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Most health advances have occurred in the last 150 years causing an increase in life expectancy
•	Since the time of stone age, life expectancy has been approximately 30 to 35 years for most of recorded history
o	An estimate made by combining data from various sources
•	Today, life expectancy in Canada is 82 years old
o	Life expectancy has doubled in last 100 years
o	Changes also in quality of life
o	Causes of death have shifted from infectious disease to “wear and tear”
o	Historically people lived entire lives in an unhealthy state where they were constantly sick (parasites)
o	This condition still exists in many developing countries
•	1900 (until 1950’s)
o	Life expectancy: 44 years
o	Main causes of death:
	Pneumonia
	Tuberculosis
	Influenza
•	2004
o	Life expectancy: 82 years
o	Main causes of death:
	Heart disease
	Cancer
	Stroke
	Lower respiratory infection
	Traffic accidents
	Diabetes

Reasons for Improved Health
•	Improved Sanitation
•	Clean Drinking Water
•	Refrigeration
•	Vaccination
•	Antibiotics


Diseases 
•	Disease affects the quality of life	
•	Malnutrition was common in medieval times because there was no proper storage of food
•	Back then people went through life living with diseases
•	Today, sanitation has been improved, which has reduced the level of people getting disease
•	Back then people were in close contact with human waste, which caused diseases
o	Open sewers
o	Exposure to dead bodies: common for dead bodies to be left on the street spreading more diseases
•	Village water supply would come from a nearby lake, which is where villagers would also dispose their waste
•	Drinking water from lakes and rivers that were full of waste while hiking
•	Guinea worms in water supply
•	Water was not filtered so it was full of bacteria
•	Food was preserved in an icehouse
o	Underground room 

Vaccination
•	Greatest achievement in medicine
•	Successful for curing viral diseases
•	Smallpox
o	Eliminated in 1977
o	Only exists in labs and biological weapons
o	Gene sequence online
•	In North America, prescription drugs have accounted for $300 billion in revenue and over-the-counter (OTC) drugs have accounted for $25 billion in revenue
•	Drugs have made modern surgery possible
•	Anesthetics and paralytics have been created, which were not available in the past

Types of Medical Treatment
•	Surgical
o	Removal of affected body part (traditional)
o	Modification of affected body part (modern)
•	Medicinal: Use of chemical compounds (drugs) to treat disease

Plants 
•	Plants defend themselves from predators by producing poisons
•	Extracts from plants and animals is becoming less and less common

Poisons
•	Early drugs were poisons
•	Drugs: produce desired (beneficial) biological effect
•	Poisons: produce undesired (harmful) biological effect
•	Poison – kill
•	Potion – cure



Dosage 
•	We assume
o	Low doses produce beneficial effects (drug)
o	High doses produce harmful effects (poison)
•	Sometimes 
o	Low doses produce harmful effects (poison)
o	Higher doses produce beneficial effects (drug)
•	The dose determines the harm, not the substance
•	Ex. insulin: low doses cause harm, high dose maintains diabetes; salt: high dose causes harm, low dose is healthy
•	Dosage and preparation affect active substance absorbed from food
•	Ex. raw carrots taste different from cooked carrots
•	Ex. darker strawberries have more flavor chemicals making them taste more sweet

Discovery of Drugs
•	Observation and experiment
o	People observed the effect of the drug
o	Strong poisons given in low dose
•	Philosophy
o	Cure arrived at by reasoning
o	Method requires good information
	GIGO (garbage in garbage out) 
o	Healing often connected with superstition, magic, religion
•	Through experiment, scientists discovered:
o	Strong poisons 
	Easily identified
	Low dose makes it into a drug
o	Weak poisons
	Large quantity for effect

Hippocrates
•	460-370 BC
•	Father of medicine
•	Promoted experimental methods
•	Rejected superstition and religion from healing

Opium
•	Extracted from poppy seeds
•	Narcotic painkiller
•	Sedative
•	Toxic in high doses
•	Drug in low doses
•	Used for pain

Cocaine
•	Extracted from coca leaves
•	Topical painkiller
•	Stimulant

Quinine 
•	Used to cure malaria

Problems with Observation
•	Human brain searches for patterns even when they are not there
•	Anecdotal evidence unreliable and misleading
o	Drug and effect may be coincidence
o	Relies on chance
	Medication and cure may not be connected
	Poison and harm may not be connected
•	Once “evidence” is available, hard to contradict
o	Many harmful remedies retained because of this
o	Parent’s cold remedies

Problems with Herbal Remedies
•	Poor control over dose
o	Plants produce variable amounts of active ingredient
•	Variations in preparation and administration
•	No instructions
o	Information passed verbally
o	Imprecise
o	Poor reproducibility

Doctrine of Humours
•	Developed by Hippocrates
•	Universe is made of 4 elements
o	Earth
o	Air
o	Fire
o	Water 
•	Body is made of 4 humors
o	Blood
o	Phlegm
o	Yellow bile
o	Black bile
•	4 humors are normally in balance
•	Too much or not enough of a humor causes disease
•	Cure by re-balancing the humors
o	Diagnose using the properties of the humors
•	Fever associated with hot and dry
o	Cure using cold and wet
•	Based on incorrect idea
•	Treatments developed using it were harmful and painful
o	Bloodletting
o	Purges
o	Fasting
o	Special foods

Doctrine of Signatures
•	Jakob Bohme, shoemaker and philosopher (1575-1624)
o	God left clues to tell us how to use things
o	Disease and cure were linked
o	This approach is/was used by almost all cultures
•	Eating walnuts is good for brain health because they resemble human brain
•	Fresh breath – Parsley
•	Parsley – Green
•	Green – Chlorophyll
•	Chlorophyll – Fresh breath
•	Mandrake roots used for many medicinal and magical purposes because it looks like people
o	Primary use was a cure for demonic possession
•	Powdered rhino horn used in Chinese medicine as an aphrodisiac because it is a phallic symbol
•	Most remedies developed this way were harmful
•	At best were harmless
o	Denied the patient proper treatment
•	Lack of rationality or evidence
o	Based on appearance or location
o	Required imagination to see connections

Problems with Drugs in the 1800’s
•	No regulation
o	Industrialization created big markets
o	Lots of opportunity for fraud
•	The emergence of science made people trust claims
o	“Scientifically proven”
o	“Patented”
•	The emergence of science made it easier to identify fraud
o	Before science, there was no way to know

Board of Food and Drug Inspection
•	Formed in 1907 
o	Labeling only
o	No regulation of therapeutic claims
o	No safety testing

Food and Drug Administration (FDA)
•	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
•	Patent medicine still sold today
•	Problems still occur: Thalidomide, Teratogen, 

Thalidomide
•	Developed as a sedative – 1957
o	Very few side effects
•	By 1962, thalidomide recognized as a teratogen
o	Phocomelia
o	Never marketed in the U.S.
	Teratogenicity was discovered before FDA approval was given

Teratogen
•	Causes birth defects
•	From Greek word “teratos” for “monster”
•	Thalidomide was tested in rats
o	Rats do not often give birth to deformed pups
o	In humans, problems with a fetus result in miscarriage, stillbirth or birth defects

Modern Safety Standards
•	Safety testing done in at least 2 species
•	Animals of choice are usually dogs and rats
•	At least one must be a primate because it is the closest animal to humans
•	Must show that the drug is bioavailable
o	Gets into body
•	Must use relevant doses

Genetic Engineering
•	Replaces many animal experiments
•	Genetically engineered drugs are safest source of human protein
•	Genetically engineered human insulin
•	Back in the day horse insulin would be used which is not as effective as human insulin
•	Drugs designed by computer do not exist
•	Drugs found by random scanning: trial and error
•	Expensive business


Drug Discovery Today
•	Each new drug costs more than $800,000,000 to develop
•	From idea to market requires 8 years
•	The higher the risk, the higher the profit

Failure Rate for New Drugs
•	Very high
•	Less than 1 in 10 drugs survive clinical trials and reach market
•	More than 10,000 compounds are tested to find each new drug 
•	Process requires 8 to 12 years
•	Each new drug costs $800,000,000 to bring to market
•	Only about 40 drugs being introduced each year and those drugs are just an improvement of a previous drug

