BPS 1101 – Midterm 2

Cancer is Uncontrolled Growth
· Cancer is an unusual situation; pat of body is growing out of control
· Cancer is an uncontrolled growth occurring within the body

Hyper-proliferative Lesion – Benign
· cysts or warts
· grow in a more controlled way
· can be fatal in developing countries (can lead to life threatening situation)

Hyper-proliferative Lesion – Malignant
· completely out of control

Causes of Death – Canada
· 30% of all deaths
· Leading cause in Canada

Cancer is a Disease of the Aged
· 75% of all cases occur after age 55
· 570,000 deaths per year in North America
· Very unusual to die from cancer when you are young

Cancer Treatments are Unpleasant
· Treatment may rival disease in terms of discomfort it creates
· Death is an acceptable side effect of certain cancer treatments

Cancer Death Rates
· Men is higher than women
· Difference in lifestyle between the sexes contributes

US Cancer Death Rates Men
· Most increases in male cancer rates are due to lung cancer
· This number has started to decreased
· Stomach cancer has drastically decreased (not sure why)

US Cancer Death Rates Women
· Lung cancer has increased
· Stomach and uterine cancer has decreased




Normal Cells Become Cancerous
· You are cancer
· One of the cells in your body has gotten out of control, grown uncontrollably and created a tumor
· A cell in your body goes rogue and divides uncontrollably
· Sucks up resources other body parts need; may grow to the point where it actually interferes with your body
· Can result in death

Normal Cell Growth is Closely Regulated
· Cells divide only “on command”
· Some divide a lot, some never do
· Maximum on most of our tissues before they lose the ability to divide
· Maximum of 50 cell divisions
· Telomere counts cell divisions
· Cells must be touching similar cells

Cancer Cell Growth is Uncontrolled
· Cells divide continuously
· More than 50 divisions
· Cells are mobile (metastasis)
· Lose security system; can move around to cause problems in different parts of the body

HeLA Cells from Henrietta Lacks
· Her doctor removed some of the tumor from her cervical cancer
· Recognized these cells would grow in the lab
· Sold the cells

Malignant Cells are Often Mobile

Cancer Requires 20 Years to Develop
· Requires 8-10 mutations in the same cell

Every Cancer is Different
· Every tissue can spawn
· More than 100 forms, each tumor is unique
· Basic processes are similar
· Difference set up a challenge for treatment

Biological Signals are Cascading Processes
· Biological regulation is complex
· A little change within signaling pathway causes it not to work, leads to cancer
· Complexity in our biological system is an inherent weakness
Cell Division is Regulated in 2 Ways
· Stimulation
· Repression
· Cell has to be sent instruction to stop not dividing
· Feedback loops are present
· Signal comes in signaling cell to grow
· Repression system is always in place, must stop this in order for cell to divide
· When it’s time to grow you can either accelerate harder or remove the brake
· To stop you can either remove acceleration or brake harder

Cancer Mutations involve Loss of Function
· Impossible to repair the function with small molecules
· Cannot repair the damage with today’s technology
· Usually something has been destroyed in the body which causes cancer

“Off” Switch for Cell Growth is Broken
· Off system loses ability to switch off
· Off switch to growth signal gets broken

p53 is an Important Braking Protein
· When this gets damaged your cell becomes highly susceptible to cancer

Apoptosis – Programmed Cell Death
· Controlled way in which cells die
· Found in wound healing
· Programmed cell death protects the body from viruses and cancer
· p53 is a suicide protein

Normal Cells Count Cell Divisions
· Located on tips of chromosomes
· Designed to keep DNA from unravelling
· Chromosomes become “frayed” with age; cell is no longer viable and can’t divide anymore

Cancer Cells are Immortal
· Enzyme creates “shoelace tips”
· Allow them to rebuild and maintain this structure

Tumor Formation Requires 8-10 Mutations
· In the same cell
· Mutation happen continuously
· Damaged cells are eliminated from the body
· Several mutations within the same cell are rare
· Accumulation of enough mutations for cancer requires more than 20 years on average
· Children with cancer are purely bad luck

Gene is a Set of Instructions to Make Protein
· Each gene contains instructions for making proteins
· Stores info using 4 letters (form codons)
· Each codon specifies an amino acid in a protein
· Sequence of amino acids determines protein structure

Mutation is a “Typo” in the Gene
· Different list of amino acids has different chemical properties
· Folds into abnormal shape

Genetic Susceptibility
· Some individuals are more susceptible to change than others
· Oncogenes: instructions are easier to change
· Certain cancers may run in families

Most Cancer Death is Caused by Controllable Factors
· Tobacco
· Diet and obesity
· Viruses
· Alcohol
· Lack of exercise
· Most cancer risks come from controllable factors
· Cancer is a lifestyle disease

Tobacco Smoke Contains Over 4,800 Chemicals
· 400 toxic (harmful at low doses)
· 40 carcinogenic
· Cigarettes responsible for 1/3 of all cancer deaths
· Tobacco delivers toxic materials directly into lungs

Nicotine is the Addictive Substance
· The reason why you smoke
· Doesn’t cause cancer

Carcinogens in Tobacco – Polonium 20
· Comes from fertilizer used to grow the tobacco plant
· Comes from bird droppings over million years
· End up inside the smoker


 Emitters are Normally Safe
· Polonium outside the body isn’t that dangerous
· Radiation isn’t strong enough to penetrate the skin

Polonium Spinthariscope in KIX Cereal
· A special ring for your finger
· Instead of jewel it was a plastic bomb with a piece of metal polonium
· Look through the red part, see flashed of light as the radioactive metal decays

Polonium 210 as a Poison
· Russian journalist was killed (likely by government)
· Need to have a nuclear reactor to get access

Heat from Burning Vaporizes Polonium
· About 15 degrees Celsius
· Metal gets sucked into the smokers lungs, solidifies and becomes welded to the tissue on the inside of the lungs
· Very, very powerful mutagen

