Second Midterm – notes 

Sports
Sports drug scandals on the rise
· Ben Johnson – Canadian Olympic sprinter – had set many records, winning Olympic medals, but was caught doping and his medals were rescinded. 
· Mark McGwire hits 70 homeruns 
· Barry Bonds hits 762 homeruns 
· Marion Jones surrenders her gold medals
Johnson’s drug company was invented by John Manson 
The Olympics began in ancient Greece and the athletes used potions and herbs to enhance their performances.
Zulu warriors would prepare for battle by drinking this substance named “dop”
Doping began with race horses
· Horses were doped to cheat races 
· The first doping tests were made on horses
Later on, doping became notorious for cycling because it enhanced their endurance
· Caffeine 
· Cocaine
· Alcohol
· Nitroglycerine
· Strychnine 
In the Olympic marathon, St. Louis, August 1904, the conditions were bad and the athletes had a hard time getting to the finish line. Thomas Hicks was second, but then the first place runner was disqualified. To finish the race, his assistants had given him a dose of 1/60 of a grain (roughly 1 mg) of strychnine and some brandy because he was flagging badly during the race; the first dose of strychnine did not revive him for long, so he was given another. As a result, he collapsed after crossing the finishing line. Another dose might have been fatal. Strychnine is now forbidden for athletes.
Adrenaline was also used as a sports drug in 1901, but it wasn’t ideal because of the short duration of action (minutes) and it required I.V. injection. 
In 1929 is when amphetamine was discovered by Gordon Alles
· Good for cold symptoms 
· Great decongestant
· First side effect
· Stimulant 
· Used in war by soldiers to fight off fatigue and enhance performance (alertness) – Blitzkrieg 
· 1952 Olympics – first use of amphetamine in sports 
· 1959 – first studies of athletes use of amphetamine 
Amphetamine use by athletes: 
· Knud Enemark Jensen – Rome Olympics : Danish cyclist, died on the track at 23
· Tom Simpson – Tour de France : Britain's most successful professional cyclists, died at 29 during the race 
Amphetamines pushes the body beyond its limits = collapse 
1967 – Olympics restrict drug use 
· Drugs were not banned because of unfair advantages but because drug abuse is harmful to athletes
1968 – First testing in Grenoble
· Sympaticomimetic amines: 
· Amphetamines
· Central nervous system stimulants: 
· Strychnine 
· Narcotics: 
· Heroin
· Cocaine 
· Antidepressants
· Tranquilizers 
· Hans-Gunnar Liljenwall – Swedish modern pentathlete :  first athlete to be disqualified at the Olympics for drug use (alcohol), had to return his bronze medal

People associate steroids with sports
1896 – Fritz Pregl and Oskar Zoth 
· Injected themselves with bull testicle extract
· Measured muscle strength using middle fingers
Brown-Séquard applied Similia similibus (law of similar)
· Heart for courage
· Brain for idiocy
· Bile
· Blood
· Done
· Feces
· Intestine
· Placenta
· Teeth 
1926 – Fred C. Koch and Lemuel McGee
· First isolation of the male sex hormone: Testosterone
· Hard to get: 40Kg bull testicles/20mg of testosterone 
1935 – Semi-synthesis of testosterone 
· They used testosterone for inmate rehabilitation 
· Athletes began using testosterone: not ideal 
Testosterone was engineered to make it cleaner: anabolic steroids
1950’s – Soviets began experimenting with steroids: First athletes to use steroids
· They discovered the fundamental use of steroids 
· The side effects
· Anabolic:
· Muscle mass
· Strength 
· Bone growth
· Androgenic:
· Body and facial hair
· Enlarged vocal cords
· Heavy brow
· Acne
· Increased sex drive
· Testicle shrinkage
· Clitoral enlargement
· Their goal was to design a steroid for sports only: without the androgenic effects
· Training methods
· Training cycles 
Anabolic steroids can boost your muscle production – used for long term illnesses to help rebuild muscles. 
Dr. Manfred Hoppner: get better athletes, mandatory use of steroids, the East Germany women’s swim team went from winning nothing to winning everything. In communist countries, if you refused, you and your family were in danger. 
1977 – Olympics banned use of steroids
East Germany – doping lab in Kreischa 
· Accretited by IOC for Olympic testing
· East Germany gained access to testing protocols
· Developed masking techniques
The antidoping lab was divided in two, one part was for legitimate dope testing, and the other side was to experiment on what can be used to keep the women’s swim team performance enhanced.
· Development of masking agent for steroid testing: Epitestoserone  
Gas chromatograph/Mass spectrometer machines – used for steroid/drug testing in urine
· The different molecules from the urine get separated in the machine 
Gas chromatograph sorts molecules by measuring:
· Speed
· Times
· Quantity 
The mixture is passed through a tube containing a sticky coating. Each peak (pile of molecules) are different chemicals, with different times specific for every chemical compound, the size of these peaks also measure the quantity.
Mass spectrometer sorts molecules by measuring: 
· Weight (throws the molecule in a magnetic field)
The mass spectrometer gives the exact weight of the molecules by putting a magnetic charge on them and throwing them and seeing how far they went. As they are thrown, the molecules fall apart – fragments. Each molecule is going to go through different chemical reactions, these compounds are like fingerprints.
Your body naturally produces kinds of testosterone which the normal ratio is 1:1, but the Olympic comity accepts a maximum 4:1 ratio
· Diuretics mask total steroid amounts
· You can add materials to interfere with the testing 
· Urine switching (empty bladder & fill with “clean” urine)
Floyd Landis is a retired American professional road racing cyclist. Landis tested positive for performance enhancing drugs after the 2006 Tour de France.
· He claimed his 11:1 ratio was natural
Diosgenin – produced in the roots of a plant, Mexican yams – plant source
Animal produced protein – animal source

