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· chlorination – travels from underground pipes, too make sure water is safe to drink from and doesn’t pick up anything bad 
Food spoilage was common before refrigeration
· Eat spoiled foods anyways because you’ll need it to survive
Seasonal availability Reading #1 – Scientific American Reading, Knowing Your Chances
· Learn how to put aside unjustified fears and hopes and how to weigh your real risk of illness – or likelihood of recovery 
· United states – 82% chances of surviving prostate cancer
· England – 44% chances of surviving under socialized medicine 
· English write H.G Wells predicted that for an educated citizenship in modern democracy, a statistical thinking would be as an indispensable as reading and writing 
· Statically illiteracy isn’t rooted in inherent intellectual deficits – “math gene”, but rather societal and emotional forces
· When citizens don’t understand the numbers of small and big harms from interventions it can manipulate their anxieties and hopes
· To avoid misunderstandings in the beginning, we that medical journals, the media and other should communicate risk in more easily understood forms
· Its recommended that introducing young children to statistical thinking and teaching statistics is a way for solving real-world problems rather than as a purely math 
Absolute Risks:
· U.K. Committee on Safety of Medicines warned that third-generation oral con- receptive pills increased the likelihood of potentially life-threatening blood clots in the legs or lungs by 100%
· Anxiety began to occur, causing women to stop taking the pull which then began to lead to an estimated 13,000 additional abortions 
· Every extra abortion lead with an extra birth, with 800 more conceptions among girls younger than 16 
· Evidence showed than about 1 in every 7000 women that took the second-generation pill had got a blog clot – the number increased to 2 in 7000 women who then took 3rd generation pills 
· This is the absolute risk 0 only 1 in 7000 women even though the relative risk increase was 100%
Living with Uncertainty:
· Risk is unavoidable – it comes with all action or inaction 
· Risk of what? What’s the time frame? How big is the risk? Does the risk apply to me? What are the harms of finding out? 
· Reporting relative risks can create unrealistic hopes as well as undue anxiety 
· Patients/doctors evaluate a treatment or trust more favorably if benefits are expressed in terms or relative risk reduction
· Reporting relative risks can create unrealistic hopes as well as undue anxiety
· The risk of breast cancer “may possibly increase by 0.6%”
· Absolute risks are more informative because they take into account information about background rates
· A person can derive the relative risks – but not vice versa
Natrual Frequencies:
· Women in the region
· The probability that a woman has breast cancer is 1%
· If a woman has breast cancer, the probability that she tests positive is 90%
· If a woman doesn’t have breast cancer, the probability that she nonetheless tests positive is 9%
· In either case, the best answer is C; only about one out of every 10 women who test positive in screening actually has breast cancer. The other nine is falsely alarmed. 
· Doctors would more easily be able to derive the correct probabilities if the statistics surrounding the test were presented as natural frequencies. For example: 
· Ten out of every 1,000 women have breast cancer. 
· Of these 10 women with breast cancer, nine test positive. 
· Of the 990 women without cancer, about 89 nonetheless test positive. 
· = 98% women test positive, but only 9 of those individuals actually have the disease 
· Suspicious alerts are false alarms 
· In Britain, the effect of prostate cancer has been much smaller because of far less use of the PSA test. 
· The most recent figures are 98 percent year survival in the U.S. versus 71 percent in Britain.) 
· That fact suggests the PSA test has aged prostate cancer in many American men, resulting in a lot of unnecessary surgery and radiation treatment, which often leads to impotence or incontinence. 
Solving Problems:
· [bookmark: _GoBack]Statistical misunderstandings would be far less frequent if researchers, doctors and the media used straightforward figures instead of confusing ones: 
· absolute risks instead of relative risks, natural frequencies instead of conditional probabilities, and mortality rates instead of year survival rates 
· Statistical literacy can change lives, helping individuals make better personal choices, recognize misleading advertisements and public service messages, and develop a more relaxed attitude toward their health
Lecture 1:
Google = great source of information, be careful – anyone can post anything on the web, always check more than 1 reference
· The web can be good or bad
· Misleading information
Reliable information on the web:
· Pharmaceutical company websites – regulated
· Government websites – health Canada, FDA
· University website – courses
· Scientific journals – each discipline has its unwritten rules
Science vs. Magic – 
Science
· Collect facts
· Draw conclusions based on those facts
· Test your conclusions in several ways
Magic, superstition
· Draw conclusions you want
· Find some facts to fit those conclusions
· Avoid testing or challenging your conclusions
Human brains default mode is “magic” 
· Were convinced were right
· This is a survival mechanism
· Quick decision making in dangerous situations
· This type of thinking slows progress
· Doesn’t deal in reality
Concept of science is new
· Developed in last 150 years
· This type of thinking speeds progress
· Grounded in reality
Life expectancy through history
· Approx.. 30-35 years for most of recorded history
· Last 6,000 years
· Approx… 30-35 years through the stone age
· 500,000-6000 years ago
· 82 years in 2009 Canada
· most improvements over the last 150 years
· Variations smoothed out as records are not precise
· Number of 35 years is an estimate made by combining data from various sources
· Numbers may vary depending on source used
· Range is more appropriate
Increase only in last 150 years
· Data for united states
· 150 years ago, life expectancy was same as that of the stone age
· Special time in history to be living now
Disease was common and dangerous 
· Lice and fleas on humans
Life with worms
1. Hookworm
2. Tape worm – can lay 1000000 eggs per day
3. Tapeworm eggs
4. Roundworm max size 50 cm lay 200000 eggs per day
5. Pinworms – migrates out of colon and lays eggs in anus – itching
Improve quality of life in Canada
· 1900 – 44 years
· Main causes of death 
· Pneumonia
· Tuberculosis
· Influenza
· 2004 – 82 years
· Heart disease
· Cancer 
· Stroke
· Lower respiratory infection
· Traffic accidents
· Diabetes 
· Data for Canada
·  Life expectancy has doubled in last 100 years
·  Changes also in quality of life
·  Causes of death have shifted from infectious disease to “wear and tear”
·  Historically people lived entire lives in an unhealthy state
·  Constantly sick (parasites)
·  This condition still exists in many developing countries
Main reasons for improved health:
· Improved sanitation
· Clean drinking water 
· Refrigeration
· Vaccination
· Antibiotics
· Toilets
Outhouses common in cities
· Outhouses don’t separate you from the waste
· Waste can carry diseases and infect people
Open vs. closed sewers 
· Dump waste in streets outside the house
Populations exposed too dead and dying:
· Late 1700
· Horses sat where it died
· 100 years ago often come to contact with dead bodies
· Now – dead bodies separated us to touch it
Safe water supply – 
Nature doesn’t make pure water:
· Purify the water first because we don’t know what’s living in the nature that it comes from
Guinea worm – dracculiasis
· Live in your muscles
· Then burst out of your foot to escape and reproduce 
· When it bursts our it secretes a substance to make the person immerse their body part in water so once so worm is in the water it can escape
Worm life cycle
· Worm exit the body
· Simple water treatment makes the difference
Major improvement was
· Before the fridge you would have to process foods to make a preserve in order to eat it at other times, or just eat spoiled foods
Modern food storage year around
· Improves our food supply and quality
· Our foods is safer than other food on the planet
Pharmaceutical improve health
· Help our health
· 2 classes
Greatest achievement in medicine:
· Immunization (vaccination)
· Very successful for viral diseases
· Smallpox
· Eliminated in 1977
· Only exists in labs and biological weapons
· Gene sequence online
· First class – vaccination 
· Trick your immune system into protecting you for certain diseases 
· Vaccination scar – born before 1972
· Haven’t done it in north America because the disease isn’t there anymore
Polio eradicated from North America 1991
· Currently less than 1000 cases world wide
· 10/11 countries
· Major eradication barrier is politics 
· Killed a lot of people in north America
· 1991 it has not existed 
· We don’t have to worry about being treated on this disease 
Antibiotics for bacterial infections
· Second class
· Doesn’t hurt you but irradiates bacteria in your body
· Magical kind of drug
· Good impact on health 
· Penicillin reduced maternal mortality 
Improved health using the scientific method
· Sanitation
· Clean drinking water
· Refrigeration
· Vaccination
· Antibiotics
· Had a huge impact on quality of life and quantity 
· We investigate how our lives work
· We purify water to avoid infections and bacteria's
Modern drugs work
· Each starts with a scientific idea
· Each is optimized using scientific method
· Each is tested scientifically 
North American drug market (2009)
· Prescription drugs $300 billion
· Over-the-counter (OTC) drugs - $25 billion 
Modern pharmaceutical industry is young 
· Started in 1856
· Uses scientific methods
· Chemistry
· Biology
· Molecular biology
· Epidemiology
· Works hard to remove bias
· Regulated by government
Most ancient medications were useless
· “Made-up” cures
· People believed in magic 
· Feel better just by getting treatment
· Only a small number of treatments actually worked
· A few of these are still used today
· 150 years’ old
· Works because scientific view
· Medication been around for a long time
Most ancient drugs from plants 
· Why plants? 
· Animals have mechanical ways to protect themselves, but plants don’t
· They have poison to protect themselves
Drugs are poisons
· Drugs – produce desired (beneficial) biological effects
· Poisons – produce undesired (harmful) biological effects
· Only difference between a drug and a poison is the dose
· Poison = kill
· Potion = cure
· Only the dose makes the poison
· Amount of substance that makes a difference – think about the amounts instead of the substance 
Dosages
· Normally we assume – low doses produce beneficial effects (Drug), or high doses produce harmful effects (poison)
· Sometimes – low doses produce harmful effects (poison), higher doses produce beneficial effects (drug)
· Some substances – a low dose is worse than a high dose
· Our body doesn’t’t produce enough insulin becoming an illness
· That’s why diabetics need to take doses of insulin 
· It’s the amount that makes a difference
· Only the dose makes the poison
· Ask “how much”
· Works for lots of things – drugs, pollution, finances, everyday issues
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 
Drugs from observation 
· Strong poisons (common)
· Easily identified
· Low dose makes it into a drug – opium, digitalis, nicotine, cocaine
· Weak poisons (uncommon)
· Large quantity for effect – caffeine, salicin 
· Strong poisons with clear affects 
· Weak poisons – high doses 
Papyrus Ebers 
· Egyptian medical document 1500 BC
· Scroll about 20 m. long
· Thousands of medical treatments 
· Most useless
· A few are still used today 
Opium –
· For pain
· Opium (extracted from poppy seeds)
· Narcotic painkiller
· Sedative
· Toxic in high doses
· Drug in low doses
· Opium is basis of modern painkillers
· Analgesics – reduce pain
· Codeine
· Oxycodone
· Fentanyl
· Methadone
· Demerol
Identification of cocaine as a stimulant
· Observation – extracted from coca leaves
· Topical painkiller
· Stimulant 
· Coca leaves in high altitudes
· Modern anesthetics designed from cocaine
· Anesthetics – reduces sensation
· Novocain 
· Procaine
· Lidocaine
· Benzocaine
· Quinine as a malaria treatment
· British army quinine uses in India 
· Tonic water contains quinine
Problems with observation
· Human brain searches for patterns – even when they aren’t there
· Ancients didn’t 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
· Parents cold remedies 
· Human brain searches for patterns 
· Apothecia – seeing patterns or connections in random or meaningless data 
· Even when they aren’t there 
· Pareidolia – perceiving sounds or images as something else
· Anecdotal evidence is misleading 
· Anecdotal evidence relies on chance
· Medication and cure may not be connected – may eat a planet at same time you were getting better anyway
· Poison and harm may not be connected 
· Tomatoes once thought to be poisonous 
Only experimental evidence is reliable
· Make a measurement
· Measure properly
· Measure accurately 
Must rely on statistical significance 
· Collect data from large number of experiments – look for averages and trends
Problems with traditional remedies
· Poor control over dose – plants produce variable amounts of active ingredient
Preparation changes chemical composition 
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 develop doctrine of humors
· Universe is made of 4 elements – 
· Earth
· Air
· Water
· Fire
· Body is made of 4 humors – 
· Blood
· Phlegm
· Yellow bike
· Black bike
· 4 humors are normally in balance
· Too much or not enough of a humor causes diseases
· Cure by re-balancing the humors
· Diagnose using the properties of the humors
· Fever associated with hot and dry 
· Cure 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 bike – hot
· Black bike – dry 
Bloodletting and the doctrine of humors
· Re-balance blood humor
· Creative methods to remove blood 
· Bloodletting often killed the patient
· Rebalance with emetics and purges
Doctrine of humors was stupid 
· Based on incorrect idea – made it up
· Treatments developed using it were harmful and painful 
· Bloodletting
· Purges
· Fasting
· Special foods 
Doctrine of signatures 
· Jakob Bohme, shoemaker and philosopher (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 
Walnuts = brains – good for brain health
· Boneset stems grow “through” the leaves
Sharks don’t get cancer 
· Sharks have cartilage whereas we have bones
· Shark cartilage used as cancer treatment 
Breath mints have chlorophyll 
Parsley and fresh breath
· Fresh breath = parsley
· Parsley = green
· Green = chlorophyll
· Chlorophyll = fresh breath
Mandrake roots look like people
· Mandrake roots used for many medicinal and magical purposes
· Primary use was a cure for demonic possession
Mandrake harvest using a dog
· Protect against the screaming 
· Ensure the magic is preserved
Rhino horn is a phallic symbol
· Powdered rhino horn used in Chinese medicine as an aphrodisiac
Mercury is a heavy liquid
· People drink mercury as a purgative
· Only limited by your imagination
Life expectancy through history
· Variations smoothed out as records are not precise
· Number of 35 years is an estimate made by combining data from various sources
· Numbers may vary depending on source used
· Range is more appropriate
· Some problems require surgery 
· Amputation without anesthetic 
· Amputation had to be done quickly
· Amputation learned by trial and error
· Anesthetic make modern surgery possible
· Less than 30% survived surgical treatments
· Joseph Lister uses phenol as antiseptic – 1867
Carbolic acid sprayer
· Carbolic acid spray during surgery
· Toxic effects of phenol on doctors
· Washing and glove use was safer
· Antisepsis brought to Canada by Thomas Roddick 1877 
Listerine becomes household product
· Listerine for dandruff
· Listerine no longer contains phenol
· William perkin first synthetic dye – 1856
Dye companies became pharmaceutical companies
· Bayer started as a dye company
· The first artificial drug – 1897
· Artificial drugs were better and cheaper
· Most pharmaceuticals are made from this 
Patent medication in the 1800’s
· 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”
· rise of patent medicine late 1800’s
Twisted science – from cancer to morons
Board of food and drug inspection
· Formed in 1907
· First government regulations for medicines
· Labeling only
· No regulation of therapeutic claims
· No safety testing 
· Patent medicine still sold today 
· Massengill company and drug safety
· Sold sulfanilamide (antibiotic) as a powder
· Massengill sells sulfanilamide exilir
· Message to the AMA
· Please wire collect by western union suggestion for an antidote
Labeling forced drug off the market
· Legal definition of elixir is a substance dissolved in ethanol
Government inspectors track down drug 
· Recovered 234 of 240 gallons that were sold
· 107 dead
· 260 permanently disabled
Food and drug administration (FDA) created
· Ensure the safety of drugs 
· Animal testing was not required (Safety only)
· Clinical trials were done to follow safety in humans
· Directions for proper use were required on the label
· 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 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 
· Rats don’t often give birth to deformed pups
· In humans, problems with a fetus result in miscarriage, stillbirth or birth defects 
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
· Ensures good manufacturing quality
· Regulation increases costs 
Modern drugs work
· Each starts with a scientific idea
· Each is optimized using scientific method
· Each is tested scientifically
· Manufacturing is standardized
· Drug industry is tightly regulated
· Must provide scientific proof 
Lecture 2: Pain – medication
· Most medication developed in ancient times, not valuable
· If you’re going to use a medication it should be proven that it will work and its safe
· Government regulations and rules in place to keep companies accountable for what they do
Prescription drugs 
· $300 billion/year (U.S)
· Requires doctor’s prescription
· Need to visit a doctor for access to these
Over the counter – OTC
· $25 billion per year – US
· No prescription required
· Some are “behind the counter”
· 10x smaller than the prescription
· You have to ask the pharmacist for it, but don’t need a doctor’s prescription for it 
· Not out on the shelf 
Top OTC meds (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 
· Pain reliever = most common
Important considerations when buying
· Safety 
· Indications
· Counter-indications 
Safety 
· Dose makes the drug
· Instructions on the box of how much to take for your own safety
· People who are smaller can take 1, people who are larger might need 2
· Everything dedicated to the dose that you take
· Psychological belief 
· Dose makes the poison
· Dose that makes the drug/poison
· Not the stuff, but how much you take 
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
· Need both to evaluate risk
· No such thing as a drug with no side effects
· Drugs do more things in your body than required to do
· Box indicated what the side effects are – google, ask doctor, paper in the box
· 1/5 chance would’ve made decision different
Indications
· What to use for?
· Many people take the wrong drug
· Many people take drugs unnecessarily
· When you use the particular medication
· Buying wrong medication that won’t treat actual problem
· The frequency shouldn’t matter
· Your body gets addicted to the medication allowing your body to depend on it 