Tobacco Smoke Combustion Products
· Always get these materials when you burn something
· Can react chemically with items inside the body
· If they can react with DNA it can chemically alter it

Benzopyrene Carcinogenicity
· Alter DNA letter sequence
· Chemical reaction with materials can lead to the development of cancer

Tobacco Use in the US
· As cigarette consumption has increased, so has male and female lung cancer death rate

Tobacco Companies Recruit Women
· Originally advertised as macho for men
· Started to recruit women (increase sales)
· Lung cancer in women peaks in 1970s

Strong Correlation of Cancer with Diet and Obesity
· What we eat
· How much we eat

Cooking for Safety and Flavour
· Cooking food carries out the same chemical reactions as when something burns
· Generates possibly carcinogenic foods
Meat Spoils Quickly and Must be Cooked
· Cook meat to protect ourselves from bacteria that eat meat

Cooking Generates Flavour and Some Nasty Materials
· Generating flavour = family of reactions that occur
· Taste paralleled with a dark colour of food when you cook (darker tastes better)
· Dark part contains the nasty materials

Food Preparation Creates Carcinogens
· Cooked materials can react chemically with our DNA
· Generates a mutation that can lead to the production of a tumor

Beneficial Foods Protect Us
· Fruits and vegetables
· Cooked less than meat
· Have materials which can protect us from hazardous food sources
· Activate phase 2 metabolism
· Stimulate pathways which detoxify materials in the blood

Fiber Promotes the Passage of Waste
· Bulk material inside digestive system promotes movement of waste through and out of the body
· Faster it exits the body the less you are exposed to bad materials in the waste
· Diffuses from intestine into blood: fiber is insoluble material present in intestines
· Fiber has a chemical property that allows it to stick to hazardous chemicals
· Reduced the amount of materials that pass through into our blood stream

Obesity Increases Your Risk for Everything
· As your body gets larger you put stress on it in a way it isn’t designed for
· Once your skeleton reaches adult construction it remains those proportions
· Inside rib cage is heart, lungs, liver and pancreas
· As you put on extra body mass it gets put on the rib cage, organs can’t change
· The body gets bigger but the support system doesn’t

Changes in Eating Habits
· Used to prepare your own meals with raw ingredients
· Now we eat prepared foods
· Tend to have higher amounts of fats and sugars
· No longer eat properly proportioned food

Viruses Responsible for About 15% of Cancer Death
· High risk viruses target p53

Gardasil for HPV Induced Cervical Cancer

Excess Alcohol Increases Your Risk

Alcohol as a Carcinogen
· Acetaldehyde is the potent carcinogen (what alcohol turns into)

Exposure to UV Light Induces Cancer
· Skin cancer is most common type of cancer in Canada
· Unusual when someone dies from it

Environmental Exposure – Man Made
· E..g pesticides are generally low risk

Environmental Exposure – Natural Sources
· Lots of carcinogens in nature
· ½ risk from man-made, ½ risk from nature
· Strongest carcinogens occur naturally

Phorbol is Used to Induce Cancer
· Most potent carcinogen known to man
· Used in labs to cause cancer

Medical Procedures X-Rays and Chemo
· Benefit comes with a small risk
· Every time you expose yourself to radiation

Cancer is Very Difficult to Target Selectively
· Abnormal human proteins
· Non-functional enzymes and protein
· Poor drug targets
· Drugs can block protein function, can’t restore it

Cancer Cells are Human Cells
· Drug doesn’t know the difference between cancer and normal cell
· Selectivity: drug is designed to target cell division
· Selectivity is for cells that grow fast vs. cells that grow slowly

Strategy for Cancer Chemotherapy
· Hair falls out because these are fast growing cells
· We try to kill the cancer faster than you kill the patient
· 100% side effects of cancer
· 5% of time you will die from chemo, not the cancer
Nitrogen Mustards in WWI
· First cancer drug derived from mustard gas 
· Nitrogen mustard destroys tissue

Air Raid on Bari, Italy
· Ship carrying mustard gas was struck
· Anyone that went into the harbour was coated in the syrup
· Over 600 deaths
· Survivors of the attack had lower WBC’s
· Doctor wondered if selective killing of WBC’s could be exploited as a cancer killer
· Mustard gas forms a chemical bond between DNA and mustard agent
· Damages DNA, leads to death of cells
· Less reactive version = mustine


Mustine was the First Cancer Drug
· Damages DNA; less reactive so it doesn’t damage as much DNA as the gas
· Slow growing cells can recover and protect itself (not completely killed)
· Tumor is quick growing so it doesn’t have time to repair the damage

Serendipitous Discovery with E. coli
· When you electrocute bacteria you lose the ability for bacteria to divide
· Damage DNA in fast growing cells
· Prevent these cells from dividing

Long Road for Cisplatin
· Inhibition of cell division discovered 1965
· Anticancer activity discovered 1969
· Approved for human use 1978 (cure rate of testicular cancer approx. 90%)
· Used in 40-80% of all cancer patients

Cisplatin Moves IN and Out of Normal Cells
· Cancer cells have a slight chemical difference between normal cells
· Allows cisplatin to be converted from inactive to something toxic
· Nontoxic version can move in and out of cells
· Cisplatin activated and trapped in cancer cells

USDA Searches for New Poisons – 1950’s
· Poisons can be medications
· Yew bark found to be cytotoxic
· Cytotoxic: substance that can kill any cell, especially cancer


Taxol Identified as Toxic Substance
· Effective against breast cancer
· 30% effective was considered good
· Impossible to make a synthetic molecule (Taxol is complex)
· Only way to get it is to isolate it from the bark
· Yew is a rare, slow growing tree (need lots of bark)
· 1 in every 1,000 trees has ingredient you need

People or Trees?
· Needed to clear cut entire Pacific North West
· Government refused to list tree as endangered
· Taxus baccata is the European yew (provide material in more sustainable way)
· Compound is in the leaves

