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Information
use drug company websites that sell prescription drugs
government websites like Health Canada and FDA
university websites
scientific journals

Science vs. Magic
Science is a way of thinking about the world-a philosophy
get evidence then draw conclusion
Magic is superstition
draw conclusion then get evidence
more common throughout human endeavors

Life expectancy (2009)
Canada is 81-82 years old
World average is 66 years old
Swaziland is 31 years old

Life expectancy through history
Approx. 30-35 years old
last 6000 years, and even before
All improvements in life expectancy happened in last 150 years

Increase only in last 150 years-USA
All improvements come after year 1850-where science started
99.9% of scientific discoveries happened after 1850

Life expenctancy then and now in Canada
1900-44 years
pneumonia, tuberculosis, influenza (until 1950s)
2004-82 years
heart disease, cancer, stroke, lower respiratory infection, diabetes, traffic accidents
body wears out

Disease affects quality of life
Throughout human history, humans were sick for most/all of their lives

Lice and fleas on humans
Lice is very common in schools in Ottawa

Life with worms
Much more rare in society, but very common throughout history

Chronic infections
Some people never had days without infections

Main reasons for improved health
Big 5 increasing quality and quantitiy of life

Sanitation
Separating you from your waste products-new developments

Outhouses common in cities
Were common in the Glebe 150 years ago
Now more rare

Chamberpot used when cesspits were available

Sewers often involved open sections
Sewers are open in third world countries, and less in first world countries

Populations exposed to dead and dying
Used to pick up dead bodies of family members

Safe water supply

Nature does not make pure water

Guinea worm-dracucculiasis
Drink water, worm migrates to muscles, it then exits body

Simple water treatment makes the difference
You can treat these worms like that

Major improvement in chlorination
Final cleansing stage in water
Also acts as preservative for water
if things leak into water, chlorine removes them

Food spoilage was common before refrigeration
Very new process

Foods preserved in an ice house

Ice harvest was a common spring event

Modern food storage year round
Now you can get food whenever

Pharmaceuticals improve health

Greatest achievement in medicine
Greatest achievement in medicine is vaccination/immunization
prevents you from getting sick
successful for viral infections
Smallpox was eliminated in 1977
only exists in biological weapons and labs

Vaccination scar-born before 1972
Vaccination of smallpox

Polio eradicated from North America in 1991
Currently less than 1000 cases worldwide
10/11 countries
could have gotten rid of it 10 years ago

Antibiotics for bacterial infections

Penicillin reduced maternal mortality
Cuts used to be dangerous, now not
In 1930s, you could die from paper cut
When penicillin was introduced, the maternal mortality rate decreased drastically

North American drug market (2009)
300 billion dollars
over the counter (OTC) drugs
300 million

World drug markets
USA consumes almost half of the worlds drugs
Canada only 3.8%

Types of medical treatment
Surgical-modern development
modifying body parts
developed after anesthetics 
Medicinal-use of chemicals/drugs to treat disease (this class)

Plants as sources of drugs
Ancestors got drugs from these

Why plants?
This is because plants use chemicals to protect themselves, since they cannot move
we use these poisonous substances as medicines

Early drugs were poisons
Drugs-beneficial
Poison-harmful
Difference between poison and drug is often the dose
greek word for both poison and drug is pharmakon

Only the dose makes the poison
Poison-kill
Potion-heal

Dosage
Normally low doses is beneficial effect, while high doses is harmful
Sometimes, it is the opposite
insulin, where the more insulin, the better
salt is best in the middle

Only the dose makes the poison
Anything can be dangerous depending on the amount
If you drink too much water too fast, you can die

Dose makes the poison
Ask “how much?”
Works for lots of things:
drugs
pollution
finances
everyday issues

How were drugs discovered?
Today is whole scientific procedure
Human history was mostly philosophy, sometimes experimentation and observations
Opposite for today, because we have the tools to do experiments

Drugs from observation and experiment
Strong poisons
easily identified
low dose makes it into a drugs
Weak poisons
large quantity for effect

Papyrus Ebers
Old Egyptian document which describes many plants and medicinal treatments

Hippocrates 460-370 BC
Father of Medicine
Proposed idea of test and observing cures instead of making them up
Postulations:
poppy juice for crying babies (only one that works)-has opium
ox liver for night blindness
animal fat for baldness

Identification of opium for pain
Extracted from poppy seeds
narcotic painkiller
sedative
Toxic in high doses
Drug in low doses
Easy to find in nature

Opium became a popular drug
You could buy it in grocery stores 100 years ago

Identification of cocaine as a stimulant
Effective as a topical painkiller
Extracted from coca leaves

Coca leaves in high altitudes
People who live them use cocaine, but it doesn’t affect them as much

“Classic Coke”
At some point contained cocaine

Spin and damage control
Now it doesn’t

Quinine as a malaria treatment
#2 infectious killer in the world

Peruvian bark once more valuable than gold
That is where quinine is derived from

British army uses quinine in India

Tonic water contains quinine
Not today, but it does contain some of it

Problems with observation
Human brain searches for patterns
works so intensely so we even see patterns when they are not there
false cures
Anecdotal evidence unreliable
works for one individual, so it must work for everyone else
must test it on multiple individuals
Evidence available, very hard to contradict
many harmful remedies are retained because of this

Human brain searches for patterns

Apophenia
Seeing patterns or connections in random/meaningless data
even when they are not there

Pareidolia
Perceiving sounds and images as something else
human faces and letters

Anecdotal evidence is misleading

Anecdotal evidence relies on chance
Medication and cure my not be connected

Tomatoes once thought to be poisonous

In North America bugs not knowingly eaten
Bugs are great source of protein

Only experimental evidence is reliable
Make proper and accurate measurements

Must rely on statistical significance
Collect data from large number of experiments
Focus on experiments

Problems with herbal remedies
Poor control over dose
plants produce variable amounts of active ingredients
Variations in preparation and administration
raw and cooked foods have different patterns of chemicals
No instructions
information passed verbally
imprecise
poor reproducibility

Philosophy to identify cures
Very strong, rare, and easy to find poisons that we use today that were discovered thousands of years ago
most are not useful today

Hippocrates develops doctrine of humors
Based on idea that universe is made up of 4 elements:
earth, air, fire, water
Body is make up of 4 humors
blood, phlegm, black bile, yellow bile
Different properties associated with each

Doctrine of humors
When born, humors are balanced
When out of balance, you become unhealthy
If rebalanced, you become healthy again
fever associated with hot and dry, so treated with wet and cold

Bloodletting and the doctrine of humors
Re-balance blood humor
Different quantities and locations of blood released depending on illness

Creative methods to remove blood
Use leeches to suck out blood

Bloodletting often killed the patient
George Washington was killed because he lost too much blood from a bloodlet

Rebalance with emetics and purges

Doctrine of humors was stupid
Based on incorrect idea
Made up stuff based on made up stuff, etc.
Treatments were harmful and painful:
bloodletting
purges
fasting
special foods

Doctrine of Signatures
If we can decode clues, we will determine how to use them

Walnuts look like brains
Nothing in walnuts will do anything for a brain

Boneset stems grow “through” the leaves
Connection between boneset and improving the health of bones in our body

“Sharks don’t get cancer”
Sharks have cartilage, but we have bones
shark cartilage is used as cancer treatment
No real difference between shark and human cartilage
This is why shark population is decreasing
Sharks do, in fact, get cancer

Breath Mints have chlorophyll
Therefore, it will freshen your breath

Parsley and fresh breath
Farmers used to chew parsley
There is “connection” to Doctrine of Humors
Been put by God to make breath fresher

Not just candy
Ingredients on package of gum:
listed from most to least amount
chlorophyll is listed dead last
Wax is coated on the gum to make it shiny
Chloropyll will not freshen your breath
the natural and artificial flavours does freshen your breath

Mandrake roots look like people
Mandrake root resembles a person, but it is not actually helpful

Mandrake harvest using a dog
Protect against screaming
ensure the magic is preserved
Dogs pull out the root

Rhino horn is a phallic symbol
Horn right up the middle is considered special 
Leads to extinction of rhinos in Africa

Mercury is a heavy liquid
People drink mercury as a purgative
“Supposed to detoxify you”

Only limited by your imagination
Market avocado extract to help pregnant woman’s body because an avocado looks like a pregnant woman

Doctrine of signatures was crap
Most remedies developed were harmful
At best were harmless
denied proper patient treatment
people didn’t bother to look for actual effective cures
Lack of rationality or evidence
based on imagination or location

Life expectancy through history

Some problems require surgery

Amputation without anesthetic
If treated, 4/5 people would hold down patient and then they would get cut awake

Amputation had to be done quickly

Art of amputation
Anyone who wanted to could carry out ampuations
Amputation should be cut in a v-shape

Sir Humphry Davy discovers nitrous oxide
Discovered that people wouldn’t feel pain/forget experience

Nitrous oxide as a propellant
Sniff cool whip to get high

William T.G. Morton and ether 1846
Discovered that ether would completely knock out patient

William T.G. Morton 1846
They wore suits, and performed surgeries in auditorium

Anesthetics make modern surgery possible

Less than 30% survived surgical treatment
Extremely dangerous procedure
This is reason because they later developed an infection and died

Joseph Lister uses phenol as antiseptic
Hypothesized that bacteria caused diseases, but only a few scientists did

Carbolic acid sprayer
Originally used as disinfectant for sewers
Phenol would be turned into vapour and sprayed around patient

Carbolic acid spray during surgery
Dramatic increase of survival rate, when 60-70% survival rate during surgery

Toxic effects of phenol on doctors
Patient benefitted, but doctors were exposed to phenol on many operations

Washing and glove use was safer
Lister came up with washing and keeping area clean to prevent infections
Now area looks more like operating room instead of auditorium
White is still used in hospitals because it is easy to see dirt

Antisepsis brought to Canada by Thomas Roddick 1877
Lister developed ideas in Scotland
By 1910, all operating rooms in North America and Europe looked similar to today

Carbolic smoke ball for home use
Rip-offs
people sold it to the public

Listerine becomes household product
Made by Lister

Listerine for dandruff
1950s, used to be sold for dandruff
Now for bad breath

Listerine no longer contains phenol
Now substituted for phynol

Problems with drugs in the 1800s
Negative aspect to developing medications
no rules against medications
Difference is that cures were industrialized, so you could poison countries at once, instead of simply a few people

Science and fraud
These terms mean nothing against whether it is a proper cure
scientifically proven
patented
They never meant anything, and still mean nothing
Easier to detect fraud
Human experimentation has only recently been dialed back
it used to be acceptable for doctors to experiment on humans

Experiments on humans
Common until WWII
Nazis performed experiments that went beyond ethical limits
Before this, anything was allowed

Rise of patient medicine late 1800’s
Patent medicine came about 
Heroin used to be sold as cough medicine

Mrs. Winslow sooths with opium
Given to children for teething, but quite dangerous given in high doses

Kickapoo Indian Oil cures all with alcohol
Same advertising as today
Claims to cure all inflammatory diseases
However, their medication seemed to work
this was because they included alcohol in all of their elixirs
no medicinal benefit, just a buzz from the alcohol, (or opium or cocaine)

Great Radium Spring Water
Radioactivity was very popular
You could buy radioactive spring water to cure illness

William J.A. Bailey makes Radithor
Sold medications with high amounts of radioactive salts
Found that radiation could kill cancer cells

Twisted science – from cancer to morons
The radioactive water could kill cancer and make people smarter

Eben M. Byers was a believer
Consumed some of the water everyday
After two years, he had to undergo surgery to get the lower half of his jaw removed
After he died, his skeleton was so radioactive that protective gear had to be worn when he was buried

Medicine from Death’s Laboratory
People were dying from taking medication
People started to notice this

Board of Food and Drug Inspection
Formed in 1907
labeling only
no regulation of therapeutic claims
no safety testing
Only focus on labels, apparently consumers could make proper judgment when knowing ingredients

Patent medicine still sold today
Difference between medication today and 1800s is that today, there is no dangerous ingredients
however, some patented ones still don’t work

Massengil company and drug safety

Solid sulfaniliamide (antibiotic) as a powder
First successful antibiotic

Massengill sells sulfanilamide elixir
Their medication tasted bad, so chemist used ethylene glycol to make it taste better

Message to the AMA
Chemist drank stuff and died

Labeling forced drug off the market
Legal definition of elixir is a substance dissolved in ethanol
Company refused to take drug off market
legally they did nothing
Elixir is an alcohol dissolved in water
since they used wrong word on label, the government was able to take them off market

Government inspectors track drug down

Dr. Samual Evans Massengill

Food and Drug Administration (FDA) created
Resulted from Massengill

Problems still occur
Medication in Nigeria poisoned children a couple years ago
was ethylene glycol

Thalidomide
Was developed as a sedative
extremely safe
Began prescribing it to pregnant woman
Turned out by 1962 that it produced birth defects
teratogen produces birth defects

Teratogen causes birth defects
Was tested in pregnant rats, but that is the wrong animal:
if rate detects problematic embryo, it is reabsorbed and digested by uterus
if there is problem with embryo for humans, there is still-birth, miscarriage, or birth with defects

Modern safety standards
These were developed as a result from the teratogen case
They take blood samples from humans instead of actually testing on humans

Genetic engineering changes drug discovery
Initially to reduce many animal experiments
Impossible to replace what happens in animals with humans

Genetic engineering facilitates drug discovery
Possible to look at biological molecules in the body

Genetically engineered drugs
Starting to take over drug market
First company came out into 1980s
5-6 years ago impact on market
they are extremely safe drugs
Old days, insulin was taken from animals, not anymore

Drug discovery today
Drugs cost a lot to develop, so they are more expensive

Sources of drugs today
Throughout history, natural products were huge
but now only small percentage
Most drugs are artificial and don’t occur in nature
Biologic are genetically engineered drugs

Extracts from plants and animals
Problem with supply

Drugs designed by computer

Drugs found by random screening
This is how most drugs are found today
also is the best method-luck
“educated luck”

High failure rate for new drugs
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Pain medication

Prescription drugs

Over the counter-OTC
1/10 of what we spend on drugs
Used more commonly than prescription drugs

OTC vs. prescription

Top OTC meds (North Amereica 2008)
We spend most on cough and cold, but pain relieves are more commonly taken
We do not need laxative

Important considerations when buying
Safety
Indications
Counter-indications

Safety
Dose makes the drug
Not the severity of the pain, but the size of your body