Counter indications
· When you should NOT use it
· Conditions
· Drug combinations
· Foods
· “Natural” remedies
· Conditions ex; diabetes, heart condition, pregnant 
· Certain drug combinations can go wrong
· Natural remedies – “natural” resources to cure pain 
· Natural is still a drug
· Can lead to problems
· Tell doctor about medication especially natural so it doesn’t come in the way of taking other medications
Pain relievers most common OTC drug
· $2.7 billion per year (North America)
· 50 billion tablets (North America)
· 16,000 tonnes/year
· 500 dump trucks 
Aspirin – one of world’s most popular drugs
· Alcohol 
· Caffeine
· Aspirin
· Nicotine
· First artificial drug produced by humans
· Starts with a plant
Salix –
· Genus (Family)
· Willow
· Poplar
· Beech
· Wintergreen
· Salicylates
· These chemicals gave us the genus name Salix
· These plants produce similar compounds
Willow – 
· Samarians used willow leaves for pain 2,200 BC
· Knowledge which has been around for a long time
· Works effectively
· Egyptians used willow for inflammation
· Use willow for swelling
Herbs – 
· Knowledge of herbs lost in dark ages 
· Knowledge of plants became erased/suppressed
· Domination of politics and the church
· This lead to all aspect of life – church = government
· They would dictate to people which plants were acceptable to use for medicinal purposes
· Even if you knew that something like willow would work, you had to be careful of using it as during those times healing and magic were connected
· If your healing was different from the church you would be in trouble as you’re not following rules of the church 
Reverend Edward Stone 1702-1768 –
· Rector in church of England
· Described treatment for ague in 1763
· = fever 
Doctrine of signature’s
· Association between disease and cure
Willow bark –
· Fever 
· Bitter taste  
· Similar to quinine 
· Had a fever at the time 
· Bit into the bark of the willow tree
· Bark had a bitter taste
· Dried bark
· Ground to a powder
· Given for fever
· Expensive
· Limited supply
· Variable effectiveness
· If you collect the bark and dry it, then ground it into powder it creates an effective medication that works
· Downside: 
· Expensive = large quantity of bark you had to get, or buy supplies from someone else
· Limited supply = not everyone has access to it, had to live in an area where willow was available
· Variable effectiveness = quality, quantity, administering the bark 
Active ingredient in willow is salicin –
· Isolated in 1829
· Effective pain medication
· Reduction in fever 
Chemical Structures –
· Represent the shape and function of molecules
· Match shapes to match function
· Represent the shape of the molecules, and how they work
· Each place where line changes direction, carbon atom, different elements of the structure you write chemical structure of the element
· The lines which are shown, represent the bonds = connections
· How the atoms are connected together
· The shape that you have can tell you what the function is – how the drug varies in the body
A little Salicin from a lot of bark –
· 30g. of bark = 6 tsp. worth
· Reduction
· The quantity will reduce headache of fever
Salicin converted to salicylic acid in 1838 –
· Better drug than salicin (lower dosages)
· Analgesic = good for removing pain
· Antipyretic = good for removing fever
· Anti-inflammatory = good for removing swelling 
· Wasn’t something that was available for everyone
· 2 chemical steps
· Can concert salicin into salicylic acid with 2 chemical structures
Coal Tar:
· Waste product in 1800’s
· Waste product of 1800’s
· Coal gas – natural gas
· Coal tar
· Losing money by getting rid of waste product 
Salicylic acid: Kolbe-Schmitt reaction -> 
· 14 g. of salicin from half gram of bark
· Natural substance
· Kolbe-Schmitt reaction – taking coal tar and converting it to salicylic acid
· Can make it available at lower price 
Synthetic vs. “natural”: 
· 58 billion tablets requires 2 million tonnes of bark 
Synthetic: 1 kg. -> Kolbe-Schmitt reaction -> 300 g. ->
· Manufactured products to use as medication
· Cole tar, not natural substance
· Occurs in nature within small amounts
· Synthetic vs. natural
Natural = anything you want
Synthetic = artificial, comes from oil, more than half of the oil we pump out of the ground is used to make stuff
· Takes a huge amount of bark to make small amount of medication = expensive
· ½ kg of bark
Coal tar was a waste product in 1800’s
· Waste product of 1800’s
· Coal gas – natural gas
· Coal tar
· Losing money by getting rid of waste products 
Dye companies specialized in coal tar chemistry
· Dye substances
· Make chemical to colour clothes, make paints, Colours
· Big industry use this to dye stuff
· Dye companies branched out 
Salicylic acid – 
· Salicylic acid made and sold by dye companies 
· Salicylic acid was a drug with problems
· Analgesic
· Antipyretic
· Antinflammatory
· Bitter taste
· Stomach irritation
· Better drug than salicin
· Average person can afford the acid
· Bad taste
· Life threatening issue = stomach irritation
Felix Hoffmann 1868-1946
· Father had arthritis
· Took salicylic acid for pain
· Suffered from stomach problems
Process of drug optimization
· Salicylic acid
· Taste less bitter
· No stomach irritation
· Not effective for pain
Salicylic acid -> Acetasalicylic acid 
· Hoffmann used a biological assay
· Aspirin initially sold as a powder
· Aspirin tablets became more popular
Acestasalicylic acid = A.S.A –
· Pain
· Fever
· Inflammation
· Reduce heart attack risk
· Effective for muscle pain 
· Not effective for visceral pain
· Side effects – Tinnitus, Stomach irritation, Blood clotting 
· Prostaglandins are local hormones
· Produced and “used” in same cell
· Exist for short times
Cyclooxygenase –
· Enzymes are machines
· Drug blocks machine action
· Aspirin blocks the cyclooxygenase machine
Plastic coating on A.S.A tablets
· Pills that’s coated with plastic
· Dissolves when it’s in the intestine therefore won’t have the effect
Children’s aspirin no longer available
· No causative link between ASA and Rye syndromes
· Children’s aspirin removed as a precaution
· No proof that aspirin caused this to occur
· Product was removed from the market as it was too risky to test on children
· Tylenol was available for children
· Most common = aspirin
· Association between rye syndrome and aspirin
· Never been proven that aspirin causes rye syndrome 

A.S.A for pain, inflammation and fever –
One aspirin tablet every 2 days, for every 5 years
	Myocardial Infarction
	Aspirin
	Placebo

	Fatal
	10
	26

	Non-fatal
	129
	213


A.S.A and cancer? –
· Real, not practical
· Better things to do to reduce the risk
Stomach irritation – 
· Problems with your stomach
· Less stomach irritation than salicylic acid
· Problem with how we digest food
· If you take it for a long period of time it won’t upset your stomach
· Mucus protects the stomach 
· Long term aspirin use causes stomach damage
· Tablets can cause stomach irritation
· Unusual, but does occur
· When you take pills on an empty stomach
· Avoid irritation of the stomach - Taking water to help pill dissolve and move through the stomach
· Prostaglandins help to protect the stomach
· Decrease acid production
· Increase mucus production
· Start producing mucus, and stop producing acid
· When you take aspirin it doesn’t know the difference between pain and what happens in your stomach
· Happens when you take a pill regularly
Cause vs. Association
· An association between two things doesn’t mean that one thing influenced (caused) the other 
· Because 2 things are associated together doesn’t mean their connected
· Healthcare, and media – associations of 2 things
Causes
· Requires a body of evidence
· Association between two things
· Controls experiments - Eliminate other possibilities
· Experiments with animals
· Biochemical explanation of the effect
· Deliberately change one factor to look for changes in the other 
· Need to do a series of different experiments to show the connection between 2 things
· Control experiments – make sure nothing else is going on 
· Change the factor and see what happens
· Ulcers common in people who take Aspirin (long term)
· Ulcers less common in people who don’t use Aspirin (control)
· Aspirin dosing in rat’s results in more ulcers (animals)
· Prostaglandin production in stomach lowers stomach acid and increases mucus production (biochemical)
· Aspirin use raises stomach acid and decreases mucus production
· Aspiring inhibits prostaglandin production
· Stomach irritation reduction if stop taking aspirin (change, animals)
· Series of experiments to carry out the reality of the connection
· If there’s 2 associations, doesn’t need to be a worry/concern
Regular/extra strength
· Available with different strengths
· More people get extra strength – psychological 
Tablets, caplets and gel caps
· Different forms on how medication looks
· Has to dissolve in body to reduce pain
· Cap – pain goes away in 20 minutes
· Tablet – pain goes away in 25 minutes
· Caps work faster but in terms of practical reasoning we don’t notice the effect and time variance
· Scientifics truth might not have a significant impact on what they do 
· Gel caps don’t have as long as a shelf life than caplets and tablets
Some forms add caffeine for headaches – 
A.S.A – 325 mg
Caffeine – 32 mg
· Caffeine for certain types of headaches 
Name brand vs. Generic
· Generic brands vs. name 
· Different from other kinds of products
· Ex: when looking at the brand/price matters
· Associate brand names with quality 
· Quality often costs more 
· Generic drugs are the same quality as name brands 
· Same chemical substance
· Same dosage
· Equivalent bioavailability
· Same amount of drug enter the body
· When you manufacture a generic your manufacturing the same product
· Same amount into pill
· And experiments to show same amount of dose is getting into the body
· Use name brand to find the generic
· Pull out a box and look at the back too
· Salicylic acid
· Name brand products in bright box, at eye level
· Generic in white boxes, usually at the back/bottom
Bioavailability = how much drug gets in
· Theres always a little bit of the drug that doesn’t get into the body 
ASA Summary
	Benefit
	
	Side Effect
	

	Pain
	Yes
	Reduced blood clotting
	Yes

	Fever
	Yes
	Rye syndrome
	Maybe

	Prevent heart attack
	Yes
	
	


A. Cahn and P. Hepp 1886
· Experimenting to find vermifuge
· Noticed fever reduction in person who was given acetanilide
· A drug to give someone to get rid of worms
Antikamnia 
· Made from coal tar
· Had pain relieving effects 
· Compound available as coal tar
· Extracted out 
Carl Duisburg
· Chemist at Bayer
· Needed to dispose of 50 tons of aminophenol
· Made the 3rd one instead of making similar ones
· Phenacetin – pain reducing availabilities
Both drugs converted to acetaminophen in body – 1947
· Researchers discovered the drug was converted by human body into other material
· Other material has second chemical structure
· Body added decoration
· Third one – body removed squiggle
· Both get converted 
Acetaminophen pain relief
· Raises pain threshold
· Tylenol reduces pain by raising threshold
· Doesn’t feel like body is less sensitive
· Good for any pain experienced
· Surgery 
· Muscle pain
· Visceral pain
· Antipyretic
· Not for inflammation
Arthritis use – not always effective
· Osteoarthritis
· Rheumatoid arthritis
· Sore muscles, better benefit from ASA
· Doesn’t deal with the swelling 
No risk of Rye syndrome
· No association for acetaminophen
· Main product for relieving pain in children for many years – Tylenol children’s, flavored, smaller bottle
· In a small bottle do children don’t consume the whole thing
· Bottle has flavoured taste which allows a child to want to drink the whole bottle
· Bottle size is perfect size to not harm/kill child 
Death 
· More than 60 tablets
· #1 suicide drug in England
· Can kill you if you take the full thing
· Not an accidental situation to consume it
Acetaminophen liver toxicity
· Gets rid of it by chemically converting it to something else
· If you take high doses alternative detox mechanism converts it to liver damage 
· Never take for hangover – alcohol stimulates liver function
· Liver damage
· Acetaminophen poisoning is common
· Within many prescribed meds
· Within OTC meds
· Situation which people buy a lot of different flu product to try and triple target points In the body – too much medication
· Headache medication – puts you to sleep
· Tylenol was recalled by J&J
· Turned around and changed the drug around the world
· Tylenol caplets replace capsules
· Led to big improvement in terms of safety of the drug
· Safety seal added to all OTC meds
· Protects you from opening the fil/bottle and replacing it with other stuff – reason for seal
· If seal if broken, throw it away or return it – not safe
· Generic Acetaminophen
· Generics available
· Any brand, doesn’t matter
· Same chemical substance, same amount
Acetaminophe summary:
	Benefit
	
	Side Effect
	

	Pain
	Yes
	Reduced blood clotting
	No

	Fever
	Yes
	Stomach irritation
	No

	Inflammation
	No
	Rye syndrome
	No

	Prevent heart attack
	No
	Liver toxicity
	Yes 


Ibuprofen 
· Developed 1961
· Originally prescription only
· OTC use approved 1984
· Common medication
· Inhibits cyclooxygenase
Ibuprofen summary:
	Benefit 
	
	Side effect
	

	Pain
	Yes
	Reduced blood clotting
	Yes

	Fever
	Yes
	Stomach irritation
	Yes

	Inflammation
	Yes
	Rye syndrome
	No

	Prevent heart attack
	No
	Liver toxicity
	No 


Read the back of the box… not the front 
· All over the counter medications: read back of the box not the front
· Back = government regulations
· Front = how to sell it to the consumer
· Regular Advil has equal ibuprofen
· Price – migraine is more expensive than regular medication
· Make money from this as consumer will pay more thinking it works better 
Generic Ibuprofen
· Ibuprofen, 200 mg 
· Regular or generic = same stuff
· Consumers think because it costs double the price more, there must be double the amount in there 
Naproxen 
· Aleve
· Very good for inflammation
· Generic now available
· Relatively expensive 
Top pain relievers (North America)
· Acetaminophen = 43%
· A.S.A = 28%
· Ibuprofen = 26%
· Naproxen = 3% 
· Athletes interested in this, as its better for inflammation
Benefits and side effects:
	Effect
	A.S.A
	Acetaminophen
	Ibuprofen
	Naproxen

	Pain
	Y
	Y
	Y
	Y

	Fever
	Y
	Y
	Y
	Y

	Inflammation
	Y
	N
	Y
	Y

	Prevent heart attack
	Y
	N
	N
	N

	Reduced blood clotting
	Y
	N
	Y
	Y

	Stomach irritation
	Y
	N
	Y
	Y

	Rye syndrome
	M/b
	N
	N
	N

	Liver toxicity
	N
	Y
	N
	n

	
	
	
	
	