Sources of Drugs Today
•	Biologic	14%
•	Vaccine	4%
•	Natural Product	5%
•	Semi-Synthetic	23%
•	Synthetic	54%
Lecture 2 – Pain

Prescription Drugs
•	Market is 300 billion dollars a year (US)

Over the counter (OTC) medication
•	$25 billion per year
•	1/10 the size of the prescription drug market
•	No prescription required
•	Sometimes you have to ask the pharmacist (behind the counter drugs)
•	Legal 

OTC vs. Prescription
•	Prescription costs a lot 
•	OTC more commonly used
o	Cheaper than prescription
o	Cost is visible
•	Spend 10 times more on prescription drugs
•	The government often pays for prescription drugs so they often don’t have the price on them

Top OTC Meds (North America 2008)
•	Laxative 
o	Common for older people to buy 
o	Almost unnecessary because our bodies have a built in capacity to look over itself
o	It is unnecessary to go everyday but some older people think they do so they take it. 
•	Antacid 
o	Something you take for a condition you did to yourself 
o	Stomach problems are often a self-inflicted disease 
o	Treats heartburn and stomach acidity

Important consideration when buying
•	Safety of OTC
o	You don’t have to worry about harming yourself 
o	Government allows us to buy it without a doctor because a lot of safety testing goes into it
o	Dose makes a drug and poison
o	The label of the medicine will give info of the dose
o	The drugs often work with an on and off mechanism 
	Ex. Taking two pills of Advil instead of one are not going to have a greater effect; two pills are needed if you are a bigger person
o	Changing the amount of dosage can be harmful

•	Side effects
o	Every drug has side effects; you may or may not feel the effect of them
o	Any drug that says it has no side effects is not safe to buy
o	Take two things into consideration:
	The effect itself – What is it?
•	Info is easy to find, either on label or box, or on Internet
	Incidence – How common is the effect?
•	Info is hard to find, but can be found on FDA website
•	Ex. if a heart attack is the side effect but it’s only 1% then it’s fine
•	Indications
o	What to use the drug for?
	Read the back of the box, not the front
o	Many people take the wrong drug
o	Many people take drugs unnecessarily because of the way it is advertised
	Ex. laxative
•	Counter indications
o	Special conditions (pregnancy, diabetes, heart condition)
o	Some drugs don’t work well together which is why doctors will ask if you’re currently taking other drugs before prescribing meds
o	Certain foods should not be eaten with particular meds
o	“Natural” remedies: some can effect the prescription drugs you are taking

Pain Relievers
•	Number 2 over the counter drug in terms of sales
•	Contributes approximately $3 billion per year
•	Consume about 50 billion tablets/year
•	1,200 dump trucks of this medicine is taken

Aspirin
•	One of the world’s most popular drug
•	Number 3 in popularity

Salix
•	Genus name comes from poisonous plants (willow)
•	These plants have been used as drugs for thousands of years
•	Egyptians use it to reduce swelling
•	Hippocrates prescribed it for childbirth

Herbs
•	Knowledge of herbs lost in dark ages
•	Knowledge of willow was used by Islam
•	Religious persecution by some sort of remedies was considered to be a witch


Reverend Edward Stone
•	Rediscovered willow
•	Lived in a swampy area where people often suffered fevers
o	People living here thought that the bad smells caused diseases 
•	He passed by a swamp and came across a willow tree and tasted the bark
•	He noticed that the bitter taste of the bark is similar to quinine, which is used for treatment of malaria 
•	He looked for an association between willow and the doctrine of signatures
•	Used willow to cure fevers

Doctrine of Signatures
•	Stone figured that if you got the disease from the swamp, then the disease was in the swamp
•	The doctrine of signatures doesn’t work
•	He dried up the bark and used it to make a tea 
•	It reduced a persons fever and was used to reduce pain 

Salicin
•	Henri Leroux isolated the active substance (salicin) from the bark of the willow

Chemical Structure
•	Fossil provides evidence of past life
•	Can see fossil existing in rock
•	Fossil fuel is also fossils
•	Oils also contain fossils
•	The molecules in the oil are the fossils 

Salicin and Bark
•	A lot of willow bark (1.5 kg) will contain only a little bit of active substance (30g)
•	30 g of this substance will treat 100 headaches
o	Not a lot of material if you want to use this as a drug
•	If you are trying to manufacture a drug to supply to a city of London you would need a lot of bark

Salicylic Acid 
•	Made from salicin
•	Chemist by the name Rafaelle Pricia said you could convert salicin to salicylic acid
•	This acid is an: 
o	Analgesic: good for pain
o	Antipyretic: good for fever
o	Anti-inflammatory: good for swelling
•	You get the same effect of salicin except much less of the acid is needed.
•	It is a natural substance in flowers and better than salicin

Salicylic Acid Manufacture
•	From 30 g of salicin you will make 14g of salicylic acid.
•	Coal tar was converted into salicylic acid

Coal Tar 
•	A waste product that was used for light in the 1800’s
•	You have to transport it from one place to another but it is very heavy
•	If you heat coal in a specific way you can make coal gas which is a natural resource
•	When this process is done you would be left with coal tar
•	Coal tar would just be thrown away
•	If it can be thrown away that means it is a cheap substance

William Perkin
•	Took coal tar and converted it into mauveine, which was used as dye for clothes 
•	Cheap simple material that you can make colored clothes with 

Synthetic vs. Natural
•	Can use it to make drugs
•	The natural source only provides a little amount of material
•	If you make the material synthetically, you can make it efficiently. You take the same amount but you get 10 times the same material. 
•	This changed the drug industry because before that the natural source you could get yourself but in a city like London you would have to spend a lot of money to get it
•	Now with synthetic material you can get stuff easily and cheap
•	Synthetic stuff is made from oil. More than half of the oil (60%) that comes out of the ground is used to make “stuff”. Like our chairs, tables etc. 
•	Many companies sold the salicylic acid
•	Bayer started off as a dye company, making colors for your clothes but then started to sell drugs because it made them more money. 

Salicylic acid 
•	Bayer company sold salicylic acid 
•	It had 3 good points (pain reliever, fever reliever and reduce swelling) but it also had a bitter taste and gave stomach irritation

Felix Hoffman
•	His father took salicylic acid everyday for his arthritis pain
•	Felix wanted to change the chemical to keep the good properties but get rid of the bad properties



Process of Drug
•	He modified the OH group into O-CH3 group.
•	It was not an effective drug
•	It was a bad thing for him but it gave him info for ways to improve his drug
•	On August 10, 1897, he changed salicylic acid into acetasalicylic acid (A.S.A), which was a much more effective drug
•	First ever-artificial drug
•	Synthetic – made it from oil
•	Artificial – made by human

Biological Assay
•	Hoffmann thought that if the drug didn’t irritate fish gills then it wouldn’t irritate a human stomach

Aspirin was trademarked
•	ASA was changed to Aspirin

Bayer Company 
•	First drug sales were heroin
•	Originally developed as a non-addictive morphine but in fact it was later discovered that heroin is more addictive than morphine
•	Aspirin was marketed together with heroin and sold more than heroin
•	All drugs were sold as a liquid or powder, including Aspirin
o	You had to measure the dose yourself and dissolve it in a liquid to drink 
•	Bayer made Aspirin into tablets, which became more popular because it was more convenient, easier to measure the dose, and easier to take

Aspirin and A.S.A
•	All drugs have 2 names: 
o	Trade name or selling name: Aspirin 
o	Generic name: ASA
•	Only the Bayer company can use Aspirin (the selling name) because they trademarked it; however, anyone can use A.S.A

A.S.A
•	Effective for muscle pain, fevers, inflammation
•	Reduces risk of heart attacks when taken at lower doses 
•	Not effective for visceral pain

Prostaglandins
•	A hormone that is produced when your in pain or have a fever
•	Local hormones that are produced and used in the same cell
•	Prevents blood clotting


Biosynthesis
•	Know the names of the compounds
•	Know prostaglandins
•	Know the enzyme cyclooxygenase
 
Cyclooxygenase
•	It is a machine that carries out chemical transformations and used to make prostaglandins

Enzymes are Machines
•	Machine that carries out a particular job

Drugs block machine action
•	Ex. antibiotics will jam the machine and therefore it won’t work. 