Steroids do not build muscle, to use them effectively, you need to work harder, but it’s faster because anabolic steroids speed recovery of the muscle. 
· They only help build muscle – the repair time is what makes them stronger
Only take steroids according to the proper dosage 
· Long term effects are unknown (difficult to measure)
· Athletes vary doses
· Mix steroids
· Keep their methods secret
“Designer” steroids were engineered purely to be undetected
· The clear: Tetrahydragestrinone – undetectable before 2002 (unknown fingerprint)
· Andarine
Steroids are safe if they are used properly with medical supervision and limited dosing.
BUT – the desire to win and be the best makes athletes push the limits
· Overuse of drugs
· Mixing drugs
· Improper use of drugs
· Designer drugs
Health risks for steroids:
· Liver damage
· Heart damage
· Reproductive effects
Red blood cells: carry oxygen 
· Made in bone marrow 
· 3 million made per second
· Production controlled by erythropoietin (EPO)
Training at high altitudes increases RBC production = beneficial for endurance athletes 
· US Olympic training center (top of mountain) 
“Instant” altitude training: injecting more blood into you to get the increase of RBC
· Blood doping
January 1985 – U.S. cycling federation banned blood doping
1986 – IOC banned blood doping 
Anemia is a condition in which you don't have enough healthy red blood cells to carry adequate oxygen to your tissue
· Treated with iron supplements or transfusions
· EPO = perfect anemia drug (best drug in last 30 years)
· It’s a protein
· Good for any disease requiring blood transfusion
Protein is made from amino acids – they work like building blocks
· Chemical synthesis = impractical
· Animal protein = not ideal 
· Limited supply 
· Extraction difficult 
· Not human proteins – same shape, different amino acid sequence
· Don’t work as well
· Immune reactions 
· Cadavers = not ideal 
· Limited supply 
· Extraction difficult
· Very expensive to produce
· Possibility of infection (very rare)
Solution: New combinations of protein 
· Human protein = good
· Works better
· No immune reaction
· Source is safe
· No risk of infection
· No problem with allergies 
· Source is cheap;
· Easy to grow:
· Insert human gene in bacteria
· Bacteria will make human protein
· Protein is “encapsulated” 
· Bacteria places extra protein in “pockets”
· Easy to isolate and purify
DNA = information storage device = cells “reads” the template = production of protein
By taking a gene from the chromosome, placing it into a plasmid (small DNA molecule able to replicate independently), and then inserting it into a bacteria, the bacteria will now make the protein: you have created a protein making machine
EPO was abused since the day it was made
· Clinical trials are done to establish doses 
· The drug was used by athletes before proper dosing was known
· 18 pro cyclists die from heart attacks – overdose = thick blood
1990 – IOC banned EPO
· Testing for EPO was impossible
· EPO / rhEPO have same amino acid sequences
Today: EPO detected by using antibodies
· Urine test for total EPO
· Confirm using blood tests – compare values to normal levels
ON model detects recent use
· Hemoglobin
· EPO
· Soluble transferrin receptor
OFF model detects longer term use (2/3weeks)
· Hemoglobin
· Reticulocytes
· EPO
Future = gene doping?
· Inserting gene for EPO into a person – requires a genetically modified virus