COX -1:
Effect of COX-1 inhibition
· Stomach 
· HCI production increases
· Mucus production decreases	
· Platelets
· Clotting is inhibited
· Long term COX-1 inhibition
· Ulcers in stomach can bleed severely
· Harmful effects 
· Occurs in the stomach
· Mucus increased to protect stomach 
Effect of COX-2 inhibition
· Reduces pain
· Reduces 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
· Blood clotting inhibited
· Bleeding ulcers in chronic users
Selective COX-2 inhibitor for arthritis
· Family of drugs being introduced in the market
VIOXX Clinical Trials
· Approximately 60 studies were done
· More than 5000 patients
· No serious side effects
· No difference in cardiovascular disease vs. placebo
· Drug approved in 1999
· Sales averaged in $2.5 billion/year
· Had to clinic trials
· Drug was really clingy
· No serious side effects
· Suggested it was going to be a clean drug
· Looked for problems with people’s hearts
· Drugs didn’t assume to give any effect on the heart
· Drug was improved in 1999
· Billion-dollar drug 
VIGOR –
· was done for marketing 
· Illustrate reduce risk of ulcer
· 18-month study
· Used naproxen as a placebo
· Used VIOXX at twice the normal dose
· Naproxen was given at the normal amount
· Study showed 54% reduction in serious G1 side effects with VIOXX
· 56/4047 for VIOXX
· 121/4029 for naproxen 
· Gave it at twice the normal dose
· Company got themselves in trouble by distrusting certain information to the FDA
· Problem of causing heart attacks with the drug
· Increase in heart attack risk for people that were taking
Vioxx:
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
· Merck refused to re-introduce the drug
· Risks outweigh the benefits
· >10,000 lawsuits 
· VIOXX as an arthritis treatment
· Risk of heart attack similar to ibuprofen
· Improved labeling and MD education
· This particular drug was safer
· Benefits of the drug outweighed the rest
· Current treatment, causes serious stomach problems 
· People didn’t know the drug could cause heart attacks
· Easy solution – make sure people don’t prescribe it to people that suffer from heart attacks
Lecture 3: Headaches
Trepanation as a cure for headache 
· Your brain is swelling, 
· Special tools –
· Hole would be drilled in different part of the skull
· Assuming you survive (30%) – you live with a permanent hole in your head
Modern practioner of trepanation
· Peter – leader of cult group, hole in the head movement
· Believed skulls are supposed to have holes in them to relieve pressure in the brain 
Pain in thin tissue surrounding skull
· Where you feel the pain
· Feels like its in center of head
· Thin layer of tissue on outside of skull
· To treat a headache, you have to understand it
· If you know what headache you have, you have to target it
Understand the headache before treating it
· Take a pain reliver 
· ASA, Ibuprofen, Naprxen – squeeze muscle glandens
· Tylenol will help with a headache but the other ones inhibit prosta galndends to relax the muscles 
Muscular headache – muscle band around skull
· Caused by stress
· Contraction of muscles 
· Orgin of pain – when muscles get tight and squish the tissue
Treat muscular headache
· Take pain killing medication
· A.S.A
· Acetaminophen
· Ibuprofen
· Naproxen
Vascular headache involves blood circulation 
3 major types: 
· Toxic
· Migraine 
Chocolate triggers some headaches 
· Structure similar to other chemical compounds
Toxic headaches – 
· Contributed by injecting poison 
· Foods that we eat are full of poisons
· We consume things to generate a headache 
· Increasing in size to allow for increased blood flow in an area
· Pressure in tissue causes pain
· Hangover – most common type of toxic headache
Alcohol –
· Metabolism of alcohol contributes or helps
· Ethyl alcohol -> acetaldehyde -> acetic acid 
· Alcohol dehydrogenase
· Acetaldehyde dehydrogenase
· Distribution of 2 enzymes that carry out two conversions 
· Some people lack copies of the second enzyme in the body 
· Don’t create many copies of the second enzyme so when they assume alcohol they accumulate large amounts of acetaldehyde in the body 
· Aging adds to the pain of the hangover
· As the colour gets darker, the hangover will be worse
· Severity of hangover rated on scale of 1-10
· Alcohol increases liver function
· When body consumes alcohol produce the enzymes
· Don’t take Tylenol for hangover headaches
· Stimulates second pathway 
· Tylenol + large amounts of alcohol = lover damage
Histamine –
· Some red wines contain histamine
· Produces Basel effect
· Causes headaches for people sensitive to red win
· Some fermented foods contain histamine
· Basel dilator
· Vascular type of headaches
· Some aged cheeses contain tyramine - Same effect
Nitroglycerin is a potent vasodilator
MSG –
· Monosodium glutamate MSG
· When food had seaweed in them, there was more flavor
· Seaweed alone almost has no taste
· Kwok syndrome and MSG
· Taste like nothing by itself
· Mixed with other foods, brings out more flavor’s
· Oriental cooking
· MSG doesn’t cause headaches
· If the person doesn’t know its MSG they won’t get headaches
· They only get the headache if they know its in the food
· Clinical trials show no relation between MSG and headaches
· MSG is virtually all prepared food
· MSG is in everything 
· Different things happen depending on quantities 
· By adding MSG, it magnifies flavor itself
· Disguised as hydrolyzed vegetable protein
· MSG is abnormal human metabolite
· Constitutes approximately 5% of our protein
· Produced contently in the body
· Occurs in us, and foods
Caffeine –
· Caffeine gives rebound vasodilation
· Body pushes back to make blood vessels bigger
· When you stop drinking coffee – get rebound headache
Brian freeze –
· Temperature effect on soft palette in the mouth
· When you swallow, the tongue pushes up against the food squishing the force of food down your throat
· Push It against the soft pallet, and body interprets that somehow the upper body of your head is too cold
· Tries to heat up to of head with basil dilation 
Migraine affects smaller % of population
· 18% of women get migraines
· 6% of men get migraines
Migraine headache is 2 stage process
Phase 1: Vasoconstriction
Phase 2: Vasodilation
Migraine has several phases: 
· Tension
· Lack of sleep
· Menstruation
· Foods
· Relaxation
· Too much sleep
· Pregnancy
· Drugs
· Strong smells 
Triptans can abort a migraine 
· Become less effective when pain phase is starting
· If you know its coming you can address this and stop it from happening 
Migraine headaches follow a progression
· Prodromal phase
· Gives us warning
· 30-40% of sufferers
· Mood swings 
· Indication that headache is coming 
· May take hours or days 
· “hung over”
· Exhaustion
· Poor concentration
· Depression or euphoria 
· Aura
· One of 2 hours before pain phase
· Scotomas – visual disturbance, flashes of light
· Olfactory hallucinations
· Auditory hallucinations
· Vertigo
· Reduced sensation
· Hypersensitivity 
· Pain
· Postdrome
Pain involves half of the head
· Only on one side of the headache 
· Hemicrania (latin)
· Hemigrania (French)
· Lasts 1-72 hours
· Nausea is common
· G1 distrubances	
· Constipated 
· Movement makes it worse
Treatment – pain meds and ride it out 
· A.S.A
· Acetaminophen
· Ibuprofen
· Naproxen
· Prescription pain meds
Ergot = fungus that grows on rye –
· Midwives used ergot to induce labor 
· Ergot is a powerful hallucinogen 
· Ergot poisoning seen as demonic possession
· Normal law was suspended for witches
· Torture was required
· Special laws for witchcraft only 
· Automatically tortured for confession
· Kira Canhoto killed during exorcism 1995 – Kitchener waterloo 
· Witchcraft killing in London 
· Extracts of ergot for migraine 1862 
· Arthur Stoll isolated ergotamine in 1918 
· Ergotamine is not drug-like
· Ergotamine 
· Prevents migraines
· Poison in high doses
· Hallucinations
· Muscular contractions
· Vasoconstriction
· Gangrene
· Death 
Drug-like substance
· Provides beneficial effect – specific
· Limited side effects
· Low incidence
· Low severity
· Cheap to manufacture
· Patentable 
LSD –
· Albert Hoffman discovers LSD by accident 
· LSD was used by the CIA at McGill in 1950’s
· Hallucinations from part of ergotamine
· LSD (illegal drug) – hallucinations
· Ergotamine (poison) – hallucinations, muscular spasms, gangrene, death 
· To get from one molecular to another 
Serotonin –
· Associated with moods and emotions
· Serotonin levels change during migraine 
· Amounts drop during aura
· Prevent migraine by replacing missing serotonin with a drug 
· Aura of the migraine
· Serotonin is a poor drug 
· Doesn’t easily get from stomach to the brain
· Used in many parts of the brain
· Drug must only affect migraine
· Doesn’t easily pass from blood to brain
· Drug must travel form stomach to brain in the blood 
· Basis for serotonin drug selectivity
Nerve signals –
· Chemical/electric
· Nerve signals are cascading chemical reactions
· Cascading series of chemical reactions
· One reaction triggers the next 
· Never cells don’t touch each other
· Travel in 2 different methods
· When never signals are moving across the never cells, starts on the left
· Nerve cells aren’t big enough to go from one part of the body to another 
· Transfer information from one nerve cell to another 
Neurotransmitters – 
Messages carries by neurotransmitters
· One cell squirts chemicals at the other cell
· Molecules that move from one cell to another
· Moves from synapse – little bubbles that hold chemicals inside them and spray chemicals from one cell to another 
· Signal comes down from the outside of one cell
· Physical touching from one chemical to another
· Makes up our thoughts and the way cells work
· Allows us to send a signal when we don’t have enough of what’s there
· Artificial neurotransmitter 
Lecture 4: Colds 
Colds are the most common infections – outnumber all others by 25-1
Viruses – 
· Virus destroys tissue, immune system makes symptoms 
· Being cold doesn’t cause colds 
· Wet hair doesn’t cause colds
· Direct exposure to virus doesn’t always cause colds 
· Cold virus in nasal secretions 
· Nasal secretions spread easily 
· Viruses transferred by touching 
· Commonly touched objects 
· Colds are more common in crowds 
· School season = cold season 
· More common amongst young children as their more social
· 15% of colds due to flu virus 
· Contains an outer envelope – hemagglutinin (viral entry into cell), neuraminidase (viral exit from cell)
Cures – 
· No actual cure for the common cold 
· Average cold lasts a week
· Some cold medications relieve symptoms
· Many remedies do nothing – doing something makes you feel better
· No medication will prevent colds 
· Washing hands may reduce colds 
· Hand sanitizer may reduce colds – important not to overdo it as it causes skin damage 
Common cold research unit, Salisbury England – 
· Free vaccination for research
· Experimented on people to figure out what causes a cold 
· How it spreads, and what relieves it 
Sneezing – 
· Doesn’t spread colds well 
· Adult sneezes don’t contain as many viruses
· Sneeze collector – aspirate someone’s sneeze, connected to vacuum pump
· Artificial sneeze – can put it into a person to see if their sneeze would cause colds
· Snot is mostly water with a little mucin 
As you age you acquire immunity by being infected – 
· Exposure to virus causes illness – immune response 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 doesn’t make you sick – rapid and strong immune response 
Costs – 
· $4.1 Billion on colds each year
Ingredients – 
· Pain reliever or fever reducer
· Decongestant
· Antihistamine
· Antitussive
· Expectorant 
Acetaminophen – 
· Pain relief and fever
· Ibuprofen is a common replacement 
Types – 
· No such thing as a sinus cold
· Avian flu, 2006, had up to 60% morality – birds killed to prevent spread 
· Swine flu virus – Mexico, April, 2009 
· Media hyped up the flu pandemic 
Medications – 
· Menthol for sore throat? Weak topical analgesic 	
· Cough drops for sore throat – lower dose, more effective this way 
· Cepacol contains topical anesthetics 
· Drug dealers used to buy direct – up to 50% of pseudoephedrine used to make methamphetamine 
· Dealers turned to “smerfing” – rather than ordering pseudoephedrine directly buy it and extract to make product 
· Generic versions available – same name and ingredients, diff. price 
· Beware of multi symptom medication - One drug makes the mucus waterier the other makes it less watery
· No cold medications for children under 6 
· Some take vitamin C to prevent colds – this doesn’t prevent/cure a cold 
· Cold-FX = number 1 seller in Canada 
Decongestants – 
· Dry a runny nose 
· Pseudoephedrine, phenylephrine 
· Water supplied by the blood 
· Vasoconstrictors 
· Nasal sprays 
Amphetamine – 
· Original decongestant 
· Cold symptoms
Phenylpropanolamine – 
· Side effect is appetite suppression 
· Diet pills used – side effect: decongestion 
· Over use of diet pills causes hallucinations, strokes 
· Sudafed – now behind the counter
· Sudafed PE contains phenylephrine – not effective 
Pseudoephedrine –
· Makes methamphetamine 
· Still widely available 
Antihistamines – 
· Sneezing, runny nose, watery eyes 
· Side effect: drowsiness 
· Chlorpheniramine most common for colds
· New allergy antihistamines don’t make you sleepy 
· Dayquil doesn’t contain antihistamines 
· Reduce nausea 
Dry cough/productive cough – 
· Cough syrup is a marketing trick 
Dextromethorphan – 
· Antitussive
· Heroin 
· Expectorant for productive cough 
· Make mucus easier to dislodge
· When mucus is thick its hard for it to move around
· Mucus stuck in throat makes it hard to couch 
· More water in mucus, thinned out and runny 
· Thick mucus difficult to remove 
· Guaifenesin makes mucus watery – but, hasn’t been clinically proven to work 
· Drink liquids with expectorants 
Ginseng – 
· Used for everything 
· Root resembles a human body 
· Very weak antiviral effect 
Influenza –
· Causes seasonal colds 
· Normally infects 5-15% of population
· New virus formed every year
· Most forms not dangerous – young, and old at risk 
BPS: Midterm #2 – Cancer, Sports, Antibiotics, Tobacco, Vaccines
Lecture 5 – Cancer
Cancer = uncontrolled growth from cells in the body 
Hyper-proliferative lesion: 
Benign = not something to be scared of but can become life threatening 
Malignant = consumes resources from the body 
All cancer is different – 
· Every tissue can spawn
· More than 100 forms, each tumor is unique
· Different tissues within the body can become cancerous 
· Basic processes are similar 
· There won’t be a cure for cancer because it’s not just one disease, but multiple 
Caused by controllable factors – 
· Tobacco – 4800 chemicals, 400 toxic (harmful at low doses) 
· Nicotine is the addictive substance 
· Diet and obesity
· Under our control 
· Viruses
· Can’t control 
· Alcohol
· Lack of exercise
· Under our control 
· UV radiation
· Environmental exposure
· Genetics
· Medical procedures
· Can’t control 
Causes of death – 
· Cancer accounts for nearly 1/4th of deaths in the United States (heart disease is the only thing beating it) 
· Disease of the aged – over 75% of cases occur after age 55
· Causes 570,000 deaths/year in North America
· The longer you live, the more you increase the chance of risking things going wrong within your body 
· Viruses 
Change in US death rates – 
· Cancer death rate was 0.2% higher in 2001, compared to 1950 while rates for other chronic diseases decreased 
· Compared to the rates in 1990, the cancer death rate in 2000 was 10.7% lower in men and 4.2% lower in women
US Cancer death rates, MEN
· Men get cancer more than women 
· Lung cancer = common risk of death 
· Stomach cancer mortality rate decreased since 1930
· Death rates from prostate and colorectal cancers are declining 
· Men smoke more than women 
US Cancer death rates, WOMEN
· Lung cancer rates increased 2.5x from 25 years ago
· Women began developing lung cancer later
· Breast cancer death rates decreased
· Stomach, uterine, and colorectal cancer death rates decreasing
Cancer treatment – 
· Unpleasant, painful, hair falls out, nausea
· Can die from cancer treatments
· Don’t rely on medical treatments 
· Getting better at treating cancer, but incidence of cancer is increasing within society 
· Medical procedures – X-rays and chemo 
· Chemo can cause cancer
Strategy for cancer chemotherapy – 
· Kill the cancer faster than you kill the patient
· Side effects – death, cancer, nausea, vomiting, hair loss, immune suppression, sterility 
· Cancer cells grow faster than normal cells 
· Cancer drugs target cell growth
“Make-your-own” Parasite – 
· = when one of the cells in your body go wrong and start to divide uncontrollably 
· If not kept in check, growth becomes large enough to grow and steal resources
· Large enough to interfere with functions in the body – heart, brain 
Mustine = first cancer drug
· Kills cells in a person’s body 
· Dial back chemical activity by making chemical changes
· When DNA grows slowly, chance to reduce DNA 
Cell growth – 
· Uncontrolled – will divide continuously 
· More than 50 cell divisions – immortal
· Immortal = common within the body
· Gets reactivated within tumors
· Immortal cells repair chromosomes within cancer cells
· Cancer cells can grow outside the human body 
· Cells are mobile 
· Signals are complex
Normal cell growth is closely regulated
· Cells divide “on command” 
· Most of the time isn’t dividing
· Cells must be touching similar cells (tissue)
· Difference between normal and cancer cells are small – has to do with growth rate 
· Necessary to grow new cells, therefore cells can divide 
Fast growing cells are more susceptible 
· Selectivity was built in 
· Only difference is the rate of growth 
Cell division – 
· Stimulation = accelerator
· Repression = brakes
· Operate in 2 different directions
· Both systems are activated at the same time
· Cells receive information telling it to grow
· Normal cells count cell division – shortens every time our cells divide 
Malignant cells – 
· Often mobile
· Detach from normal tissues and move around the body 
· Makes it dangerous as now there’s multiple parasites in locations doing damage 
HeLa cells from Henrietta Lacks 1951 
· Source of cells
· Cervical cancer
· Doctor collected her tumor cells, and noticed that their unusually growing outside of the body
· He began to sell them to create money off production
· She didn’t get any credit for her cells 
Cancer cells are human cells
· Normal cells have 23,000 genes 
· 8-10 changes in a cancer cell
· Changes are small
· Drug has to “know” which cell to target
Cancer requires 20 years to develop 
· Requires 8-10 mutations in same cell 
· 8-10 changes don’t happen all at once
· Takes a period of time to accumulate
· Takes 20 years for things to go wrong in the cell
· Child with cancer means mutation accumulated faster 
Biological signals = cascading processes
· Chemical pathways that transmit information from one place to another
· Signals from our brain to the rest of our bodies
· Nerve signals have the same reaction repeated over and over again 
· Cascading chemical reactions = how we get information from outside of the cell, to inside 
Biological regulation – 
· Exchange of information includes complicated ways of doing things 
· Complications open the doorway for things to go wrong 
Cancer mutations 
· Involve loss of function
· Impossible to repair the function with small molecules – easier to break something than fix it 
· Hard to repair damage with today’s technology 
P53
· Important braking protein, and suicide protein 
· When you lose this, cells switch off
· Damage more than half of the cancers we know
· Protein is in a dangerous place - When it goes wrong, body is in trouble 
· High risk viruses target P53
· Ways virus survive are the same to cancer
· Viruses have adapted
Apoptosis – programmed cell death
· Important that within certain times in our life cells die
· Embryo development, wound healing 
· Protect the body from viruses and cancer
· Body detects this when cells in body go wrong 
Chromosome tips = shoelace tips 
· Telomere – keep chromosomes from keeping unravelled
· Every time cells divide, chops piece off of “shoe lace tip” 
· Becomes unreadable by the cell
· Chromosomes become “frayed” with age 
Gene = set of instructions to make protein
· Mutation within genes
· When you make a lot of proteins, these things start to interact 
· Instructions are presented within 4 letters = ATGC = chemical instructions 
· 4 letters are grouped
· Each word in genetic code responds to amino acids
· Each 3 letter word is used to put an aminoacidemia to each protein 
· Long linear chain made of acids 
· Charge is debatable 
Amino acids – 
· Each codon specifies an amino acid in a protein 
· Determines protein structure – every sequence is an amino acid
· Can be enzyme making something within the body 
· Variety of different functions 
· Every gene specifies a particular protein 
· Mutation = typographical error in DNA 
· When you change the shape, the protein doesn’t work anymore
Genetic susceptibility – 
· Some individuals are more susceptible to cancer than others
· How your genetics lead to different structures
· Genetic makeup has resulted in susceptibility to other makeups 
· Oncogenes – instructions are easier to change 
· Oncogenes associated with changes you find 
· May have genes that are easier to mutate 
· Easier to make typographical error in multiple ways 
a emitters - 
· Safe depending on the form you’re exposed to 
· Skin is thick enough to protect us from this radiation 
Diet - 
· Strong correlation of cancer with diet and obesity 
· Cooking – safety and flavour 
· Cook our meat to make sure its safe to eat 
· Cooking generates flavor and nasty materials
· Food preparation creates carcinogens 
· Beneficial foods protect us – eating a lot of fruits/veg., and less meat is healthier
Changes in eating habits – 
· Portion size
· Difference in the amount of food we eat that we don’t actually need
Obesity - 
· % of adults aged 20-74 who are obese increased from 1960-2000 with the largest increases occurring in the 90’s
· Similar trends observed within genders 
· Make up of general bodies
· How our genetics make up things
· Not due to genetic change 
· Eat double than we need to survive
· Increases risks for everything	
· Exposes to more foods – taking things that aren’t good for you
· The way our bodies are laid out 
· Skeletal structure
· Things were exposed to – organs are contained within our rib cage
· As the body gets larger, organs don’t 
Fiber - 
· Promotes the passage of waste – stimulates intestine to push the food through faster 
· Limit exposure faster
· Fiber has a chemical property to attract these materials 
Gardasil for HPV induced cervical cancer
· Vaccine 
· Viral disease – sexually transmitted 
Exposure to UV light induces skin cancer – most common in Canada 
Environmental exposure 
· Natural sources 
· Split b/w man made and human made materials
· Strongest carcinogens occur naturally 
· Aflatoxin – mold growing on certain plants
Phorbol = powerful carcinogen used to induce cancer 
5-year survival rates – 
· Survival rate for all cancers combined have improved since the 70’s, in part, to both earlier detection and advanced in treatment 
· Survival rates increased for prostate, ovary, breast, colon and rectum and for leukemia 
· With new technique’s and increase utilization for screening, there’s hope for even greater improvement’s in the not-too-distant future 
Nitrogen mustards - 
· WW1 – when sprayed on people it destroys their tissues
· WW2 – when ship sank, it released cargo of mustard gas – death of service man that were exposed to it when ship exploded 
E – Coli – 
· Effects of electric fields on bacteria
· Generated chemicals that stopped bacterial growth
Current and oxygen corroded the electrode 
· Damage DNA in fast growing cells 
· Tests with tumors in rats proved successful
Cisplatin – 
· Moves in and out of normal cells
· Chemical selectivity built into it 
· Divide a lot 
· Chemical property of material that’s traps it 
· Activated/trapped in cancer cells
USDA searches for new poisons – 1950’s – poison can be medicine 
YEW bark extract
· Cytonix
· Substance kills cancer 
· Taxus baccata is the European YEW
· Search for alternative way of manufacturing drug 
· Doesn’t produce same drug 
Taxol - 
· Toxic substance – 1971 
· Effective for breast cancer – 30% 
· Complex molecule – impossible to make a synthetic version 
· Taxol from YEW trees
· 13,000 kg gave 1 kg of Taxol
· 38,000 trees gave 25 kg of Taxol
· Total demand in North America – more than 360,000 trees/year 
· Use bark to harvest natural material 
· Semi synthesis of Taxol – produce substance, strip off bark
· Taxol now manufactured using cell culture 
· Plant cells suspended in growth medium
· Genetically modified to maximize production 
· Grown within tanks 
Clear-cutting the ENTIRE Pacific North West
· Cut down tree to harvest bark
· 1 tree/1000 in pacific 
· If you clear cut entire north west, it gives you a 5-year supply of the drug 
· Product in demand, but no access 
· People vs. trees