Semi Synthesis of Taxol
· Isn’t the same chemical substance
· Semi-synthesis occurs
· Extract a different chemical from leaves; carry out different chemical reactions 

Taxol Now Manufactured Using Cell Culture
· Plant cells suspended in growth medium
· Genetically modified to maximize production

Ben Johnson Wins and Loses Gold
· Man most responsible for change in attitude towards drugs
· Brought use of performance enhancing substances into the public eye
· Won men 100m; then tested positive
· Took the drug Stanozolol (Canadian drug)

Mark McGwire Hits 70 Home Runs
· Broke single season home run record
· Accused of taking performance enhancing drugs
· At the time he wasn’t taking anything illegal (MLB had no laws)

Barry Bonds Hits 762 Home Runs
· Broke all time home run record
· Has never been proven he took anything
· Cloud around him due to people he associates with
· The season where his contract was up and broke the record every team refused to offer him a contract when his contract expired due to the suspicion he was taking drugs


Marion Jones Surrenders her Gold Medals
· Husband was associated with a company promoting types of steroids
· Put in jail for 6 moths for perjury

Olympics in Ancient Greece
· Use of substances was encouraged
· Encouraged to do whatever necessary to win
· Didn’t talk about what they took because they didn’t want to help competitors
· Used potions and herbs

Zulu Warriors Prepare for Battle
· Dop is a Zulu drink
· Alcoholic beverage with mild hallucinogens
· Increased strength and courage before battle

Doping Race Horses
· Doping a horse was meant to slow it down; make it a worse athlete
· Money was bet on horses
· Amount of money won was based on how good the horse was
· Had to bet on slow horse to make money
· Would bet money on slow horses and then give chemicals to fast horses to make them sick and run slower

First Doping Tests – on Horses!
· Tracks instituted the first ever tests on horses
· Collect saliva from horse to look for presence of drugs

Cycling was Notorious for Doping

Endurance was Enhanced with “Dope”
· Caffeine
· Cocaine
· Alcohol
· Nitroglycerine
· Strychnine (actually worked)

Olympic Marathon St. Louis, August 1904
· Temperature above 40 degrees Celsius
· 100% humidity
· Dirt roads
· Believed it was dangerous to drink water while engaging in sporting events


Tim Hicks
· Collapsed several times throughout the race
· Trainer and manager picked him up and dragged him along race
· Administered alcohol, egg whites and strychnine to stimulate him
· Hicks won the Olympic medal
· Bragged about his use of drugs to win

Adrenaline Used as a Drug in 1901
· Short duration (minutes)
· Required i.v injection

Gordon Alles Discovered Amphetamine 1929
· Designed to be a longer lasting version of adrenaline
· Made drug and tried it himself
· Great decongestant

Methamphetamine in Total War
· Blitzkrieg
· Hard on soldiers (required stamina and ability to stay awake for long periods of time)
· Used methamphetamines on soldiers

Pervitin Use Discovered by Allies
· Allies didn’t actually manufacture methamphetamine
· Compared methamphetamine to amphetamine to caffeine
· All keep you awake and focused in equal amounts
· Large dose of caffeine gives you tremors (bad for pilots)
· Amphetamine increased confidence and aggression among pilots (good for army)

Amphetamine used by Air Force
· Caused hyper aggression; adopted by military
· 8/10 people that go into the planes never made it out
· Boosted courage

Soldiers are Athletes
· Soldiers brought use of amphetamines

First Sports Amphetamine Use 1952 Olympics
· Norwegian speed skating team
· Didn’t think anything was wrong (just another training method)
· Didn’t talk about it because they didn’t want to give their competitors and advantage



Knud, Enemark, Jensen at the Rome Olympics
· 1960’s the extensive use of amphetamines started to create problems
· Involved in a team cycling event
· Whole team had to cross finish line to qualify for a medal
· Jensen started to struggle (wasn’t carrying water – through it was bad)
· Took large amounts of amphetamines before and during the race
· ¾ of way through the race he collapsed
· Got back on bike but couldn’t balance
· Collapsed again taking his teammates down with him
· Fractured his skull and died during competition
· Amphetamine set up situation that led to his death

Tom Simpson in the Tour de France
· Mount-Ventoux is a moon-scape
· Had accident while approaching the mountain
· Wasn’t drinking water
· Rules of competition restricted this
· Attempts to revive him failed
· Died on helicopter ride to hospital
· Suffered heat stroke

Involuntary Nerves use Different Signals
· Parasympathetic use acetylcholine
· Sympathetic uses epinephrine and norepinephrine
· Amphetamine has a structure similar to those involved in the sympathetic system
· Stimulates fight or flight response

Amphetamines can Push the Body Beyond Its Limits
· You don’t get tired
· Tiredness is our bodies safety feature to tell us to stop
· Push you beyond your limits

Olympics Restrict Drug Use in 1967
· First testing done in Grenoble, 1968
· Amphetamines, CNS stimulants, narcotics, antidepressants, tranquilizers

Drugs were not Banned Because of Unfair Advantages
· Restricted because they were bad for the health of the athlete

Hans-Gunnar Liljenwall Wins and Loses Bronze
· Had a beer at lunch before he competed
· Had alcohol in system when he was tested after competition
· Media frenzy ensued (first athlete that tested positive)
· Alcohol wasn’t actually restricted by the committee
· Due to media frenzy he lost the medal

People Associate Steroids with Sports

Fritz Pregl and Oskar Zoth
· Injected themselves with bull testicle extract 
· Measured muscle strength using middle fingers

Charles Eduard Brown-Sequard
· Injected himself with macerated dog testicles
· Injected himself to perform better for new bride
· Internal secretions = hormones
· Applied doctrine of signatures

Victor D. Lespinasse
· Transplanted testicle tissue from donor to man who had lost his testicles

Leo. L Stanley, Physician at San Quentin
· Transplanted testicles from executed prisoners to convicts to restore sexual function

Fred C. Koch and Lemuel McGee
· Chicago at the time was the slaughterhouse of the US
· Had access to large quantities of animals for work