Safety 
Dose makes the poison

Side effects
All drugs have side effects
2 considerations of side effects:
what is the effect?
headache is universal side effect
easy to find-listed on box or on paper
incidence-how common is it to find info?
ask how often things occur

Indications
What to use for?
Many people take the wrong drug
Many people take drugs unnecessarily

Counter indications
When you should not use the drug
Natural remedies can cause problems

Pain relievers most common OTC drug
Insane amounts of pills taken each year

Asprin-one of world’s most popular drugs
Was first ever artificial drug
In top 3 with alcohol and caffeine 

Salix
Salicylates are derived to make common OTC painkillers
Asprin linked to nature, doesn’t occur in nature

Sumerians used willow leaves for pain relief

Egyptians used willow for inflammation

Hippocrates used willow for childbirth

Knowledge of herbs lost in dark ages
Lots of medicinal knowledge was lost during this time
Church ran everything, and everyone only knew what church told them

Reverend Edward Stone 1702-1778

Willow bark has a bitter taste
-similar to quinine
Story that he had a fever along a walk, and he tasted willow bark

Doctrine of signatures
Willow bark and quinine are bitter, therefore willow bark is cure for fever

April 25, 1763
Peasants knew cure, but weren’t allowed to talk about willow bark being cure

Willow bark for fever
Reduces fever

Salicin
Henri Leroux 129
Actually Asprin was developed over 150 years after Edward Stone died
Isolate 30g of substance of bark that would actually reduce fever

Chemical structures
Lines structures are modern representation

Fossils provide evidence of past life

Oil contains molecular fossils
Liquid fossils contained in the ground
-petroleum has fossils that are left behind from animals that helped create oil

Nanokids-fun with line structures

Nanocar
Expanded into legitimate research 
Car actually makes molecular devices

The molecules actually look like the drawings

Salicin from willow bark
1.5kg=30g=1tsp

A little Salicin from a lot of bark

Salicylic acid make from salicin
With a lot of trials, you can make better materials for curing pain
Salicylic acid is much better pain curer than salicin
Occurs in metasweet flowers, but is more efficient to synthetically make salicylic acid

Salicylic acid manufacture
Synthetic typically means we make it from oil
More than half oil coming out from ground is in fact made up of oil

Coal tar was a waste product in 1800s
Coal solid gets turned into coal gas (first street light)
Waste product is coal tar, which was disposed of

Synthetic vs “Natural”
First synthetic industries result from taking coal tar and making it useful
Impossible to tell the difference between synthetic and natural
Only difference is the source where we get material:
getting stuff from natural resources is wasteful
if from natural source, you would have to cut down whole forest of willow trees each year
1g coal tar=300g salicylic acid
Synthetic is good in many cases
In end, result in the same molecule whether made from oil or natural
There is no legal definition of “natural”
Need large scoops of willow bark to heal you
Very expensive
Highly limited
Salicylic acid opened up market to ordinary people

 Salicylic acid made and sold by dye companies

Bayer started as a dye company
Dye companies are starting points of all major chemical companies today

Salicylic acid was a drug with problems
Analgesic-reduces pain
Antipyretic-reduces fever
Anti-inflammatory-reduces swelling
Unfortunately, 2 side effects:
bitter taste
stomach irritation

Felix Hoffman 1868-1946
Wanted to make better version of salicylic acid

Process of drug optimization
Wanted to fix bitter taste and stomach irritation
Start with something, and then modified molecule
If you change OH into OCH3, compound tasted better, but didn’t affect pain anymore

August 10, 1897
Acetasalicylic acid (Asprin)
Artificial-designed by humans, and doesn’t occur in nature
First ever discovery of artificial drug
Developed process of trial and error

Hoffman used a biological assey
Looked for molecule for less stomach irritation
Came up with fish gills for stomach irritation
anything irritates fish gills will irritate stomach
wrong today

Asprin was trademarked
Came from dye industry

Asprin initially sold as a powder

Asprin tablets become more popular

Asprin and A.S.A.
Acetasalicylic acid-generic/scientific name
Asprin-trade name
Trade name:
owned by particular company
used to sell material to general public

A.S.A.
Has great benefits
Take Asprin for headaches, but also a side effects

A.S.A. effective for muscular pain

A.S.A. not effective for visceral pain

Prostaglandins are local hormones
Occurs any time there is quick contraction of muscles and hormones

Prostaglandin biosynthesis
Body uses enzyme to carry out transformations
Enzyme: catalyst that permits reaction to proceed
Asprin acts by preventing chemical reaction to proceed
Without prostaglandin, pain does not occur
Cyclooxygenase doesn’t work due to Asprin

Cyclooxygenase

Enzymes are machines

Drugs block machine action
Drugs stick to a specific location in the machine and prevent it from working
Drugs must touch a biological molecule to stop the machine

Asprin blocks the cyclooxygenase machine

A.S.A. for fever, inflammation

Asprin and heart disease

One Asprin tablet every 2 days for 5 years
These people have fewer heart attacks

Prostaglandins and blood clotting

Asprin to prevent heart attack
Given at low doses, every day, after 5 years, it should work

Early ads claimed Asprin does not affect heart

Asprin now advertised for heart protection

A.S.A. and cancer?
They said A.S.A. protects you from cancer
It can reduce cancer
Only significant after 10 years of use, and reduction is only slight

A.S.A. in the news
Played a part of attack in Norway

Home made explosives
Man made his explosives out of Asprin tablets

A.S.A. to make explosives
Chemically isolate A.S.A. from Asprin

Side effects of A.S.A.
Death: more than 60 tablets at once
death would be deliberate

Ringing in the ears
Tinnitus
more than 10 tablets
warning of salycism (asprin poisoning)

Stomach irritation-excess HCl
Takes months to dissovles stuff using HCl

Mucus protects the stomach

Prostaglandins help to protect the stomach
Tells stomach when to make HCl and mucus
Prostaglandins: decrease acid production, increase mucus production

Asprin in the stomach causes acid damage
Does opposite of prostaglandins

Long term Asprin usage is bad

Tablets can cause stomach irritation
Asprin can get caught in stomach invaginations

Bufferin
Contains antacid (base)
Questionable about whether or not there is benefit

Plastic coating on A.S.A. tablets

Avoid irritation of the stomach
Drink lots of water!!!
Reduced wrinkles in stomach so pill cannot get trapped

Reye syndrome and influenza
Children suffered from this in 1970s
Asprin causing reye syndrome has not been proven
just happened that drug was in the system of most kids
Recommended not to give asprin to children

Children’s Asprin no longer available
Can still buy it, but not in Canada
There are lots of other alternatives

A.S.A. not in last 3 months of pregnancy
Little bit of overkill
Prostaglandins important for birth

Regular and extra strength
Most people take more pills/extra strength

Tablets and caplets and gelcaps
Every form works the same

Anacin has caffeine for headaches

Name brand vs generic
Whenever possible, get the cheaper form (supposed to be generic, but not always)

Quality often costs more

People associate name brands and quality

Generic drugs are the same quality as name brands
Doesn’t matter who makes it, it is the same chemical
Often bought from same plant with both generic and name brands

Bioavailability-how much drug gets in

Generic drugs equal to name brand drugs
Often made in the same factory

Use name brand to find the generic

A.S.A. summary

Price per 100 tablets
Container costs more than the actual drug
Generic not always cheaper than name brands

A. Cahn and P. Hepp 1886
Turned out that acetanilide was in bottle
reduces pain and fever

Antikamnia (antifebrin)
Made from coal tar

Carl Duisberg
Noticed chemical similarity between 2 materials
Didn’t want to put OH on molecule because he thought it would cause stomach irritation
Developed new drug called Phenacetin

Phenacetin
Good way to treat certain types of headaches

D. Lester and L.A. Greenberg-1947
Acetaminophen was sold as pain reliever

Acetaminophen
Active ingredient in Tylenol

Acetaminophen raises pain threshold
Good for muscles
Good for pain

Acetaminophen is an antipyretic

Acetaminophen not for inflammation

Arthritis us-not always effective
Works for osteoarthritis
Not as well for rheumatoid arthritis
reason is because it involves inflammation, which Tylenol does not reduce

Stomach irritation
A.S.A.-strong
Acetaminophen-weak

No risk of Rye syndrome
No association for acetaminophen
Before Rye syndrome event, Asprin was main pain reliever

Children’s Tylenol for fever

Death
#1 suicide drug in England
need more than 60 tablets

Acetaminophen liver toxicity
Becoming more and more problematic
When digested, food goes through liver which translates poison in food into something else which is not dangerous
Cytochrome P450 may cause acetaminophen to be translated into poisonous chemical

Never take for hangover
Alcohol stimulates liver function
Can destroy your liver

Acetaminophen poisoning is very common
Too many ingredients contain this
Starting to put labels on acetaminophen

Acetaminophen in prescription meds
If prescription medication contains acetaminophen, it is dangerous if you get side effects and you take more

Acetaminophen in OTC meds
Even larger problem
People don’t read ingredients on the box
If you take multiple products with acetaminophen, you can damage your liver
Cold medications are slowly becoming ibuprofen

Children’s Tylenol in small bottles
In small bottles because if children get the bottle open, there is not enough stuff in it to get harmed

Tylenol regular strength

Tylenol extra strength

Tylenol arthritis or muscle & body
Even higher doses of acetaminophen

Tylenol migraine
Caffeine in it because it gets rid of headaches

Tylenol PM makes you sleep

Excedrin mixes acetaminophen and A.S.A.
Acetaminophen
A.S.A
Caffeine

Midol for menstrual cramps
Acetaminophen
Caffeine
Pyrilamine

Tylenol and cyanide-1982
Occurred in Seattle:
crazy man bought tons of bottles of capsules
removed Tylenol, and put cyanide, and put them back on counter
killed many people

Tylenol was recalled by J & J
Recalled every single Tylenol in the world
All OTC meds, you cannot get these anymore

Tylenol caplets replace capsules
Since you cannot open caplets

Safely seal added to all OTC meds
Resulted from this cyanide event

Generic Acetaminophen
Old drug

Acetaminophen Summary
Biggest issue is liver toxicity

Price for 100 tablets
Tylenol extra strength is cheaper than Tylenol
Tylenol arthritis and Tylenol muscle & pain are essentially the same product
Acetaminophen is actually extremely cheap, but the bottle/label costs the money
Children’s Tylenol is much more expensive than other things
still worth the money in order to keep children safe
Costco is much cheaper than other places

Ibuprofen

Ibuprofen similar to A.S.A.

Ibuprofen summary
Does not help with heart attack
No liver toxicity
Still sometimes stomach irritation

Advil
Contains Ibuprofen

Motrin regular, extra, and super

Read the back of the box NOT the front
Advil and Advil Migraine are the exact same product

Generic Ibuprofen

Price for 100 tablets
Advil is almost double price of Motrin, even though they are the exact same product
Advil Migraine is $10 more than normal Advil

Naproxen
New, no real benefit

Top pain relievers (North America)
Acetaminophen
A.S.A.
Ibuprofen
Naproxen
only became generic 3 years ago

Benefits and side effects
Acetaminophen changes pain threshold, the other 3 do the exact same

COX-1 and COX-2
Prescription painkiller
2 different forms of cyclooxygenase enzyme:
when investigated, they found that different forms of this enzyme are in our body
both do the same job, but work in different parts of body

Effect of COX-1 inhibition
When inhibited, increases HCl and decreases mucous production
Leads to ulcers

Effect of COX-2 inhibition
Reduces pain, inflammation, and fever

Current arthritis treatments
COX-2 is beneficial
COX-1 is harmful

Selective COX-2 inhibitor for arthritis
Tried to develop things that inhibited COX-2 but not COX-1
Viox was first drug on market

VIOXX clinical Trials
Much safer 

VIGOR-VIOXX GI Outcomes Research
Company got in trouble, by doing extra experiments:
company funded study to prove how good their drug was
decreased risk in producing ulcers

VIGOR was done for marketing

Full VIGOR data released to FDA
In data released, they found increased risk in heart attack

Media went crazy on VIOXX
Claimed that they were hiding information

FDA Analysis of 1.4 million patients
As a results, company decided to take it off the market because they were getting sued and losing a lot of money

2005 Advisory Panel Conclusions
Recommended that VIOXX should be put onto market again

Benefit outweigh risks
Current arthritis treatment: 20,000 deaths/year
VIOXX as arthritis treatment: 28,000 heart attacks/year
Drugs are similar to this today are still on market because they changed label on package and prescription
Merck refused to re-introduce the drug

Use of Natural Numbers
Can be used for everyday applications
VIOXX benefits outweigh risks, but people believed risks outweigh benefits

Raw data is informative
Numbers will made a difference
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Cephalalgia enjoyed by 90% of population

Once believed headaches caused by demons
Use exorcism as treatment

Lose the demon to lose the headache
Shove head into oven

Metallic tractor pulls out the pain
Heated needles stuck into ears
resulted from Doctrine of Humors

Magic pulls out the pain
Even today we believe this: bracelets, headbands

Surgical cures for headaches

Trepanation as a cure for headache
Trepanation is drilling a hole in your head
By drilling hole in head, relieve pressure of brain on skull

Specialty tools for trepanation

Trepanation is for life
Only 30% chance of survival

Modern practitioners of trepanation
Believe that people should be born with holes in their head

Brain does not feel pain
Sensation is in brain, but not actual pain

Pain in thin tissue surrounding skull
This is where pain is actually found

Understand the headache before treating
If you know what causes headache, you can get better pain relief than simply taking pills

Muscular headache-muscle band around skull
Muscle bands contract and put pressure on tissue

Muscular headache caused by stress
#1 cause of headache

Treat muscular headache
A.S.A, Acetaminophen, Ibuprofen, Naproxen

Vascular headache involves blood circulation
3 major types:
toxic
migraine
cluster (not talked about during class)

Toxic headache caused by poison

Pain is caused by vasodilation
Ingestion of poison causes vasodilation in tissue
diameter of blood vessels get larger, resulting in increased blood flow
blood vessels increase in size and squish tissue against skull

Most common type of headache
Hangover (vasodilation)

Metabolism of alcohol contributes or helps
Ethyl alcohol (alcohol dehydrogenase) to acetaldehyde (acetaldehyde dehydrogenase) to acetic acid
acetaldehyde is 10x worse than ethyl alcohol
Common in Asian decent, because they lack acetaldehyde dehydrogenase and have terrible hangovers
People that drink a lot have a higher chance of getting cancer

Aging adds to the pain
Older beverages have larger effect

Presence of congeners increases severity
Hangover severity increases as drinks are aged
The darker the beverage, the more intense the hangover
since other coloured chemical compounds are in there that lead to more severe hangover
Whiskey-brewed in North America
Whisky-brewed in Scotland