Vaccines
As we get older we get more immunity against colds
· Getting sick also creates damages and those damages will later on affect your life
· Even minor illnesses 
Vaccines skips the damage part, and gives us immunity. 
	Immune system weapons: 
· Poisons
· Defensins
· Complements
· Antibodies
· Immobilize invaders
· Selectively destroy invaders
· Macrophages
· Specialized cells to eat foreign cells
· Specialized cells to kill infected cells

Innate immune system: 
· general chemical reaction: release of cytokines              
· inflammation	         Leukocytes 
· redness 		- Destroys invading microbes
· swelling 
· weaker response
· non-specific 
· all cells are targeted
· immediate maximum response
· Cold symptoms caused by innate immune system
Adaptive immune system: 
· Selective
· Only invading cells are targeted 
· very strong response – memory effect 
· takes 2-3 days for maximum response 
Antibodies – Y shaped molecule (sticky surface) = recognition devices
· they stick to epitopes (specific piece of the antigen that an antibody binds to – 30 atoms wide)
· production is random 
· One antibody type for each B cell
The body cannot store large amounts of antibodies but it makes a large variety of all the possibilities because it has no way to know which one works against the bacteria. 
The immune system recognizes a tiny part of the pathogen (bacteria)

More infections = more memory B cells 
· Each B cells carries a different antibody 
· Immune response triggers replication of a specific B cell
· Each B cell “recognizes” 1 epitope 
· After infection, some B cells become memory cells
· As you get older, your body contains more memory cells
· Newborn: Less than 5% of B cells = memory cells
· Adult: More than 50% of B cells = memory cells
· Adults experienced more infections over time

Viruses live inside healthy human cells, that’s how they initially “escape” B cells. The body makes T cells to destroy viruses. 
· Infected cells “display” parts of the virus 
· They expose viral protein fragments on their MHC receptors
· Killer T Cell = CD8 : recognize the MHC receptors with exposed viral protein fragments from the  virus
· Helper T Cell = CD4 : sends the kill signal 
· Viral infections trigger replication of specific T cells
· Then, some T cells become memory cells
· Next time you get the same microbe invades you, there will be an immediate and specific immune response = microbes killed quickly 
Memory cells = immunity 
Cells that are infected with a virus have receptors on the outside that exposes a piece of the virus to signal the Killer T cell that it is infected, there is also a Helper T cell that makes sure the Killer T cell does not kill healthy human cells. Their receptors connect, and the Killer T cell kills the cell. 

Vaccination = incredible success – safer than variolation
Industrialized countries: 
· 1900 – smallpox levels became very low 
· 1950 – smallpox was eradicated 
Developing countries: 
· Remained endemic
· People were not vaccinated 
1966 – Global eradication targeted from smallpox
· New methods to inoculate everyone
1977 – Last case of natural smallpox 
Today: only exists at CDC and in biological weapons 
Vaccination simulates a disease: 
· Body creates memory cells = immunity
1864 – Louis Pasteur develops pasteurization 
Edward Jenner – lucky to find cowpox: the molecular structure to smallpox is similar (unique situation, smallpox only) 
· Noticed milkmaids did not get smallpox
· Vaccinated children with cowpox – simulated smallpox virus with milder disease
Influenza causes seasonal colds
· Normally infects 5 – 15% of population
· New virus formed every year
· Most forms are not dangerous
· Very young and very old people are exceptions 
Flu vaccine = dead virus
· Dead virus does not cause disease
· Production method used for decades
· Very low incidence of side effects : main side effect is egg allergy
· Most are minor
· Swelling
· Redness 
· Soreness
· Fever
· Dizziness
· Allergic reactions are rare
· Disease is extremely rare 
· Important to vaccinate early
· Takes 21 days for full immunity 
Squalene – natural production in humans
· Used to make steroids 
· Sold as nutritional supplement
Cervical cancer is a viral disease
Human papillomaviruses (HPV) causes warts
· More than 200 types of HPV
· Each is specific to one tissue
· Only a few types of HPV cause cancer
· Cervical tumours
· Certain HPV genes are oncogenes (potential to cause cancer)
1984 – Discovery of HIV
· Virus spread rapidly – unsafe sex 
· AIDS is 4th leading cause of death world-wide
· 1% of all adults on this planet are HIV positive
· Up to 15000 new infections each day
· 1 person in the wold has been cured
· HIV lives in cells that try to destroy it