First Isolation of Male Sex Hormone
· Injected into a rooster that had its testicles removed
· Neutering a rooster causes it to look and behave like a hen
· When they injected the extract the rooster changed its appearance and behaviour
· Testosterone was hard to get

Semi-synthesis of Testosterone
· Started with cholesterol
· Created testosterone
· Steroid: refers to the shape of the molecule (family of chemicals that contain ring structures linked together in the same shape)
· Rehabilitated inmates after the holocaust (rebuild muscle)

First Athletes Using Testosterone
· Horses
· Very expensive (only rich people could afford it)
· Drugs were given to horse to make them stronger and better
Soviet Athletes use Testosterone
· Discovered side effects, training methods, and training cycles

Effects of Extra Testosterone
· Anabolic: muscle mass, strength, bone growth
· Androgenic: body and facial hair, enlarged vocal chords, heavy brow, acne, increased sex drive, testicle shrinkage, clitoral enlargement
· Determined you could alter drug to improve properties and decrease side effects
· Dr. Ziegler collaborated with pharmaceutical companies to develop a drug with anabolic qualities

Dianabol and Stanozolol
· Anabolic steroids reduce side effects
· Used for wasting conditions

Arnold Schwarzenegger
· Arguably best body builder in the world
· If you use anabolic steroids in the correct way they are very safe

Dr. Manfred Hoppner
· Director of sports medicine, East Germany swim team
· Small communist country
· Decided to make steroids a general treatment to improve their athletes

East Germany wins 11 of 13 Gold Medals at 1976 Olympics
· Not a well-known swim team
· Women had deep voices, broad shoulders and hairy chests
· Evident they were using steroids
· Athletes were forced to take steroids
· Identify a young women before she went into puberty
· Had no choice (physiologically changed them as they grew up through puberty)

STEROIDS BANNED BY OLYMPICS IN 1977

East Germany Established Doping Lab in Kreischa
· Accredited by IOC for Olympic testing
· East Germany gained access to testing protocols
· Developed masking techniques

Steroid Testing uses GC/MS
· Set up so output of GC feeds into MS


Finding a Drug in Urine
· Obtain a sample from athlete
· Sort the molecules into their different components
· Mixture is passed through a tube containing a sticky substance
· Some molecules are sticky, some molecules are slippery

Gas Chromatograph sorts Molecules Using Speed
· Measures how quickly molecules go through the tube
· Each characteristic molecule goes through the tube according to a specific time, which is used to identify the component you have
· Sorts with time
· Similar characteristics end up in the same pile as they leave the tube

Mass Spectrometer Weighs Molecules
· Samples little bits from the molecules as it comes off the machine
· The weight of each molecule is characteristic of the weight you measure
· Throws molecules into magnetic field
· Based on how far the molecule will fly we can calculate the mass/weight of the molecule

Molecules Fall Apart in Mass Spectrometer
· Conditions on machine cause chemical reactions to occur
· They fall into smaller fragments
· Can measure the weight of each fragment depending on how far it flies
· “fingerprint” used to identify compound
· Air tight proof that the athlete has a given substance in their blood

Steroid Testing Measures T to E Ratio
· Normally 1:1 to 4:1 (highest
· Measure testosterone and epitestosterone
· Mask steroid use by altering the ratio
· Lower ratio by injecting the athlete with epi a couple days before testing

Diuretics Mask Total Steroid Amounts
· Olympics started getting results based on the total amount you have in your blood
· Diuretic makes you pee
· Take a couple days before competition and drink lots of water
· Flush our your blood stream and allow you to lower the amount in your blood

Add Materials to Interfere with Testing
· Modify the way urine is processed
· Sprinkle soap from your pocket (interferes with sampled

Urine Switching in Extreme Cases
· Empty athlete’s bladder
· Fill bladder with “clean” urine using catheter

Floyd Landis Claimed his 11:1 Ratio was Natural
· Claimed his body manufactured it at this rate

Original Synthesis of Steroids
· Synthesis cholesterol you obtain from and animal source

Modern Semi-synthesis of Steroids
· Diosgenin (from Mexican yams) converted to progesterone
· Progesterone makes all other steroids

Atomic Structure and Isotopes
· Plant source is ultimately where the medical steroid we use come from
· Isotopic signature can tell us where the steroids come from
· Elements that come in different weights = isotopes
· Carbon has 2 isotopes

Plants and Animals have Different Amount of 13C
· Can easily tell which source something comes from
· Floyd had isotopic signature associated with plant (wasn’t made in his body)

Steroids Don’t Build Muscle
· Have to work harder on steroids

Testosterone Helps Build Muscle
· When exercising your muscles get torn due to tiny bits of damage done on the myofilament layer
· Muscle fiber is stronger after its been repaired
· Testosterone speeds repair process
· When not taking testosterone have to have rest built into the cycle
· Steroids speed recovery process; allows you to exercise more intensely and frequently

Anabolic Steroids
· Speed recovery
· Speed training

Health Risks of Steroids
· Liver damage
· Heart damage
· Reproductive effects
Long Term Health Risks are Unknown

Effects are Difficult to Measure
· Athletes doses vary
· Athletes mix steroids
· Athletes take large doses
· Athletes keep their methods secret
· Difficult to study and receive accurate measures

BALCO Made Designer Steroids 
· Designed to avoid detection
· No testing done
· Small health supplement company
· Created in-house their own drugs designed to avoid detection
· Invented steroids unknown to medical science (couldn’t identify molecular fingerprint)

Tetrahydragestrinone – “The Clear”
· Undetectable before 2002
· No safety testing or regular testing one

Temptation to Abuse is too Great
· No safety profile
· No idea of what’s going into the body
· Athletes are willing to do whatever it takes to be the best; will take the drug

Desire to Win Makes Drugs Dangerous
· Used properly, they are safe
· Desire to win makes athletes push limits: overuse, mixing, improper use, designer drugs