Alcohol increases liver function

Liver makes acetaminophen toxic

Some red wines contain histamine
Some get headaches when they consume red wine, but not white wine

Some fermented foods contain histamine
Sauerkraut

Some ages cheeses contain tyramine

Chocolate triggers some headaches

Molecules are similar

Hotdogs contain nitrites

Nitroglycerin is a potent vasodilator
Used to make nitroglycerin with sawdust, and it was done by hand
Nitroglycerin headache all week long

Monosodium glutamate MSG
Kikunae Ikeda 1907
Seaweed in dishes increase taste, even though seaweed has no actual taste
Discovered that MSG improved flavor in food

Kwok syndrome and MSG
Very widespread in orient cooking
Used to be called Chinese Restaurant Syndrome
When eating Chinese food, people got headaches

MSG in Oriental cooking

Some people avoided MSG

MSG does NOT cause headaches
Clear from well-run studies
Sometimes prostaglandins are great for muscular headaches

MSG is in virtually all prepared food
Anything in box, can, or bottle has MSG
Enhances food flavor
Cooking food on small scale is more flavorful than large scale cooking
Keeps costs low
Sometimes MSG is added, but often times it is already inside products

Disguised as hydrolyzed vegetable protein
MSG comes from hydrolyzed seaweed or vegetable protein
also called corn protein

MSG is a normal human metabolite

Caffeine gives rebound vasodilation
Caffeine is a vasoconstrictor, and makes blood vessels smaller
not a problem unless you are a heavy coffee drinker
Rebound is huge, which gives headache
Treat this by cutting caffeine intake

Brain freeze
Occurs in the soft palate that separates nose and mouth
Brain feels the cold and believes head is cold, so it releases a chemical that causes 10/10 pain headaches

Treat toxic headache

Acetaminophen and toxic headaches
Avoid acetaminophen for hangovers, otherwise most are good

Caffeine may help reduce the pain
Caffeine helps with vascular headache by constricting blood vessels
Anacin, Tylenol Migraine
Cup of coffee with these meds will reduce headache pain

Migraine is an over used term
In fact, it is more severe than general headaches
Migraine medication is just pain reliever with caffeine, or just a rip off of normal pain meds

Migraine affects smaller % of population
Has become a generic term for headache

Migraine headache is two stage process
Occurs usually over two days
Phase 1: Vasoconstriction-no pain
Phase 2: Vasodilation-pain
Can alleviate pain of migraine, but must do this during phase 1

Migraine initiated by a trigger
Can be chemical, or even behaviour
lack of sleep
food eaten
Best way to treat migraines are to know what causes them

Migraine headaches follow a progression

Prodrome phase gives a warning
Usually a day or two before migraines

Aura phase in 20 to 30% of sufferers
Know about 1-2 hrs before headache occurs
Scotomas:
some see flashes of light, world is distorted
Olfactory hallucinations:
smell something that isn’t there
Hypersensitivity:
sensitive so sound/smells

Pain involves half of the head
Other half of head is pain free
Can last from 1-72 hours

Sensitivity to light, sound, smell

Postdrome phase may take hours or days
Can vary among individuals

Treatment-pain meds and ride it out

Triptans can abort a migraine
Whole family of these drugs
Triptan is key word for drugs that abort migraine

Rye bread common in medieval Europe

Ergot is a fungus that grows on rye
Associated with migraines and hallucinations

St. Anthony’s fire from vasoconstriction

Gangrene requires amputation
Tissue turns black

Midwives used ergot to induce labor
If you ate only a bit of this stuff, it would cause involuntary muscle contraction
induces birth

Ergot is a powerful hallucinogen
Two effects: involuntary muscular contraction and hallucination

Ergot poisoning seen as demonic possession

Inquisition in Europe
Being accused of a witch could kill you

Normal law was suspended for witches
Assumed of being guilty unless proven innocent
Torture was required

No-win for witches
Crazy tests to determine whether you were a witch or not
throw a witch into water, and if you sank to the bottom you are innocent, and if you float, you are a witch

Witchcraft in Salem 1692
Many people were believed to be witches
Rye was staple to community at this time
Wet year, which caused ergot to grow fast

Witch hunt in Canada
Still laws in Canada against being a witch
woman was charged with falsely pretending to be a witch

Kira Canhoto killed during exorcism 1995
Parents tortured her to death

Witchcraft killing in London
Also in Paris

Extracts of ergot for migraine 1862
Reducing/playing with dose can cause ergot to be used as migraine treatment
using extracts of ergot
Problem was that chemistry was bad, so sometimes ergot extract would work, and sometimes not

Arthur Stoll isolated ergotamine in 1918
Changed use of it, and now can control dose with solid power
With pure substance, you can have consistency with dosing

Cafergot still available today
Mix of caffeine and ergot, and is prescription
Be very careful not to go over dosage

Ergotamine is not drug-like
Fungus makes ergotamine for its own benefit-to prevent itself from getting eaten

Drug-like substances
If engineered into a drug, it would be good

Albert Hoffman discovers LSD by accident
In 1940s, he was experimenting with ergotamine extracts
He was trying to modify molecule to use it as psychiatric drugs
Lysergic acid diethylamide (LSD)
Accidentally got some on his fingers and tried it
he got super high

The bicycle day
He was so stoned, he could not walk home

LSD was used by the CIA at McGill in 1950s
Experimented on number of students, who didn’t give consent
Years later, some committed suicide because of experiments

Hallucination from part of ergotamine
Very similar to LSD
LSD causes hallucinations, but not muscular contractions
Ergotamine causes many more things than LSD

Migraine starts with serotonin
Neurotransmitter called serotonin
When going through aura phase, levels start to change

Serotonin levels change during migraine
If you can come up with drug replacing serotonin, you can reduce headaches

Nerve signals are chemical
We do not have electrical signals travelling up and down our bodies

Nerve signals are cascading chemical reactions
Work like toppling dominos

Nerve cells do not touch each other
As nerve signals transport along nerve cell, the space in between nerve cells is great place to mess with chemicals

Messages carried by neurotransmitters

Use a drug that works like serotonin
For migraine, for some reason, nerve cells do not squirt enough serotonin thus causing headaches
Maybe replace serotonin with drugs, and then neurotransmitters will work and produce signals

Serotonin is a poor drug
Serotonin must be put in brain, where migraine occurs
must be injected directly into brain

Basis for serotonin drug selectivity
Determined by shape of drug (lock and key theory)

Serotonin fits into receptors

Serotonin fits other receptors
Fits into some things but not others, depending on its shape, orientation, size, etc.

Engineer for the effect you want
Serotonin is sub-part of LSD (drug) and Ergotamine (poison)

Sumatriptan selectively targets migraine
Part of serotonin and sumatriptan are the same composition

First triptan drug for migraine
For this to be effective, warning must occur before headache
Must take it during early part of pain phase

Magic potion for migraine
Started off with witchcraft, now an engineered drug

Many options for migraine
Must have migraine in order to have these medications have actual effect
Better to have multiple choices, as some medications for migraines work better than others

Lots of causes of headache

Treat with painkiller

Gain added benefit from understanding
Watch out with Tylenol for certain headaches
Take caffeine for vasodilation headaches
Take triptan drugs for migraine
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Colds are the most common infection
Outnumber all others by 25 to 1
Most common in North America (in terms of frequency)

More than 200 viruses cause colds
Each virus can occur at different subtypes
Often difficult to tell difference between cold, flu, and fever
often associated together

Influenza virus can be fatal
Typically, fatal for very young and very old

Virus destroys tissue, immune system makes symptoms
Virus causes empty space in tissue, where cells have been destroyed by viruses

No cure for the common cold
Some things can make you feel better
chicken soup doesn’t cure a cold, but it makes you feel better

Common cold research Unit Salisbury England
After WWII, with money invested in penicillin, money was also invested into common cold

Free vacation for research
Experimented on people, where they would go on a vacation

Test subjects in extreme comforts

The vacation was not exactly free

Sneezing does not spread colds well
Cough and sneezing

Sneeze collector
Measures what is in a sneeze
Tube connects to a vacuum that sucks up sneeze from around the room
Two types of droplets:
one that hangs around air for long time but doesn’t have virus
one that hangs for a bit of time and has a bit more virus

Artificial sneeze

Being cold does not cause colds
Measured that rates of generating the cold was the same

Wet hair does not cause colds

Direct exposure to virus does not always cause cold

Cold virus in nasal secretion
As you touch things, snot gets spread around room, and then someone else touches it and gets the cold

Nasal secretions spread easily
Experiment resulted that colds spread from touch
Vast majority of spread of cold is from touching
Stop touching face

Confirmed by the Mythbusters

Cold viruses are transferred by touching

Commonly touches objects
Doorknobs and money
Dirtiest thing in bathroom is doorknob

Colds are more common in crowds

School season is cold season
Close contact is responsible for spread of colds

Tristan ca Cunha in the middle of nowhere
Middle of Atlantic Ocean

Incidence of colds and contact with outside
Colds only occur when ships arrive at port, when in contact with other people
Interesting that colds occur duing cold season, and none during June, July, August
Seasons of this island are reversed, to where seasons “cold seasons” are warmer, yet the colds still occur more
Colds do not spread due to cold seasons
Kissing doesn’t spread colds very well, it is more related to the nose (nasal secretions)

Cold viruses spread through crowds

Washing hands may reduce colds

Hand sanitizer may reduce colds
MAY

Don’t overdo it-avoid skin damage
Active ingredient is alcohol
it will wash away oil that keeps moisture on skin
could result in dermatitis in hands

Wearing a mask will not protect you

Masks protect others from the wearer

Incidence of colds decrease with age
You become more immune to the virus
As you age, you are immune to more viruses than when young

Young children more social
Kids touch a lot

As you age you acquire immunity by being infected

$4.1 Billion on colds each year (North America)
None will prevent/cure a cold
Few meds will reduce symptoms

Read the back not the front of the box

Cold remedy ingredients
Determine which conditions you hate the most, because treating them all will not work

Acetaminophen for pain relief and fever

Some products contain ibuprofen
More common now because of acetaminophen overdose

No such thing as a sinus cold
Make it sound more severe

Menthol for sore throat?
Active ingredient in peppermint
Artificial flavor

Menthol is a weak topical analgesic
Inside cigarettes
Produces sensation of cold (artificial)
Buckley’s barely works for cough

Menthol cough drops for sore throat
Sometimes slight sensation of relief
Kept in mouth for extended period of time, so it gives longer relief
ex: Halls

Cepacol contains topical anesthetic
Don’t take this too much
Only use it when serious sore throat

Decongestants dry a runny nose
Pseudoephedrine-works
Phenlyephrine-doesnt work

Snot is mostly water with a little mucin
Mucin=protein

Water is supplied by the blood
Vasodilation in area where you will produce mucous
Cells in blood vessels become leaky, and water starts to diffuse out

Decongestants are vasoconstrictors

Amphetamine-the original decongestant
Discovered in 1929
Tested for many different things, but they didn’t know what it actually did
Noticed that there was dryness in nose

Amphetamines for cold symptoms
Fairly effective

Phenylpropanolamine (PPA) became popular
As amphetamines became illegal
Amphetamine doesn’t have OH while PPA does
PPA suppresses appetite
Side effects-sometimes good, sometimes bad, always unintended

Diet pills used PPA
Side effect was decongestion

Over-use of diet pills caused hallucinations
Safe for cold medication
Amphetamine psychosis-hallucinations
other patients had heart attacks
Diet pills don’t work
huge scam industry
Easy to lose 10 pounds, but then body goes into starvation mode, so your base level metabolism and makes it harder to lose weight
Meth addicts/schizophrenia patients get this psychosis
Secret to losing weight-exercise!

Over use of diet pills caused strokes
Therefore FDA banned this, even though no risk in cold medication

PPA warnings on the internet are bogus
PPA was banned about 16-17 years ago

Sudafed contains pseudoephedrine
Effective decongestant

Pseudoephedrine to make methamphetamine
Just get rid of OH group on pseudoephedrine to make meth

Drug dealers used to buy direct
50% of pseudoephedrine sales were to drug dealers to make meth
FDA found out by accident, so they changed regulations: now you need special permits to buy this

Dealers turned to “smerfing”
You pay junkie to buy all pseudoephedrine in a store, and then they are taken to the labs to make meth

Sudafed now “behind the counter”
Show ID, and ask and fill out paper in USA
Not as strict in Canada

Sudafed PE contains Phenylephrine

Phenylephrine is not effective
It enters blood stream and goes to liver, which metabolizes this chemical very quickly

Pseudoephedrine is still widely available
Look for word “Sinus” on the box
When you ask for Pseudoephedrine, ask for “Sudafed”
The hydrochloride is added to drug names
acids/bases mixed with drug to chemically stabilize it
preventing reaction with oxygen, use a stabilizer

Generic versions are available for all cold meds
Look for “Sinus”

Nasal sprays contain decongestants
Oxymetazoine is only used for a spray
Pseudoephedrine used for both spray and pill

Antihistamines for sneezing, runny nose, watery eyes

Antihistamine side effect is drowsiness
Usually is active ingredient in sleeping pills because of drowsiness

Chlorpheniramine is most common antihistamine for colds

New allergy antihistamines don’t make you sleepy

Dayquil does not contain antihistamines
Niquil contains antihistamines

Antihistamines reduce nausea
Diphenlhydramine does not make you drowsy, but reduces nausea
Main ingredient in Gravol/Benedryl

Dry cough and productive cough
Dry cough: constant coughing, no relief
Productive cough: coughing from throat and you loosen mucous in throat until you cough it out, relief for a bit of time

Cough syrup is marketing trick
No difference to this an pills
Opium and morphine are awesome cough suppressors

The best cough medicine money can buy
Heroin is the best cough suppressor ever developed

Dextromethorphan used today
“DM” as a code
Hydrobromide is stabilizer
Works against a dry cough: suppresses cough reflex (shuts down nerves)

Dextromethorphan and heroin
Almost a mirror image to heroin
Heroin is narcotic, dextromethorphan is a cough suppressant

Expectorant for productive cough
Look for mucous and phlegm 

Thick mucous is difficult to remove

Watery mucous is easily coughed up
Make mucous easy to cough up

Guaifenesin makes mucous watery
Makes more, watery mucous to remove from throat

Drink liquids with expectorants
Drinking a lot of water helps

Guaifenesin has never been clinically proven to work
Used to be folk remedy
Was originally sold in 1950s and deemed to be safe
No sufficient clinical work
Many products that don’t work very well are still sold today, as long as they are safe

