will do nothing
· Ex. Buckley's Coughs & Congestion – menthol and camphor have a very MILD pain reliever. The active ingredients don't really do anything at all

Cold Remedy Ingredients
· Pain reliever or fever reducer
· Decongestant antihistamine
· Antitussive
· Expectorant
· Do not try to treat all of the symptoms
· Choose symptom that most annoys you and pick medication based on active ingredient to treat that symptom

Acetaminophen for pain relief and fever
· In Tylenol. 
· Acetaminophen 325 mg and menthol 20 mg (Menthol is just a mild pain relieving substance)

Some products contain ibuprofen
· In Advil
· By switching over to ibuprofen, less risk of people overdosing on acetaminophen

No such thing as a sinus cold

Menthol for sore throat?
· The cooling sensation in peppermint  menthol
· Interacts with the nerve endings in mouth and produces the cooling sensation.
· Cooling feels better when you have a sore throat
· Getting the same amount of stuff as you would in a cold medication
· Retsyn (the blue spots in peppermint) just gives the blue colour
· Menthol just for sore throat

Menthol is a weak topical analgesic
· Topical analgesic – has to touch your tissue in order to give the effect
· This is a syrup, so you usually automatically swallow it into your stomach
· Doesn't stay in your throat very long

Menthol cough drops for sore throat
· Menthol 2.5 mg  ex. Halls

Cepacol contains topical anaesthetic 
· Cepacol may reduce pain in throat. Contains benzocaine (15 mg) which is an anaesthetic – remove sensation
· Feel numb. Will deaden the nerve endings for a short period of time in your throat
· Reserve it for serious throat pain

Decongestants dry a runny nose
· Pseudoephedrine 
· Phenylephrine
· Phenylephrine doesn't work as well as pseudoephedrine
· Mucus in your nose is mostly water. Mixed with a protein called mucin. Acts as a sticky scaffold. Sticks to the water and makes the water into a jelly.

The water in mucus is supplied by the blood
· Mucus tissues vasodilate and blood vessels get larger
· Pull the blood vessel cells apart and they become a bit leaky which leak out a bit of water and the mucus membrane collects this to produce mucus in nose


Decongestants are vasoconstrictors
· Jam the blood vessels closed and this ensures that the cells of blood vessels aren't as leaky of water. Won't make as much mucus. 

Amphetamine – the original decongestant
· Decongest your nose. 
· At the bottom it says  "drying in nose more marked" (scientific report)

Amphetamines for cold symptoms
· Could've bought amphetamines anywhere

Phenylpropanolamine (PPA) became popular
· Amphetamines became a recreational drug and industry began looking for another compound
· The compounds are very similar – both of these things are in the amphetamine class
· Side effect: appetite suppression (won't make you hungry)
· Some people like to use this as diet drug 








Diet pills used PPA
· Side effect was decongestion
· Can use in cold medication and diet medication
· Overuse of these pills started to cause hallucinations

Over-use of diet pills caused hallucinations
· Amphetamine psychosis
· Also caused strokes.
· Because of this, PPA was removed from the market about 20 years ago
· Strong heart stimulant – caused strokes and get hallucinations. Psychotic.
· Problem when people overdosed on diet pills

Over use of diet pills caused strokes

PPA warnings on the internet are bogus

Sudafed contains Pseudoephedrine
· Active ingredient which is in Sudafed. Successful and effective product. 
· Problems in 1990s

Pseudoephedrine to make methamphetamine 
· Chemical structure leads to methamphetamine (Very similar molecules)
· For many years, this was the primary means to manufacture crystal meth
[image: ]

Drug Dealers used to buy direct
· Up to 50% of pseudoephedrine used to make methamphetamine
· Used to be that anyone can buy it  now you need a proper permit and paperwork to buy pseudoephedrine

Dealers turned to "smerfing"
· Pay junkies to buy cold medication with pseudoephedrine and use that to manufacture their methamphetamine

Sudafed now "behind the counter"
· In US and Canada, you now need to ask for it. Don't need prescription. Just want to make sure that you're not buying it for other purposes. 

Sudafed PE contains Phenylephrine
· Starting to replace sudafed with phenylephrine..

Phenylephrine is not effective
· Dosage is so low, and metabolism rate is so high, don't get much of an effect

Pseudoephedrine is still widely available

Generic versions are available for all cold meds
· "Pseudophedrine Hydrochloride" is an old naming system
· Pseudo... is the functional part that actually works (active ingredient)
· HCl is the stabilizer


Antihistamines for sneezing, runny nose, watery eyes
· Nasal sprays contain decongestants. All amphetamines. 