Lecture 6: Sports
· Sports drug scandals on the rise
Ben Johnson wins/loses gold – used a Canadian drug
· Johnson’s drug invented by John Manson *Stanozolol patent 
Doping 
Zulu warriors prepare for battle
· Dope is a Zulu drink
Racer horses
· Gave materials to interfere with performance
· Horses were doped to fix races
Cycling was enduring for doping 
· Endurance was enhanced with “dope”
· Caffeine
· Cocaine
· Alcohol – top 3 make you go slower
· Nitroglycerine
· Strychnine 
East Germany established doping lab in Kreischa
· Accredited by IOC for Olympic testing
· East Germany gained access to testing protocols
· Developed masking techniques 
Blood doping 
· Remove blood from athlete
· Concentrate RNC’s and store them
· Wait 3 months – athletes body replaces missing RNC’s back into athlete
· Athlete now has improved O2 capacity 
· Ed Burke proposes blood doping to USCA in 1983
Blood 
· Transfusions important in medicine
· Risk of infection, rejection
· Use EPO instead of transfusion
· Help patient make their own blood
· EPO is a protein = linear chain molecule made by connecting amino acids together
Gene doping 
· Insert the gene for EPO into a person
· Requires genetically modified viruses 
Adrenaline 
· Drug in 1901
· Required I.V injection of adrenaline 
· Doesn’t last a long period of time 
Gordon Alles discovered amphetamine, 1929
· Substance is similar enough to adrenaline molecule 
· Great decongestant
· Cold symptoms
· Side effects
· Used by AirForce
· Tarawa invasion
· Allied armies
· Feel good effect
· Companies began to sell it as a feel good medication, then sold pills with higher dose
· Methamphetamine – in total war
· Blitzkrieg required endurance
Pervitin use discovered by the Allies 
R.H Winfield experiments with Sterling aircrews
· Dual purpose medication in Germany
· Carried out experiments
· Caffeine – makes a person shake 
· Amphetamine, methamphetamine – aggression of pilots increased, hyper
· 82% casual rate of person that flew 
Soldiers
· Athletes – courageous, and better in battles 
Nervous system 
· Several sub systems 
· System we use when we want to move around
· Involuntary nerve-body temp. regulation 
· Body regulates things by having 2 systems which act in opposition to each other
Involuntary nerves use different signals
· Signals cause digestion, urine production, systematic maintenance 
· Don’t push beyond its limits 
· Endopheromine high doses – heart rate accelerated 
· Heart doesn’t get tired 
Olympics 
· Olympics in Ancient Greece
· Ancient Olympic athletes used potions and herbs
· Knud Enemark Jensen at the Rome Olympics
· Hans-Gunnar Liljenwall wins and loses bronze
Restrict drug use in 1967
· First testing done in Grenoble, 1968
· Sympaticomimetic amines 
· Amphetamines
· Central nervous systems stimulants – strychnine
· Narcotics – heroin, cocaine
· Antidepressants
· Tranquilizers
· Fight or flight response
· Weren’t banned because of unfair advantages 
Sports drug abuse is harmful to athletes 
· Restricted because it was bad for the health of athletes
· People were dying because of consumption pushing it beyond limits
· For their own safety, had to be restricted 
Steroids and Sports
Fritz Pregl and Oskar Zoth 1896
· Injected themselves with bull testicles extract
· Measured muscle strength using middle fingers
· Got stronger when injected with extract
· Found what they expected
· Reported that they did get stronger
Charles Edward Brown-Sequard, 1889
· Injected himself with macerated dog testicles
· Worried he wouldn’t be able to satisfy new wife in the bedroom so he injected himself to improve his performance 
· Treating an organ with itself
· Heart for courage
· Brain for idiocy 
· Doctrine of signatures 
Victor D. Lespinasse, 1913
· Transplanted testicle tissue from donor to man who had lost his testicles 
Leo L. Stanley, physician at San Quentin 
· Transplanted testicles from executed prisons into convicts to restore sexual function
Steroids testing uses GC/MCS
· 2 machines in 1 
· GC – operates on the sample
· MS – takes out the output from the first one, and does a second test to confirm the findings 
Testosterone –
Fred C. Koch and Lemuel McGee, 1926 – first isolation of male sex hormone
· 40 kg. of bull testicles
· 20 mg. of male sex hormone
· When injected substance – found dramatic change in appearance and behavior
· Behaved like a rooster and less like a hen 
Hard to get 
· Semi-synthesis of testosterone, 1935
· Testosterone for inmate rehabilitation 
· Getting in large is important 
· Rehabilitation for concentration camp inmates
· Lost a lot of their muscle/tissue mass – given testosterone to rebuild their bodies 
Helps to build muscle 
· When you exercise, your muscles get sore
· If you exercise too much, you’re doing too much damage
· Rest period is important to ensure muscles build up strength
· Can exercise more intensely because of the quicker repair
· Building muscle requires exercise – steroids don’t build muscle 
Soviets discover fundamentals of testosterone use 
· Side effects, training methods, training cycles
· Just injecting this doesn’t give you the super humane look 
Effects of extra testosterone 
· Anabolic – muscle mass, strength, bone growth
· Androgenic – body and facial hair, enlarged vocal chords, heavy brows, acne, increased sex drive, testicle shrinkage, clitoral enlargement 
Anabolic Steroids
· Reduce side effects
· Wasting conditions
· Useful drugs to help you recover from conditions
· Hospitals, legit purpose – normally see it in sports 
East German swimmers forced to take steroids 
Finding a drug in urine 
· Liquid 
· Mixture of thousands of different chemicals – waste products from our bodies
· Urine switching 
· Empty athlete’s bladder
· Fill bladder with “clean” urine using catheter 
Molecules – 
· Isolated from athletes as mixtures
· Gas chromatograph sorts molecules, and measures amounts
· Sorts with times
· Testosterone will always take the same amount of time as it passed through the lube 
· Bumps = peaks 
· Mixture is passed through a tube containing a sticky substance
· Mixture gets separated depending on how sticky it is as it passes through 
· Mass spectrometer weighs and throws molecules in a magnetic field 
· Repeals and attracts the charge
· Weight of the stuff going through
· Look for bar with highest weight on graph
· Molecules fall apart in mass spectrometer – each piece has a different weight
· Mass spectrometer obtains a fingerprint – compare fingerprint with a bunch on records
· Matches up with record from machine that has records
· Finger prints used to identify compounds
· Same match, different finger prints
· Molecules are different
Steroid testing measures T-E Ratio
· Normally 1:1
· Can be as high as 4:1
· Testosterone to epistestosterone
Steroid 
Making agent  
· “Mask” the presence of extra testosterone by injecting epistestosterone
· Diuretics mask total steroid amounts
· Add materials to interfere with testing 
Original synthesis of steroids
· Where the steroids in your body came from
· Allowed to use it as a medication
Atomic structure and isotopes
· Produces different ratios of isotopes
Carbon 
· Has 2 isotopes
· 98.9% of carbon atoms has mass of 12 C
· 1.1% of carbon atoms have mass of 13 C
· The ratio of 13C to 12C tells you the source
· Plants and animals have different amounts of 13C
Health risks 
· Liver, heart damage, reproductive effects 
· Benefit comes with the time it takes 
BALCO made “designer” steroids
· Avoid detection
· No testing done 
Tetrahydragestrinone – “the clear”
· Undetectable before 2002
· “Fingerprint” wasn’t known 
Desire to win makes drugs dangerous 
· Used properly, they are safe – medical supervision, limited dosing
· Makes athletes push the limits – overuse of drugs, mixing, improper use, designer
Red blood cells 
· Only carry oxygen
· Made in bone marrow 
RBC’s
· Body makes 3 million RBC’s every second
· Production controlled by erythropoietin (EPO)
· Endurance athletes benefit from increased O2 capacity
· Training at high altitudes increases RNC products
Chemical synthesis of protein is impractical
· Expensive
· Limited quantities
· Produces large amounts of waste 
Animal protein
· Some protein available from animals 
· Animal isn’t an ideal protein drug source
· Supply is limited
· Not human proteins – animal proteins don’t work as well in people, possibility of rejection, small risk of contamination 
Human protein 
· Cadavers not ideal source for human protein
· Human cadavers make a poor drug source
· Limited supply
· Expensive to produce 
· Possibility of infection
· Solution – recombinant protein
· Make human protein in a bacteria or yeast
· Human protein is a good drug
· Normal human protein works well
· No immune reaction
· Problem making large quantities
· Use single cell organism to make protein 
· Easy to grow
· Protein easy to extract
· Product is safe (no risk of infection)
Insert the human gene into bacteria
· Bacteria will use the gene to make human protein
· Protein is easy to make in large amounts
DNA
· Information storage device
· Cells use DNA as a template to make protein – organisms on this plant use the same genetic code
· Remove human gene from chromosomes
· Insert the gene into a plasmid, then into bacteria – bacteria will now make the protein
Genetic engineering to make human protein 
· Copy the gene describing a human protein
· Put this gene into a bacteria or yeast
· Bacteria and yeast are easy to grow 
Recombinant human proteins are better drugs than animal proteins 
· Protein is human
· Source is safe
· Can make large quantities
· Recombinant EPO is one of the best drugs in the last 30 years
· Any disease enquiring blood transfusion
· Abused
· Clinical trials
· 18 pro cyclists die from heart attacks
Clinical trials
· Used to establish doses
· Can only be done in humans
· Use by athletes before proper dosing was known resulting in overdosing
· Overdose of EPO “thickens” blood causing heart attack
· Testing for EPO was impossible – hematocrit
· EPO and rhEPO have same amino acid sequences 
· EPO detected using antibodies
· Urine test for total EPO
· Confirm using blood tests
· Compare values to normal human levels
· ON model detects recent use
· Hemoglobin
· EPO
· Soluble transferring receptor
· OFF model detects longer term use (2-3 weeks)
· Hemoglobin
· Reticulocytes
· EPO use is easy to hide
Lecture 7: Antibiotics
Life expectancy – then and now 
· Data for Canada – life expectancy has doubled in 100 years 
· Changes in quality of life 
· Causes of death have shifted from infectious disease to “Wear and tear” 
· Plagues were common throughout history
· Cures and treatment failed
1900 – 40 years 
· Main causes of death: pneumonia, tuberculosis, influenza 
2004 – 82 years 
· Main causes of death: heart disease, cancer, stroke 
Causes of disease was unknown
· Curse from god
· Spontaneous generation
· Bad smell, or unclear conditions 
Antibiotics only work on bacteria 
· Most antibiotics today are artificial 
· Natural penicillin not drug like – unstable, must be injected, only works against some bacteria
· Artificial penicillin drugs are drug like – can be stored for long, can be taken orally, work against most bacteria 
· Design better antibiotic drugs by semi synthesis; most of it is used as a raw material 
· Cephalosporin found in Italian sewer
· Streptomycin found in chicken throats 
Golden age of antibiotics - 40’s/50’s
· Most anti. Families discovered now 
· No new families since 1997 
· Discovered every major class of antibodies 
· Commodity chemicals 
· Not cost effective
· Sales won’t recover research costs 
Resistance 
· Antibiotic resistance is a growing problem – bacteria becomes resistant not in the body
· Over-prescription contributes to resistance – happens quickly, the more you use it, the more you become resistant
· Prophylactic use may promote resistance 
· Factory form
· Prophylactic use
· Put in their food to prevent animals from getting sick
· Meat is safer, less risky of getting an infection 
· Downside = expose them to antibiotics to explore the bacteria 
· Selecting different types of bacteria that can be resistant 
· Mixing doses creates resistant bacteria
· Only the tough survive
· Major costs are regulatory
· Doctors are reluctant to use new antibiotics
· Huge impact on human life 
· Longer life span
· Improved quality of life
· Safe/effect drugs
· Preserve the value of antibiotics – follow directions 
Biggest problem is patient compliance – industry doesn’t like to talk about it
Development:
· WW1/WW2 – more deaths due to infection than combat
· Gostino Bassi proved germ theory of disease, 1844
· John Snow disproved miasma theory, 1854
· Map of cholera infections identified the source
· Lister developed antisepsis, 1867
· H.C Gram stains bacteria in 1884 – some bacteria is blue, some is red
· Paul Erlick and the magic bullet, 1907 – take a drug that will circulate everywhere and it kills only harmful things leaving the harmless things alone 
· Trypan red selectively colours trypanosomes – investigations of trypanosomes 
Pasteurization 
· Louis Pasteur, 1864
· Idea that milk is spoiled because of bacteria
· Pasteurization brings it back to normal 
Syphilis – great pox 
· Salvarsan 606
· 140,00 deaths/year
· Not very “drug like”
· Treatment required for several months 
· Many injections 
· Large injection volumes 
Prontosil 
· Only worked in vivo
· Why? Metabolism becomes first sulfa drug, 1932 – used in WW2
· Sulfa drugs inhibit bacteria growth 
· Sulfa mimics natural substrate – drugs get “jammed” in the enzyme 
Alexander Fleming contaminates culture in 1928
· Successful antibodies
· Tested on chemist daughter
· Published results, 1929 – people didn’t believe the results 
· Used an extract to purify bacteria – 1 colony grows at bottom, 2 at top 
· Bacterial artist – different bacteria has different colours 
· Didn’t do the key experiment - never gave the infection to an animal, missed out on the major part of the discovery 
Bacteria - 
Mold prevented bacterial growth – certain bacteria wouldn’t live beside the mold
Bacterial cells are different from human cells
· Bacterial cell wall 
· Rigid outer layer
· Imparts structure
· Resists internal pressure
· Drinking penicillin won’t do anything 
· Kills bacteria effectively 
· Cell walls rebuild during cell division – high pressure in the cells 
· Penicillin prevents cell wall synthesis 
· No wall to hold internal pressure cells if they explode 
· Secret to activity is the b-lactam ring
· Penicillin destroys enzymes that make cell walls - drug makes bomb with enzyme and the drug 
· Important to kill all the bacteria
· Survivors are less susceptible
· After several generations can become resistant
· Will not be killed by antibiotics
· Most dangerous bacteria found in hospitals 
· Staphylococcus aureus – common bacteria (15% of population infected)
· 20,000,000-30,000,000 infections each year 
· kill the bacteria by debridement – surgical procedure 
· Lucien Buchard 1994 – lost his leg to the disease
· Clostridum diccicile in hospitals – 1,000,000/year
· Methicillin resistant staphylococcus aureus – MRSA, 130,000 cases/year
Necrotizing fas – flesh eaten from the bone
Penicillin 
Howard Florey and Ernst Chain isolate penicillin, 1941
· Trying to find new antibodies
· Got a sample of the mole 
· Penicillin first produced in milk bottles – 1000 kg. mold gave 1g. penicillin
· Molded growing facilities
· Home built machines to isolate penicillin – invest special type of machine to process the mole
· Got it in pure form and used it in animals
· Untreated mice were dead
· Penicillin was free from infection 
· Tested on humans 
· Ground breaking discovery 
Penicillin production moves to corn steep liquor 
· US got involved
· Investigate how to produce it in large amounts 
1. Thing layer of mole on top of the milk
2. Nutrient source of milk -> corn liquor waste product -> dumped in river -> waste product into valuable product 
3. Can grow it in a tank
· Penicillin production became war priority
· Used by US forces in the pacific – was for wounded soldiers
· Available to the public – civilian populations, average person can access this 
· Major penicillin side effect is allergy – chemical reaction 
Peoria, Illinois – penicillin capitol 
· Modify the tanks so they can bubble oxygen and make penicillin into big quantities 