Beware of multi-symptom medications
Sold because people want to buy them, not because they work
Ex: Benylin-makes lots of mucous, but suppresses the nerves to cough it up
Buckley’s Complete: Day-Time formulation probably works, but with Night-Time formulation, the antihistamine that dries up your nose also makes you tired
weird because it has amphetamines, which stimulates you
Stay away from multi-symptoms meds

No cold meds for children under 6
Health Canada recommends this because small group of parents that gave their kids too high a dose or multiple meds at once

Some take vitamin C to prevent colds
Back to 1960s
stimulated modern vitamin industry

Vitamin C will not prevent or cure a cold
Done by a well-run clinical trial

#1 seller in Canada
Cold FX

Cold-fx ingredients
Contains lots of starch

Ginseng is used for everything

Ginseng root resembles a human body
Goes into Cold-FX

Cold-fx claims highly questionable
Can manipulate clinical trials

Clinical studies are low quality
No difference between placebo and Cold-FX
Company combined data from two experiments (done in two different ways)

15% of colds due to flu virus
“Cold and Flu” on package because people believe flu is more severe than colds

Influenza causes seasonal colds
Typically arises in China
Spreads from birds to humans
Only very old and very young are at risk

Occasional severe influenza pandemics
1918-20,000,000 deaths (*)

Virus contains an outer envelope

Flu virus classified using envelope proteins
Protein is same, unless large change in protein, H and N remain the same

Disease and virus type
Big change in number=big change in death rate/big change in severity of virus
Swine flu is similar to Spanish flu

Avian flu 2007 had up to 60% mortality

Millions of birds killed to prevent spread
Luckily, flu only spread due to coming in contact with the bird

Some experiments should not be done
Proved that you could weaponize this

Do-it-yourself bioweapons
Can manufacture your own viruses

Swine flu virus emerged in Mexico April, 2009
High mortality rate for people that had flu
80% early mortality rate-overhyped

WHO issued pandemic warning June 2009
Pandemic-infection is being spread from one country to another

Media hyped up the flu pandemic

Mortality rates and pandemics (world)
In fact, less severe 
Normal flu kills about 250,000 people a year

Mortality rates in Canada
Less nasty than normal, but hyped up from early results

Name brands vs generic
Doesn’t matter, almost all factories are in Philippines or India (10-15 factories)
Same company can buy from different suppliers

Name brands vs name brand
Buy the cheaper stuff

They all use same ingredients same doses
Don’t buy phenylephrine, everything else is ok
Guaifenesin is questionable

Price per 100 tablets

Medications for colds and flu
Can reduce risk: stop touching face, wash hands more
Do not trust what is on front of package
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Cancer is uncontrolled growth

Hyper-proliferative lesion-benign
Cysts, warts, etc. grow to certain size and that’s it

Benign lesions can be fatal in developing countries

Hyper-proliferative lesion-malignant
Part of body that grow out of control and take over

Causes of death-United States (2001)
About 25% of death is due to cancer, 25% approx. is heart failure

Cancer is a disease of the Aged
Don’t have to worry until aged 55 approx.

Cancer death rate by age
Young is very small change, older is higher

Cancer in children is extremely rare
Media overhypes it

Cancer treatments are unpleasant
Very small chance of surviving treatment

Change in the US death rates* by cause, 1950 & 2001
Complete failure in lowering death rate due to cancer, whereas everything else we have increased

Cancer death rates*, US
War on cancer started in 1975
Steady numbers from then until now

US Cancer death rates*, men
If young and diagnosed early, higher chance of survival
Men have more cancer than women
Liver cancer is self inflicted: women don’t get this as much because they don’t harm themselves as much
Only decrease in cancer is stomach cancer, maybe because we eat better quality food

US Cancer death rates*, women

Normal cells become cancerous
Really tough to tell difference between these two

“Make-your-own” parasite
Sucks resources from body until you die

Normal cell growth is closely regulated
Only divide on command

Normal cells divide about 50 times

Normal cells divide “on command”

Must touch other cells

Cancer cell growth is uncontrolled
Cancer cells often outlive you

Many cancer cells are immortal

HeLa cells from Henrietta Lacks 1951
Sold around the world, used in laboratory experiments, since her cancer cells are immortal
Normal human cells cannot go outside the body

Malignant cells are often mobile

Cancer requires 20 years to develop
requires 8 to 10 mutations in same cell

Every cancer is different
There will never be a cure for cancer (in one particular way), as cancer is a huge family of diseases
AVERAGE of 20 years

Biological signals are cascading processes

Cascading chemical reactions
A to B to C to D….etc.
Since these are chain reactions, things can do wrong in these communications

Biological regulation is complex
Nice analogy is game of Mousetrap: super complicated process to do simple things

Cell division is regulated in 2 ways
Stimulation (accelerator)
Repression (brakes)
In biological systems, you got foot on gas and foot on brake at same time, about halfway
In order to get cancer, you jam accelerator to the floor and cut off brakes

Cell growth signal system is complex
Signal is sent to nucleus to divide, but with cancer, the signal is hyper stimulated
the “off” signal is broken

Cancer mutations involve loss of function
Random change often makes things worse
hence cancer, with no fix
Only way to possibly repair it is to change genetic information, which is impossible (as of now)

“Off” switch for cell growth is broken
Turn on the lights, but they can never be turned off

“Stop growing” signals are complex

Cell’s “brakes” are broken

p53 is an important braking protein
Extremely important protein in braking processes
If something goes wrong with this, it is really bad

Apoptosis-programmed cell death
Cells die on command, and in orderly, controlled fashion

Programmed cell death in embryo development
All embryos have tails, webbed fingers and feet

Programmed cell death in wound healing

Programmed cell death protects the body from viruses and cancer
Mutations occur everyday, but body usually has ability to protect us
When problem is detected, cells undergo apoptosis

p53 is an important suicide protein
The way that cells are designed, if something goes wrong with this protein, it will be detrimental

Normal cells count cell divisions
Cells often divide approx. 50 times
End of chromosomes have device at end that prevents chromosomes from duplicating

Chromosomes tips are like shoe laces
Keep DNA from unwinding

Chromosomes become “frayed” with age

Cancer cells are immortal
Contain enzyme that rebuilds chromosome shoe lace tips

Tumor formation requires 8 to 10 mutations
Changed must all happen in the same cell
relatively low
Must occur for cancer to happen

Gene is a set of instructions to make protein

Gene uses 3 letter words called codons

Each codon specifies an amino acid in a protein
Every gene in body is list of amino acids strung together into proteins

Sequence of amino acids determines protein structure
Certain chemical structure results in fold of protein
Shape of protein determines what protein will do

Mutation is a “typo” in the gene
If there is enough of change, protein will fold into different shape, which could result in non-functioning protein

Genetic susceptibility
Oncogenes are normal genes with sequence that is easier to change

Most cancer death is caused by controllable factors
Tobacco, diet and obesity, alcohol, lack of exercise
85% of cancer death is linked to tobacco, diet and obesity, and viruses

Tobacco smoke contains over 4800 chemicals

Nicotine is the addictive substance
Not what causes cancer

Carcinogens in tobacco-Polonium 210
This is radioactive isotope-comes from the fertilizer used from tobacco plants
Polonium is decay product from uranium

Alpha emitters are normally safe
Can hold in your hand without emitting radiation

Polonium anti static brushes

Radioactive spark plugs

Polonium spinthariscope in KIX cereal

Cereal is just not cool anymore

Polonium 210 as a poison
Alexander Litvinenko
was poisoned using polonium 210
have to own nuclear reactor to get this chemical

Heat from burning vaporizes polonium
Vaporizes at very low temperature (slightly warmer than body temperature)
Once smoke enters lungs, it returns to metal and plates itself on the lungs

Tobacco smoke combustion products
Anytime there is smoke, there is incomplete combustion

Benzopyrene carcinogenicity
Body tries to get rid of this by metabolism
Phase 1 metabolism creates extremely powerful carcinogens
If phase 2 enzymes don’t work well enough, carcinogens will mess with chromosomes and DNA
More phase 1 than phase 2=more susceptible to cancer
More phase 2 than phase 1=less susceptible to cancer

Tobacco use in the US
Men used to smoke a lot and not women, until the 1950s

Tobacco companies recruit woman

Mommy its good for you

US Cigarette smoking prevalence
Slowly lung cancer is starting to decrease

Strong correlation of cancer with diet and obesity

Cooking for safety and flavor
Not the foods you eat, but the way you prepare them

Meat spoils quickly and must be cooked
Bacteria you ingest due to rotten meat may get into you
Vegetable bacteria isn’t as bad

Cooking generates flavor and some nasty materials
Exact same compound as when you smoke is produced
Usually associated with colour of food
Much better to have food that isn’t burned or blackened
Safer to eat meat medium, not well done

Food preparation creates carcinogens

Beneficial foods protect us
Fruits and vegetables

Fruits and vegetables protect us
Stimulate production of phase 2 enzymes, so when you eat steak after, they will protect you
Better to eat diet that is heavy in fruits and vegetables
60-70% of diet

Fiber promotes the passage of waste
Composed of cellulose which we can’t digest it
Fibers stay in intestines and attach to toxic ingredients and remove both itself and the toxic ingredients

Consumption of five or more vegetable fruit servings for cancer prevention
Unfortunately, it is in reverse

Obesity (%) by gender, adults aged 20 to 74
Prevalence of obesity in society in 1980s
We eat too much food

Obesity increases your risk for EVERYTHING
If you add extra weight to outside of ribcage, the ribcage size and organs inside remains the same
Systems are not designed to support all this extra weight 

Changes in eating habits
Used to buy own products, now we buy already prepared food

Changes in portion size
Since 1970s
Average North American eats DOUBLE the amount of food that we need to survive
Larger portions is all a marketing thing

Viruses responsible for about 15% of cancer death

High risk viruses target p53
When p53 is gone, chances of acquiring cancer is much higher

Guardasil for HPV induced cervical cancer
Cervical cancer is caused by a virus

Excess alcohol increases your risk

Alcohol as a carcinogen
Acetaldehyde

Leisure-time physical activity

Exposure to UV light induces skin cancer
The most common cancer in Canada
Unlikely to kill you
this is because you see the skin cancer

Environmental exposure-man made
Could lead to cancer, but very small risk (1-2% of all cancer death due to this)

Environmental exposure-natural sources
Just existing on planet we have 1-2% of getting cancer

Most potent carcinogens occur naturally
100/1000x more dangerous than man made carcinogens
If you eat enough peanut butter, olive oil

Phorbol is used to induce cancer
10,000x more carcinogen than any man made substance
Used to make cancer

Medical procedures X-rays and chemo
Not under control

5 Year Survival Rates
From mid-1970s to now, there is 50% to 60% survival rate
Not that we can cure it, but because we can detect it earlier

Cancer very difficult to target selectively
Cannot fix screwed up protein
Only do this by going back to fix person’s genes

Cancer cells are human cells
They are YOUR cells
Extremely small difference between normal and cancerous cells
Drug doesn’t know what cell to kill
Major difference: human cells divide, but cancer cells divide extremely frequently

Strategy for cancer chemotherapy
Kill the cancer faster than you kill the patient
Death and cancer are side effects of cancer drugs

Cancer cells grow faster than normal cells

Cancer cells target cell growth

Nitrogen mustards in WWI

Nitrogen mustards destroy tissue

Nitrogen mustards in WWII
No one used them, but every army had them

Air raid on Bari, Italy
Mustard gas made layer above water that poisoned anyone who went in water or was even near the area

Survivors had fewer white blood cells
Leukemia: cancer of white cells
Mustard gas has permanent damage on DNA
was used as cancer treatment
Made into less toxic version called Mustine
If you do this slowly, it will kill tumors before normal cells

Fast growing cells are more susceptible

Cancer drugs cause death and cancer
DNA damage can also occur in regular human cell

Serendipitous discovery with E. coli
They electrocuted bacteria

Current and oxygen corroded the electrode
Used platinum

Long road for Cisplatin
Most likely treated by this drug
Discovered by electrocuting bacteria

Cisplatin activated in cancer cells
It does in and out of cells randomly
Within cancer cells, it changes drug from inactive to highly toxic form

Yew trees used as a poison for centuries
Used successfully in certain types of cancer

King of Eburones killed himself with yew extract

Wines stored in casks made from yew wood were poisonous
Wine extracted toxins materials from wood, which resulted in death

Yew poison in MacBeth and Hamlet

Taxus brevifolia
TOXON is Greek for toxin

USDA searches for new poisons-1950s
Poisons can be medications
Focused search on looking for anti-cancer medications
many natural drugs come from poisons, so they search for medicine by searching for poison

Yew bark extract found to be cytotoxic-1964

Cyctotoxic substances kill cancer
Kill cancer cells

Read the back of the paper not the front
Even when you read scientific literature
read it as point as a skeptic
they publish lots of data that is usually not true
Nobody tests cancer drugs against normal cells

Taxol identified as toxic substance-1971

Taxol effective against breast cancer-1989

Taxol is a complex molecule
Has features that make it impossible to make synthetically
Only way we can hope to get it is isolate it from natural source

Taxol manufacture from yew trees
Takes a lot of bark to give active material
When you take bark from tree, you kill tree
this is not renewable resource
Yew tree is very slow-growing: takes about 50 years to grow

Clear-cutting the ENTIRE Pacific North West
A 5 year supply
would destroy all the trees

People or trees?
Petition for tree to be put on endangered list
People win out over trees, and yew trees could be cut whenever you wanted

Taxus baccata is the European yew
Luckily a related family of plants produces very similar compound, but it can be converted into chemical of North America yew tree
drug is produced in leaves, so it is renewable source

Semi synthesis of Taxol
Very similar to making tea:
remove chemical compounds from leaves of tree
takes 5 chemical reactions to treat this
Made part of molecule synthetically, and part of molecule from tree

Robert Holton-Florida State University
Protected his discovery
He made ridiculous amounts of money

Taxol now manufactured using cell culture
Found a way to grow plant cells in fermentation system
They are genetically modified to grow faster

Cancer drugs are unpleasant
Strategy: kill cancer faster than you kill patient

Cancer takes 20 years to develop
8-10 mutations in the same cell

Much cancer death is avoidable
Sometimes, however, it is unavoidable
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Sports drug scandals on the rise

Ben Johnson wins and loses gold
Biggest reason for change in attitude
Before him, no one really paid attention to drugs in sport
Unfortunately, he tested positive for steroids, and lost his gold medal
Received a lifetime ban from competition