A.S.A for pain, inflammation & fever
•	All three involve prostaglandins
•	Visceral pain does not involve prostaglandins

Aspirin and Heart Disease
•	People that took A.S.A for a long time reduce the risk of heart attack
o	Only if you take it every second day for 5 years.
•	Prostaglandins are involved in blood clots 
o	Prostaglandins produce thromboxane, which turns on blood clotting

Aspirin to prevent heart attack
•	Sold in a special formula 
•	Should only be taken by people that have a risk of heart attack
•	Only do it when doctors tell you to do it

A.S.A and cancer
•	Looked at for a long time
•	Tie these together because tumors produce a lot of prostaglandins and Aspirin blocks prostaglandins
•	Scientists found out that you can get an effect if you take Aspirin for a long time

A.S.A in the news
•	A guy made a homemade explosive
•	Made picric acid which can be used to make TNT
•	Aspirin is a better starting material to make picric acid
•	He extracted the A.S.A from Aspirin and then made picric acid
•	A.S.A is the active chemical in Aspirin 
o	It is also the generic name given to Aspirin


Side Effects
•	Need to consume more than 60 tablets at once to die from it
•	Ringing in the ears
o	Tinnitus
	More than 10 tablets in one period of time
	Warning of salicylism (Aspirin poisoning)
•	Aspirin is an acid but that has nothing to do with stomach irritation
o	It is the HCl in the stomach that is causing the problem
o	Prostaglandins help to protect the stomach by reducing HCl amount in the stomach and increase mucous production that protects the stomach
o	Avoid stomach irritation by taking Aspirin with water
•	Long-term exposure to Aspirin can cause acid damage
o	Production of prostaglandins in your stomach is blocked, acid production increases, mucous production decreases 
•	Long term Aspirin use and stomach damage
o	Alsure – hole in the stomach lining

Tablets can cause stomach irritation
•	The pill gets trapped in the folding’s of the stomach 
•	To treat this you can take Bufferin: a base to counteract the acid 
•	You won’t get a big benefit out of this stuff 
•	Pills dissolve quickly but it is a gimmick product

Plastic coating on A.S.A
•	Special coating that will no longer dissolve in the stomach but in the intestine
•	A little bit of a gimmick 

Avoid stomach irritation
•	Buy the cheapest Aspirin you get and drink a lot of fluid with it

Reye Syndrome and Influenza
•	Occurs when kids have chicken pox or flu
•	Swelling of the brain
o	Association with ASA, but there was no proof that A.S.A causes this
•	Because it was an easy thing to fix, Health Canada said that children’ Aspirin was no longer allowed in Canada

A.S.A not in last 3 months of pregnancy
•	Because you need the prostaglandins in delivering the baby

Regular and Extra Strength
•	The difference is the dose
•	Most people tend to use 2 tablets for regular strength or take one extra strength


 Tablets, caplets and gel caps
•	Caplets dissolve faster but it doesn’t speed up healing process
o	They all work the same

Anacin has caffeine for headaches
•	Some headaches can be improved by caffeine; however, some can get worse

Name Brand vs. Generic
•	Buy the less expensive one (generic) because both do the same job in the end
•	We often associate quality with cost
•	For most things this is true but drugs are different
•	You are dealing with the same dose and chemicals
•	Equivalent bioavailability: have the same amount of chemical that will get into the body 

Use name brand to find the generic name
•	Look for the chemical name at the back of the brand name box and then you can buy the generic one
•	The brand name one is higher on the shelf and generic is on the bottom due to marketing
•	Pharmaceutical companies make more money from name brands
•	Name brand contains the same amount of drug as generic brand

Price per 100 tablets
•	It is cheaper to buy the cheaper Aspirin and drink a lot of water than to buy Bufferin
•	Low dose Aspirin sold for heart attack is more expensive because most people will take this for heart medication 
o	Either the government is paying for it or people will take it because they don’t care, they want it for their health

Cahn and P. Hepp 
•	Developed by accident
•	They were trying to find something called verimifuge (treatment for worms)
•	When they gave someone naphthalene however they noticed the persons fever went down 
•	The chemical was actually acetanilide; they decided they could discover something that reduced fever.

Antikamnia
•	The product was originally sold as antikamnia
•	No testing done on this; all they knew is that it reduced fever 
•	Made from coal tar



Cals Duisberg
•	A chemist from Bayer noticed that the structure of the waste product (coal tar) was similar to another molecule
•	Converted the waste product to a drug that would reduce fever
•	Realized that the new molecule was similar to phenol 
•	He figured that it would be toxic so he had to do something that would reduce the toxicity
•	He changed both of the functional groups and produced phenacetin 
•	Something that you would discover one day would be on the market in a few days; testing was not needed
•	The product was successful

Phenacetin
•	Not sold largely throughout the globe
•	Sold as the APC tablet
•	Bayer sold this

D. Lester and L.A Greenberg
•	50-60 years later, researchers discovered that both of these drugs are metabolized
•	Acetaminophen (second) turned out to be safer; sold in replacement of Aspirin
•	Acetaminophen raises pain threshold for muscle pain and visceral pain
•	If you have undergone surgery, it will reduce your pain more effectively than Aspirin
•	As an antipyretic, this material can be used to reduce fever
•	Not for inflammation as it does not inhibit prostaglandin synthesis

Arthritis use – not always effective
•	Osteoarthritis: it works because it reduces pain threshold
•	Rheumatoid arthritis: It involves prostaglandins therefore it is less useful because it does not effect prostaglandins

Tylenol
•	With Tylenol you don’t have to worry about stomach irritation or Rye syndrome
•	That is why doctors often suggest Tylenol for fever
•	When companies make things for children, they go overboard with their testing

Death
•	More than 60 tablets (aspirin is 60)
•	Number 1 suicide drug



Acetaminophen liver toxicity
•	Can cause liver damage
•	Don’t take it if you have a hang over because the liver ramps up activity when you have alcohol in your body
•	Having acetaminophen in your body during a hang over will cause liver toxicity 

Acetaminophen in prescription meds
•	Many drugs contain acetaminophen
•	It is important to read the back of the box/bottle to prevent overdose 

Children’s Tylenol in small bottles
•	Children like to take things that taste good
•	The problem is that the child may really like it and may drink the whole bottle
•	Therefore, companies make sure there is not enough medicine to kill a child

Tylenol Extra Strength
•	Taking more stuff will not reduce headache faster
•	The dosage is based on body size

Tylenol Migraine
•	The material contains a very small dosage of caffeine
•	Coffee contains 3 times more caffeine than this 

Tylenol PM makes you sleep
•	It contains diphenhydramine, which is an antihistamine 
o	Antihistamines make you sleepy
•	They’re there to reduce stuffy nose, watery eyes etc., but the side effect is that it makes you sleepy
•	HCl is the stabilizer
•	The material is degraded by amines in our body
•	Adding HCl preserves the drug
•	If it wasn’t there the drug wouldn’t have a long shelf life 

Excedrin mixes acetaminophen
•	Acetaminophen increase pain threshold 

Midol for menstrual cramps
•	Acetaminophen increases pain threshold 
•	Contains caffeine that helps reduce headache
•	Pyrilamine helps with swelling 





Tylenol and Cyanide
•	There was a case of cyanide poisoning
•	What happened was that Tylenol was present in a capsule 
•	A man opened up the capsule, filled it with cyanide (poison) and taped the capsule back up
•	The capsule looked like it wasn’t tampered with
•	He put the capsules back into there bottles and returned them back to the pharmacy
•	People that bought these Tylenols died

Tylenol was recalled by J & J
•	They stripped off every shelf that contained Tylenol 
•	They came up with new ways of making Tylenol without people being able to damage the product. 
•	They formed a caplet
•	All bottles now have a safety seal
•	This later led to bottles like ketchup having these