Lecture 8: Tobacco
= most dangerous substance in the world 
Kills more people than… 
· DCT
· PCB’s
· Industrial chemicals
· Pesticides
· Cocaine
· Alcohol
· Homicide
· Suicide
· COMBINED 
Tobacco startup 
· Kills 420,000/year 
· Columbus discovered tobacco 
· Natives drank smoke from Tobago’s
· First shipment to Spain from Tobago
· Jean Nicot introduced tobacco to France 
· Used to revive drowning victims
· Smoke in clubs 
· Emphysema significant cause of death 
· Pregnancy – smoking while pregnant linked to low birth weight 
Types
· Snuff became popular with aristocracy
· Chewing tobacco popular with masses
First deciption of cig. Smoking
· Originally rolled by hand 
· Bonsack machine reduced production costs 
· Early cig. Adds emphasized “mildness”
Cigarettes became dangerous 
· Machine manufacturing reduced cost – could afford to smoke a lot 
· Flue curing reduced irritants in smoke – smoke brought deep into lungs 
· Now addictive 
· These 2 factors increase exposure to toxic substances 
· Risk = toxicity X exposure 
· Cig. Consumption then and now – 
· Late 1800’s – 80/year, didn’t inhale 
· Today – 10,000 cig/year, inhale deeply and hold smoke in our lungs 
· Light cig. Just as dangerous as regular
· Light designed for laboratory testing 
· Not safer/lighter
· To get 2 mg. dose of nicotine 
· People draw more deeply on light
· People smoke more light
· People cover the holes with fingers or lips 
· Warning labels on cigarettes
· Less dangerous cig. = eclipse 
· Less dangerous cig. = accord
Nicotine is the addictive substance – 2mg./cig required to addict smoker 
· Acts on acetylcholine receptors
· Messenger-receptor interaction
· Nicotine is an agonist at low doses
· Send messages without the normal messenger 
· Blocks chemical messages 
· Smokers regulate the dose
· Stimulates dopamine release
· Used as a pesticide – lethal dose is 60 mg. 
· Common form of poisoning in children – lethal dose of cyanide is 70 mg.
· Kills elephants
· Stimulates heart muscle = heart attack
· Toxic substances in smoke (CO)
· CO reduces O2 carrying capacity of blood – CO sticks to hemoglobin 
Tobacco Smoke
· Polonium – 210 in tobacco smoke
· Carcinogens in tobacco smoke – benzopurenes, nitrosamines, aldehydes, expoides, aza-arenes, trace metals
· Targeted women in 1950’s – women started to smoke to stay slim 
· Smoking creates wrinkles
· Second hand smoke is harmful 
Use of reconstituted tobacco 
· Recon – paper made from tobacco, cut into small strips
· Can use the whole tobacco plant – cheaper
· Can blend tobacco – cut costs by mixing small amount of high quality tobacco with cheap tobacco
· Easy to introduce additive – flavor, burn rate
· Control nicotine content 
Cancer
· Alton oschsner linked cancer to smoking, 1919
· Lung cancer then and now: 
· 1919 – 400 cases in North America – chimney sweeps 
· 2004 – 190,000 cases in North America – smokers 
Advertisements/companies 
· Advertising emphasized glamour 
· Companies paid stars to smoke in movies
· Ads target children 
· Tobacco companies suppress information
· Companies claimed tobacco not addictive – dependence, withdrawal, tolerance, intoxication
· Marketing is faster than science for e-cig.
· Each company has different technologies
· Hundreds of flavors 
Paper is specially designed 
· Many chemical additives to control burning – even burn rate, keeps the paper lit
· Burn rings regulate combustion 
· Thin areas burn quickly when smoker draws
· Thick areas burn slowly between puffs 
· Filter is a decoration
· Vent holes places at top of filter
· Holes placed outside machine connection 
Alternatives: 
Nicotine support 
· Nicotine gum to stop smoking
· Nicotine patch to stop smoking
· Nicotine inhaler stimulates smoking
· Nicotine spray to help quit
· Nasal spray is less convenient
E-cig. 
· Sold as a way to stop smoking 

Specialized heater and e-fluid/e-juice 
· E-fluid is a vapor source
· Solvent 
· Propylene glycol
· Glycerol, glycerin
· Polyethylene glycol
· Nicotine
· Flavor 
· Not safe, but safer than cig.
· Cigarettes – 
· Carbon monoxide, polonium, polycyclic aromatic hyrocarbons, combustion by products, particulates, nicotine
· E-Cig. – nicotine, carbonyl compounds, glycols 

Lecture 9: Vaccines
= saved more lives than other kind in medical history 
· Vaccination scar – born before 1972
· Works only if previously uninfected 
· Best to administer before sexually active; 9-13 
· Can be administered up to age 26 
· Available for both sexes 
Vaccination was a success 
· 1990 smallpox levels became very low in industrialized countries 
· Smallpox was eradicated from industrialized countries by 1950
· Remained endemic in developing worlds – people weren’t vaccinated 
Stimulate diseases 
· Body creates memory cells for the disease 
· Memory cells impart immunity 
· Trick immune system into manufacturing memory cells against small pox virus 
Illnesses 
· Develop immunity after illnesses 
· Incidence of colds decrease with age – we build up immunity every time we get sick 
· Vaccines create a fake illness – generate immunity without sickness 
· Fool the body into thinking the body comes infected by something 
Immune system 
· Uses many weapons
· Poisons – defensing, complement 
· Antibodies – immobilize invaders, selectively destroy invaders
· Macrophages – specialized cells to eat foreign cell, specialized cells to kill infected cells 
· Specialized cells involved within the body 
· Inmate immune system provides an immediate response and responds to damage 
· Nonspecific reactions – all cells targeted, immediate maximum response 
· Cold symptoms caused by innate immune system 
· Leukocytes destroy invaders 
· Inflammation gives easier access for immune cells – redness and soreness done as a way of giving easier access for white blood cells to move in between the body easier – expands gaps between cells 
· Selective, and retains a memory of what happens to it 
Adaptive immune system is selective 
· Lag time between exposure and maximum response – 2/3 days 
· Response is selective – only invading cells are targeted 
· Retains a memory of the infection – next time, same microbe invades the response which is immediate and strong 
Antibodies 
· Y shaped molecules – “Sticky” surface
· Stick to epitopes
· Stick to things on other cells
· Epitopes – something which will stick to antibodies 
· Epitopes that get recognized by immune system are really small 
· Antibodies recognize bacteria – don’t see whole bacteria, just a tiny piece 
· Body makes different antibodies 
· Unique – will only stick to specific molecules 
· Body doesn’t know beforehand what it’s going to be exposed too 
· Can store large amounts of antibodies – make small amount of many different types 
· Body stores small amounts of as many different antibodies as possible 
· Manufacture large quantities only when needed
B Cells 
· Carry antibodies where each B cell carries a different antibody – each B cell “Recognizes” 1 epitope 
· Don’t know in advance which ones are important
· Store small amounts of each B cell 
· Sticks to only 1 particular epitope
· To store as many antibodies as possible, store tiny qualities of each one 
· Immune response triggers replication of specific B cells – body manufactures copies of blue B cells 
· “amplified" B cells target the invaders – Bacterial cell that gets stuck to the Y part of the antibody that’s carrying all the B cells 
· After infection, some B cells become memory cells 
· If we get exposed to bacteria once in our lives, its likely well be exposed to it again 
· If exposed to it once, we should keep some memory around so wen exposed again we can get a faster response 
Memory cells 
· As you get older, your body contains more memory cells
· Less than 5%of B cells in a newborn – explains why they get sick more 
· More than 50% of B cells in an adults – experienced more illness throughout their life therefore they get sick less 
· Viruses live inside cells and escape B cells – viruses live inside the cells, and send information inside the cell allowing it to do something else
· Gives immunity 
· Next time microbe invades, you get an immediate and specific immune response
· Microbes are killed quickly before infection develops
· How to get memory cells without the sickness? Need to stimulate the manufacture of memory cells 
Infected cells 
· Display parts of viruses
· Viral protein fragments on MHC receptors 
· Used to recognize when a virus is infecting a normal cell in the body 
· Cell is able to chop up normal piece of protein
· MHC receptor – when there’s a piece of foreign protein, activated signal
Pasteur 
· “Attenuated” anthrax bacteria by heating – weakened bacteria caused mild infection 
· Way of generating immunity from any possible micro organism
· Booster shots often used with attenuated/dead viruses - use a second booster shot
· Attenuated vaccines use disease microbe – treat with heat or chemical to attenuate
· Weak bacteria didn’t stimulate a strong immune reaction 
· Second injection produced more memory cells 
T Cells 
· Body makes T cells to destroy viruses 
· Recognize MHC display
· Round and blue without green inceptors whereas infected cell has blockers 
· T cell works together to send killing signal to a killer T cell 
· Must recognize infected cell in order to send information
· Helper T cells send the kill signal 
· 2 kill signals provide a failsafe 
· Viral infection triggers replication of specific T cells – some T cells become memory cells 
Small pox and cowpox 
· Disfigured 70-80% of survivors
· Milkmaids didn’t get smallpox 
· If they get cowpox, they won’t get smallpox 
· Jenner inoculated children with cowpox – children didn’t get small pox 
· Safer way of inoculating against small pox vaccine 
· Blossom (cow) was the source of cowpox 
Cowpox vaccine “Stimulated” smallpox virus 
	Natural Infection
	Stimulated Infection

	Smallpox virus 
 
Severe disease, immune response 
 
Death  immunity from smallpox 
	Cowpox virus
 
Mild disease, immune response 

Immunity from smallpox 


· Jenner was lucky to find cowpox 
· Cowpox virus causes mild disease – similar molecular structure to smallpox virus 
· Cross proteins – using 1 virus against each other 
Variolation 
· Injecting it into child, get milder form of infection 
· Milder form of dying, but if it works, won’t get pox for the rest of life 
· Can still die from it, but if you survive you have immunity 
· Brought to England by Lady Montagu – practice in Europe, helping future generations of small pox 
· Edward Jenner – discovered better/safe way of protecting people from small pox, certain people that were living in his area didn’t get small pox 
· Vaccination is safer than Variolation 
· Wide spread practice – started to have a trend that led to decrease in the disease within the country 
Paralysis 
· About 1% of polio is paralytic 
· Includes the lungs 
· Salk vaccine used dad virus – required injection and booster 
Flu vaccine causes dead virus 
· New vaccine every year
· Good safety record
· Doesn’t cause disease
· Production methods used for decades
· Very low incident of side effects
· Important to vaccinate early
· Takes 21 days for full immunity 
· Seasonal effects can be misleading 
· Main side effect – egg allergy 
Largest U.S. clinical trial, 1954 
· 1.4 million children injected in schools
· Vaccine was safe and effective – dead virus 
· One batch of vaccine was defective 
· Cutter laboratories 
· Testing not properly done
· Several batches had live virus 
· Company didn’t inform government 
· Still sold batches and didn’t tell manufacturer 
· Thousand contracted polio – 170 cases, 11 deaths 
Clinical trials, Russia 
· 77 million vaccinated 
· Highly effective
· Small risk of polio – 1 case every 1,000,000 inoculations 
Polio 
· Fewer than 300 cases worldwide by 2003 
· Current global eradication initiative, 2009 
Why low %’s
· Vaccine available late November
· Flu season starts in October 
· Maximum protection after 21 days 
· Vaccine manufacture starts in Spring 
Diseases 
· Many are close to eradication
· Eradicated diseases from outside of country which are used to be common
· Success of vaccines
· Many diseases are eradicated in a developed world 
· Number of adverse events exceeds number of illnesses – most minor 
Propaganda 
· Anti vaccine propaganda exists
· Effective and dangerous 
Autism 
· Modern anti-vaccine activists focus on autism 
· Autism symptoms appear around age 2 – vaccinations 
· Loss of confidence led to lower vaccination rates
· Wakefield stuy was a fraud – made up medical records of children in the study 
· Vaccines don’t cause autism 
Thimerosal 
· Safer preservative 
· Contains mercury 
· Used for decades in all kinds of vaccines
· Vaccines has less mercury that one piece of fish 
· Different chemical compound than the normal kind 
Adjuvants 
· Reduce the need for booster shots
· Lipid adjuvants discovered in 1970’s
Squalene 
· Blamed for Gulf War Syndrome
· None in military vaccines
· Our body is making squalene
· Normal human metabolite
· Used to make steroids 
· Sold as a nutritional supplement 
· Safe
Adverse Effects 
· Most are minor – swelling, redness, soreness, fever, dizziness
· Allergic reactions, rare 
· Disease extremely rare 
· Only with live or attenuated organisms
· 69 cases of polio between 1978 and 1983
· Fever means vaccine is working 
Why vaccinate if a country is disease free? 
· The unvaccinated keep disease alive 
· Herd immunity is important while a disease exists on the planet
· Reduced vaccination rates are dangerous 
· Not vaccinating is dangerous and irresponsible – people can die from it 
Cervical cancer 
· Kills 250,000 women each year 
· Viral disease 
· Only in married women 
· Rare in nuns, and single women 
· Sexually active women – “nervous irritability” 
HPV 
· Linked to cancer 
· Causes warts
· More than 200 types of HPV – each is specific to one tissue 
· Only a few types cause cancer – cervical tumors, HPV genes are oncogenes, destroy P53
· No effect on sexual activity 
Capsid 
· Get immune response with empty virus capsid – no genetic material
· Immunogenic
· Don’t need the whole virus, just the small part 
· Tiny piece/protein to generate immune response 
· Tiny fragment of the virus 
· No way you can get an infectious disease from a small piece of protein 
Gardasil 
· Made from virus protein fragment
· Manufactured in recombinant yeast 
· Effective against types 6, 11, 16, 18 
· Safe – doesn’t use a complete virus 
Benefits vs. Risk 
· Risk – 69 associations with GBC 
· Benefit – 16,000 deaths from cervical cancer (no vaccine), this can be reduced to 0 by vaccination 
Lecture 10: Allergies
· Require prior exposure 
· Reaction to harmless material
· Immune system responding to something – epitopes of molecules from pathogens
· Immune system then “remembers” that material – memory cells 
· Subsequent exposure produces reaction 
· Rates have doubled since 1980
· Natural substances, most often
· Immunization and antibiotics reduce infection rates 
· Histamine – produces allergy symptoms 
· High doses of medication will stimulate the heart
· Over use causes heart attacks
· Flovent inhaler delivers measured doses
Hay fever – 
· Reaction to pollen 
· Rare
Symptoms – 
· Cold like 
· Geographic tongue, some
Dermatitis – 
· Surface exposure
· Contact dermatitis from irritants and immune reaction
· Handwashing makes it worse… (Why?)
· Common within industrial powders
· Immune reactions at the site of contact
Dose –
· Makes the poison
· Amount is important
Common allergies –
· Piercings made of stainless steel
· Henna tattoos on skin
· Pets 
· Mold and fungi
· Dust 
· Latex – rubber gloves, condoms
· Nickle – common, alloys 
· Spider and insect bites
(Common allergies) Food – 
· Immune system reacts to food
· Intolerance – substances in food produce adverse reaction
· Intolerance affects about 30% of adults
· Lactose intolerance – inability to digest lactose
· Lactase is available as supplement
· Bacteria digest food instead
· Headaches from food
· Spices can irritate stomach
· Affect about 4% of adults
· Peanut allergy – North America 
· Peanut free schools created – last 30 years
· Signs – dark under eyes
Rare allergies – 
· Sunlight
· Water
· 20th century disease – allergy to manmade substances
Children – 
· In daycare less likely to have allergies
· Children in larger families have less allergies 
· Kids tend to have fewer allergies
East Berlin – 
· Poor health care
· Pollution
· Most allergies in West Berlin 
Mast Cells – 
· Display IgE antibodies
· Allergen contacts the IgE molecules
· Degranulation releases histamine 
Managing allergies – 
· Avoidance
· Antihistamines – often taken 
· Decongestants
· Immune modulators
· Immunotherapy
· Reactions – allergy tests
Diphenhydramine – 
· In Benardyl 
· Generic versions available
· Makes you sleepy 
Chlorpheniramine – 
· Chlor-Tripolon – drowsiness 
· In cold medications 
Antihistamines – 
· First generation - Can enter the brain
· Drowsiness 
· Diphenhydramine (1950’s, Benadryl, generic)
· Chlorpheniramine (1940’s, Chlor-Tripolon, generic)
· Loratadine is a second generation – doesn’t enter the brain 
· Non drowsiness
· Loratadine (1989, Claritin, generic)
· Desloratadien (2002, Aerius, generic)
· Third generation – non drowsy
· Fexofenadine (1996, Allegra, generic)
· Cetirizine (1996, Reactine, generic)
· Body converts Loratadine to Desloratadine
· Seldane contained terfenadine
· Terfenadine is activated in the body 
· Allegra contains fexofenadine 
· Reactine contains cetirizine  
Decongestion – 
· Pseudoephedrine 
· Steroid 
· Rhinocort spray 
· Pulmicort – anti inflammatory steroid 
Anaphylaxis – 
· Epi pen for strong allergic reactions
· Need to know how to use it
· Price extortion –
· More than $600USD for 2 injectors
· Wholesale price of the drug is $2.50
Drug pricing – 
· Based on cost alternate treatments
· Based on cost of manufacture (old, off patent drug)
· Isn’t based on cost of research (old technology + technology)
· Rationale is that $600USD is cheap compared to the cost of anaphylaxis
· Hospital costs in thousands
· Ambulance costs in thousands
· Costs of death/disability
Many other drugs are priced this way – (USD)
· Harvoni
· Hepatitis C
· $94, 500 course of treatment
· Daraprim
· Parasitic infections
· $750/pill
· Emflaza 
· Duchenne muscular dystrophy 
· $89,000/year 
Leukotrienes
· Associated with asthma 
· Singulair is a leukotriene antagonist
· Singular effect
Persistence – 
· Identify the allergen
· Avoid it as much as possible 