Red Blood Cells
· Carry oxygen
· Made in bone marrow
· Not alive; therefore get damaged and wear out easily
· Body makes 3 million RBC’s every second
· Replaced every 20-30 days

RBC Production Controlled by Erythropoietin (EPO)

Endurance Athletes Benefit from Increased O2 Capacity
· Transport of oxygen is an important part of building up endurance in athletes



Training at High Altitudes Increases RBC Production
· Less oxygen at high altitude; body adapts by creating more RBC’s to transport oxygen around the body and increased oxygen carrying capacity
· Athletes training at higher altitudes have advantage over athletes training at sea level

“Instant” Altitude Training
· Blood doping
· Use your own blood to provide extra RBC’s

Blood Doping
· Remove blood from athlete
· Concentrate RBC’s and store them
· Wait 3 months (body replaces missing RBC’s
· Just before competition put stored RBC’s back into athlete
· Athlete now has improved O2 capacity

Ed Burke Proposed Blood Doping to USCF 1983
· Told cycling team to use blood doping as a policy on their team

Danny van Haute Used Blood Doping During 1984 Olympic Trials
· Did much better than expected
· Outperformed other athletes and got onto Olympic team
· He had doped months before in preparation for trials

Transfusions in Ramada Inn
· Used close relatives as a source of blood
· Transfusion carried in motel down the road from Olympic stadium
· Used “terrorism” as a cover, crossed an ethical line
· AIDS virus had just been discovered
· Blood borne diseases were a serious risk

US Cycling Federation Banned Blood Doping January 1985

IOC Outlawed Blood Doping 1986

Blood Transfusions Important in Medicine
· Risk of infection
· Risk of rejection
· Make sure the risk is balanced by the benefit

Use EPO Instead of Transfusion
· Help patient make their own blood

EPO is a Protein
· Single strand of protein folds up into 3D structure which is responsible for function of the protein

Chemical Synthesis of Protein is Impractical
· Very expensive
· Limited quantities
· Produces large amounts of waste
· Protein drug has to be obtained from natural source (typically an animal)

Animals are Not an Ideal Protein Drug Source
· Supply is limited
· Hot human proteins (don’t work as well, possibility of rejection)
· Small risk of contamination

Human Cadavers Make a Poor Drug Source
· Limited supply
· Expensive to produce
· Possibility of infection

Recombinant Protein
· Use genetic engineering to make a living factory to produce the material we want

Make Human Protein in a Bacteria or Yeast
· Trick it into manufacturing a human protein
· Insert the human gene into a bacteria
· Bacteria will use the gene to make human protein
· Protein is easy to make in large amounts

Cells Use DNA as a Template to Make Protein
· Stores info as a series of letters
· Remove human gene from chromosome
· Insert gene into plasmid
· 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

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 requiring blood transfusion can use EPO instead
· Improvements in safety for those whose bodies didn’t generate enough healthy RBC’s

Recombinant EPO Abused from Day 1
· Originally abused by athletes
· Thickened their blood
· Heart couldn’t pump the thick blood, resulted in heart attack

Clinical Trials are Used to Establish Doses
· Can only be done using humans
· Use by athletes before proper dosing was known resulted in overdosing
· Overdose of EPO “thickens” blood causing heart attack
· Used to fine-tune appropriate dose

ICO BANNED EPO IN 1990

Testing for EPO was Impossible
· Hematocrit test allowed you to measure the amount of RBC’s
· No all of us have the same number of RBC’s in the blood

EPO and rhEPO Have Same Amino Acid Sequences
· Urine test for total EPO
· Confirm using blood tests
· Compare values to normal human levels
· Antibodies used to measure amount of EPO

ON Model Detects Recent Use
· Hemoglobin
· EPO
· Soluble transferrin receptor

OFF Model Detects Longer Term Use
· Hemoglobin
· Reticulocytes
· EPO

EPO Use is Easy to Hide
· Very few people have ever tested positive
· Lance Armstrong
· Won Tour de France 7 times
· Survived testicular cancer
· Has never tested positive for any banned substance

Only Evidence Against Armstrong
· Refused to give sworn statement
· Didn’t show up to a hearing and was stripped of titles

The Future – Gene Doping?
· Insert the gene for EPO into a person
· Requires genetically modified virus

Repoxygen on the Internet
· Genetically modified virus designed to insert into gene
· Failed in clinical trials

Bubble Boy Syndrome and Gene Therapy
· Children had non-functional immune system
· Treated with genetically modified virus; allowed them to rebuild their immune systems
· Able to leave bubble and enter world
· These children had 50% cancer rate

Drugs are Banned from Sports for Safety Reasons

Plagues Were Common Throughout History
· Main cause of death throughout history is infection

Cures and Treatments Failed
· Couldn’t cure it because you had no idea what it was
· No real doctors
· Very distinctive dress; entirely encased their bodies so as not to touch the patient
· Poked you with stick to diagnose you
· Beak designed to protect against infection (put flowers/spices in end of mask to prevent disease)

Cause of Disease was Unknown
· Curse from God
· Spontaneous generation
· Bad smell or unclean conditions
· Miasma: diseased was caused by bad smell

WWI and WWII – More Death Due to Infection than Combat
· Syphilis, gonorrhoea

Agostino Bassi Proved Germ Theory of Disease 1844
· Proposed disease was caused by tiny microscopic animals that invaded the body
John Snow Disproved Miasma Theory

Map of Cholera Infections Identified the Source
· Proved source of choler was water pump on Broad street
· Discovered water was located on a cesspit
· Believed disease was coming from the sewage

Louis Pasteur Develops Pasteurization
· Fresh milk had a very limited shelf life (infected by bacteria on surface of cow)
· Heating milk to high temperature will kill bacteria

Lister Develops Antisepsis 1867

H.C Gram Stains Bacteria 1884
· Tests different types of bacteria based on the colour you can put into them
· Gram negative or gram positive