General Acetaminophen 
•	Generic name for Tylenol

Price for 100 tablets
•	Tylenol muscle and body and Tylenol arthritis is the same thing but the arthritis one is more expensive
•	Tylenol extra strength is cheaper because a lot of people buy it
•	Although it is the most expensive, you should buy children’s Tylenol because it is in a small bottle since it is unpredictable what children touch when they are left unattended

Ibuprofen
•	It inhibits the production of prostaglandins
•	You get the same benefit of Aspirin
•	It does not give the prevention of heart attack
•	It has the same stomach problems you get with Aspirin
•	Decrease in blood clotting
•	Pain relief lasts almost twice as long compared to Aspirin and Tylenol
•	Sold as Advil and Motrin
•	They are sold in different dosages
•	Super is equivalent to 2 tablets of the regular

Read the back of the box NOT the front
•	People often buy Advil migraine instead of regular Advil for their headaches; however, the dosage of ibuprofen between the two is the same

Naproxen
•	Good for inflammation
•	Used to be only available as prescription 
•	Aleve contains a drug called naproxen
•	Generic is not available over the counter
•	This helps with sports injury
•	Due to the scare of rye syndrome, acetaminophen has replaced A.S.A

COX 1 and COX 2
•	COX is abbreviated by cyclohexane; it is an enzyme
•	Both enzymes produce prostaglandins

COX 1
•	Blocking it is associated with side effects of the stomach
•	If you do it over a long period of time it will cause stomach damage
•	It will interfere with blood clotting which can lead to ulcer, which will bleed and not stop which leads to a serious condition

COX 2
•	Blocking it will have beneficial effect

Current arthritis treatments
•	Selective COX-2 inhibitor for arthritis
o	VIOXX gave the benefit of reduction of pain and inflammation and at the same time it didn’t cause stomach side effects
•	VIOXX clinical trials
o	On more than 5000 people
o	They didn’t find serious side effects. In particular no cardiovascular problems. 
o	It was approved in 1999, selling to 2.5 billion a year

•	They carried out a couple of clinical trials to show off. 
•	They come up with names that look good. Doctors read these articles. They are trying to promote it to doctors as a safer anti-inflammatory. 
•	They wanted the primary reason for this this drug to be that it didn’t cause ulcers. They gave naproxen at a regular dose and gave there’s at double the dose. What they found was they got a reduction in ulcers. When the company got the results, they did a shuffle with it. The data showed that in long term the drug cause heart attacks but they shuffled the data and only included the 10-month data there was no side effect. When the media got a hold of it they went crazy. 
 A year after Merck pulled it off the market, the FDA said they should put it back on the market. FDA analyzed the risk and the benefit. The benefit outweighs the risk
The FDA estimates that 20 thousand people die because of the ulcers. Because of VIOXX there will be 20 thousand heart attacks. 
Merck did not reintroduce the drug.
You can buy variations of this drug off the Internet. 
Always balance out the benefit and the risk. You want the benefit to outweigh the risk

Lecture 3 – Headache

•	The medical term for headache is cephalalgia
•	10% of people don’t get headaches
•	It was once believed that headaches were caused by demons possessing the person’s body
•	One method of treatment was to place the person in an oven to try to get the demon to leave the body 

Metallic tractor
•	Insert red-hot needles in the ear, which would pull out the humor
•	You would still have the headache and a severe burn in your ear

Surgical cures
•	Cut the tissue of the skull
•	It hurts and taking chances because you only had 30% chance of surviving 

Trepanation 
•	Drilling hole in patient’s head
•	It was thought that cutting a hole through the skull would relieve the pressure on the brain
•	Different holes for different headaches
•	Some people still believe in trepanation

Brain does not feel pain
•	Neurons in brain don’t feel the pain
•	Pain comes from thin layer of tissue that surrounds the skull
•	The tissue is very thin
•	The pain comes from the back of the skull

Understand the headache before treating
•	If you know what kind of headache you have you can treat it in different ways

Muscular headache
•	Muscular – muscle band surrounding your skull gets tense 
•	It squishes your skull and you get pain
•	They are often caused by stress 
•	Try to avoid stress but you can take a pain killer

Vascular Headache
•	Occurs in 3 types
•	Cluster: you get when you’re older; there is no good way of treating it



Toxic Headache
•	Caused by poison

Vasodilation
•	If you take vasodilators you get headaches
•	Most common type of toxic headache is the hangover 

Metabolism of alcohol contributes or helps
•	Everyone has a different sensitivity
•	The body uses this chemical reaction to get rid of the toxin 
•	Acetaldehyde is an obnoxious substance
o	It can increase the pain of the hangover and increase the toxicating effect of alcohol 
o	The body has to do this in 2 steps because it is doing 2 chemical reactions
•	Genetic make up determines the pain of hangover 
o	This is associated with acetaldehyde dehydrogenase 
•	Some people lower headaches, which is due to the second enzyme 
o	Having less of it will give you a larger hangover 
•	People of Asian decent often consume less alcohol because it has nastier effects
o	It occurs all over the world but it is most common in Asians

Aging
•	The longer you age a beverage the larger the pain of hangover

Liver Function
•	Alcohol increase liver function
•	The liver is trying to detoxify and remove the alcohol from the body
•	The liver ramps up and tries to remove the alcohol 
•	When the liver is more active, it is more common to take Tylenol 
•	If your liver is functioning higher than normal levels then taking Tylenol is toxic 

Red Wines
•	White wine won’t give you a headache but some red wines will because red wines contain histamine
•	Histamine will constrict blood vessels in brain

Tyramine
•	Is a vasodilator that can be found in cheese

Chocolate
•	Triggers some headaches but it is less common because the amount you need to get a headache is very large


Nitrites
•	Meats use nitrites as preservatives which can cause headaches

Nitroglycerin 
•	A potent vasodilator
•	You get a headache right away
•	Treatment for heart attack 

Monosodium glutamate (MSG)
•	Food additive that makes foods taste better
•	Kikunae Ikeda studied this
•	He found that adding MSG would improve flavor of the dish

KWOK Syndrome and MSG
•	KWOK syndrome: getting headaches after eating food with MSG
•	Ikeda noticed that he would go to different Chinese restaurants and he would get headaches at some and not at others 
•	He thought that the restaurants that used MSG would cause headaches
•	It was published in a paper

MSG in Oriental Cooking
•	People started to avoid the restaurants that had MSG in their food so to get these people back they advertised “no MSG”
•	MSG is present in everything because it improves the flavor of food
•	It is a cheap way to add spices back into certain foods 

MSG does not cause headaches
•	Millions spent in researching MSG and proven that MSG does not cause headaches
o	When people don’t know that the product that they’re eating has MSG they don’t get headaches
•	In the amount that is present in food it is not a problem
•	MSG is in almost everything 
o	Ex. meat sauces, soup, potato chips 
•	Companies have to add artificial flavors in prepared food because it tastes bland due to the way it is processed
•	Disguised as hydrolyzed vegetable protein because people don’t like buying products with MSG in them
•	Is a normal human metabolite
•	Constitutes approx. 5% of our protein 
•	Not all the MSG will go into the body 




Caffeine 
•	Gives rebound vasodilation (caffeine headache)
•	Constant coffee drinkers cause the blood vessels in their head to get smaller
o	Drinking 5 to 6 cups of coffee per day 
•	When you do get enough sleep, the blood vessels will expand and you will get a headache (a “rebound” effect)

Brain Freeze
•	Nothing to do with nerves in stomach 
•	Has to do with nerves in the pallet of the mouth 
•	Top of the mouth will get very cold

Treat Toxic Headache
•	If you are not sure what causes the headache, you can run into a problem with acetaminophen
o	Increased liver function causes acetaminophen toxicity
•	Caffeine may reduce the pain of the headache by shrinking the large blood vessels that are causing the headache
•	Anacin has a very low dosage