Johnson’s drug invented by John Manson

Stanozolol patent
This is drug that Ben Johnson took

Johnson used a Canadian drug

Mark McGwire hits 70 home runs
People thought he was taking drugs
Turns out, he took drugs that were legal at the time

Barry Bonds hits 762 home runs
No one renewed his contract because they didn’t want to be associated with someone who took steroids

Marion Jones surrenders her gold medals
She lost medals and also went to jail (because she testified before congress)

Olympics in ancient Greece
Athletes were encouraged to use performance-enhancing materials
Should do anything possible to be the best athletes possible
Athletes didn’t share their drug secrets so they wouldn’t give up a competitive advantage

Zulu warriors prepare for battle

Dop is a Zulu drink
Contained alcohol and some hallucinogens 
Afrikaans: doop
English: dope

Doping race horses
First athletes associated with doping were race horses

Horses were doped to fix races
Opposite of today, where doping was done to win bets
They would dope the fast horses to make them run slower
therefore, the slow horses would win the race and people would make lots of money

First doping tests-on horses!
Collect saliva of horse, and look for drugs on horses

Cycling with notorious for doping
Since it was invented, always associated with performance enhancing drugs

Endurance was enhanced with “dope”
Strychnine is a type of poison
Was viewed as completely okay to do

Olympic marathon St. Louis, August 1904

Conditions were perfect!
Back then, people believed drinking water during sports events was bad
if you drank water, you would get cramps

Thomas Hicks in the 1904 Marathon
About 10km before end of race, he collapsed
His managers got up and helped him
Gave him a cocktail of brandy, egg whites, and strychnine (a stimulant)
He collapsed 3 more times during the race, yet he still won
Took over an hour to revive him

Thomas Hicks wins the 1904 Marathon

Adrenaline used as a drug in 1901
Discovered then

Adrenaline was not ideal for sports
Boxers were injected with adrenaline
Problems:
require injection
only short duration (minutes)

Gordon Alles discovers amphetamine 1929
Artificial substance
More drug-like version of adrenaline

Amphetamine was a great decongestant

Amphetamines for cold symptoms

Amphetamine’s first side effect
Sleepless night

Methamphetamine in total war

Blitzkrieg required endurance
Germans decided to use methamphetamine to give to soldiers
as it tended to keep people awake at night
Pervitin tables given, made of meth

Pervitin use discovered by the Allies
When German pilots captured, they found the methamphetamine
English isolated chemical

R.H. Winfield experiments with Stirling aircrews
English wondered whether caffeine, amphetamine, or methamphetamine would keep you awake
turns out, they were all the same in keeping it awake
Side effects of caffeine: heavy hand shakes
therefore, should not take large doses of caffeine
Noticed that pilots with large doses of amphetamine and methamphetamine became intense, fearless, and suicidal

Amphetamine used by the 8th Air Force

Amphetamines in the Tarawa invasion
This would reduce shell shock

Amphetamine used by Allied armies
Now amphetamines were administered as pills
Instead of caffeine

Soldiers are athletes
Doing the same thing as athletes
Many soldiers in WWII were originally athletes
Soldiers coming back from WWII were first to use amphetamines in sports

First sports amphetamine use 1952 Olympics
Not mentioned a lot, because of competition

First studies of athletes use of amphetamines 1959

Knud Enemark Jensen at the Rome Olympics
In 1962, he was competing at team event
Jensen was huge amphetamine user
He collapsed, and he couldn’t finish
Then, he collapsed again, and took out his other teammates, and died during competition by a skull fracture
He died because of skull fracture, but people believed amphetamines caused him to collapse

Tom Simpson in the Tour de France

Mont-Ventoux is a Moon-scape
It is a very hot area on top of mountain
Simpson popped amphetamines

Tom Simpson’s last few meters

Attempts to revive Simpson failed
He died on way to hospital

Tom Simpson monument on Mon Ventoux
Wasn’t the amphetamines that killed him, but he died of heat stroke
However, they reasoned that amphetamines were the cause of the heat stroke

Nervous system has several sub-systems

Involuntary nerves use different signals
Sympathetic: Adrenaline and Noradrenaline
Parasympathetic: Acetylcholine
Amphetamine is long-lasting adrenaline

Amphetamine stimulates fight or flight
Body getting tired is a safety system
Adrenaline allows you to stop
However, amphetamine allows you not to quit

Amphetamines can push the body beyond it’s limits

Olympics restrict drug use in 1967
Tested for materials shown on this list  (on slide)
Amphetamines are #1 on list

Drugs were not banned because of unfair advantages
Unfair advantages are built into sports

Sports drug abuse is harmful to athletes
Drugs were not banned due to unfair advantage, but because they were bad for health

Hans-Gunnar Liljenwall wins and loses bronze
First man to ever test positive
Tested positive for alcohol, because he had a beer for lunch
Alcohol was not a part of the list of banned substances
He didn’t do anything wrong

People associate steroids with sports

Fritz Pregl and Oskar Zoth 1896
Carried out experiments on themselves

Oskar Zoth 1896

Charles Eduard Brown-Sequard 1889
Married 18 year old girl
Worried he would not perform sexually well, so he injected himself with macerated dog testicles
He discovered hormones

Brown-Sequard applied Similia similibus
Treating an organ with itself

Ayurveda of Sustruta 1000 B.C.
Testes to treat impotence

Victor D. Lespinasse 1913
Transplanted testicle tissue from donor to man who had lost his testicles

Leo L. Stanley, physician at San Quentin

Fred C. Koch and Lemuel McGee 1926
Isolated testosterone from testicles (the actual raw ingredient)
Vast number of animals are slaughtered in Chicago

First isolation of the male sex hormone
Tried injection testosterone into nurtured roosters

Testosterone was hard to get
Large amount of bull testicles to get small amount of testosterone

Semi-synthesis of testosterone 1935
Cholesterol and testosterone take 6 chemical steps
Steroid refers to 4 carbon ring structures
Cholesterol is a steroid
Easy to get cholesterol, so you can increase testosterone

Testosterone for inmate rehabilitation
As a way to grow back muscles, people in concentration camps were given testosterone

First athletes using testosterone
HORSES!!

Soviets experiment with steroids 1950s
Soviet weightlifters
Found out key side effects

Soviets discover fundamentals of steroid use
You need to use steroids in proper way-train in the right way

Dr. John Ziegler-York Barbell Club
Soviet trainers told Ziegler about it
He brought knowledge back to USA

Effects of extra testosterone
Can engineer molecules into 2 different areas:
Anabolic and androgenic
Anabolic is desirable, androgenic is not
Ziegler wanted to develop drug that just gave anabolic effects

Dianabol in 1958 and Stanozolol in 1961
First anabolic steroids

Anabolic steroids reduce side effects
Drug companies wanted to market anabolic steroids to wider audiences
Good for treating wasting conditions

Anabolic steroids for wasting conditions
Used for medical purposes, not necessarily athletes
Excellent way to recover from loss of muscle mass
especially when coming out of a coma, cancer treatment, or cast

Arnold Schwarzenegger

Mr. Olympia 6 consecutive years
These were prescribed by a doctor
Can be very safe

Dr. Manfred Hoppner
Director of sports medicine, East German Swim Team

East Germany wins 11 of 13 gold medals at 1976 Olympics
Whole team was forced to take steroids
They also won almost all silvers and bronze medals

East German swimmers force to take steroids
They sought out young girls before they reached puberty, and they were forced to take steroids

Steroids banned by Olympics in 1977
This resulted in ban
Before this, steroids were totally okay

East Germany established doping lab in Kreischa
Half of building was testing for drugs for Olympics
Other half of building was looking for ways to not be detected for steroids

Steroid testing uses GC/MS

Finding a drug in urine
Fist part of machine does this
Usually urine, sometimes blood

Molecules isolated from athletes as mixtures

Gas chromatograph sorts molecules

Mixture is passed through a tube containing a sticky substance
It cannot sort through colour
Sticky molecules sticks to coating, while slippery molecules pass by coating

Gas chromatograph sorts molecules using speed
Almost like a race

Gas chromatograph sorts with times
The fast molecules will always move fast, and vice versa
The time that the peak appears determines when the substance appears in the sample

Gas chromatograph measures amounts
The size of the peak corresponds to how many molecules are there

Mass spectrometer weighs molecules

Mass spectrometer throws molecules
Small molecules are thrown long distance
Large molecules are thrown shorter distance

Mass spectrometer throws molecules in a magnetic field

Mass spectrometer weighs molecules
Look for the biggest peak, and this corresponds the mass to the molecule

Molecules fall apart in mass spectrometer
Molecules undergo chemical reactions as they are thrown in mass spectrometer
They fall into fragments
Each molecule falls apart in a characteristic way

Mass spectrometer obtains a fingerprint

Fingerprint used to identify compounds
Overall: time it takes to go through, the mass, and the fingerprint
No two molecules have the exact same value of all 3 values

Steroid testing measures T to E ratio
Olympic committee only looked for two molecules: testosterone and epitestosterone
Only a 1:1 ratio in humans
Can be as high as 4:1 for Olympics

Masking agent for steroid testing
“Mask “ the presence of extra testosterone by injecting epitestosterone

Diuretics mask total steroid amounts
Flushes materials out of body, and lowers amounts of drug circulating in blood

Add materials to interfere with testing
After you pee in cup, you add detergent or alcohol to sample

Urine switching in extreme cases
Empty athletes bladder
Fill bladder with “clean” urine using catheter

Floyd Landis claimed his 11:1 ratio was natural

Original synthesis of steroids
Original way is to get them from cholesterol, which comes from animal gall bladders

Modern semi-synthesis of steroids
Diosgenin is converted into progesterone, which is used into all other steroids

Diosgenin from Mexican yams
Roots of these plants have 15-20% steroids

Atomic structure and isotopes
Exact same atom, but slightly different weights

Carbon has two isotopes
C-12 is 99% of all atoms on planet
C-13 is 1% of all atoms on planet
Can determine source of testosterone by looking at ratio from C-12 to C-13 in molecule

Plants and animals have different amounts of C-13

Floyd Landis is a plant!
Conclusively proof that he doped during the Tour de France

Steroids do not build muscle

Testosterone HELPS build muscle
Must exercise more heavily than before
When lifting weights, you tear the myofibrils
The body repairs the muscles and repairs the muscles stronger than before
Rest period is when you build up muscle
Higher levels of testosterone helps body repair muscle much faster!! So you do not have to rest for a day, and you can exercise more intensely

Building muscle requires exercise

Health risks of steroids
Liver damage
Heart damage
Reproductive effects
If you use steroids properly, they are actually a very safe drug

Anabolic steroids speed recovery

Anabolic steroids speed training

Long term health risks are unknown
Athletes don’t go to their physician for steroids, they take them unmonitored
Athletes are secretive, they use higher doses, and more frequently

Effects are difficult to measure
When used medically and under supervision, they can be very safe

BALCO made “designer” steroids
They gave vitamin supplements to athletes
Decided to give steroids to athletes
They wanted to have steroid to avoid detection

Drug testing based on molecular fingerprints
In order to match fingerprint, they have to have existing sample

Tetrahydragestrinone-“The Clear”
Tom Arnold created this steroid in his basement
No testing to see if it was safe/worked

Temptation to abuse is too great
New generation of anabolic material is Andarine
was not approved by FDA
can still buy on internet
Doctors are now reluctant to prescribe steroids now

Desire to win makes drugs dangerous

Red blood cells only carry oxygen
Hemoglobin carries oxygen

Body makes 3 million RBCs every SECOND
Formed in bone marrow

RBC production controlled by erythropoietin (EPO)

Endurance athletes benefit from increased O2 capacity

Training at high altitudes increases RBC production
Mexico Olympics located a mile above sea level
Athletes from low level areas were doing worse than others

U.S. Olympic training center
Over a mile above sea level
Body starts producing more RBCs

“Instant” altitude doping

Blood doping

1984 Olympics in Los Angeles

Ed Burke proposes blood doping to USCF in 1983

Danny van Haute used blood doping during 1984 Olympic trials
He was average cyclist, now an Olympian
Maybe can make Olympic athletes even better
Problem was that they were within 3 month period

Transfusions in a Ramada Inn
Only screen for blood types

U.S. Cycling Federation banned blood doping January 1985
Sanctioned 3 officials involed

IOC outlawed blood doping in 1986
Ethical problem

Fresh blood

Blood after overnight storage

Blood after frozen storage

Anemia is a serious condition
When you don’t produce enough RBCs

Treat with iron supplements or transfusion

EPO could be a perfect anemia drug
Less danger associated with blood transfusion

EPO is a protein
Impossible to make synthetic version of this protein

Amino acids work like building blocks

Chemical synthesis of protein is impractical

Some proteins are available from animals

Animals are not an ideal protein drug source
Not human, so it is more challenging to extract

Cadavers not ideal source for human proteins

Human cadavers make a poor drug source

A solution is recombinant protein
Made through genetic engineering

Make human protein in a bacteria or yeast
Trick them to make human protein for us

Insert the human gene into a bacteria

DNA is an information storage device

Cells used DNA as a template to make protein

Remove human gene from chromosome

Insert gene into a plasmid
Plasmid: circular piece of DNA
Buy plasmid, take gene from person, and insert gene into plasmid

Insert the plasmid into bacterial

Genetic engineering to make human protein

Bacteria and yeast are easy to grow

Recombinant human proteins are better drugs than animal proteins
EPO,  insulin, and HGH are now more available
Make organism become factory

Recombinant EPO is one of the best drugs in last 30 years

Recombinant EPO abused from Day 1
By athletes
Athletes at peak of physical conditions die of heart attacks

Clinical trials are used to establish doses
Athletes guessed dosing, and blood became so thick that they could not circulate blood anymore and had a heart attack

IOC banned EPO in 1990
Banned even before it was on market

Testing for EPO was impossible
Hematocrit
Only difference to tell different is measuring total amount of RBCs in blood

EPO and rhEPO have same amino acid sequences

Today can detect EPO using antibodies

ON model detects recent use
Only works within a week of taking material

OFF model detects longer term use (2-3 weeks)

EPO use is easy to hide
Lance Armstrong used it

Only evidence against Armstrong
Never tested positive, but he mentioned something in interview with Oprah
Guilty until proven innocent
Therefore, he gave up, and they took away his titles
He never admitted that he used EPO

The future-gene doping?
In order to put gene in person, you need a genetically modified virus