Trypan Red Selectively Colours Trypanosomes
· Correctly deduced there were chemical differences in the cel that allowed it to take up colour
· Idea to make drug selectively enter some cells and not enter others
· Replaced nitrogen with other atoms in the same periodic column
· Arsenic is toxic and selective

Salvarsan 606
· First antibiotic
· Effective for syphilis
· Used to be a fatal condition (14,000 deaths per year)


Salvarsan Not Very “Druge-like”
· Treatment required several months
· Many injections
· Large injection volumes
· IV wasn’t invented; if you put it in too far or wiggled the needle it could cause necrosis
· Sit for 1-2 hrs while it was injected into your veins

Gerhard Domagk at IG Farben 1932
· Experimenting with dye for antibacterial properties
· Daughter had serious throat infection
· Gave his daughter some dye from lab; she was cured
· Prontosil only worked in vivo

Prontosil
· Drug is converted to active form within animals’ body
· Coloured patient bright red
· Sulfanilamide was colourless

Sulfanilamide Becomes First Sulfa Drug
· Prevents bacteria from growing
· Allows immune system to catch up
· Mimics natural substrate (jams into active site of enzyme and prevents it from working)
· He won Nobel in medicine

Alexander Flemming Contaminates Culture
· Accidental
· Discovered a mold growing in his petri dish (nothing grew around the mold)

Mold Prevented Bacterial Growth
· He sued an extract to purify bacteria
· Different colours made from different bacteria on a petri dish

Howard Florey an Ernest Chain Isolate Penicillin 1941
· Flemming published in a journal and forgot about it
· They restarted research, discovered how to produce and isolate it
· First produced in basements

Penicillin Production Moves to Corn Steep Liquor
· Had to be grown on milk in Britain in a very thin layer
· American companies started growing it with corn steep liquor in a tank

Penicillin Production Became War Priority
· Stockpiled for D-Day
· Available to public

Bacterial Cells are Different from Human Cells
· Bacterial cells have outer components that encase outside of the cell
· Can be very small with high pressure last night
· Cell walls are rebuilt during cell division
· Also why it is so selective
· Penicillin only goes after bacterium because our cells don’t have cell walls (nothing to destroy)
· Penicillin prevents cell wall synthesis
· No wall to hold internal pressure, cells explodes


Antibiotics Only Work on Bacteria
· Most antibiotics today are artificial
· Natural: unstable, must be injected, only work against some bacteria
· Artificial: can be stored for long times, can be taken orally, work against most bacteria

Design Better Antibiotic Drugs by Semi-synthesis
· Amoxicillin
· More stable, works against more things

Major Penicillin Side Effect is Allergy
· Extremely clean drug, nearly no true side effects
· Chemically reacts with an enzyme in your body

Cephalosporin Found in Italian Sewer

Streptomycin Found in Chicken Throats

Golden Age of Antibiotics – 1940s and 1950s

Antibiotic Resistance is a Growing Problem
· Happens because the bacteria change
· Over-prescription contributes
· Prophylactic use may promote resistance (antibiotics in food to prevent spread of disease in animals)

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 are Found in Hospitals
· Necrotizing fasciitis
· Staphylococcus aureus (can be methicillin resistant)

Kill Bacteria by Debridement
· Scrape out infected flesh then slather in antibiotic cream

Clostridium Difficile in Hospitals
· Hard to cure

Antibiotics are Commodity Chemicals
· No longer patent protected
· Really cheap to make and get
Developing New Antibiotics is Not Cost Effective
· Sales won’t cover research costs

Doctors are Reluctant to Use New Antibiotics

Antibiotics Have Huge Impact on Life
· Longer life span
· Improved quality of life
· Very safe drugs
· Very effective drugs

Cause of Death – US
· #1 cause of cancer, stroke and heart disease
· Kills 42,000 people per year N.A

Columbus Discovers Tobacco 1492

Natives Drank Smoke from Tobbagos

Jeff Nicot Introduced Tobacco to France
· Where Nicotine comes from

Tobacco Smoking in Clubs
· Used a long stem pipe
· Large distance between lit and tobacco smokers mouth
· Very acidic smoke (got less acidic through pipe, colder, and less irritating)

Water Pipes Popular in eastern Countries
· Water doesn’t remove any nastiness
· Not safer

Cigarettes Originally Rolled by Hand
· Very expensive originally, needed to be rich
· Bonsack machine reduced production (rolled them)

Flue-curing Reduced Harshness of Smoke
· Take leaves and dry them out in a building was original method
· Used woodstove, took inside tubing and heated the huts which dried it really quickly
· Reduced manufacturing cost and acid in the smoke
· Made it dangerous and easier to get, cheaper



Cigarettes Became Dangerous
· Machine manufacturing reduced cost
· Flue curing reduced irritants in smoke
· Cigarettes now addictive
· These two factors increase exposure to toxic substances
· Risk = toxicity X exposure

Average Smoker Smokes 10,000 Cigarettes Each Year

Cigarette Consumption Then and Now
· Late 1800s: 80 cigarettes per year, didn’t inhale
· Today: 10,000 cigarettes per year, inhale deeply, hold smoke in lungs

Nicotine is the Addictive Substance
· 2 mg per cigarette required to addict smoker

Cigarette Delivers 2 mg Nicotine to Addict
· Replace one cigarette worth of nicotine

Nicotine Acts on Acetylcholine Receptors
· Sends or blocks signals in the presence or absence of ATC

Receptor Molecules Transmit Information
· Messenger molecule sticks to a complimentary pocket on the receptor
· Messenger binding causes the receptor to change shape
· New receptor shape triggers other events inside the cell

Nicotine is an Antagonist at Low Doses
· Agonist molecule sticks to “active” pocket on receptor
· Messenger binding causes the receptor to change shape normally
· New receptor shape triggers other events inside the cell

Nicotine is an Antagonist at High Doses
· Antagonists block chemical messages

Smokers Regulate the Dose

Nicotine Stimulates Dopamine Release
· Dopamine is the “reward” chemical
· Important for learning
· All addictive drugs affect this neurotransmitter
· Smoking cues add to addiction