Antihistamine side effect is drowsiness
· Sleepiness. Just because side effect is there, doesn't mean it's a bad thing (just depends on context)
· Sleep drugs will use antihistamines – also clear up runny nose, stop you from coughing

Chlorpheniramine is most common antihistamine for colds
· Found in Nyquil
· Most beneficial effect from using antihistamines for colds is the drowsiness

New allergy antihistamines don't make you sleepy
· In claritin – doesn't have drowsiness. 

Dayquil does not contain antihistamines
· Same formulation as nyquil but without antihistamines

Antihistamines reduce nausea
· Found in Gravol
· Antihistamine to reduce nausea – bundled with stimulant to counteract the drowsiness effect

Dry cough and Productive cough
· Dry cough – nothing moving in throat, mucus is tight and dusty
· Productive cough – mucus in throat, respond differently to it too
· Once you cough up the mucus, you'll get a period of relief when you don't need to cough
· Often market cough product as syrup than pill. No difference.

The best cough medicine money can buy
· Heroin was initially developed as a non-addictive, safer cough medication (Safer than morphine)
· Heroin is a trade name

Dextromethorphan used today
· Cough suppressant
· Hydrobromide is a stabilizer
· Dextromethorphan and heroin are mirror images of each other. 
· Dramatically changes the effect.
· Shuts down nerve sensations in throat that make you want to cough

Thick mucus is difficult to remove
· Watery mucus is easily cough up
· Turn thick mucus into water mucus by increasing water supply
· Thins it out and makes it easier to cough out

Guaifenesin makes mucus watery
· Increase water supply to make mucus

Drink liquids with expectorants
· Drink lots of water when you use expectorants
· Create larger, watery form of mucus
· If you drink lots of water, it's arguable that it's the water that makes the effect, not the drug
· Guaifenesin has never been clinically proven to work

Beware multi-symptom medications
· All-in-one medications aren't marketed because they're good for you, mostly because of consumed demand
· In some cases, you may want to avoid them
· DM and E  cough suppressant and expectorant – makes mucus more watery
· Dextromedrophine  suppresses nerve endings so you don't want to cough as much. Defeats the purpose! 
· ^ can all be found in one medication
· Biggest benefit from the clorpheniramine is that it makes you sleepy
· Pseudoephedrine is an amphetamine

No cold meds for children under 6
· Parents tend to overdose kids. Don't realize there's acetominaphen in things etc. Child can have adverse effects due to over dose
· Now Health Canada has decided to not give cold meds to children under 6

Some take vitamin C to prevent colds
· Vitamin C will not prevent or cure a cold
· Analysis from well-run clinical trials. No benefit from vitamin C!!

#1 Seller in Canada
· Cold-FX is #1 selling cold med in Canada
· Turns out this stuff is questionable if it's effective. No evidence that it works
· Active ingredients are just fancy names for sugar and starches

Ginseng is used for everything
· Ginseng root resembles a human body
· Belief was that it must be good for the human body

Cold-FX claims highly questionable
· Work the same was as placebo
· Combined data from both studies and can see that there is a small difference from their product and the placebo
· Clinical studies are low quality
· Weak antiviral effect
· Fresh ginger at 300 ug/mL gave 80% plaque reduction in vitro

What's in the box? (for gravol?)
· 200 mg willow bark (15% salicin)
· 30 mg of salicin
· Minimum effective dose of salicin is more than 600 mg
· 20 mg ginger (25% gingerols)
· 5 mg of gingerols
· Fresh ginger 300 ug/mL reduces viral plaques 80%
· In a 'perfect' world, minimum dose of 1.5 g

15% of colds due to flu virus
· No difference between cold and flu

Influenza causes seasonal colds
· Normally infects 5 to 15% of population
· New virus formed every year
· Most forms not dangerous
· Very young and very old are at risk
· Can't tell the difference. 

Occasional severe influenza pandemics
· Very virulent strain occasionally arises
· 1918 – 20,000,000 deaths
· 1957 – 1,000,000 deaths
· 1968 – 700,000 deaths

Virus contains an outer envelope
· Hemagglutinin (Viral entry into cell)
· Neuraminidase (viral exit from cell)
· Easy to measure in the lab

Flu virus classified using envelope proteins
· Hemagglutinin (H)
· 16 types
· Human flu – H1 through H5
· Neuraminidase (N)
· 9 types
· Human flu – N1 or N2