Lecture 11: The Heart 
· Hearts have been recognized since ancient times
· Coronary vessels feed the heart 
· Estrogen replacement has no effect
· Family history 
· Slow heart corrected with pacemaker
· High blood pressure is a silent killer
· Systemic vasodilators open blood vessels 
Heart pumps 2.6 billion times during your life – 
· 5-6 L./min
· 100,000 km. of blood vessels 
William Harvey, 1578-1657 –
· Correctly described circulatory system 
Deaths are avoidable – 
· Tobacco
· Obesity – kills by overworking the heart
· Diet – salt, saturated fat, diet high in fruits/veg. is beneficial, variety
· Being a male – 10x higher at risk
· Within young women misdiagnosed
· Risk equalizes after menopause
· Stress
· Lack of exercise
· Genetics
· Infections 
· Healthy gums 
Smoking – 
· Poisons heart
· Hemoglobin carries O2 in the blood
· CO sticks to hemoglobin better than O2
· Lack of O2 damages the heart and blood vessels 
Microbes linked to heart disease –
· Herpes virus
· Cytomegalovirus
· Chlamydia pneumoniae
· Prophyromnas gingivitis 
Homocysteine – 
· Levels linked to heart problems
· Recycled using B Vitamins – don’t give benefits 
Problems – 
· Improper functioning of the valves
· Impaired neural activity
· High blood pressure
· Failure to pump enough blood
· Reduced flow through coronary arteries 
· Valve function corrected by surgery 
· Problems with hearts neural system 
· Heart stimulated by sympathetic nerves 
· Noradrenaline antagonist is needed 
B Blockers – 
· Keep heart rate under control
· Control heart rate
2 blood pressures are measured – 
· Normal value is about 120/80
· First number is the systolic pressure
· Pressure when heart squeezes 
· About 40-50 mm. higher than diastolic
· Second number is the diastolic pressure
· Pressure when heart rests 
Diastolic pressure – 
· <90 – OK
· 90-104 – mild hypertension
· 105-115 – moderate hypertension
· >115 – severe hypertension 
· Each 5 mm. increase in diastolic pressure increases heart attack risk by 25%
Hypertension – 
· Affects 20% of adults
· Essential - High sodium, Irreversible 
· Too much salt - required for life
· Processed/fast foods contain a lot of salt
· Processing removes flavor – salt puts it back 
· Secondary 
· Controlled by an enzyme system
· Treatable with drugs 
· Ang II anatagonists block signals 
Pit Viper venom lowers blood pressure – 
· Bothrops jararaca – venom is a potent vasodilator 
· Snake venom isn’t “drug-like” 
· Expensive to make 
· Hard to control dose
· Severe side effects
· Requires i.v injection 
· Blocks the formation of Angiotensin 
What makes a chemical drug like – 
· Simple chemical structure – cheap to produce
· High activity - Low dose, Fewer side effects
· Convenient dosing 
· Avoid i.v injection
· Pills will sell the best
· Long lasting
· Patentable 
Captopril – 
· The first ACE inhibitor
· “Annoying” side effects
· Cough
· “Coppery” taste 
Enalapril – 
· Improved side effect profile 
· 100x more potent than captopril – small doses required 
· No “coppery” taste 
Many causes – 
· Coronary heart disease
· High blood pressure
· Heart valve problems
· Abnormal rhythms
· Thyroid problems
William Withering –
· Discovers heart drug
· Foxglove plant stimulates heart 
Digitalis –
· Boosts heart function
· Plant extracts could be risky 
· Has narrow therapeutic window – gap between the effective dose and dangerous dose 
Coenzyme Q10 – 
· For congestive heart failure? 
· No benefit from Coenzyme Q10 supplements 
Angina – 
· Caused by impaired blood flow to heart
· Nitroglycerin under tongue to treat angina 
· Pill under tongue – faster way to get things into circulate system; this bypasses liver and digestive system 
· Good dose of drug going in without dealing with metabolism 
· Nitroglycerine spray – through nose is a quicker way to get it into the blood stream 
· Patch for slow dosing 
Arginine – 
· Nitroglycerine + Arginine = NO in body 
· Clinical work shows no benefit
· Health Canada warns against arginine for angina 
Dynamite workers discover heart benefits – 
· Hard drug
· Active ingredient in dynamite
· Accidental discovery 
Arterial blockages – 
· Involve cholesterol
· Used in all our membranes
· Gives it more strength, and shape 
· Membrane has a little more fluid to allow things to get out of the membrane easier 
· All animals produce cholesterol – animal cells 
Cholesterol: 
High blood cholesterol – 
· Associated with heart attack
· Blood cholesterol is important, not necessarily dietary cholesterol 
· Half of heart attack patients have normal cholesterol levels 
Where does our cholesterol come from? – 
· Diet makes a very small contribution – animal foods
· Majority of our cholesterol is made in liver – saturated fats
· We make cholesterols in our body
· Some people will absorb is but unusual
· Body will absorb access cholesterol and dump it into our intestines 
Market problem for eggs – 
· Eggs substitutes available
· Alternative form of eggs due to this
· Lower levels of cholesterol in it – still made from eggs thought
Made in the liver from saturated fats – 
· Has to be carried out selectively 
Excess cholesterol stored in arterial walls – 
· Because material is so precious, situation where there’s to much, body likes too store it for another day
· Nothing wrong with storing it – want to make sure we have it when we need it 
· Puts it into the walls or out of arteries – bad place to store it
· Makes a bulge in the walls of our arteries 
· Gets stored in arterial walls
Cholesterol in the plaque becomes oxidized – 
· If it was just in arterial walls, not as bad of problem
· But getting exposed to oxygen, and all the blood besides it
· Oxidation 
Cholesterol builds up inside arterial lining – 
· Plaque 
· Sets of series of events that damage inside of internal lining
· Damages causes problems associated 
· Artery set to budge out 
· Only see budging of plaque deposit if it gets really large 
· Cholesterol in plaque becomes oxidized
· Attracts macrophages – consume cholesterol becoming foam cells
· Inflammation causes plaques to burst
· Blood clot forms over the burst plaque 
Body uses lipoprotein to transport cholesterol – 
· Liver becomes factory for it
· Cholesterol has property that’s hard to get from liver to body 
· Body has trick to transport cholesterol from place to place
· Trick = proteiner to specialize protein – lipoprotein
· Serve as transportation device
· From place to place, stops and unloads cholesterol
Lipids: 
Low density lipoprotein LDL – bad cholesterol
High density lipoprotein HDL – good cholesterol
· LDL transports from liver to body, deposits cholesterol at LDL receptors
· Excess LDL is stored
· Problem – storage location 
· Stored inside alterior wall
· Makes it into dangerous material by parking it inside the walls of the artery 
· HDL transports from body to liver 
Lipids contain long carbon chains – 
· Required in our diets 
· Energy source, cell membranes, steroids and hormones
· Classified as fats and oils
· Amounts of low density lipoprotein can be controlled by materials in the diet 
Total blood cholesterol is important – 
· Not enough is dangerous, but too much is just as dangerous 
Omega 3 – 
· Good for marketing 
· Fatty acids from fish reported to reduce irregular heart beat
· Reported that there seems to be a positive weight
· Incidence of regular heart rhythm seemed to be lower than regular 
· Feed chickens with fish meal – 
· Protect them from this regular heart rhythm
· How to get it into the eggs? Feed fish to chicken
· Omega 3 from fish, end up in the eggs
· When you do this, other materials that are present within fish also find their way into the eggs 
· Eggs then smell like fish 
· Omega 3 from flax seeds don’t work the same way 
· Found that it also exists in flax seed
· Chemical structure (ziggy zaggy lines) – each line that comes together = carbon atoms
· Long chains of carbon atoms connected to special things
· Single bonds – single lines = single connection between 2 atoms
· 2 lines = double bonds – represent double connection between atoms and structures 
· Fish oil supplements – buyer beware 
· 1000 mg, of oil – with omega 3 fatty acids 
· Not telling us which omega 3’s – no guarantee that this is the one that comes from fish 
· Look for specific omega 3’s - Eicosapentaenoic acid, Docosahexaenoic acid 
· Best source of omega 3 fatty acids rom fish reported to reduce irregular heart beat
Antioxidants – 
· Advertising highly prevalent
· Supplements provide no benefits 
· Foods containing antioxidants?
· Some foods
· No real benefits
· Problem to look at it from the foods itself
Very high level of CRP from bacterial infections – 
· Not strongly affected by viral infections, or fungi infections
· Certain types of diseases
· Body produces other kinds of materials
· These materials are apart of the triggering process
· Cholesterol made in the liver
Fats – 
· Comes from animals – contain saturated or mono-unsaturated fatty acid eaters
· Tend to be solid
· Contain structures in which generally atoms or structures are all connected
Oils – 
· Come from plants
· Contain unsaturated and ply-unsaturated fatty eaters
· Liquids
· Lots of double bonds/connections
· Ply unsaturated
· Rigid, awkward structure
· Material – molecules are awkward 
Hydrogenation:
Of oils for texture – 
· Convert oils (liquids) to fats (solids)
· Oils with lots of double bonds become rancid easily
· Fats are more useful in preparing foods than oils 
· As you get rid of double connections, it reacts easily with oxygen
· Oxygen and air react with saturation
· Gets mixture of cis/trans fat
· Turns it from a liquid into solid
· Generate material which have an even better property/texture
· During chemical reactions, we change orientation of connections
Trans fat for more than 100 years – 
· Provides right mouth feel for processed foods 
· Partially hydrogenated
· Processed foods – margarine, junk food
· Natrual forms of the fat are saturated
· Started to reduce number of trans fat that are present 
Stains:
Akira Endo –
· Discovered first statins 
· How can you control cholesterol if it gets our of hand in the body? Alter diet
· Not just trans, but all fats
· Average person in NA gets triple/double amount of sodium than required
· Humans like the taste of fat, therefore put into a lot of things 
· Part of the reason fat tastes good, molecules that generate flavor 
· Statins block cholesterol biosynthesis 
· Interfere with chains
· Low number of side effects
· Interfere with sparse enzymes 
· Doctors were afraid to prescribe statins – in a way of controlling cholesterol 
· Inhibiting cholesterol in body is bad
· Even though drugs were safe, effective – doctors were still afraid because of what they learned 
· Lower heart attack risk – relatively safe 
Four-S study of Simvastatin – 
· Scandinavian Simvastatin Survival Study 
· 4444 patients
· 35% reduction in cholesterol
· 42% less likely to die of heart attack 
· Non-heart related deaths at normal rates
· Sales of all statin drugs rose
· Clinical trail for marketing 
· Reduction in cholesterol, and heart attacks 
Bruce Roth, Lipitor –
· Makes Lipitor in 1985
· Lipitor was no better than lovastatin in animals 
· Lipitor would be the fourth statin drug reaching the market
· Lovastatin (Merck)
· Simvastatin (Merck)
· Pravastatin (Sankyo)
· Considered killing the project
· Guideline – when you have drugs targeted against particular condition, first few drugs will make money 
· Second drug on market – steal market share, don’t produce their own sales, steal own drug
· Third one – steal market share from the other 2 – third amount of money 
· Lipotine = 4th on market
· Became the #1 drug in the world – 160 billion sales 
· Manipulation of law – claim its for a rare disease but use it for something else 
Clinical trial with 24 company employees – 
· 38% drop in cholesterol at 10 mg
· Company did study using company employees 
· Found that cholesterol dropped using drugs at particular dose
· Important selling point for compound
· Doctors were afraid of selling medication that would interfere with cholesterol 
· Curve trials showed significant advantages 
Pfizer gambles with the dose – 
· Most statins given at 20 mg.
· Lipitor was more effective at 10 mg
· Lipitor was safe at 80 mg 
· When the drug was given, Lipitor was at 10 
· Experiments showed it was a safe 80
· Pfizer convinces FDA to fast track approval 
Familial hypercholesterolemia – 
· Piece of legislation to get pharmaceutical companies to investigate into rare diseases
· Not enough people to buy product to make money 
· Incentives with orphan drug act
· Financial benefit to companies producing drug 
The real da Vinci Code – The Mona Lisa had high cholesterol 
Crestor study: 100% reduction in heart attacks – 
· Statin group – 83 heart attacks in 8901 patients 
· Placebo group 
· 167 heart attacks in 8901 patients
· 74 more than Statin group (aprox. 80 both groups) 
· But
· Must give drug to 120 people to prevent 1 heart attack
· $290,000
· 1.5 million heart attacks/year
· 25% die immediately, 25% unaware
· Some animals have multiple hearts
· Most people only have one heart
Lecture 12: Mental Illness
Body is a chemical-based machine – 
· Operating as sophisticated robots 
· One chemical will react with another
· Makes us into chemical based machines
Problems arise when organs work incorrectly – like other kinds of devices, once in a while some things go wrong
· Physical – can have an organ which has a shape that’s incorrect
· Chemical – person that has type 1 diabetes doesn’t have enough insulin to produce enough sugar in the body 
Brain:
· The brain is an organ – just like other organs
· Situations which the brain doesn’t function in the way in which you determined
· Situation which is the same as other kinds of organs – heart doesn’t function the way you want it to
· Brain controls behavior 
· Brain is different than other organs 
· Manifests its function in different ways than other organs
· Altering behavior
· Situation where you can see the illness that the person has – makes mental illness different from other physical disabilities
We can control our behavior –
· Stigma
· We can control our behavior
· Understand that this behavior can be corrected
· Not all behavior can be easily controlled – not something you decide to have
· Genetic basis for personality 
· Certain personality types can become comparative
· Doesn’t necessarily mean personality will result this
· Personality evolves over time 
· Mental illness has a genetic component 
· Doesn’t mean you’re born with it
· Certain mental challenges don’t have genetic components 
· Thought it can be caused by demons – physical cause
· Can be treated
· Once interpreted as being demonic possession – a way to treat it; get rid of demon 
Treatments:
· Trepanation 
· Mentally ill often tortured – idea that mental changes in our behavior are always under control 
· Effective drugs for mental problems, 1950’s
· Same period of time when first effective drugs were discovered for issues with mental health
· All derived from materials in 1960’s
Asylum, prisons – 
· Not necessarily to treat them/help, but lock them away from society
· Lunatic asylums became mental hospitals – 1950’s
Electroshock –
· Has electrical component
· Detect brain signals, Chemical signals
· Produce signals that you can measure in an electric way
· Strap patient down, and apply high voltage circuit
· Still use this today 
· Difference between how we use it today, and the 1950’s
Psychotherapy – 
· Freud, 1896
· Attitude is still persisted until recently
· 150 years ago within Western civilization – something we actually saw as mental illnesses 
· Wasn’t necessarily the first to look at this type of treatment, but famous example
Lobotomy – 
· Move needle back and forth
· Disconnect one part of the brain to another
· Modify person’s behavior by doing this
· Change in behavior appeared to be more socially acceptable 
· Needle through eye socket 
· Many people were motorized through this treatment
· Easier access to get to the socket 
· Thousands of people
Schizophrenia – loss of contact with reality 
· Hallucinations – Auditory, Confused thinking, Magical thinking, False beliefs, Anxiety disorders, Feelings of persecution, Lack of emotion
Antihistamines – 
· Calm surgical patients
· Doctor would experiment with a bunch of drugs to relax the person 
· Sedating affect
· Experiments were then carried out 
· First effective treatment for schizophrenia, 1952
· Symptoms were dramatically reduced – some cases, complete or virtually complete 
· Side effects – similar to Parkinson’s disease
· Grimacing, Dyskinesia, Lip smacking
· Disconcerning to the people that took them
· Uncontrollable facial expressions from time to time
· Benefit – people will be able to function properly within society
· Downside – side effects 
Theory that high dopamine-related activity causes Schizophrenia – 
· Thorazine was a dopamine antagonist - Reduced psychosis of schizophrenia
· Amphetamines raise dopamine amounts in the brain - Produce psychosis similar to schizophrenia
· Theories explaining schizophrenia based on drug effects 
· Observations – 
· Increased dopamine activity in the brain is responsible
· Thorazine – blocks actual
· 1 drug blocks effects of dopamine – increases levels
· Theory that schizophrenia is associated with over activity 
Dopamine antagonism – 
· There are at least 5 receptor subtypes 
· D1 to D5
· Allow dopamine use in different parts of the brain 
· Create different pathways for dopamine to transfer information
· D2 receptor most important – early antipsychotics were all D2 antagonists 
· Dopamine in the brain is same chemical
· Brain expands number of ways it can use a neurotransmitter 
· Most effective for schizophrenia 