Lethal Dose of Nicotine is 60mg (Adult)
· Common form of poisoning in children
· Lethal dose of cyanide is 70 mg

Toxic Substance in Tobacco Smoke – Carbon Monoxide
· CO reduces oxygen capacity of blood
· Sticks tightly to hemoglobin; stick to iron which displaces the oxygen from hemoglobin
· Reduces oxygen carrying capacity of blood
· Impacts the heart (damages muscles slowly over a period of time)

Nicotine Stimulates the Heart
· Heat attack
· Much lower risk than CO

Polonium in Tobacco Smoke
· Easily turned into gas, welds itself to lungs
· Permanent radioactive source

Combustion By-products in Tobacco Smoke
· Strong carcinogens
· React chemically with DNA

Alton Ochsner Linked Cancer to Smoking
· 1919 only 400 cases in North America (people who worked with smoke)
· 2004 190,000 cases in N.A

Tobacco Advertising Emphasized Glamour
· Sold primarily to men
· Pad stars to smoke in movies
· Cigarettes provided free to soldiers: included in rations, soldier became addicted and continued to buy them after duty

Tobacco Advertising Targeted Women
· Emphasized smoking as a way for weight loss
· This is false
· When they stop smoking they gain weight; no longer getting release of dopamine (eating creates same effect)

Smoking Creates Wrinkles
· Materials in smoke damage collagen
· Develop due to destruction of collagen over time
· Collagen damage happens faster

Adds Target Children
· Need to start smoking young
· Once you reach 18 it is highly unlikely you will start smoking

Second Hand Smoke is Harmful
· Dose is what effects it
· Living or being around smoking constantly exposes you to smoke over a long period of time; an cause damage

Source of Smoke Doesn’t Matter
· CO = heart attack
· Carcinogens = cancer
· Dose makes the poison
· Lower risk with marijuana due to lower dose

Cigarettes are Highly Engineered Drug Delivery Device
· Has chemicals t make sure it doesn’t go out
· Recon: paper made from tobacco, cut into strips
· Can use whole plant (cheaper)
· Can blend tobacco (mix cheap with high quality, cut costs)
· Easy to introduce additives e.g. flavour, burn rate
· Control nicotine content

Paper is Specially Designed
· Chemical additives to control burn rate (even rate, keeping paper lit)
· Burn rings regulate combustion
· Paper burns slow where thicker and faster where thinner
· Drawing on a cigarette causes it to burn faster so you can get nicotine

Filter is a Decoration
· Doesn’t do anything
· 99% of materials pass through filter
· Orange residue on filter creates illusion it works
· Charcoal filters don’t work either

Cigarettes are Engineered to Deliver Nicotine
· Ammonia is added as an engineering way to ensure you get the proper amount of nicotine delivered to the smoker
· By-product of burning is acid
· Acids can react with nicotine and change it to liquid from solid
· Solid form can’t be changed to gas and is burned up with cigarette
· Ammonia is added to reverse this reaction
· Cost saving measure

Light Cigarettes are Just as Dangerous as Regular
· Light and regular contain everything the same
· Labs use a machine to measure amount of tar produced
· Punch holes in side of tube near top of filter
· Air gets sucked through rather than smoke
· Vacuum pump is just drawing air

Light Cigarettes Aren’t Safer or Lighter
· To get 2 mg dose nicotine people:
· Draw more deeply on cigarette
· Smoke more light cigarettes
· Cover holes with fingers or lips

Tobacco Companies Suppress Information
· #1 cause of heart attacks is cigarette smoke (kills more people than lung cancer)
· Nowhere in the article does it say cigarettes in the article
· TIME is owned by a major cigarette producing company
· The first and only time the broadcast was interfered with it
· They had planned to present dangers of cigarettes and were going to reveal how companies trick consumers
· CBS is owned by a major cigarette producing company

Rose Cipollone vs. Phillip Morris
· Companies delayed actions as must as possible hoping person sueing them died
· Won every single lawsuit
· Rose lived long enough to make it through delays
Less Cancerous Cigarettes – Accord
· Heat up using battery powered heater which delivers nicotine

Companies Always Claimed Tobacco Not Addictive
· Not intoxicative

Nicotine Substitutes to Stop Smoking
· Provide nicotine in a safe way
· Get away from smoking cues
· Supposed to make it easier to stop




e-Cigarette Use is Controversial
· Developed as a way to quit smoking
· “safe” way of delivering nicotine
· Works the same as other methods
· Created establishment where you could rent the product; smokers and non-smokers would go\scared regulators that non-smokers might start smoking

Specialized Heater and eFluid or E-Juice
· Creates vapour which simulates cigarette smoke
· Solvent with nicotine and flavour
· Smoke creates sensation in your throat close to a real cigarette

Is It Safe? No
· We don’t know how food additives work in a smoke environment
· Children may drink flavoured eFluid
· Nicotine lethal dose in kids
· Probably safer than cigarettes
· We don’t know how much safer

Marketing is Faster than Science
· Each company has different heating technology
· Hundreds of flavours
· 4 or 5 nicotine strengths
· No data yet on long term effects

You Develop Immunity After Illness
· Each cold is a different virus
· Incidents of cold decrease with age
· Illness can do serious damage
· Minor illness can create scarring

Vaccines Create a “Fake” Illness
· Trick body into thinking you are infected with something; body creates immunity to it

Immune System Uses Many Weapons
· Poisons
· Antibodies
· Macrophages
· Non-specific reaction
· Cold symptoms caused by innate immune system
· Innate system responds to damage


Leukocyte Destroy Invader

Inflammation Gives Easier Access for Immune Cells

Adaptive Immune System is Selective nut Slow
· Lag-time between exposure and maximum response 
· 2-3 days
· Response is selective
· Immune system retains a memory of the infection