Migraine
•	Over used term
•	Often people use it interchangeably as a headache
•	Companies often put “migraine” on their packages in a way to trick you to buy their more expensive product
o	People often think there is a higher dosage and it will work faster 
•	Affects smaller % of population
•	3 times more women get migraines
o	6% men, 18% women
•	2 stage process:
o	Stage 1: vasoconstriction
	Warning phase for migraine 
	You get an aura (blood vessels are getting smaller)
o	Stage 2: vasodilation
	Phase where pain is caused
	Vessels enlarge
•	Caused by different triggers
•	Most affective way to treat migraines: avoid the activity that cause migraines 
•	May not get all 4 phases

Prodrome Phase 
•	Gives a warning that a migraine is coming 
•	Mood swings often occur a few days before the migraine 


Aura Phase
•	Happens in 20 to 30% of sufferers, one or two hours before pain phase
•	Scotomas: visual disturbances, flashes of light
•	Olfactory hallucinations: smelling odors that aren’t really present
•	Auditory hallucinations: hearing sounds that are not actually there
•	Vertigo: type of dizziness
•	Reduced sensation
•	Hypersensitivity: sensitivity to light, sound, or smell

Pain Phase
•	Often involves half of the head, known as hemicranias
•	Last 1 to 72 hours
•	Often the pain is behind one eye
•	Nausea is common
•	Movement makes it worse (ex. moving head)
•	GI disturbances (ex. constipation or diarrhea)

Postdrome Phase
•	Happens after the migraine is over
•	May take hours or days
•	Feels like a hang over
•	Exhaustion
•	Poor concentration
•	Depression or euphoria

Treatment for migraine
•	Pain meds and ride it out
•	ASA
•	Acetaminophen
•	Ibuprofen
•	Naproxen
•	Prescription pain meds
•	Caffeine and drugs that contain caffeine
o	Caffeine works better for a migraine than meds

Triptan
•	Relatively new drug (20 years)
•	If you get enough of a warning (by aura phase) you can take this medicine that will abort migraines





Rye
•	People ate a lot of rye bread in medieval Europe
•	There were not good storage methods 
o	Often the food eaten was a little spoiled 
o	People had no choice but to eat spoiled food 
•	If you eat contaminated rye bread it can be dangerous

Ergot  
•	A fungus that grows on spoiled rye to produce toxic rye 
•	The fungus produces a disease called St. Anthony’s fire through vasoconstriction, which stops the blood supply to a part of your body that rots overtime, causing Gangrene
o	When humans get it, it requires amputation
•	If used in the right dose ergot could be used as a drug
o	Midwives used ergot to induce labor 
o	In low doses the fungus causes uncontrolled contractions
•	The material in the ergot fungus has a powerful hallucinogen 
•	When a person is poisoned by ergot fungus, they often speak in Tungus.
•	It was thought that these people were possessed by a demon 
o	They were mistaken for witches and were killed
•	Accusing someone for being a witch was almost an automatic death sentence
•	Whether a person accused of being witch admitted that they were a witch or not, that person would have to be tortured 

No win for witches
•	They would put the accused witches in a large body of water 
•	If you were able to float then you were considered a witch 
•	If you couldn’t float, you would die, but at least you wouldn’t be known as a witch

Witchcraft in Salem 1692
•	The accidental poisoning was assumed to be demons work = witch.

Witch-hunt in Canada
•	Blamed her for falsely saying she was a witch

Kira Conto
•	Killed by her parents
•	They thought she was possessed. They performed an exorcism
Witchcraft killing in London

Extracts of ergot for migraine 1862
•	Was also used for treatment for migraine
•	Arthur Strolls isolates ergotamine in 1862
o	Used to cure migraines
o	Still available today: 
	Cafergot (prescription medicine; caffeine + ergotamine) 
•	Ergotamine is poisonous in the wrong dose
•	Provides a specific beneficial effect 
•	Limited side effects – not severe and not strong 
•	Cheap to manufacture

LSD
•	Discovered by Albert Hoffman by accident
•	Chemist studying ergo extracts
•	Changing materials into other materials
•	Accidentally licked LSD off his fingers during an experiment and experienced a hallucination 

Migraine start with serotonin
•	Serotonin levels change during migraine
•	Amount drops during aura phase
•	Neurotransmitter in brain called serotonin
•	It was thought that a decrease in serotonin triggered migraines
•	It was found that in the aura phase there was a drop in serotonin. 
•	It was thought that if those levels were replaced then migraines could be prevented
•	Nerve signals are chemical, not electric
•	Series of cascading chemical reactions from our brain to wherever in our body
•	Signal will travel from one end of the neuron to the other neuron
•	A good way to get drugs to do things is place them in the synapse
•	When nerve signals reach the synaptic cleft, they activate the neurotransmitter release. The other neuron has receptors for the neurotransmitter and a there is a response. 
•	Serotonin fits into many receptors. There are different receptors in different parts of the brain. This promotes selectivity. 

Serotonin
•	A poor drug
•	Used in many parts of the brain
o	Drug must only affect migraine
•	Does not easily pass from blood to brain
o	Drug must travel from stomach to brain in the blood

Engineer for the effect you want
•	Serotonin = red
•	The extra stuff on the ergotamine and LSD causes the side effects 
•	Detaching the blue part that gives side effects, will give serotonin

Sumatriptan
•	Similar structure to serotonin
•	Easy transfer from stomach to brain
•	Can abort migraines
•	Will only effect the part of the brain that is causing the migraine

Many options for migraine
•	They are all identified by the name “triptan”
•	“Cane” in pain killing meds
•	Safety feature for doctors so they know what the drugs are for incase they forget. 
•	Good to have 4 or 5 du

Lots of causes for headaches
•	Can treat it with a painkiller
•	If you know how the headache works, you can take things like caffeine
•	If you have a hangover, you know not to take Tylenol
•	If you understand the cause of your migraine, you can treat it at home






Drugs – Exam 2
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Ben Johnson – changed the attitude for enhancement drugs
· fastest man on the planet
· 3 days after he was all over the news for using enhancement drugs
· Suspended 1 year from competition
· Tested positive again for roids, therefore banned for life (stanozolol)
· Recent phenomenon that we are concerned with drugs in sports. Began with Ben Johnson in 1988. Suspended from competition in 1988, second offense in 1993 he was banned for life.
· Drug he used was invented by John Manson.
John Manson
· scientist that invented stanozolol
· Canadian drug
· Canadian scientitist.

Mark McGwire
· hit 70 home runs in 1 season
· used creatine and drosinome (was a OTC drug that was legal back then)

Barry Bonds
· hits 762 home runs
· a year later, his contract expired
· never proven that he used roids
· His ties with specific companies caused suspicion, but never proven.

Marion Jones
· surrenders gold medals for using roids
· 3 gold medals and 2 bronze
· Went to jail for lying about the roids
· Her husband was tied with same company as Bonds.

Olympics in ancient Greece
· athletes used roids so that the show was better
· athletes were encouraged to take drugs (herbs, potions)
· Socially acceptable to take PED, wanted best show possible.
· Athletes kept quiet about ways, no giving away any edges.

Zulu warriors
· consumed a beverage called DOP
· Dop is a beverage that makes them stronger, aggressive and more courageous (alcohol + mild hallucinogenic) 
· Afrikaans: doop
· English: Dope (origination of the name)

Doping race horses
· people doped horses to make them slower so they can bet on the other horse
· therefore, fix races so…
· racetracks started doing dop test on horses, looking for cocaine and alcohol.


Cycling was notorious for doping (any endurance events)
· good thing!! People wanted to see the best race possible
· enhance endurance		
· caffeine
· cocaine
· alcohol
· nitro glycerine
· strychnine  only one that actually helps (poison)

Olympic marathon – 1904 in St Louis
· temperature above 40
· 100% humidity
· Dirt roads
· Not every athlete had shoes
· Idea that if you drank to much water, you would get cramps
· Thomas Hicks
· Collapse so his trainer got him up to get him running again
· Gave him brandy, egg whites, strycnine (rat poison)  helped him to start running
· Won the race but collapse, took an hour to revive
· trainer believed the drugs saved him.