Antibiotics
Life expectancy (data for Canada)
1900 – 44 years old
	Main causes of death: 
· Pneumonia 
· Tuberculosis
· Influenza 
2004 – 82 years old
	Main causes of death:
· Heart disease
· Cancer
· Stroke
· Lower respiratory infection 
· Traffic accidents
· causes of death have shifted from infectious disease to “wear and tear”
· life expectancy has doubled in last 100 years
·  changes also in quality of life
·  historically people lived entire lives in an unhealthy state
·  constantly sick (parasites)
·  this condition still exists in many developing countries 
1884 – H.C. Gram stains bacteria 
· Developed the technique of gram staining, which differentiates bacteria by the chemical and physical properties of their cell walls
1907 – Paul Erlich popularized the term “magic bullet” (ideal therapeutic agent) 
· discovered arsphenamine (Salvarsan), the first effective medicinal treatment for syphilis
· [bookmark: _GoBack]1908 – wins Nobel Prize in Medicine
1928 – Alexander Fleming
· Noticed mold prevented bacterial growth
· 1929 – published his results 
· He used penicillin to purify bacteria 
1932 – Gerhard Domagk 
· discovery of Sulfonamidochrysoidine (KI-730) – the first commercially available antibiotic (marketed under the brand name Prontosil)
· 1939 – wins Nobel Prize in Medicine
1941 – Howard Florey & Ernst Chain
· Isolated penicillin 
1000Kg mold = 1g penicillin 
· They had made home built machines to isolate penicillin
· They published their discovery but Britain wasn’t the best place for research
· That’s when they went to the states to sell their research
· Peoria, Illinois becomes penicillin capitol
· Drug companies develop better extraction technology 
· The Merck isolation method
Penicillin became war priority – stockpiled for D-day 
· 1945 – Fleming, Florey and Chain share a Nobel Prize
Bacterial cells are different from human cells
· They have a cell wall surrounding the membrane 
· Rigid outer layer
· Imparts structure 
· Resists internal pressure
· Plastic-like 
· Penicillin prevents the cell wall synthesis – ß-lactam ring 
· It prevents the enzyme from making the cell wall
· Because the cell wall is compromised, the pressure from inside the cell will make the bacteria explode 
Antibiotics only work on bacteria 
· Most antibiotics are artificial 
· Natural penicillin: not drug-like
· Unstable 
· Must be injected
· Only works against some bacteria
· Artificial penicillin: drug-like
· Long storage time
· Can be taken orally
· Works against most bacteria 
· Major penicillin side effect: allergy 
Cephalosporin – found in Italian sewer
· Similar to penicillin 
Streptomycin – found in chicken throats 
· Inhibits protein synthesis: substance that stops or slows the growth or proliferation of cells by disrupting the processes that lead directly to the generation of new proteins in bacteria 
Tetracycline – semi-synthetic 
· Inhibits protein synthesis
· Naturally this substance is toxic 
· Possibility of being photosensitive 
· It interferes with calcium metabolism 
Because the use of antibiotics is the main kind of medicine, a growing problem is antibiotic resistance
· Bacteria evolve to resist against antibiotics 
· Prophylactic use of antibiotics may promote resistance
· Giving animals antibiotics before they get sick – risk of bacterial resistance 
· Biggest problem: patient compliance
· Follow the instructions
· Missing doses is what creates resistant bacteria 
· The first doses you take kill the weaker ones
· Once you stop the remaining strong bacteria will multiply
· After several generations they can become resistant 
Most dangerous bacteria
· Found in hospitals
· Nosocomial infections: infection whose development is favored by a hospital environment
· Necrotizing fasciitis 
· Flesh eating infection
· Staphylococcus aureus 
· Common post-surgical wound infection 
· MRSA – Methicillin resistant Staphylococcus aureus : strain of staph bacteria that's become resistant to the antibiotics commonly used to treat ordinary staph infections
· The only way to kill the bacteria is to surgically remove the infected tissue from the wound
Developing new antibiotics is not worth the cost
Antibiotic impact on human life – huge
· Longer life span
· Improved quality of life
· Very safe drugs
· Very effective
By following the directions, the value of antibiotics is preserved 