· Pandemics are a significant increase in the death rate




Name brands vs generic
· Same things in same quantities

They all use same ingredients, same doses
· Pain and fever 
· Acetaminophen 500 mg
· Ibuprofen 200 mg
· Decongestant
· Pseudoephedrine 30 mg
· Phenylephrine 10 mg
· Antihistamine
· Chlorpheniramine 2 mg
· Antitussive
· Dextromethorphan 15 mg
· Expectorant
· Guaifenesin 200 mg

Medications for colds and flu
· You will get colds
· Nothing will cure it
· Nothing will prevent it
· Some medications may reduce symptoms
· You cannot treat all the symptoms
· Choose which symptoms you want to treat
· Read the back, not the front
· Choose the right medication
· Avoid multi-symptom products
· Compare before you buy
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image12.png
_ Side effect |

Pain Reduced blood yes
clotting

Fever yes Stomachiirritation yes

Inflammation yes Rye syndrome yes

Prevent heart attack  yes
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Bayer aspirin

$9.49

Bayer aspirin (extra strength) $9.99
Bufferin $12.49
Bayer coated aspirin $15.82
Anacin $11.49
Bayer Aspirin Low Dose $17.99
GenericA.S.A. $2.50

GenericA.S.A. $7.99
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image20.png
Pain Reduced blood

clotting
Fever yes Stomachiirritation no
Inflammation no Rye syndrome no

Prevent heart attack  no Liver toxicity yes
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Tylenol $10.49
Tylenol extra strength $9.00
Tylenol migraine $13.88
Tylenol muscle and body $18.74
Tylenol arthritis $22.98
Tylenol PM $17.98
Children’s Tylenol $32.99
Generic acetaminophen (brand X) $3.20
Generic acetaminophen (brand Y) $7.99
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Pain Reduced blood yes
clotting

Fever yes Stomachiirritation yes

Inflammation yes Rye syndrome no

Prevent heart attack  no Liver toxicity no
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Advil $23.60
Extra strength Aduvil $24.29
Advil Migraine $32.40
Motrin $12.49
Extra Strength Motrin $14.69
Super Strength Motrin $24.98
Children’s Motrin $45.79
Generic Ibuprofen Brand X $4.59

Generic Ibuprofen Brand Y $17.68
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Pain

Fever yes yes yes yes
Inflammation  yes no yes yes
Prevent heart yes no no no
attack

Reduced yes no yes yes
blood clotting

Stomach yes no yes yes
irritation

Rye yes no no no
syndrome

Liver toxicity = no yes no no
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Normal blood flow Restricted blood flow





image29.wmf
e

t

h

y

l

 

a

l

c

o

h

o

l

a

l

c

o

h

o

l

 

d

e

h

y

d

r

o

g

e

n

a

s

e

a

c

e

t

a

l

d

e

h

y

d

e

a

c

e

t

a

l

d

e

h

y

d

e

 

d

e

h

y

d

r

o

g

e

n

a

s

e

a

c

e

t

i

c

 

a

c

i

d


image30.wmf
N

H

N

O

N

H

O

N

N

O

O

H

O

N

H

N

O

N


image31.jpeg




image32.wmf
N

H

H

O

N

H

N

O

N

H

O

N

N

O

O

H

O

N

H

2

N

H

N

O

N


image33.wmf
N

H

H

O

N

H

2

N

H

O

2

S

N

H

N


image34.jpeg




image35.jpeg
T N N R R T

!
5
.
?
o0
9
.
.
N
sone case  Deswie £x CAPE TOWN 8+ SuIP OTHER THAN €X CAPE TOWN




image36.emf

image37.wmf
N

H

2

A

m

p

h

e

t

a

m

i

n

e

N

H

2

P

h

e

n

y

l

p

r

o

p

a

n

o

l

a

m

i

n

e

O

H



image38.wmf
H

N

H

N

O

H

P

s

e

u

d

o

e

p

h

e

d

r

i

n

e

M

e

t

h

a

m

p

h

e

t

a

m

i

n

e


image39.png
H1N1 Spanish flu (1918)
H2N2 Asian flu (1957)

H3N2 Hong Kong (1968)
H1N2, H3N2, H1N1 “normal’ flu (seasonal)
H5N1 Avian flu (2007)

H1N1 Swine flu (2009)
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Spanish flu (1918) 30% 20 million 2.5%

Asian flu (1957) 1 million <0.1%
Hong Kong (1968) 700,000 <0.1%
“‘normal’ (seasonal) 5to 15% 250,000 - 500,000 <0.1%

H1N1 (2009) 12,000 <0.05 %
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Average Flu Season 5t0 15 % 4000

Severe Flu Season Up to 30 % 8000

Severe Pandemic 11000 to 58000
(estimate)

H1N1 (2009) 401
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