Adrenaline
· used as drug in 1901
· used for short periods of time (boxing)
· required injection

Gordon Alles - 1929
· discoverers amphetamine
· longer lasting adrenaline
· used on himself
· decongested his nose
· used for cold symptoms
· side effects: kept you awake
· germans used this side effect to their advantage

Methamphetamine in war
· Blitzkrieg – Pervintin - as endurance drug
· germans used it so that they could always be on the move
· use discovered by allies, when they kidnapped pilots, they found tablets of pervitin.

R.H. Winfield
· experiments with Stirling aircrews
· compared ampethamine and methamphetamine to caffeine.
· amphetamine was used by Americans but they wanted to use it as methamphetamine
· has some pilots take amph, methamph and caffeine
· caffeine was used for soldiers but they had bad side effects: hands shaked
· amphetamine and methamphetamine made soldiers fearless 
· Amphetamine marketed as cold medication, was given as hyperstimulant to soldiers.

Amphetamines in the Tarawa invasion
· made soldiers more aggressive and fearless
· was still marketed as cold medication in the US

Soldiers as athletes
· similar drills (running etc)

First sports amphetamine 
· in 1952 Olympics
· used in sports with long distance
· beneficial for long distance sports
· athletes didn’t want to talk about it because they didn’t want people to figure out what they were using

Jensen
· Rome Olympics
· Collapsed so his 2 teammates were holding him up
· He passed out, crashed his bike, cracked his skull and died
· Passed out because of heatstroke, pushed beyond body's capacity
· Amphetamines caused him to be able to continue pushing, even his body couldn’t take it anymore (horse phenomenon)

Tom Simpson (July 13th 1967, 45 degrees outside)
· Tour de France
· Thought it was bad to drink water, so limited the water you were aloud to take
· Collapse and died on the spot
· Caused of death was heat stroke
· Had amphetamines tablets in his pocket so he pushed his body beyond his limits

Nervous system has several sub systems
· voluntary nerves (want to move your arm)
· involuntary nerves (digestive system, respitory)
· look online for image
· amphetamine increases your fight or flight
· amphetamine looks like the sympathetic system chemical (fight or flight) therefore increasing your endurance 
· amphetamine continuously stimulates your body therefore, unable to stop (because your body doesn’t know it)
· amphetamines takes away your ability to know when to stop
· Brain. ->spinal cord -> voluntary nerves -> muscles
· Brain-> spinal cord -> involuntary nerves -> Organs (sympathetic, fight or flight: increase heart rate, go faster, ect) Uses noradrenaline
· Brain-> spinal cord -> involuntary nerves -> Organs (parasympathetic, maintenance: digestion, kidney function. Ect) 
· Ampethamine stimulates the Sympathetic system (fight or flight) therefore increase endurance
· regular activity, we get tired/soar, which is a safety device, avoid overloading.
· Ampethamine makes you "unable to stop" even when body can't take it anymore. It removes this safety mechanism to avoid overexhaustion.

Olympics restrict drug use in 1967
· first testing in Grenoble in 1968
· Sympathicomimetic amines
· amphetemaines
· Central nervous system stimulants
· strychnine
· Narcotics
· Heroine
· cocaine
· Antidepressants
· Tranquilizers
· Calms you down (archery)

Drugs were not banned because of unfair advantages (unfair advantages equal to better coaching, facilities, ect)
· banned because they’re harmful for your health

Hans-Gunnar Liljenwall wins and loses bronze
· tested positive for alcohol
· did nothing wrong but because of press, they took away his bronze (looked bad)

Fritz Pregl and Oskar Zoth
· injected themselves with bull testicle extract
· measured muscles strength using middle fingers – didn’t work

Charles Brown-Sequard
· injected himself with macerated dog testicles (as Viagra) – didn’t work
· internal secretions as physiological regulators
· treating an organ with itself
· heart for courage
· brain for idiocy

Victor Lespinasse
· transplanted testicles from one donor to an other

First isolation of male sex hormone
· 40kg of bull testicles gives 20mg of male sex hormone
· Therefore, hard and difficult to get
· injected into Capon (Neutered rooster), after injection it became more aggressive

Semi Synthesis of testosterone – 1935
· from cow gall bladder – you get cholesterol
· convert cholesterol into testosterone
· testosterone for inmate rehabilitation

First athletes using testosterone
· race horses
· very expensive so billionaires would buy some for their horses

Soviets used steroids
· discover fundamentals of steroid use
· training methods
· side effects

John Ziegler – US
· york barbell club
· had diner with soviet trainer and found out about steroids in training
· effects of extra testosterone
· Anabolic
· Muscles mass
· Strength
· Bone growth
· androgenic effects
· body hair
· acne
· sex drive
· testicle shrinkage
· clitoral enlargement
· therefore, invented Dianabol

Dianabol – 1958 and Stanozolol – 1961
· anabolic steroids
· Ziegler came up with the idea while working for a pharmaceutical company
· Much better drugs for athletes because there was no side effects
· Produced for wasting conditions (rehab for broken bones, cancer, coma etc)
· therapeutic benefit

Dr Manfred Hoppner
· director of sports medicine, East German swim team to prove superiority of communism
· thought use of steroids would help to get better athletes
· East Germany - 11 of 13 gold medals won at 1976 Olympics
· Woman were built, chest hair, large clits
· East German swimmers forced to take roids (10 years old)
· Therefore…

Olympics banned roids in 1977

East Germany established doping lab in Kreischa
· gained access to testing protocols
· developed masking techniques in doping labs

Steroid testing uses GC/MS
· finding a drug in urine or blood
· downside: urine contains thousands of chemicals
· GC (gas chromatograph) sorts molecules
· Mixture is passed through the tube
· Some molecules will stick, some will be slippery and go through
· Longer you go through the tube, more they will separate
· GC sorts molecules using speed (time)
· Peaks (time) correspond to a certain molecule and the amount (big peak)
· Ex: M&M’s
· MS (mass spectrometer)
· Throws molecule (small wrong will go a long distance and a big rock will go a short distance)
· Rocks drop because of gravity, molecules drop because of a magnetic field
· Molecule is identified like a figure print (different form for every molecule)  used to identify compounds
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Steroid testing – T to E ratio
· normally a ratio of testosterone and epitestosterone (in your body) is 1:1
· ratio can be high as 4:1  flagged for steroid use
· mask presence of extra T by injecting E = ratio of 4:4
· Floyd Landis claimed 11:1 was normal

Diuretics
· makes you pee
· makes you drink a lot of water
· excess steroids from your pee will come out therefore your masking your roid use
· presence of Diuretics shows that athlete is trying to hide roid use

Add materials to urine
· add alcohol or soap to pee

Original synthesis of steroids
· converted cholesterol from cows
· very expensive

Modern semi synthesis of steroids
· Diosgenin  Progesterone  Testosterone
· Diosgenin from Mexican yams
· GC/MS identifies if roids were made from animal of plant

Carbon has 2 isotopes
· 99% of carbon atoms have mass of 12C
· 1% of carbon atoms have mass of 13C
· Plants and animals have different amounts of 13C
· With the GC/MS, they found that Floyd Landis’s roids were from a plant

T helps you build muscle

· when you exercise, you create a microscopic damage to your muscle
· therefore your muscle needs to rest and recover
· roids help you recover from this damage quicker
· therefore you can exercise more frequently and effectively


Health risk of steroids
· liver damage
· heart damage
· reproductive damage
· safe drug if taken in a safe way
· used for speed recovery (broken leg)
· long term health risk are unknown and difficult to measure
· athletes vary doses
· athletes mix steroids
· athletes take large doses
· athletes are very secretive about the use

BALCO made designer steroids
· designed to avoid detection
· no testing done
· the ‘clear’ – Tetrahydragestrinone
· undetectable before 2002
· fingerprint was unknown

Temptation to abuse
· Dianabol  tested roid
· Anadarine  anabolic but not a steroid (next generation of anabolic drugs)  didn’t make it through FDA but can be purchased on the net

Desire to win makes drugs dangerous
· used properly, they are safe
· medical supervision
· limited dosing
· but.. players abuse it!