Antibodies are the Key Recognition Devices
· Y shaped molecules
· Has a “sticky” surface on tip of rod
· Stick to epitopes
· Each antibody is unique and will only stick to a specific molecule

Antibody Production is Random
· Cannot store large amounts of antibodies
· No way to know which microbe will invade
· Body stores small amounts of as many different antibodies as possible
· Manufacture large quantities only when needed

B Cells Carry Antibodies
· Each B cell carries a different antibody
· Store small amounts of each B cell
· Immune response triggers replication of specific B cell
· “amplified” B cell targets invaders
· After infection some B cells become memory cells

Each Infection Generates Memory Cells
· As you get older the body contains more memory cells
· More than 50% of B cells in adults are memory
· Less than 5% in newborn are memory cells

Viruses Live Inside Cells and Escape B Cells
· Body makes T cell to destroy virus
· Infected cell “displays” parts of viruses
· Viral protein fragments on MHC receptors
· Killer T cells recognize MHC “display”
· Helper T cells send the kill signal
· Viral infection triggers replication of specific T cells
· Some T cells become memory cells

Memory Cells Give You Immunity
· Next time microbe invades you get an immediate and specific response
· Microbes are killed quickly before infection
· No sickness

Smallpox (Variola) Had a 20-40$ Mortality Rate
· Disfigured 70-8% of survivors

Variolation was Practiced by Many Cultures
· Took puss from someone infected and injected it into child
· Child hopefully got sick ad survived infection, becoming immune

Edward Jenner
· Noticed milkmaids didn’t get smallpox
· Those previously infected with a cow disease 
· Realized this is a mild disease and could be a better way to get immunity
· He injected children with cowpox
· They recovered
· Infected them with smallpox and found the children didn’t get it

Vaccination was Safer than Variolation
· By 1900 smallpox levels became very low
· Eradicated in industrialized countries
· Remained endemic in developing world

Global Eradication Program Began in 1966
· New methods to inoculate everyone
· Last case of natural smallpox 1977

Today Only Exists at CDC and in Biological Weapons
· Vaccination scar – born before 1972
· Created by the special needle

Cowpox Vaccine “Stimulated” Smallpox Virus
· Body creates memory cells for disease
· Memory cells impart immunity
· Only example on the planet where you can do this with a similar disease






Pasteur “Attenuated” Anthrax Bacteria by Heating
· Weakened bacteria caused mild infection
· Took anthrax bacteria and weakened it (heating or chemicals)
· Could cause disease but not severe illness
· Stimulated immune system
· 1 shot wasn’t enough; invented booster shot

Booster Shots Often Used With Attenuated or Dead Virus
· Increased build up in immunity cells beyond the threshold needed to obtain full immunity

Attenuated Disease Use Disease Microbe
· By weakening virus you skip the “death” part
· Benefit outweighs the risk

About 1% of Polio is Paralytic
· Become paralyzed while infected with virus
· Paralysis includes the lungs
· Machine invented that breathed for you
· Could last for weeks or months
· Sometimes you completely recovered, sometime you maintained some paralysis

Salk Vaccine Used Dead Virus
· Required injection (extremely safe vaccine)
· Required booster
· Very effective (dead virus)

One Batch of Vaccine was Defective
· Several batches had live virus
· Thousands contracted polio

Sabin Vaccine Used Attenuated Virus
· Small risk of polio (Live virus)
· Given orally
· No booster
· Sabin vaccine adopted by most countries
· Fewer than 300 cases of polio world-wide 2003

Current Global Eradication Initiative Stared 2009
· 1606 cases 2009
· 22 cases 2017


Influenza Causes Seasonal Colds
· Normally infects 5-15% of population
· New virus formed every year
· Most forms not dangerous
· Occasional severe influenza pandemics

Flu Vaccine Uses Dead Virus
· New vaccine every year
· Excellent safety record
· Dead virus doesn’t cause disease
· Important to take vaccine early (21 days for full immunity)

Why the Low %?
· Vaccine available late November
· Flu season starts in October
· Researchers anticipate which strains will become prevalent
· Main side effect is egg allergy

Many Diseases are Eradicated in Developed World
· Number of adverse events exceeds number of illnesses

Some People are Afraid of Vaccines
· Vaccine propaganda
· Creates dangerous situation
· Focus on autism; symptoms appear around age 2 when you start to become vaccinated

Wakefield Study
· Appeared to back up claims
· Was a fraud
· No medical evidence that links autism with vaccination

Thimerosal Preservative is Safe
· Contains mercury
· Used for decades in vaccines
· Has less mercury than one piece of fish
· Not linked to neurotoxins

Adjuvant Worries During H1N1
· Companies distributed 2 different versions
· Recommended pregnant women get one without adjuvant
· Companies are afraid something will happen if pregnant women takes drug


Adjuvants Reduce the Need for Booster Shots
· Causes body to have stronger immune response
· Alum used in most early vaccines
· Lipids are now used

Squalene Blamed for Gulf War Syndrome
· Conspiracy theory
· Squalene was added to military vaccines and blamed for veterans symptoms
· There was no squalene in military vaccines
· Squalene is a normal human metabolite
· Sold as a nutritional supplement

Vaccines Occasionally Cause Adverse Effects
· Most are minor
· Allergic reactions
· Disease (extremely rare)
· Tell you vaccine is working

Unvaccinated Keep Disease Alive
· Reduced vaccination rates are dangerous
· Not vaccinating is dangerous and irresponsible

Cervical Cancer is a Viral Disease
· Only in sexually active women
· Warts caused by HPV virus
· HPV causes warts
· Only a few types causes cancer
· Destroys p53

Get Immune Response with Empty Virus Capsid
· Piece of capsid is required for full immune response

Vaccine Only Works if Previously Uninfected
· Best to administer before sexually active
· Can be administered up to age 26
· Available for both sexes
· HPV vaccine has no effect on sexual activity

The Benefits Outweigh the Risks
· Has successfully reduced cervical cancer by about ½
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