Repoxygen on the internet

Ripoffxygen

Bubble boy syndrome and gene therapy
Only case of gene therapy helping
Kid had to live inside plastic environment because he had no immune system
Gene therapy helped, but they developed cancer a few years later

Desire to win makes drugs dangerous

Temptation to abuse is too great

Drugs are banned from sports for safety reasons

[bookmark: _WNSectionTitle_6][bookmark: _WNTabType_5]Lecture 6-Sports	2015-01-12 12:55 PM

We all get sick

You develop immunity after illness

Incidence of colds decrease with age
This is because every time you get a cold, when you recover, you become immune to the various viruses that give you colds

What if you could skip the sick part?
Prevention is worth a pound of cure

Even minor illness creates damage
Any kind of illness has potential to kill you/inflict long lasting damage
You can end up with scarring in throat or nose due to colds and flus

We live in a microbial world
More bacteria on the average person than there are human cells
Only reason we look human is because human cells are much larger than bacteria cells

Human body is under constant attack

Without a defense the microbes win

Immune system defends us

Immune system uses many weapons
Poisons
defensins
complement
Antibodies
immobilize invaders
selectively destroy invaders
Macrophages (white blood cells)
specialized cells to eat foreign cell
specialized cells to kill infected cells

Innate immune system provides an immediate response
Immune systems work at different speeds and different ways
Innate immune system: give symptoms of cold

Innate immune system responds to damage
Cytokines: signaling molecules that tell body there is something invading, and it needs to be fixed
signals recruitment of WBCs and inflammation

Leukocytes destroy invaders

Inflammation gives easier access for immune cells
By swelling, distance is spread out between cells, and therefore leukocytes have more room to get rid of illness

Adaptive immune system is selective
This is what vaccines deal with
It works along with the innate immune system
Very selective, takes a few days to kick in
Immune system retains memory of infection-key part of vaccines

Antibodies are the key recognition devices
Can use receptors or antibodies
Antibodies:
Y shaped molecules
Has a “sticky” surface

Antibodies stick to epitopes
Epitope is a piece of molecule from bacteria/virus that sticks to antibody

Epitopes are about 30 atoms wide

Immune system recognizes tiny part of pathogen
By looking at person’s eyes, you can recognize entire person
Same thing occurs with antibodies recognizing small part of epitope

Body makes many different antibodies
Each antibody is unique
Will only “stick” to specific molecule

Antibody production is random
We have to find a way to store info as much as possible
Body stores small amounts of as many different antibody types as possible
When an invader comes in, it tests out and manufactures the antibody

B cells carry antibodies
Each B cell carries one antibody type
IgD and IgM

Body carries many different B cells

Immune response triggers replication of specific B cell

“Amplified” B cells target the invaders
Antibodies stick to bacteria, and allow cells to remove bacterial from body

After infection some B cells become memory cells
We don’t need B cells, but some are kept as memory cells to prevent future infections from the same bacteria/virus

Each infection generates memory cells
The older you get, the more memory cells you contain

Viruses live inside cells and escape B cells
Bacteria live in space between cells, whereas viruses live inside body cells
Antibody cannot get rid of viruses

Body makes T cells to destroy viruses
Sticky part on end stick to part on inside of cell
Kiiler T Cell
CD8 receptor
Helper T Cell
CD4 receptor
You need both of these to kill a virus

Infected cells “display” parts of viruses
Viral protein fragments on MHC receptors
Virus from inside cell will be displayed on MHC on outside of the cell

Killer T cells recognize MHC “display”
T cell will sandwich infected cell holding onto a piece of the virus
Helper T Cell and Killer T Cell both work together and stick to MHC
Helper T Cell sends “kill” signal to Killer T Cell, which sends signal to infected cell telling it to self-destruct

Two kill signals provide a failsafe
If our body mistakenly attacks the wrong bacteria, it is ok
If we accidentally attack a normal cell, this is dangerous

Viral infection triggers replication of specific T cells
Each cell has different receptor and recognizing different piece of virus

Some T cells become memory cells
Body only makes memory cells after being exposed to infection

Memory cells give you immunity
Most diseases only affect us once

How to get the memory without the sickness?

Smallpox (variola) had a 20 to 40% mortality rate

Smallpox disfigured 70-80% of survivors
If you survive, you will be scarred for life

Variolation was practiced by many cultures
If someone was sick with smallpox, they would use small stick to take puss from person with smallpox and stick it into other children without smallpox so they will have less severity and immunity of smallpox afterwards
Variolation is actually safer than normal

Vaiolation brought to England by Lady Montagu
Brought back from India

Edward Jenner (1749-1823)

Milkmaid did not get smallpox
Edward Jenner thought this

Milkmaids who got cowpox did not get smallpox
Much more mild than smallpox, and did not get smallpox
Jenner wanted to use variolation with the cowpox so people would not develop smallpox

Jenner inoculated children with cowpox
Inoculated them with smallpox, and found that the children did not get smallpox

Blossom was the source of cowpox

Vaccination was safer than variolation

Vaccination was an incredible success
By 1950, no developed country had smallpox
Vaccine term comes from cow

Global eradication targeted 1966

New methods to inoculate everyone

Last case of natural smallpox 1977
Occurred in Somalia

Today only exists at CDC and in biological weapons
Soviet Union weaponized smallpox virus in weapons

Vaccination scar-born before 1972

Scar is created by the special needle used

Cowpox vaccine “simulated” smallpox virus
Simulated infection has mild sickness

Vaccination simulates a disease
Body creates memory cells for the disease
Memory cells impart immunity

Jenner was lucky to find cowpox
Cowpox and smallpox are similar enough to where body produces same antibodies to destroy both diseases

Serious illness in livestock-anthrax

Pasteur “attenuated” anthrax bacteria by heating
Found that heating bacteria produced a weaker version of the bacteria

Pasteur used a second “booster” shot
This is that he inject animal twice with same vaccine

Booster shots often used with attenuated or dead viruses

Attenuated vaccine use disease microbe
You can avoid natural infection
Using weakened bacteria, you get mild disease and also immunity
Small risk in getting full blown disease if you don’t attenuate right

About 1 % of polio is paralytic

Paralysis includes the lungs
You could not move your lungs and would die of suffocation
Iron lung is vacuum chamber that sucks in air for you

Many polio epidemics in 1900’s
20,000 people a year would be paralyzed by polio

President Roosevelt was a survivor

Salk vaccine (1955) used dead virus
Found a way to kill virus

Largest U.S. clinical trial ever in 1954
Almost no side effect, and it was very safe

One batch of vaccine was defective
The batch wasn’t made properly, and as a result, many people go polio and died/became paralyzed

Sabin vaccine used attenuated virus

Clinical trials in Russia

Sabin vaccine was adopted by most countries
Convenient to give it orally

Fewer than 300 cases of polio world-wide with 2003

More than 1600 cases world-wide in 2009
Resulted from politics

Current global eradication initiative started 2009

World-wide cases have droped 99% since 2009
May have last polio occurrence in 5-6 years

Influenza causes seasonal colds

Flu Vaccine uses dead virus
Flu virus changes every year, therefore need new vaccinations every year
Uses dead virus, so its very low side effects
Every year is a guess to what type of flu will come along, so therefore the vaccine may not prevent the correct/prevalent flu virus

Main side effect is egg allergy
Manufactured in eggs (flu vaccine)

Many diseases are close to eradication
Vaccinations are so successful

Many diseases are eradicated in developed world
Adverse event: cough, sore arm, headache, sore throat, etc.

Some people are afraid of vaccines
Since we don’t have diseases, we start to pay attention to side effects/risks

Anti vaccine propaganda exists

Propaganda is effective and dangerous

Opposition to vaccination in Jenner’s time
Fear against vaccination treatments

Modern anti-vaccine activists focus on autism

Autism symptoms appear around age 2
Vaccinations done around age 2

Wakefield study appeared to back up claims

Loss of confidence led to lower vaccination rates

Wakefield study was a fraud
Based on a study of 12 patients

Wakefield was stripped of medical license 2011

Preservative worries during H1N1 panic

Thimerosal preservative is safe
A piece of fish has more mercury than thimerosal

Thimerosal does NOT create autism

Vaccines do NOT cause autism

Adjuvant worries during H1N1 panic

Adjuvants reduce the need for booster shots

Alum used in most early vaccines

Lipid adjuvants were discovered in 1970s

Squalene (MF59) blamed for Gulf War Syndrome

There was no squalene in military vaccines

Your body is making squalene right now
Normal human metabolite
Used to make steroids in your body

Squalene sold as nutritional supplement

Squalene is safe

Vaccines occasionally cause adverse effects
They are extremely rare and mostly minor
Usually are adverse events
If you get a fever and a little soreness, it tells you vaccine is working
Dizziness is psychological
Disease is extremely rare
only occurs with live types of vaccine
Nothing is 100% safe in this universe

Beneficial impact of vaccines (North America)
When it works you don’t notice it
Our brains are programmed to see risks, and those are what we pay attention to
Since we don’t see benefit, we focus on risk
Vaccinations are biggest achievement of modern medicine

Why vaccinate if a country is disease free?

The unvaccinated keep disease alive
There are cases outside of North America
Have to vaccinate enough to kill out disease

Herd immunity is important while a disease exists on the planet
Easy for diseases to make its way back through population

Reduced vaccination rates are dangerous
Experiments done:
Japan had this incident occur

Not vaccinating is dangerous
Child ends up with serious disease due to parents not vaccinating

Not vaccinating is irresponsible
If don’t get vaccinated, putting rest of us in possible danger

Cervical cancer kills 250,000 women each year (World)
Canada: 4000-5000

Cervical cancer is a viral disease
Results in warts on genitals or anus
Rare in nuns and single women

Human papillomaviruses (HPV) linked to cancer 1970s
Can only affect certain part of skin on the body
different subtypes of virus
A few HPV causes cancer-high risk viruses
They all have the same gene:
they carry something that destroys P53

Get immune response with empty virus capsid
You can crystalize viruses

Capsid protein is immunogenic
Don’t need the whole virus, just small part
They isolate different proteins and fragments of them to develop immunity

Guardasil make from virus protein fragment
In principle, safest type of vaccine possible
First ever anti-cancer vaccine
Gets rid of HPV

Vaccine only works if previously uninfected
Originally only for women, now for men
Can be administered up to age 26
Not all genital warts are high risk

Politics is now the major barrier to eliminating cervical cancer
When this vaccine first came out, there was opposition by the Conservatives

Don’t think, measure
They tracked young women, and it makes no difference

HPV vaccination has no effect on sexual activity
Done 4-5 studies that makes no difference

Evolution of vaccines

Vaccines are safe-don’t worry

Vaccines are safe-protect your family

Emergence of new disease in 1981
Cancer caused by a virus-similar to herpes

HIV discovered in 1984
Virus spread rapidly
unsafe sexual practice
i.v. drug use
politics and bullshit
 Cannot exist outside of a living human
Disease was heterosexual after 1984

Unsafe sexual practices spread HIV
Discovered primarily through homosexual anal sex
Anal sex is primary transition of this disease
Dry sex: dry out girl’s vagina, and have sex-usually results in tearing
Bareback sex: sex without condom

Homophobia during the early years
Leaders refused to acknowledge that AIDS existed in their country
since they didn’t want to admit homosexuals were in their country

Religious fundamentalism in the U.S.
Blocked education programs
Resisted condom distribution in Africa
Promoted unrealistic solutions
abstinence

Thabo Mbeki refused AIDS drugs in South Africa
President of South Africa
Refused to accept free AIDS drugs given to the country because he did not believe that AIDS was due to sex

European promotion of safe sex

AIDS now the world’s most deadly disease
Malaria used to be #1, but now it is AIDS

1% of all adults on this planet are HIV positive

AIDS then and now
100% fatal disease 

Treatment is unpleasant
Lipodistrophy is where you lose fat in your face, and you have caved-in skeletal appearance

Only one person has been cured so far
Unfortunately, tested positive again

Most cases are in countries that cannot afford treatment

Is an HIV vaccine positive?

Testing early vaccines was difficult
Problem is that humans are only animal that gets AIDS
chimpanzees get HIV, but not AIDS

Difficult to find volunteers for clinical trials
Insurance would be cancelled if you had AIDS in your body
Group of Catholic priests were first test subjects for vaccine for AIDs

AIDS virus targets helper T cells
Helper T cells actively seek out HIV virus
Virus slowly destroys body’s store of Helper T Cells, and then the viruses in you body can destroy your immune system

HIV phases of infection
Acute phase
Chronic phase
Disease phase-the “AIDS” phase

Acute phase of HIV infection lasts 6 to 10 weeks

Chronic phase of HIV infection lasts 8 to 12 years

AIDS phase lasts 2-4 years

All attempts to make a vaccine have failed
Immune system is doing what it is supposed to do
However, leakage make virus continue on

Recent report claimed limited success

Study combined several vaccines

Vaccine combo delayed infection
Over time, the number of infections is slowed down, but is not prevented

Effective HIV vaccine is unlikely
Life will be ruled by the drugs you take

AIDS virus cannot live outside human body
Protect yourself
use condoms
avoid anal sex-or learn how to do it correctly
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Life expectancy then and now

Plagues were common throughout history

Cures and treatments failed
Plague doctor: wore protective clothing, and went to treat person
beak was to have good smell to prevent the plague from affecting them
stick was to not touch patient

Cause of disease was unknown
Usually due to demon or punishment from God
As a result, persecute other religious groups

Post natal infections-30% death rate
100 years ago, people were terrified as you would probably not survive

Maternal mortality rate
Drop due to penicillin

Surgery survival rate less than 30%

WWI and WWII-more deaths due to infection than combat

John Snow disproved miasma theory 1854
This was theory that bad smell caused disease

Map of cholera infections identified the source
By mapping it, he found out that specific water pump caused diseases

Water pump is a historical landmark
Located on site of raw sewage

Agostino Bassi showed microbes cause disease
Showed bacteria and fungi caused diseases

Atharva-Veda identifies living animals causing disease

Louis Pasteur develops pasteurization 1864
You could reduce disease by ridding of bacteria in food we eat

Lister develops antisepsis
If you spray chemicals to kill bacterial, you can survive surgery

H.C. Gram stains bacteria in 1884
Blue are gram positive
Red are gram negative

Paul Erlich and the magic bullet 1907
You take drug that only kills bacteria in body

Trypan red selectively colours trypanosomes

Erlich know As was similar to N but more poisonous

Salvarsan 606
The first antiboitic

Salvarsan 606 for Syphilis-the great pox
To get into person, you need to inject 600 mL of Salvarsan 606 into a person for an hour