Red blood cells
· body makes 3 million RBC every second
· RBC controlled by erythropoietin (EPO)
· Benefit from increased O2 capacity
· Training at high altitudes increases RBC production

Blood doping – instant altitude training
· take blood from your body, concentrate RBC’s and then restore it (wait 3 months)
· athlete now has improved O2 capacity

Ed Burke proposes blood doping to USCF in 1984 Olympics
· didn’t want to at first
· Danny Haute used blood doping and made the Olympic team
· USCF changed their idea because they saw that it worked
· But, there wasn’t enough time to do it because it was only a few weeks before Olympics so, they used blood from other people  safety issue
· Therefore, USCF banned blood doping in 1985
· IOC outlawed blood doping in 1986

Anemia is a serious condition
· treat with iron supplements of transfusions
· EPO could be a perfect anemia drug
· When you have lots of EPO, you have a lot of RBC
· EPO is a protein (many AA)

Amino acids work like building blocks
· chemical synthesis of protein is impractical because you can only make small quantities
· some proteins are available from animals
· supply is limited
· extraction is difficult
· small risk of contamination
· not human proteins
· doesn’t work as well
· immune reactions

Human cadavers make a poor drug source
· possibility of infection
· very expensive to produce
· difficult to extract
· limited supply

Recombinant protein – engineered source
· make human protein in a bacteria or yeast
· human protein is a good drug
· insert the human gene into a bacteria
· bacteria will use gene to make human protein
· protein is encapsulated
· bacteria place extra protein in pockets
· easy to isolate and purify
· protein is easy to make in large amounts

DNA is an information storage device
· cells use DNA as a template to make protein
· DNA is a list of amino acids
· Remove human gene from chromosome
· Insert the gene into a plasmid (DNA in a circle)
· Insert the plasmid into a bacteria  bacteria will now make the protein

Genetic engineering to make human protein
· copy the gene describing a human protein
· bacteria and yeast are easy to grow
· recombinant protein is easier to purify

Recombinant human proteins are better drugs than animal proteins
· Protein is human
· Source is safe
· Source is cheap
· Bacteria or years easy to grow

Recombinant EPO is one of the best drugs in the last 30 years
· any disease requiring blood transfusion
· may use EPO instead
· EPO abused from day 1
· 18 pro cyclists die from heart attacks

Clinical trials
· can only be done using humans
· use by athletes before proper dosing was known in result of overdosing
· overdose of EPO thickens blood causing heart attacks
· IOC banned EPO before it was on the market
· Testing EPO was impossible  Hematocrit (testing RBC)

EPO and rhEPO have AA sequences
· no test can tell the difference
· 2 tests
· On test = if injected 1 week before, can be tested positive
· Off test = if injected 3 weeks before, can be test positive
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ANTIBIOTICS

Changed the world
· 1900 – lived 44 years
· Main causes of death
· Pneumonia
· Tuberculosis
· Influenza
· 2004 – live until 82 years
· Main causes of death
· Heart disease
· Cancer
· Stroke
· Accidents

Plague – 50% of population died
· was very common
· treatment unknown
· doctors run away from infected area

Post natal infections – 30% death rate
· during child birth
· changed with penicillin
· with penicillin, number of deaths during child birth is near 0

Surgery – 3% death rate

WW1 and WW2
· soldiers died from
· STD
· Malaria
· Influenza
· Cholera

John Snow
· disapproved miasma theory in 1854 (idea of disease was caused by bad smells)
· scientific investigation of cholera in London
· made a map of those infected
· cluster of people with the disease from a water pump
· therefore, bacteria in the water
· was able to convince the city gods to deactivate the pump

Agostino Bassi showed microbes cause disease
· established a link with microbes you could only see with a microscope and disease
· Atharva-Veda identifies living animals causing disease

Louis Pasteur 1864
· develops pasteurization
· found that if you heat milk at a low temperature, you will keep its flavour and destroy bacteria

Lister develops antisepsis
· Listerine

Gram 1884
· stains bacteria with colour
· selective chemical identified certain bacteria


Erlich
· Trypan red
· selectively colors typanosome
· identifies bacteria and leaves the red blood cells alone
· Salvarsan 606 (poison)
· Safe form of arsenic
· First successful antibiotic
· successful for treatment of syphilis – the great pox
· 600 mL was injected in your blood stream
· if injected in muscles, would kill the tissue

Gerhard Domagk 1932
· red dye called Prontosil
· gave some to his daughter who recovered and survived
· then marketed 
· only works in vivo because it was metabolised into sulphanilamide
· therefore, they started selling sulphanilamide
· no color
· cheaper to make
· first ever REAL successful antibiotic
Sulfa drugs
· sulfa drugs saved many lives in WW2 – similar drug to sulphanilamide
· Sulfa drugs inhibit bacterial growth with dihydropteroate synthase (enzyme)
· Drug get jammed in the enzyme

Alexander Fleming - 1928
· the real successor of antibiotics
· contaminates culture
· mold prevented bacterial growth
· published his results – paper that changed the world
· used penicillin to purify bacteria in a lab
· gave some to mice witch didn’t become sick but didn’t do the key experiment (give some to infected mice to see if his extract would cure them)

Florey and Chain – 1941
· isolate penicillin
· home built machines to isolate penicillin
· produced in milk
· tested with mice and placebo.. it worked
· did first test on human who was infected by shaving
· Britain not the best place for research  no funding
· Were scared of being jacked by the Nazis
· So they transported it to the Americans



Penicillin in US
· production moves to corn steep liquor (waste product of corn starch)
· British were not making the penicillin on a large enough scale
· Peoria, USA became the capital of penicillin
· Penicillin production became war priority WW2
· Stockpiled for military then available to the public

Penicillin
· very safe – you can chug a bottle and nothing will happen
· bacteria cells are different then human cells
· difference is.. surrounding the bacterial membrane is a cell wall
· rigid outer layer
· imparts structure
· resists internal pressure
· if bacteria doesn’t have this cell wall, the bacteria explodes
· Lactam ring 
· secret to activity
· in all antibiotics
· Natural penicillin not drug-like – Penicillin G
· Is unstable
· Must be injected
· Only works against some bacteria
· Artificial penicillin drugs are drug-like – Amoxycillin 
· can be stored for long times
· can be taken orally
· works against most bacteria
· Major side effect
· Allergy – less then 1%
· Random chemical reaction with a protein in your body
· Therefore, body thinks this protein is dangerous
· Develops only 2nd or 3rd time of penicillin intake

Cephalosporin
· mold found in Italian sewer
· similar to penicillin
· has less chemical activity then penicillin

Streptomycin
· inhibits protein synthesis
· very different from penicillin

Tetracycline
· semi synthetic
· may make you photosensitive (sensitive to sunlight)
· interferes with calcium metabolism (bad for teeth)

Antibiotic resistance is a growing problem
· over prescription
· prophylactic use may promote resistence  good for cows to create more meat)
· overused to avoid STD
· biggest problem: patient compliance  not fallowing  directives
· if docs say to take it for 10 days, do so.. even tho you feel better after 3 days
· drug is effective above a certain line dosage is the key

Most dangerous forms of bacteria
· found in hospitals
· strong enough to survive antibiotics
· nosocomical infection
· Necrotizing fasciitis
· Eats your flesh
· Staphylococcus aureus
· Open you up, scoop away the mucus/bacteria
· If it doesn’t work.. cut cut cut
· Clostridium
· In quebec hospitals
· Methicillin
· Resistant to Staphylococcus aureus

Antibiotics are commodity chemicals
· no one is making them anymore
· developing new antibiotics is way to expensive therefore no pharmaceutical company doesn’t want to work on it
· doctors are reluctant to use new antibiotics, therefore no one wants to make them
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TOBACCO

Kills
· most dangerous substance in the world
· kills more then
· DDT
· Industrial chemicals
· Pesticides
· Cocaine
· Alcohol
· Homicide
· Suicide
· Etc
· 1/3 of cancer deaths is caused by tobacco
· 1/3 of heart disease is caused by tobacco
· Kills 420 000 people in North America per year  6 billion per year

Discovery
· discovered by Columbus in 1492
· first taken by natives
· natives ‘drank’ smoke from Tobago
· first shipment of tobacco from Tobago

Jean Nicot
· introduced tobacco to France
· healing herb l’herbe nicotaine
· treated asthma