· These drugs aren’t “clean” 
Early antipsychotics – 
· Not very “clean” 
· D2 antagonists
· D1, D3, D4 antagonists 
· Serotonin antagonists, Adrenaline antagonists, Acetylcholine antagonists, Histamine antagonists
· Clean = something that doesn’t give a lot of side effects
· These all gave side effects
· Profile of these materials in terms of what they do today
· Not just dopamine antagonist
· Do more than just 1 thing 
Discovery of subsequent drugs – 
· Identified using animal studies
· Researcher’s identify patterns of behavior the drugs produce
· Each generation had small improvements over previous – side effects
· What you’re using to develop new drugs, tool of old drugs 
· Getting it from overall symptom that you see 
Atypical antipsychotics: 1972 – 
· Clozapine
· Weak D2 dopamine antagonist
· Strong serotonin agonist (5-HT)
· Less likely to cause motor-control (Parkinsonian-like) disabilities
· Produces reduction in symptoms but via a different mechanism 
· Exemplified as clozapine
· Good drug that we use now for treating schizophrenia 
· Antagonist but not strong one 
Anhedonia –
= Inability to experience pleasure 
· Loneliness or long periods of sadness
· Depression
· Can’t express happiness towards certain positive measures
Tricyclic antidepressants –
· Discovered by accident, 1951 
· Imipramine 
· Not effective for schizophrenia 
· Elevated mood 
Physical transfer of neurotransmitters sends nerve signals –
· Modify level of certain neurotransmitters
· Gets involved with serotonin 
· Nerve signals must re-set after each transmission
· In-between transmission 
· Release neurotransmitters from receptors 
· Inhaling neurotransmitters back into the cell 
· Imipramine found to block serotonin reuptake
· Blocks process by nerve signals
· Serotonin – used to send signals, when signal is sent it gets sucked back in
· Drug works by binding to device, neurotransmitter back inside
· Slows absorption 
· Net effect to amplify serotonin signals 
· Imipramine effects a lot of things in the brain 
· Inhibits serotonin and norepinephrine reuptake
· Dopamine antagonist, Acetylcholine antagonist, Histamine antagonist
· Side effects
· Design new drugs to be more selective
· Inhibiter of process
· Reuptakes main focus/mechanism is the way drugs will counteract
· Doing different functions – more things you do, more side effects 
Ipronazid – 
· Accidental discovery
· Tuberculosis drug – was found to have effects to counteract with depression
· Blocks enzyme called monoamine oxidase
· Antidepressant effects
· Inhibits monoamine oxidase (MAO)
· Monoamine oxidase helps regulate neurotransmitter amounts 
· Inhibiting MAO has the effect of increasing the amount of serotonin in the brain 
· Blocks function of enzymes where are destroying 
· Drugs that raise serotonin amounts “elevate” mood
· Tricyclic drugs (imipramine) prevent serotonin reuptake
· MAO inhibitors reduce serotonin destruction
· Both antidepressant drugs increase the effective amounts of serotonin
· Basis of theory that depression arises from low serotonin amounts 
· Increase amount of serotonin in brain 
Prozac = first SSRI
· Selective Serotonin Reuptake Inhibitor
· Effectiveness similar to previous drugs – worked the best
· Much cleaner profile 
· Side effects uncommon
· Sleep disturbances
· Anxiety
· Sexual dysfunction
· Suicidal thoughts
· Immediate effects on the brain
· Delayed effects in the patients – 3 weeks before symptoms affected 
· Advanced tools required 
OCD affects 2% -
· Obsessive thoughts
· On different things 
· Rituals
· Magical thinking
· Obsession evokes a person 
· Compulsions performed to gin relief  
· Ex: wash hands 100x each day, Check door locks 348 times 
· Deal with it through a ritual or otherwise believe something will go wrong 
· Extreme kind of situations 
· Helpful drugs usually associated with raised serotonin activity 
· Prozac
· MAO inhibitors
· Basis of theory that low serotonin function produces OCD
· Depression + OCD = association with low amounts of serotonin 
· Treated with same type of drugs 
Bipolar disorder – 
· Alternate between high energy, happy periods 
· Depressed isolated periods 
· Periods of time – manic phase, full of energy, happy, positive
· In-between manic phases – extreme depression – situation in which 2 different personalities between person 
Manic depression –
· John Case thought was caused by toxins 
· Treatment discovered by accident – adding Li2CO3 produced calming effect on guinea pics – 1949
· Lithium calmed patients
· Original ingredient in 7-up
· Narrow therapeutic window
· Gap between effective dose and dangerous dose is very small
· Chemical element which are narrow therapeutic window
· Developing better drugs
· Hard to design new drugs based on lithium structure – comprised of 1 atom 
· Lithium mechanism of action not precisely known - No known lithium receptor
Valproic acid 
· Anticholinergic drug
· Mechanism not known
· Found by accident
Anxiety disorders – 
· Fear without reason
· Situation in which person has it for no reason – anxious about something 
· Experience interferes with normal functioning 
· Barbiturates – discovered by accident 1864
· GABA agonists – neurotransmitter that inhibits neural function
· Agonists reduce neural activity
· Many side effects 
· Milltown was the first big seller, 1967 
Benzodiazepines had cleaner profiles – 
· 1970’s, front line treatment for these types of disorder
· Amplify GABA signaling 
· Increases the sensitivity of GABA receptors
· Binds to different location on GABA receptors
· GABA activates a special receptor called an ion channel
· Cleaner side effect profiles
· Increase sensitivity of receptor of GABA
· Messenger molecule which binds receptor
· Works in different ways
· Ion – pore which allows to open/close
· How nerves send signals from place-place
· Bind to ion channels
· Pore can be open/activate
· Less neurotransmitter to do this 
Psychiatric drugs often criticized –
· “Alter brain chemistry”
· “Similar to placebo”
· Limited effectiveness
· Side effects – unpleasant, frequent, permanent
· Addictive 
· Drugs change brain chemistry 
· 30% improvement for placebos, 30% improvement for drugs 
· Each new drug produces slightly different molecular interactions 
· Side effect profile tells you what to look for – once side effects are known, drugs can be engineered to avoid/minimize them
· Modern drugs show fewer side effects
Entire nervous system has been mapped - Some reflex behavior mapped
Human brain complex = 90000000 times the number of neurons 
· Experiments with animals allows full control 
· Some experiments only using animals
· Cant fully control humans 
· Human brain isn’t the same as a mouse brain
· Basic functions similar – neurotransmitter – receptor interaction
· Human brains more complex – additional structures 
Drug use to develop pattern of behavior – 
· Measure “normal” behavior in various test
· Measure behavior in tests after given known drug
· Look for same pattern of behavior with candidate drugs
· Many drugs are Me-Too drugs – 
· Effects based on pattern of effects produced in animal models
· Chosen to reduce side effects
· This process tends to identify molecules with similar structures
· Common in technology – each improvement within generations are based on existing technology with rare large changes 
· Many theories are based on drug effects – 
· Observe changes induced by drugs
· Drug -> Theory -> New Drug -> New Theory
· Some drug effects unexplained
Use of animal models – 
· Alter an animal to replicate human symptoms
· Requires surgical alteration of animal brain
· Sometimes use drugs to induce changes
Drugs for mental health do work – 
· Efficacy rate is lower than for other diseases
· Have been improvements – side effects
· The nature of some illnesses means they can only be managed
· “breakthrough” drugs require – luck, understanding of the biochemistry of the disease 
Lecture 13: Street Drugs
· Humans have always used mind altering substances 
· Chemicals for religious purposes 
· Incensole acetate from Frankincense 
Drugs are illegal because they’re dangerous – 
· Health – adverse effects
· Personal life – employability, destruction of relationships/families
· Society – health costs, economic impacts to companies and families
· Fines - $200+
· Jail time – up to life 
· Criminal record – limits employment opp., ability to travel 
· Buyer beware – not pure substances, can contain anything
· Secondary crime – up to 75% of property crime is drug related, violent crime
Marijuana – 
· Plant is easy to grow 
· Resin on plant surface
· Marijuana Tax Act
· Contains cannabidiol
· 1960’s – 2% THC
· Equal amounts of THC and cannabidiol
· 2015 – 20% THC 
· Almost no cannabidiol 
· Cannabidiol has anti-psychotic activity 
· “Fake” pot in herbal incense 
· Leaves spiked with synthetic analgesics, and cannabinoids 
THC – 
· Buds with high THC content are smoked
· THC is an active ingredient 
· An anandamide agonist
· Impairs memory
· Slows reaction time
· Pharmaceutical grade THC made synthetically 
· Used for AIDS related anorexia
· Increases in dopamine
· Recent use of semi-pure THC – Shatter 
· JWH-018 more potent than THC
Sativex for multiple sclerosis – 
· Other medical benefits are questionable 
· Impact similar to alcohol
· Mandatory minimums for trafficking 
· 1.5 million users in Canada
· Heavy use may lead to schizophrenia
Cocaine – 
· Stimulant for centuries 
· Patent medicines
· Topical anesthetics designed from cocaine, Dental anesthetics inspired by cocaine
· Illegal
· Snorting cocaine hydrochloride
· Addiction strong - No tolerance, No physical withdrawal, Very strong psychological effect
· Cocaine is the most unsatisfying drug
· Prevents dopamine reuptake – neurotransmitter which helps us to learn
· Causes the release 
· Side effects: seizures, psychiatric disturbances, stroke, cardiac arrhythmia, death 
Crack –
· Freebased cocaine forms cracks
· Crack requires lower doses 
· Dangerous form of the drug – large dose of cocaine 
· End up injecting large doses of it which costs a lot of money
· Have to administer smaller dose of crack to get the same result within the person
· Low cost is what makes it dangerous 
· Smoked – dangerous
· Administering material in vapor form allows it to get into blood stream more quickly
Amphetamine – 
· World war 2 - Abuse in military prison 
· Can improve effects
· Look for diversion from everyday life
· Low doses stimulate fight/flight
· High doses induce euphoria 
· Stimulate dopamine release
· Hyper stimulate body’s reward system
· Produce psychosis 
· Extracted using Coca-Cola – compound treated in acid in a form that’s regularly dissolved within the body 
· Used to treat depression
· Prescribed to rich/famous – access to drug easier
· Speed users
· Psychosis led to a decline in use, 1960’s 
· Aggression
· Auditory, and visual hallucinations
· Paranoid psychosis 
· People taking drug require reputation
Benzedrine inhaler – 
· 250 mg.
· Basis for dopamine theory of schizophrenia
· Found that they can use cold medication as an easy way of getting access to this drug
· Allowed to purchase legally
· Altered the way in which they were dosing themselves
· Plastic tube to administer multiple doses of amphetamine to yourself – tube to nose, and inhale
Methamphetamine, 1990’s – 
· Pseudoephedrine to make methamphetamine 
· Staple cold medication
· Wasn’t restricted – anyone could make purchase
· 50% that was manufactured – chemical companies made a lot out of it 
· Chemical companies supplied underground trade
· Smerfing provided the raw material – special permits to report it 
· Pseudoephedrine becomes restricted 
· Vatent vasoconstrictor – teeth with internal living part which starves and dies/teeth rot in mouth 
· Potent vasoconstrictor - Shut off blood supply to tissue in person’s face, Causes face to die, Strong dependence 
Opium – 
· Opiates are derived from poppy latex – medicinal properties, use these ingredients as painkillers
· Hypodermic syringe invented in 1856
· Morphine use became common after Civil war 
· Opiates depress the central nervous system – analgesia, drowsiness, apathy, lethargy, unconsciousness
· Depress bodily functions – cough reflex, respiration, peristalsis, endocrine secretion
· Strong physical addiction 
· Important painkillers – issue for medical sector
· More restriction on prescription of these drugs 
· One hand wants to make sure you restrict access from people that don’t need them, and people that do need it can get access to it 
· Doctors are reluctant to use opiates for terminal patients 
· Hallucinations – mimic serotonin
Heroin – sold as a non-addictive cough suppressant 
· Harrison Narcotic Act, 1914
· More addictive than morphine 
· Admitted into the brain 
· Apparent that this and other drugs were dangerous 
· Taxation 
· Because its often injected, will find heroine tracks are injected too 
· Body’s safety system is triggered by injections
· Damage blood vessel in body so it collapses
· Safety feature that keeps you from bleeding out 
· Inject into vane and might do it wrong, or inject too many times into one spot
· Persons vane shuts down
· Shuts off blood supply which is leading off blockage 
· Tissue starts to die as there’s no nourishing blood supply
· Retail market is $12 billion 
· DEA estimated 75% of property crime is drug related
· Hospital, prison, enforcement, rehabilitation costs 
Codeine – 
· Most common medicinal opiate 
· Synthetic
· Natural in opium but small amounts
· Made from morphine
· Tylenol 3, common pain killer
Oxycodone, 1939 – 
· New on streets, old medicinal
· Created as a waste product from opium
· About half of opium is morphine, other half is useless material
· Major chemical material of opium 
· No medicinal value
· Waste product which would be thrown away
· Convert into oxy
· OxyContin usually stolen from pharmacies 
Psilocybin – Magic mushrooms contain this 
Cane toads provide bufotenine – 
· Hallucinogen
· High percentage of atoms and molecules are identical
· Poison which is secreted by cane toads
· Gland on back of the toad
· Toad becomes afraid or irritated
· Prevent predators from eating it 
PCP – Angel dust 
Ergot –
· Ergotamine from ergot 
· In witchcraft
· Can be converted to lysergic acid 
LSD – 
· Albert Hoffman discovered LSD by accident
· Used by the CIA at McGill in 1950’s
· Hallucinations have religious significance 
· Hallucinations often involve flying 
Atropine – 
· Atropine from the deadly nightshade 
· Small pupils 
· Acetylcholine antagonist – acetylcholine transmits nerve signals in brain 
· Use in surgery 
Scopolamine/hyoscine – 
· Truth serum 
· Witchcraft 
· Hallucinogens 
· Not water soluble
· Best trans-dermal absorption through mucus membranes
Laws –  
· Original narcotic laws were specific
· Designer drugs provided a way around the law
· Existing drugs were the starting point
· Original practitioners were chemists
· Specialized knowledge was required 
Fentanyl – 
· Industrial strength pain killer
· Methylfentanyl was initially legal
· Profit margins on designer drugs were enormous – 200 g. of heroin worth $1 million, 200 g. of methylfentanyl worth $1 billion 
· Smaller molecule
· Good from the POV of underground manufactures 
· Addicts often died from overdose – synthetic version of heroin 
· Chemical warfare agent
· Easy to overdose
· Designer versions of fentanyl 
· W-18 discovered in Edmonton
· Became illegal in 2016
· “Prescription” opioids difficult/expensive to acquire (have to be stolen)
· Fentanyl and related compounds inexpensive to make
· Make counterfeit “prescription” OxyContin that contains fentanyl instead 
· Why is fentanyl so dangerous? Doses are very small
· Micrograms, very difficult to measure amounts this small, amounts are so small it’s sometimes difficult to see the material 
Cookie Fentanyl – 
· Use of fillers makes measurements easier – dilute the drug in a filler, must get equal distribution 
· Goal is an equal distribution in entire batch
· Efficient mixing gives equal amounts in each cookie 
· Drug fillers are powders – pharmaceutical industry is careful to mix properly 
· Sloppy mixing makes dangerous drugs – each pill has different amount of drug 
Ecstasy – 
· Gordon Alles takes first Ecstasy trip
· “SKF-5” tested in the 1950’s for psychotic depression 
· MDMA was tested by the military 
· Users rave 
· Illegal in 1988 – Euphoria, Empathy, Reduced inhibitions, Auditory hallucinations, Sexuality
· Side effects - Hyperthermia, Liver, kidney, heart failure, Death, Loss of appetite, Dehydration, Depression, Lack of Judgment
· Made in underground labs
· Tabs usually not very pure
· Additives to ecstasy tabs - Methylenedioxyamphetamine, Paramethoxyamphetamine, Neurotoxic, Ketamine, Veterinary anesthetic (effects similar to PCP), GHB, “Date-Rape” drug, Methamphetamine
· Many tabs don’t contain ecstasy 
· Chemical profiling of confiscated Ecstasy 
· Predatory drug – Ecstasy, GHB, Ketamine, Rohypnol
Cathinone – 
· Khat
· Leaves are chewed as stimulant – causes dopamine release 
· High doses increase aggression
· Synthetic versions tested as appetite suppressants 
· Side effects: extreme dehydration, massive weight loss, highly addictive, hallucinations, psychosis – paranoia, extreme violence 
· Synthetic legal until recently 
· Crystals are large and salt like
· Recreational use began in 2002 
· High doses cause violent psychosis 
· Bath salts blamed for violent killings 
· Toxicology could identify the drug 
· Forensic labs need drug “fingerprints” 
· New versions are constantly produced 
· Bath salts banned in Canada 
· Buyer beware – no way to know whats in it 
Demerol – 
· Systemic painkiller
· Designer version of the real drug
· Illegal