Erlich got Nobel Prize
 
Gerhard Domagk at IG Farben 1932
Experimented with dye called prontosil
His daughter had severe throat infection at the time, and it was cured

Prontosil only worked in vivo
Only works inside a living animal

Why was prontosil only effective in vivo?
This is because it was metabolized into sulfanilamide
First successful antibiotic

Sulfa drugs save lives in WWII

Sulfa drugs inhibit bacterial growth
Does not kill bacteria
Blocks enzyme 

Sulfa drugs mimic natural substrate
Drug gets “jammed” into the enzyme active site

Alexander Fleming contaminates culture in 1928
Big breakthrough in antibiotics
Approx 80% of antibiotics are from penicillin
He discovered this: noticed this because one of his culture dishes was contaminated with a mole

Mold prevented bacteria growth
Zigzag pattern is how you grow bacteria
White spot on bottom is fungi, and dead zone is where penicillin prevented bacteria growth
Certain bacteria would die, and certain would not
Found there was a great way to purify bacteria

Fleming publishes his results in 1929
Published in a very unknown scientific journal

Fleming used penicillin to purify bacteria
Certain types of bacteria could grow, and others wouldn’t

Fleming did not do the key experiment
He gave it to mice
However, he didn’t check the penicillin on the affected mouse
His paper was published, and no one ever really read it

Howard Florey & Ernst Chain isolate penicillin in 1941
They found Fleming’s paper and contacted him
They isolated the substance

Penicillin first produced in milk bottles
1000 kg mold gave 1 g penicillin
In basement, they incubated penicillin

Home built machines to isolate penicillin
Had to build automated machines that were cheap in order to do research
Took them 2 years

Florey & Chain publish their discovery
Did key experiments
Injected series of mice
after 24 hours, all mice that got penicillin survived, while all mice without penicillin died
They also experimented on person-Albert Alexander
they have him penicillin and he survived a life-threatening infection from a small cut
unfortunately, police offer later died because they did not have enough penicillin

Britain not best place for research
No money to continue research on penicillin
If Florey had not been in charge of lab, there would not have been discovery of penicillin
They brought their discovery to the United States

Penicillin production moves to corn steep liquor
Byproduct of making corn syrup
Better to cultivate penicillin than using milk bottles
Bubbling O2 through tank would allow for no surface growth of bacteria on milk

Peoria, Illinois becomes penicillin capitol

Drug companies develop better extraction technology

Merck isolation method

Penicillin production became war priority
Huge payments differentiated the multinational drug companies and the ones that disappeared after WWII

Penicillin stockpiled for D-day

Penicillin used by U.S. forces in the Pacific

Penicillin available to the public

Fleming, Florey, and Chain share Nobel in 1945
Fleming became famous, while the other two didn’t talk to the media

Bacterial cells are different from human cells
Bacteria have cell walls and they compact/hold bacteria together

Penicillin prevents cell wall synthesis
Humans don’t have cell walls
Any time bacteria divides, it needs to split open cell wall
Penicillin makes bacteria explode when it tries to divide itself and cell wall

Secret to activity is the Beta-lactam ring

Penicillin destroys enzyme that makes cell walls
Forms a permanent link that welds itself to the enzyme that makes the cell wall

Antibiotics only work on bacteria
This is because we don’t have cell walls

Most antibiotics today are artificial
Natural penicillin is not drug-like
Artificial penicillin drugs are drug-like

Design better antibiotic drugs by semi-synthesis
Penicillin G is used for some things
However, top right molecule is used to make almost 98% of all other antibiotics
ex: amoxicillin

Major penicillin side effect is allergy
Otherwise very little side effects
In certain people, there are enzymes that produce cell-wall type substances in the body
if you have penicillin, it will affect these enzymes

Cephalosporin found in Italian sewer

Cephalosporin similar to penicillin

Streptomycin inhibits protein synthesis
In bacteria
Different structure to penicillin

Tetracycline inhibits protein synthesis

Tetracycline is semi-synthetic
Natural form is toxic
Only change OH to CO form a safe drug

Tetracycline may make you photosensitive
Since it interacts with sunlight

Tetracycline interferes with calcium metabolism
Makes your teeth grey

Antibiotic resistance is a growing problem
Antibiotics have been used so much, that the bacteria mutate

Over prescription by doctors
This is true
Sometimes prescribed more than necessary
Sometimes use antibiotics as placebo

Prophylactic use may promote resistance
Always antibiotics in cows so they don’t get sick

Human exposure is limited and recent
Only within last 5 years
Bacteria that affect humans that resist antibiotics

Biggest problem is patient compliance

The reason for the instructions
There is amount of drug that has to be in body in order to be effective
If amount is less, then bacteria isn’t killed anymore

Missing doses creates resistant bacteria
During time when drug is below threshold, you get rid of weak bacteria and the strong bacteria survive and reproduce

Only the tough survive
Even though you will feel better the next day, you must take antibiotics for full period of time to absolutely get rid of all the bacteria

Important to kill all the bacteria

Most dangerous bacteria are found in hospitals
Nosocomial infection-infection from a hospital

Necrotizing fasciitis

Staphylococcus aureus

Kill the bacteria by debridement
They have to open up wound, remove bacteria, and slather cream on the wound

Lucien Buchard 1994
Premier of Quebec
Had to chop his leg off

Clostridium difficile in hospitals

Methicillin resistant Staphylococcus aureus
Resistant to lots of antibiotics

Antibiotics are commodity chemicals
We are not doing anything to look for better antibiotics

Developing new antibiotics is not cost effective
2 billion dollars to develop new antibiotic

Regulatory hurdles have become gigantic

Doctors are reluctant to use new antibiotics
High cost, low profit

Antibiotic have huge impact on human life

Preserve the value of antibiotics
Follow the directions
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Tobacco is the most dangerous substance in the world

Causes of death-North America (2001)
#1 cause of cancer death is related to tobacco-lung cancer
Tobacco kills more people by damaging their heart than lung cancer
#1 cause of stroke

Tobacco kills 420,000 per years (North America)
Columbus discovers tobacco 1492
Natives actually discovered it before he did

Natives drank smoke from tobbagos
Basically rolled up tobacco leaves

First shipments to Spain from Tobago

Jean Nicot introduced tobacco to France
Nicotine from this guy

Tobacco used to revive drowning victims
If you force tobacco into drowning victims, they would be brought back to life

Tobacco smoking in clubs
All done in pipes
Smoking contained very strong acid (HCl and hydrogen cyanide)
Long pipes would be used so the acid would leak out of pipe on way towards mouth

Water pipes popular in eastern countries
Not safer than other types of smoking

Snuff became popular with aristocracy
Finely ground tobacco that you would inhale

Chewing tobacco popular with masses
Popular in 1800s
Not as much today

First depiction of cigarette smoking
Painting in 1700s

Cigarettes originally rolled by hand
Only rich people could afford to smoke

Bonsack machine reduced production costs
Automated cigarette roller

Flue-curing reduced harshness of smoke
Have to dry tobacco in order to get it to burn
Less acid in tobacco when dried in shacks

Early cigarette adds emphasized “mildness”

Cigarettes became dangerous
Could afford to smoke a lot + smoke brought deep into lungs=now addictive
Risk=toxicity x exposure

Average smoker smokes 10,000 cigarettes a year

Cigarette consumption then and now

Nicotine is the addictive substance
2 mg per cigarette required to addict smoker

Cigarette delivers 2 mg nicotine to addict

Nicotine acts on acetylcholine receptors
When nicotine present, it is in the synaptic cleft

Messenger-receptor interaction
Nicotine isn’t dangerous, but it is an addictive chemical
Messenger molecule binds to receptor
As a result, they change their shape and alter function of receptor

Nicotine is an agonist at low doses
Sticks to receptors, and contributes to the normal response

Agonists send messages without the normal messenger present

Nicotine is an antagonist at high doses
Therefore, there is no shape change and no signal is transmitted
Signal is blocked

Antagonists block chemical messages
Agonist at low concentration
Antagonist at high concentration

Smokers regulate the dose
Low concentration is a stimulant (agonist)
High concentration is a relaxant (antagonist)

Nicotine stimulates dopamine release
Dopamine is chemical that makes us feel good
When smoking cigarette, you stimulate dopamine

Smoking cues add to the addiction
Associated with smoking after dinner, etc.
This is a fully chemical addiction
strong because of dopamine

Nicotine use as a pesticide
Common in greenhouses on plants
Cigar contains lethal dose of nicotine
Only very small percentage survives in cigar

Common form of poisoning in children
If children eat cigarettes, they could get poisoned

Nicotine to kill elephants
Poison darts that contain nicotine

Nicotine stimulates the heart muscle
Heart attack
Stimulates heart at low doses

Toxic substances in tobacco smoke – CO
#1 reason of heart attack

CO reduces O2 carrying capacity of blood
CO sticks to hemoglobin
stronger attraction to hemoglobin than O2

Carcinogens in tobacco smoke
The delivery system makes nicotine dangerous

Benzopyrene carcinogenicity

Normal lung and smoker’s lung
Takes approx. 10 years to recover from lung tissue

Alton Ochsner linked cancer to smoking

Lung cancer then and now
Very rare disease
Only chimney sweeps

Tobacco use and lung cancer in the US
Women started smoking in 1950s

Tobacco advertising emphasized glamour

Tobacco companies paid stars to smoke in movies

Cigarettes were provided free to soldiers
Small price paid by government, but soldiers paid nothing
Very smart marketing strategy

Tobacco advertising targeted women

Women start smoking to stay slim
Smoking does not help you lose weight
People who quit smoking often gain weight
this is because when you stop smoking, you don’t get dopamine
therefore, smokers find another way to get dopamine-by eating lots of food

Smoking creates wrinkles
CO destroys collagen in skin

Adds target children
People start smoking during teenage years

Second hand smoke is harmful
Usually not a risk, unless constantly around smokers

Emphysema significant cause of death

Smoking during pregnancy linked to low birth weight

Cigarettes are highly engineered drug delivery device

Use of reconstituted tobacco
Low quality mixed with high quality tobacco
Carefully engineer nicotine content
not natural anymore

Paper is specially designed
There are burn rings
when paper is thinner, takes quicker to burn
when paper is thicker, takes longer to burn

The filter is a decoration
Filter does virtually nothing
Does not take a lot of chemical material to generate colour

Charcoal filters don’t work any better

Cigarettes are engineered to deliver nicotine
Typically a liquid, and then the gas form is inhaled when burned
Combustion makes acids like HCl and HCN
Since nicotine is a base, the acids react with it and then the liquid nicotine turns it into a solid, so it doesn’t escape cigarette
As a result, they add ammonia to cigarette, so more nicotine can be delivered to the lungs of the smoker

Light cigarettes just as dangerous as regular

Laboratory testing of cigarettes

Smoking machine collects fixed amounts of smoke
Smoke is drawn by vacuum, and the chemicals are measured

Light cigarettes designed for laboratory testing
They put small holes, and since air enters holes, there is more air and less smoke

Vent holes placed at top of filter

Holes placed outside machine connection

Light cigarettes are not safer or lighter
Arguable that light cigarettes are more dangerous than regular cigarettes

Tobacco companies suppress information
Cigarette smoking is #1 cause of heart attack (even more than lung cancer)

60 minutes muzzled first and only time
Only time story was ever pulled was when it was about tobacco

The insider tells the story

Rose Cipollone vs. Phillip Morris 1988
All they do is delay until person dies
Rose was first person to ever survive long enough to deliver law suit

Less cancerous cigarette-Eclipse

Less cancerous cigarette-Accord

Florida sues big tobacco in 1988
Majority of smokers are in other countries

Companies always claimed tobacco not addictive
Changed dictionary definition of addictive
Tobacco companies added “intoxication” to the definition, since you do not get intoxicated while cigarettes

Warning labels on cigarettes

Nicotine gum to stop smoking

Nicotine patch to stop smoking

Nicotine inhaler simulates smoking

Nicotine spray to help quit

Nasal spray is less convenient

Safe delivery of nicotine
Improved chances of surviving because it is much safer than smoking

e-Cigarette use is controversial
Produces vapour/steam

Sold as a way to stop smoking

About as effective as patches?
They do help you quit, just as much as other methods

Is it a safe alternative to smoking?

Health Canada is very conservative
We do not know risk of these devices, so they do not do much about them
No nicotine in e-cigarettes in Canada

Specialized heater and e-fluid or e-juice

e-fluid as a flavoured vapour source
Solvent
Nicotine
Flavour

Is it safe? No
Propylene glycol
Glycerol
Polyethylene glycol
all safe when eaten and put on skin, not sure about when smoked
when heated forms fomaldehyde and acrolein
Nicotine
heart attack
Flavour
lots of carcinogens
carbonyl groups

Is it safer than cigarettes? Yes

How much safer?
Nobody knows

Concerns over use by non-smokers

Marketing is faster than science
Each company has different heating technology
Hundreds of flavours
4 or 5 nicotine strengths

Best indicator is clinical trial
Governments are afraid as well

e-Cigarettes worth switching to?
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Adverse reaction to harmless material
Tons of reactions to viruses

Allergy requires prior response
Immune system creates antibodies and remembers it, for some reason
Later on when exposed, you have a reaction

Hay fever is a reaction to pollen

Cold-like symptoms

Some people get a geographic tongue
Swelling of certain areas of tongue

Atopic dermatitis from surface exposure
Redness, scabs, etc.