Revive drowning victims
· forced smoke into drowned victim
· all BS

Smoking clubs
· use to be an expensive exercise
· very unpleasant/harsh
· hurt the throat because of the acids
· was done very rarely
· used long stem pipes to let the tobacco smoke cool down

Snuff
· powder inhibited as cocaine
· inhibited nicotine
· popular with aristocracy

Cigarettes were expensive
· were all hand rolled
· took a lot of time and cost a lot of money
· therefore, smoking was not popular

Bonsack machine
· machine designed to roll a cigarette
· changes the nature of cigarette smoking
· reduced production cost

Flue-curing
· had to create bigger bulks of tobacco so they heated up the tobacco artificially
· reduced harshness of smoke by heating up the leaves quickly

Bonesack machine and the flue-curing increased exposure to toxic substances
· could afford to smoke a lot
· smoke brought deep into lungs
· Cigarettes now addictive
· Risk = toxicity X exposure
· Smoking is now very dangerous
· Average smoker consumes 10 000 cigarettes per year
· Inhales deeply
· Hold smoke in lungs
· Added chemicals  plutonium

Nicotine
· addictive substance
· 2mg per cigarette required to addict smoker
· 1 piece of gum has 2 mg
· Acts on acetylcholine receptors neurotransmitter
· Messenger-receptor interaction
· Changes the shape of the receptor
· Produces a biological response
· is an agonist at low doses
· is an antagonist at high doses
· blocks chemical messages
· contributes to the addictive nature
· smoker regulates the dose
· if you don’t inhale (agonist) stimulates the smoker
· if you inhale (antagonist)  represses signals to the brain therefore helps you relax
· regulates their mood  feeling peppy or relaxed
· stimulates dopamine release (reward system)
· very powerful way of getting someone addictive
· smoking cues adds to the addiction
· out on a porch, take a smoke because it’s a habit
· uses as a pesticide
· lethal dose is 60 mg (cigars contain 120mg)
· if children eat cigarettes, they could die
· dose makes the poison
· nicotine to kill elephants (with darts)
· stimulates the heart muscle
· heart attack 
· increases heart rate

Toxic substances in tobacco smoke
· Carbone monoxide is the most dangerous substance 
· CO reduces O2 carrying capacity in blood
· CO sticks to haemoglobin (holds iron together) therefore the O2 cant attach itself
· This leads to heart attack  #1 killer from tobacco
· Toxic substances alter and damages your DNA
Alton Ochsner
· linked cancer to smoking – 1919
· 1919 – 400 cases in North America of lung cancer  chimney sweeps
· 2004 – 190 000 cases in North America of lung cancer  smokers

Reconstituted tobacco
· Recon
· Paper made from tobacco
· Cut into small strips
· Can use the whole tobacco plant
· Cheaper
· can blend tobacco
· cut coasts by mixing small amount of high quality tobacco with cheap quality tobacco
· easy to introduced additives
· flavour, burn rate
· control nicotine content
· deliver the 2 mg of nicotine no matter what

Paper is specially designed
· many chemicals additives to control burning
· even burning rate
· TiO2 keeps the paper lit
· burn rings combustion
· thin areas burn quickly when smoker draws
· thick area burn slowly between puffs

The filter
· is a decoration
· makes people believe you don’t inhale the nasty stuff

Eclipse
· less dangerous cigarette
· produces less combustion products 

Accord
· less dangerous cigarette
· battery powered heater

 never marketed
· proves that smoking isn’t good if you invent another cigarette
· why invest billions of dollars in this new cigarette when your already making billions
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VACCINES

Anti Vaccine propaganda
· vaccines are very safe
· experiments prove it
· people thought it caused autism
· autism symptoms appear at age 2  vaccinations are given at age 2
· wakefield study (paper) – link with autism and vaccinations but it was a bad study (only 12 children) – study was a fraud
· loss of confidence led to lower vaccination rates

Thiomersal preservative is safe
· contains mercury
· used for decades in all kinds of vaccine
· vaccine has less mercury that one piece of fish

H1N1 panic
· people weren’t sure if they should get flu shot
· lots of panic because of the wakefield study
· vaccine said dangerous because of mercury
· adjuvant worries (some had adjuvant, some didn’t)
· adjuvants reduce the need for booster shots (extra shots a few months later)
· produces a strong immune reaction
· alum used in most early vaccines as adjuvant
· lipids also used in adjuvants

Gulf war syndrome
· soldiers blamed this on squalene
· there wasnt any squalene
· your body makes squalene
· normal human metabolite
· used to make steroids
· can buy as nutritional supplement
· squalene is safe

Vaccines cause side effects
· adverse affects
· swelling, redness, soreness
· fever (short time)
· allergic reactions
· rare
· disease (extremely rare)
· only with live or attenuated organisms
· 69 cases of polio between 1978 and 1983 (US)
· 51 associated with vaccine
· BUT, benefits outweighs risk
· board of impacts online

Cervical cancer kills 250 000 woman each year (world)
· viral disease
· Rigoni-Stern 1842
· Cervical cancer only in married woman
· Rare in nuns and single woman
· cervical cancer only in sexually active woman
· caused by warts
· some are sexually transmitted
· human papillomaviruses

Human Papillomaviruses (HPV)
· more then 200 types
· each specific to certain tissues
· only a few types cause cancer
· found in cervical cancer

Guardasil made from virus protein
· manufactured in recombinant yeast
· effective against types 6, 11, 16, 18 of HPV
· very safe
· does not use a complete virus

Vaccine only works if previously uninfected
· best to administer before sexually active
· ages 9 to 13
· can be administered up to age 26
· consult doctor
· available for both sexes

Politics now a major barrier
· they say that if they get guardisil, they’ll be more tempted to become sexually active
· BS because they are to young to think about that (9 to 13)
· Evolution of vaccines.. board online



HIV 

New disease in 1981
· homosexual men had very weird diseases (rare skin cancer – viral disease) - HIV
· HIV discovered in 1984
· Virus spread rapidly
· Iv drug use
· Unsafe sexual practice
· Anal sex
· Responsible for early appearance in homo
· Primary route of sexual transmission in North America
· Bareback sex
· Virus transmission is easily blocked with condoms
· dry sex
· primary route of transmission in Africa
· Politics and bullshit
· Homophobia during the early years
· Leaders refused to acknowledge that AIDS existed in their country
· Homosexuality is normal, if you refuse to believe this, you deny reality
· hetero sexual disease only 1 year after – 1985

Religious fundamentalism in the US
· blocked education programs
· resisted condom distribution in Africa
· if you sold condoms, you didn’t get any money
· promoted unrealistic solutions

AIDS now the worlds most deadly disease
· Malaria was #1 until late 1990s
· 4th leading cause of death word-wide

Treatment is unpleasant
· 16 or more pills
· Complex regimens
· Side effects are harsh
· Rash (fatal 7%), nausea, nightmares, diarrhea, headache, anemia, hepatitis, lipodistrophy (takes fat from your face)
· high cost – 10 000$/year
· only one person has been cured so far
· used radiation to kill all his blood cells
· transplanted blood from resistant donor

Is an HIV vaccine possible?
· testing early vaccines was difficult because everyone was afraid to get near it
· couldn’t get insurance to test it
· only people who wanted to help were catholic priest

Aids virus targets helper T cells
· lives in helper T cell
· virus looks for that cell
· cell looks for the virus
· phases
· Acute – T cells increase	
· Flu like symptoms
· High viral load
· Chronic – T cells decrease but you still have some unlike an other virus in witch you would have none left – because HIV live in T cells
· Can last up to 20 years
· Zero symptoms but very infectious
· Immune system destroys 99.9999% of viral particles
· A few virus particles escape and continue the infection
· Phase ends when immune system runs out of CD4 cells
· AIDS – T cells increase again
· Last 2 to 4 years
· Viral replication is very high
· Immune system is destroyed

Attempts to make a vaccine
· replicates rapidly in large numbers
· 10 billion new viral particles very day
· immune system is highly efficient in removing virus
· small leakage prevents body to eliminate it completely