· Case of the “frozen” addicts – froze person, and person would be frozen in whichever shape losing ability to move in voluntary matter 
· Sloppy chemistry was the culprit – problem wasn’t the drug but the way it was incorrectly made
· Don’t-do-it-yourself chemistry – generate toxic material which contaminated product 
· Last set in sequence – combine 2 chemicals you get the drug he was trying to make 
· Converts product of reaction into material = MPTP
· Selectively destroys brain tissue 
· Too much acid gives this particular product 
· Partial reprieve with L-DOPA
· Laws to restrict designer drugs – controlled similar chemical structures 
· Laws have more flexibility to allow for similar structures 
· Some materials have medicinal values 
· Chemicals needed to make the drugs are now restricted
· Ban chemical agent which is used to make it
· Special permits to manufacture this stuff 
· Health effects are unknown 
Smart drugs – 
· Can drugs make you smarter?
· Salt
· Iodine in salt
· Important part of brain development
· Early brain development
· Research shows people which don’t get enough iodine in their body’s suffer from impairments
· People look for patterns – no correlation between increase and blood flow, and making you smarter
· No benefit
· Caffeine and nicotine as stimulants 
· Some drugs improve cognitive function – Alzheimer’s, dementia, aphasia, schizophrenia 
· Small differences will be difficult to measure and might give you an improvement which in ordinary performance won’t make much of a difference 
· Small improvements for sleep deprived – people that don’t have dementia or Alzheimer’s have improvements 
· Drugs for narcolepsy keep you awake – pulling an all-nighter isn’t always beneficial as you might fall asleep 
· Amphetamines improve concentration – Dexedrine, Adderall
· Ephedra is widely used – higher doses lead to increased aggression 
· Rotalin improves behavior amongst people with ADHD 
· Effects are small and variable
· Each person responds differently
· Cognitive functions have different drug sensitivities 
· Benefits are questionable – sketchy as to what they are going to give
· All drugs have side effects: downside 
· May help or impair
Prescriptions – 
· Only legal for patients with name on bottle
· Counterfeit drugs are a $75 billion market
· % of these things are low if you purchase through pharmacy 
Lecture 14 – Nutraceuticals 
· Drugs that pharmaceutical that drugs use
· People think their drugs, but regulated as foods 
· Modern migration towards herbal remedies – natural health care products
· Consumer safety is important 
Organic products – 
· No additives
· No synthetic pesticide
· No synthetic fertilizer
· No genetically modified organisms
· Watch for presence of the seals 
· No regulations over use of “natural” 
· Can mean anything you want as anything can be natural
· Can put name towards anything – tells nothing 
· Organic means something if its followed by the seal, natural means nothing 
Herbals – 
· Herbal remedies used by 40% of population – becoming larger market, want to make sure you know exactly what you’re getting, 20-30 billion 
· Herbals aren’t produced this way 
· Many herbals are mass produced
· Herbal industry has few rules
· Most herbal remedies aren’t standardized
· Echinacea is most popular herbal today 
· Herbal remedies regulated as foods
· People who take herbals expect to feel better
Clinical trials
· Many trials with herbals are poorly done – 
· No placebo is used
· Small groups of subjects
· High attrition rates
· Publication biases
· Positive results more likely to be written up, and published 
· Positive results increase the quality
· Advocate groups unlikely to publish negative results 
· Small studies are an easy way to get positive results 
· Considerable flexibility for clinical work 
· Efficacy testing isn’t required – herbals can’t be patented; companies can’t afford clinical trials for efficacy 
Echinacea – 
· Often used to treat colds
· Has been sold for 200 years
· Original ingredient in snake oil
· Pure doctrine of signatures
· Advertised as a native recipe
Modern drugs – 
· Standardized
· Purified substances
· Consistent doses
Omega-3 – 
· In fish oil
· Eicosapentaenoic acid
· Docosahexaenoic acid 
Testing is limited/nonexistent – 
· Safety is based on “past history”
· Adverse event reporting not required 
· Efficacy is based on “previous reports”
· Doctrine of signatures, doctrine of humors, anecdotal evidence 
· Quality of science is highly variable 
Cold-fX – 
· Most popular cold remedy 
· Clinical studies are low quality
Ginseng root – 
· Resembles a human body
· Claims are non-specific
· Gingko Biloba contains ginkolides 
· Interferes with blood clotting 
· Improve blood circulation in the brain – doesn’t translate to improved brain function 
· Get the idea that brain must be functioning better, therefore “smart drug” 
· Ginkoba interferes with anticoagulants 
Hyperplasia – 
· Saw palmento for benign prostate hyperplasia 
· A way of preventing prostates from becoming enlarged
· Supports prostate health
· Can measure this – size of person’s prostate before/after
Garlic – 
· Used by Egyptians to improve strength
· Variety of different things 
· Improving strength
· Garlic cleansing – take a clove of garlic and insert it into the rectum 
· Cleans the toxins within body 
· Doesn’t reduce cholesterol
Allicin – 
· Thought to affect cholesterol 
· Garlic uses allicin for protection
· Unstable 
· Supplements contain variable amounts
· St. John’s Wort is a popular supplement – taken for depression
· Supports positive mental health
· But, doesn’t improve depression
Labelling – 
· Carefully written 
· Highly important 
Natural supplements – 
· Don’t contain active ingredients
· Do have an influence
· Coffee vs. natural drug – it works
· Clear cut benefits
· Purity of natural supplements is questionable 
· Pesticide residues
· Heavy metal
· Undeclared pharmaceuticals 
· Natrual materials can interact with pharmaceuticals 
· Supplement industry is unregulated 
Decaffeinated tea – 
· Material which contains caffeine 
· Makes tea with it which is an extract
Prescription drugs – 
· Added to produce effects
· Cheap to buy chemicals
· Spike material into it, then sell it to the consumer 
· Problem is that if you’re getting a product with mystery consumer
· Many products contain the wrong or dangerous plant
· DNA barcoding to examine if the plant that is in the package is authentic or not
· Substitution in different plants
· Less than half the time that you find the authentic material In the product weren’t able to measure the amounts
· Have found that the quantity may not be in an amount which is going to produce an effect 
St. John Wort – 
· Induces liver enzymes 
Liver –
· Protects against foreign substances
· Increased liver function prevents drug absorption
· Decreased liver function can produce drug overdose 
· Potentially affects 50% of all medications
· Grapefruit inhibits liver function 
· Kevalactones can damage the liver 
Kava Kava – 
· Feeling of well being 
· Removed from the market in 2002
· Still available “under the counter” 
Weight loss drugs – 
· Don’t burn fat
· Appetite suppressants 
· Fight/flight suppresses digestion – removing waste from person’s body 
Ephedra –
· An amphetamine
· 15000 complaints
· Heart attacks, strokes, seizures, deaths 
· Banned in US, 2003
· Available under the counter
· Some people use bitter orange instead – contains amphetamine like compounds 
· Health Canada warns against Bitter Orange 
Scientific discoveries – 
· Often twisted
· Cartilage which acts as caution to allow joints to move freely
· No pain, good range of motions
· Glucosamine – because its used to make cartilage that having more of it will create super cartilage 
· Doesn’t improve joint function 
Dr. Henry K. Beecher and the Powerful Placebo – 
· “Interpreted under the unknowns technique as a real therapeutic effect, being produced in 35.2 ± 2.2% of cases.”
· Placebo use in clinical trials is important - “If patients participating in a clinical trial can improve simply because they believe they are receiving an effective medical intervention, how can anyone have any confidence in the results of any clinical trial that did not employ a placebo?” 
· Placebo’s in clinical trials are important
· Colour of the pill is important 
· Bitter pills work better than sweet 
· Capsules work better than tablets
· Injected placebos work better than pills
· Expensive fake medication more effective than cheap fake medication 
· Placebo enhancement is overrated
· Only work if the patient is aware of the treatment
· Drugs work better than placebos – difficult to hide the effects from patients
· Side effects are stronger with drugs 
· Some drugs are so effective that placebos aren’t required
· Pain, and depression consistently report placebo effects
· Homeopathy is the ultimate placebo 
· Places emphasis upon relationship 
· Dilution and the hemopathic effect 
Plausibility – 
· Important
· Supplement should contain substance with biological activity
What’s in an extract? – 
Does the chemical actually work?	
Science vs. Magic – 
· Science – collect facts, draw conclusions based on those facts, test your conclusions in several ways
· Life expectancy improves better because of science 
· Magic – draw the conclusions you want, find some facts to fit those conclusions 
Pauling – 
· Pauling and mega dose vitamin C
· Pauling ideas well publicized
· Clinical studies show no benefit
· Ideas profitable
· Risks were unknown
Vitamins – 
· Vitamin industry retaliated
· FDA banned from vitamin regulation, 1975
· FDA attempted to regulate supplement industry, 1990’s
Government Approval – 
· Gives false impression
· Limited or no efficacy testing – standards are “flexible”
· Limited or no safety testing – “past experience”
· No enforcement – no inspections 
Top 10 health frauds complied by FDA – 
1. Arthritis products - Copper bracelets, mega-vitamins, herbal remedies
2. Cancer treatments - Laetrile, vitamins, minerals
3. AIDS cures - Antibiotics, vaccines, herbal tea
4. Weight loss - Amphetamines, vitamins, herbals
5. Sexual aids - Aphrodisiacs, erectile dysfunction, male enhancement
6. Baldness cures and Bust enlarger - Only minoxidil is approved for baldness
7. Chelation therapy - EDTA, vitamins, minerals
8. False nutritional schemes - Bee pollen, wheat germ capsules
9. Muscle stimulators - Medical use only
10. Candidiasis 
Many pharmaceuticals are natural – 
· Taxol
· Penicillin
· Erythromycin
· Digoxin
· Bleomycin
· Colchicine
· Ergotamine
· Morphine
· Capsaicin
Bloodletting – 
· Common in 1800
· Samuel Hahnemann opposed bloodletting 
· Applied the doctrine of signatures
· Thought remedies became stronger when diluted
· Developed serial dilutions
· Final treatment contains only water 
· All drug molecules have been removed
Taste – 
· Biological response 
Cyanide – 
· Deadly poison
· A lethal dose of cyanide
· Dissolved in water
· Three more serial dilutions
Lecture 15 – Love and Attraction
· Were chemical machines 
· Emotions result from chemical interactions
Formation and maintenance of relationships – 
· Attraction, romantic love, attachment
· Love, pleasure, sex, addiction 
Chemistry of attraction – pheromones 
· Substance produced by an organism that elicits a specific unlearned response in another member of the same species
Female silkworm moth secretes bombykol – 
· Male moth has specialized antennae
· Antennae engineered to detect bombykol 
Pheromones – 
· Messenger molecules
· Pest control
· Relatively non-toxic
· Species specific
· Tiny amounts required 
· Integrated pest management works better
· Bait lures and traps 
· Periplanone is the most potent pheromone known
· Chiloglottis trapeziformis uses wasp pheromones 
· Flower pheromone is more attractive than female wasps 
· Used by the CIA
· Ophrys exaktata uses bee pheromones 
· Mixture of chemicals 
· Mixture duplicated by the flower 
· Overlapping pheromones – Autographa californica – ex: elephant and butterfly 
Methyl Paraben – 
· Female dogs in heat secrete 
· Sprays to mask dogs 
· Common preservative – used in cosmetics. Lotions, sunscreen, makeup 
· Explains why dogs are attracted to humans 
Truffles – 
· Grow under oak trees
· Female pigs are used to find truffles
Androstenone – 
· Truffles and boards produce androstenone – secretes the material that’s phenome of pig, but now they use dogs 
· Also present in human sweat
· Male sweat smell relaxes women – used to modify behavior
· Effect is real, but small
· Andron – first perfume to use androstenone 
· Found in many other perfumes 
· Axe
Skatole – 
· Produced by intestinal and oral bacteria
· Nasal secretions are being swept to back of mouth, dropping down to stomach
· When you have a cold, it drops to the front 
· Distinctive smell of human species
· Called civetole in perfumes
· Civet oil from the civet cat - $600/kilo.
· Produced synthetically
· Naturally present in flowers 
· Artificial flavor 
Musk – 
· Expensive substance - $100,000/kg.
· Therefore, synthetic musk is now used – different chemical compound structure 
· Ask also contains musk ketone 
Menstrual cycles – 
· Girls believe that hanging out together more often will synchronize menstrual cycles – other factors are also included 
Human Attraction – 
· Primarily visual 
· Do human pheromones exist?
Chemical reward system & Phenethylamine – 
· Romantic love stimulates this 
· Phenethylamine released during romantic love increases dopamine levels
· Effects similar to cocaine, tobacco, and amphetamines
· “Feel-good” drugs 
· Found in chocolate 
Dietary PEA can’t enter the brain – 
Serotonin levels – 
· Increased dopamine during early stages of love causes serotonin to decrease 
· Controls mood
· High levels = anxiety 
· Normal levels = balanced personality
· Low levels = depression, OCD
· When level is done when in love, you don’t get depressed but instead OCD, as levels of obsession over individual is triggered – always thinking about them 
Long term attachment and bonding – 
Oxytocin – 
· Released during labor 
· Induced at the beginning of labor, be used as a drug to induce labor 
· Important material which is released after delivery 
· After delivery, her brain will have large amounts of serotonin 
· Skin to skin contact is key 
· Released during lactation 
· Increase the bond between mother and child
· Connection is special which goes beyond what we would normally experience
· Mothers are capable of identifying their own child just by the smell and vice versa 
· Oxytocin and vasopressin released during sex 
· Prairie voles produce oxytocin and are monogamous 
· Antagonist leads to promiscuity
· Mountain voles don’t produce a lot of oxytocin
· Cause alternate of behavior in some ways
· Doesn’t alter behavior in ways of establishing long term relationships
· Not just signaling molecules which is important, but also receptor molecule
· How molecules come together – fundamental law of universe, 2 molecules mixed together that if amounts are small, they won’t stick and remain isolated 
· Injecting oxytocin doesn’t produce monogamy in mountain voles – mountain voles lack the receptors 
· Molecules disassociate at low concentration, and associate at high concentration 
· Mountain voles don’t have enough receptors
· Recombinant mountain voles are social but not monogamous – more signaling molecules, biochemical response to alter behavior 
Aphrodisiacs – 
· Doctrine of signatures
Aggressive animals – 
· Rhino horn is phallic symbol
· Aggressive animals have macho signature
· Common stinkhorn is just a mushroom
· Oysterns resemble female genitialia 
· Crushed beetles used in bull breeding
Testosterone – 
· Increases sex drive in men and women
Cocaine – 
· May promote hypersexuality
Ecstacy – 
· Reduces inhibitions
Cantharidin – 
· Dangerous irritant
· Burning sensation
· Irritated substance – 3rd degree burns 
· Internet versions contain capsaicin
Alcohol – 
· Number 1 aphrodisiac
· Too much alcohol impairs performance
Yohimbine – 
· Yohimbine from yohimbe isn’t an aphrodisiac but is used as one 
· Yohimbine for erectile dysfunction 
· Nonprescription yohimbine is dangerous 
Erectile Dysfunction –
· Drugs for erectile dysfunction R not aphrodisiacs
· Before 1980, erectile dysfunction was considered to be a psychological problem – what’s the biochemical basis? 
· Vasoiliation produces an erection
· Nerve impluses block vasodilatation, and nerve signal to get an erection 
· Penile prosthesis – semi-rigid rod
· Inflatable chambers
· Surgically implanted male enhancement
· During clinical trials, some men got erections 
· Drugs which produce NO produce erections 
· NO = molecular messenger 
· Healthy men produce enough NO to get erections
· Impotent men don’t make enough NO 
· Market analysis showed only 2% of men reported impotence 
· Patients lines up for clinical trials – potential market was huge 
Conducting clinical trials – 
· Diaries were used
· 
Alprostadil – 
· Effective, but sales were poor 
· Problem was delivery method 
Viagra – 
· A drug in search of a disease
· Safe
· Rapidly entered the body
· Inhibited a known enzyme
· What’s the disease?
· Failed blood pressure drug 
· Useless for angina
· Could this be an importance drug?
· Drug have been developed for hypertension – failed
· Drug was tested in clinic for angina – failed
· Side effect suggested use for important – was this real?
· Before investing additional $$ company needed to verify the result 
· Blocks messenger recycling 
· Pilot study reported 83% improvement with 1 dose
· Nobody returned Viagra – patients begged to be kept on the drug 
· Changed the marketing of drugs 
Bob Dole – 
· Stroke of marketing genius
· Republican senator – conservative
· War hero – lost right arm in WW2
· Presidential candidate – 1896