Contact dermatitis from irritants
Irritants have nothing to do with allergies
Working with powdered ingredients you get irritants

Exposure to large amounts of powder

Dose makes the poison
Sand is usually not toxic

The amounts are what is important
Sand is class 1 human carcinogen

Contact dermatitis from immune reaction

Immune reactions at the site of contact
Usually blistering
Don’t wash, don’t touch

Urushiol produces the reaction

Latex from rubber snap tree

Latex gloves and condoms

Nickel is a common allergen
#1 in metal allergy

Nickel alloys are common
Belt buckles, money, zippers, buttons, etc.
Nickel toughens up other metals

Many piercings made of stainless steel
Should not contain nickel
However, sometimes nickel is added because the metal is soft

Allergies to henna tattoos on skin

Dust allergies are common
Not actually allergic to dust, but to mites (arthropods) that live in dust
They eat skin flakes and generate feces

Mattresses can contain large amounts of droppings
We shed lots of skin and therefore, mattress is full of mites

Allergies to pets

Most reactions are to pet saliva
Not so much the hair or feathers, but proteins in saliva
When animals clean themselves, you get allergic to it

Mold and fungi produce many allergies

Food can give allergy or intolerance
Allergy-immune system reacts to food
Intolerance-substances produce adverse reactions

Food intolerance affects about 30% of adults

Lactose intolerance is inability to digest lactose

Bacteria digest food instead

Lactase is available as a supplement
Enzyme that breaks lactose down into 2 molecules of glucose

Headaches from food

Spices can irritate stomach

Food allergies affect about 4% of adults
Not simply involve digestive system
whole body response

Common food allergens
Milk, nuts, shellfish, eggs, peanuts
Rare to be allergic to both shellfish and fish

Signs of food allergy-bags under eyes

Signs of food allergy-dark under eyes

Peanut allergy common in North America
Becoming more and more prevalent

Peanut allergy rare outside North America
Also somewhat common in Europe

Peanut free schools common only in North America
We typically give peanuts until they are 5-6 years old
Rest of the world gives peanuts as soon as kids can chew
Peanuts are prepared by roasting them in North America
Rest of world is consumed raw or cooked differently
Age of first exposure tend to be less likely to get allergy

Spider and insect bites can give strong reactions

Rare allergies-allergy to sunlight
Redness and peeling of skin
Often due to chemical activated by sunlight
Merigold exposed to sunlight is very toxic
Body remembers sunlight and reacts with it

Aquagenic allergy-allergy to water
Generate blistering and rashes

20th century disease-“allergy” to man-made substances
Not typically natural things
This is psychological condition, associated with personality types and possible traumatic event
Not allergy, but nasty condition

Allergy is a disease of the developed world
Rates have doubled since 1980s
Super rare early 1900s

Hay fever was rare condition in 1900
Most common allergy today

Peanut free schools only in last 30 years

Are we exposed to more substances?
Has been disproved

Industrial pollution more common in developing world

Most allergies involve natural substances

Hygene hypothesis for allergy
We are too clean

Immunization and antibiotics reduce infection rates
Normal state not to be sick
This changes ecosystem of our bodies
Microorganisms that live on us now are different from before

Children in daycare less likely to be allergic
In daycare, exposed to more diseases, and therefore less likely to be allergic

Children in large families have less allergies
More people in house, more diseases as child, and less allergies later in life
Youngest children have fewest allergies because they have large number of siblings

East Berlin had poor health care and lots of pollution

West Berlin had good health care and less pollution

More allergies in West Berlin

Some kids tend to have fewer allergies
Kids who are always dirty 

Some kids have more allergies
Kids who are cleaner

Allergy requires prior exposure

Mast cells display IgE antibody

Allergin contacts the IgE molecules
Chemical message transfers from outside to inside of cell

Mast cell degranulation releases histamine

Histamine produces allergy symptoms

Managing allergy
Immune modulators and immunotherapy are very expensive

Allergy tests look for reactions

Avoidance best for food allergy
Record what you eat and symptoms so you can determine what you are allergic to

Tracking down food allergy-logbook

Antihistamines are often taken
Diphenhydramine-Benadryl

Antihistamines are histamine antagonists
Histamine is messenger
Antihistamines block it

Diphenhydramine is in Benadryl

Generic versions are available

Diphenhydramine makes you sleepy

Chloropheniramine is in Chlor-Tripolon
Side effect is drowsiness

Chloropheniramine is in cold medications

Antihistanimes reduce nausea
Gravol is same as Benadryl, but extra simulant added

First generation antihistamines can enter the brain

Loratadine is a second generation antihistamine
Non-drowsy formula
Chemical structures prevent chemical from entering/affecting brain

Loratadine does not enter the brain
It cannot pass through blood vessels to enter brain

Body converts Loratadine to Desloratadine
Converted by liver
Pro-drug is given in one form, and body metabolizes it into another form
Loratadine is pro-drug
Desloratadine is drug

Desloratadine is in Aerius

Seldane contained terfenadine
First non-drowsy antihistamine

Drug-drug interactions with Ketoconazole

Terfenadine is activated in the body
It is pro-drug
Fexofenadine is drug
Terfenadine is toxic, Fexofenadine is safe

Allegra contains fexofenadine

Reactine contains Cetirizine

Various generations of antihistamines

Buyer beware! Price for 100 tablets
Price for drugs are actually more expensive with the generic brands

Fewer pills makes product look cheaper
Price/# of pills
want smallest number

Buying in bulk is best value
Costco is best price

Pseudoephedrine for decongestion

Steroid decongestants

Rhinocort spray
Not anabolic steroids, but normal steroid

Anaphylaxis is very serious

Epi-Pen for strong allergic reactions
Epinephrine counteracts allergic reaction so you have time to get to hospital

Know how to use it

Original drugs targeted nerve signals

Salbutamol targets nerves to bronchii

High doses will stimulate the heart

Over use caused heart attacks

Flovent inhaler delivers measured doses

Leukotrienes associated with asthma
Involved in asthmatic response

Singulair is a leukotriene antagonist
No risk for heart attack, unlike inhalers

Singulair is very effective
Since you can take it as a pill

Persistence pays off

Various generations of antihistamines
2nd and 3rd generations do not make you sleepy
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Heart has been recognized since ancient times
People used to think this was seed of soul
Also centre of human intelligence
People thought that only organ that moved

Gladiator wounds provide first glimpse of function

William Harvey 1578 – 1657
Described circulatory system 

Correctly described circulatory system
Valves in the veins

Ibn Al-Nafis 1210 – 1288
First correct description and made all correct descriptions as Harvey

Heart pumps 2.6 billion times during your life

Coronary vessels feed the heart
Heart attack due to something wrong with these vessels

Much cancer death is avoidable

Many deaths from heart problems are avoidable
Exact same risk factors both cancer and heart attack, in almost same order

Smoking kills by poisoning the heart

Obesity kills by overworking the heart
Ribcage and organs do not get bigger, while outside your body does

Diet high in fruits and vegetables is beneficial

Variety in diet is important
Meat is important too, so eat a little

Men are at 10x higher risk

Heart attacks in young women often mis-diagnosed

Heart attack risk equalizes after menopause
Same risk as men

Estrogen replacement has no effect

Stress dramatically increases your risk
Quality of work determines stress in work
The more choice you have, the less stress you have

Exercise protects your heart

Family history of heart disease
Genetic component to heart disease

Many microbes liked to heart disease
Herpes virus

Healthy gums for a heart attack
When bacteria secrete chemicals, they get through blood system

Homocysteine levels linked to heart problems

Homocysteine is recycled using B vitamins
Recycle vitamin B12

B vitamin supplements do not give a benefit

Problems that can arise with your heart

Valve function corrected by surgery
Nothing you can do with a drug
Can either get a natural valve (from animal like pig) or mechanical valve
animal valve needs to be replaced, but no need for anticoagulants
mechanical valve you need to take anticoagulants, and they make a noise, yet they last your whole life

Problems with heart’s neural system
Sympathetic and parasympathetic NS 
sympathetic makes heart beat faster
parasympathetic makes heart beat slower
Both are running at the same time
Only sympathetic NS is practical for drug design

Heart stimulated by sympathetic nerves

Noradrenaline antagonist is what is needed

Beta-blockers keep heart rate under control
Sits in same pocket as noradrenaline

Beta-blockers control the heart rate
Slows down heart rate

Slow heart corrected with a pacemaker
More dangerous, not fixed by drugs

High blood pressure is the silent killer
No symptoms
Only way to know is go to doctor

Two blood pressures are measured
120 is pressure of blood getting squeezed out of heart (systolic)
80 is pressure when heart relaxes, in between contractions (diastolic)

Pay attention to the diastolic pressure
Above 105, drugs are prescribed

Hypertension affects 20 % of adults
Essential blood pressure
Secondary blood pressure

Too much salt is linked to hypertension

Salt is required for life

Worth his salt
Roman warriors were paid in salt
Salary is Roman for salt

Processed and fast foods contain lots of salt

Processing removes flavor-salt puts it back

Recommended daily amounts
3500 mg a day is average per person
Recommended amount is 1000-1500 mg

Hypertension affects 20 % of adults
Essential is irreversible
due to high sodium levels
Secondary is controlled by enzyme system
treatable with drugs

Systemic vasodilators open blood vessels
Reduce blood pressure

Pit Viper venom lowers blood pressure to 0
Bothrops jararaca

Snake venom is not “Drug-like”
Very hard to manufacture, very expensive

What makes a chemical “Drug-like”?
Simple chemical structure
High activity
Convenient dosing
Patentable

Venom blocks the formation of Angiotensin II
Venom blocks enzyme ACE so angiotensin II isn’t produced and then the blood vessels constrict

Drug was designed using venom as inspiration

Captopril was the first ACE inhibitor
Side effects of cough and coppery taste

Enalapril had improved side effect profile
Equally effective

Ang II antagonists for hypertension

Ang II antagonists block Ang II signals

Congestive heart failure
Dropsy-enlargement in person’s body
Consumption-person becomes very thin

Liquid pools in the body
Sign of congestive heart failure

Many causes
Overall, it is inefficiency of way heart works

William Withering discovers a heart drug
First one

Foxglove plant (Witch’s bells) stimulates heart

Digitalis boosts heart function
Drug derived from the plant
Impossible to make synthetically

Plant extracts could be risky

Drug is still used today
Drug is purified

Digitalis has narrow therapeutic window
Difference between dose being effective and dose being harmful
Asprin has large therapeutic window (2 pills to be effective, 60 pills to kill)
Digoxin (1 pill is effective, 3 pills is potential fatal dose)

Digoxin at Hospital for Sick Children in Toronto
Babies died as a result of Digoxin

Charles Cullen kills over 40 people
Very popular with serial killers (using Digoxen)

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
Chemical is vasodilator

Nitroglycerin nasal spray

Dynamite workers discover heart benefits

Nitroglycerin patch for slow dosing

Exploding patients

Before Viagra there was nitro
Nitroglycerin is very similar to Viagra

Arginine for angina?
Produces NO in body

Clinical work shows no benefit to arginine

Health Canada warns against arginine for angina

Arterial blockages involve cholesterol

Cholesterol is found in all animal cells
Not in plant cells
Important in giving cell membrane fluidity and strength

High blood cholesterol associated with heart attack

Half of heart attack patients have normal cholesterol levels

Where does our cholesterol come from?
Diet is pretty low amount of cholesterol
Majority is manufactured from liver

Dietary sources of cholesterol
Egg yolk is high in cholesterol

Cholesterol has created market problems for eggs
 
Egg substitutes are available
Remove yolks from eggs

Omega-3 eggs are great for marketing

Omega-3 fatty acids from fish reported to reduce irregular heart beak
Nothing to do with cholesterol

Feed chickens with fish meal
When fed to chickens, they produce eggs with Omega-3

Omega-3 from flax seed does not work same way
When feed chickens flax seeds, there is Omega-3 in eggs with no fishy smell in eggs produced
Last carbon is omega, and there is double bond 3 carbons from carbon omega

Omega-3 eggs are great for marketing

Omega-3 fish oil supplements-buyer beware

Look for specific omega-3s
Eicosapentaenoic acid
Docosahexanaeoic acid
these are the good omega 3s

Best source of omega-3 fatty acids
From fish

Wait a minute….
Apparently no benefit from Omega-3 fatty acids

Omega-3 fatty acids from fish “REPORTED” to regulate heart rate
Based off a rumour

Original study did not take proper measurements
There is no difference in heart rates of the Inuits compared to the rest of the world

Cholesterol made in the liver from saturated fat

Excess cholesterol is stored in arterial walls
Makes bulging in walls, and this makes problem

Cholesterol in the plaque becomes oxidized
Oxidized cholesterol is dangerous, but not normal cholesterol

Antioxidant supplements provide no benefit
Theory that oxidation in our body makes us old

Foods containing antioxidants?

Antioxidant advertising highly prevalent

Most common analogy is wrong
Cholesterol does not block arteries

Cholesterol builds up INSIDE arterial lining-plaque
Artery starts to bulge out

Cholesterol builds up in arterial lining-plaque

Cholesterol in the plaque becomes oxidized

Oxidized cholesterol attracts macrophages

Macrophages consume cholesterol becoming foam cells

Inflammation causes plaques to burst
Can lead to rupture/tear inside artery
Blood clot forms, and this is what clogs artery

Blood clot forms over the burst plaque

C-reactive protein signals an increased risk

Very high level of CRP from bacterial infections
Not strongly affected by viral infections and fungal infections

Cholesterol is made in liver
Reduce total amount of cholesterol, and manage distribution around body

Body uses lipoprotein to transport cholesterol
Cholesterol doesn’t dissolve in blood

Low density lipoprotein LDL
Bad cholesterol

High density lipoprotein HDL
Good cholesterol

LDL protein transports cholesterol from liver to body

LDL protein deposits cholesterol at LDL receptors

Excess LDL is stored
Liver makes too much cholesterol sometimes

Problem is the storage location

HDL protein transports from body to liver
Takes excess cholesterol from body to liver, and removes it from the body

Total blood cholesterol is important
Not enough is dangerous, too much is dangerous

Total blood cholesterol (mmol/L)
Should be below 5.2

LDL blood levels (mmol/L)
About 3.4

HDL blood levels (mmol/L)
About 1.5

Best indicator is LDL/HDL ratio
Low risk less than 3
High risk more than 5

Lipids contain long carbon chains
Classified as fats or oils

Fats come from animals

Oils come from plants

Hydrogenation of oils for texture
Oils are much cheaper than fats
Since people prefer fats to oils, they are converted to solids
Oils from plants go rancid very easily

Partial hydrogenation gives best texture
Erases unsaturations, and you get a solid
Erase some of double bonds, but not all
Problem is that you change cis to trans double bond
trans last longer and have better texture

Trans fats for more than 100 years
[bookmark: _GoBack]People ate over 8 g per day
In late 1990s, they discovered that trans fats affect total cholesterol in body

Trans fats alter the LDL/HDL ratio
Trans fats make body produce more LDL and less HDL

Trans fat is easy to avoid
Find it in processed foods

Akira Endo discovers first statins
Reduce total amount of cholesterol in body

Statins block cholesterol biosynthesis
They block HMG-CoA reductase

Lovostatin from Aspergillus terrus was the first statin drug

Doctors initially afraid to prescribe statins

Four-S study of Simvastatin
Demonstrated that drugs were very safe, and lowered risk for heart attacks

Bruce Roth makes Lipitor in 1985

Lipitor was no better than lovostatin in animals

Lipitor would be the fourth statin drug reaching the market
Lovostatin (Merck)
Simvastatin (Merck)
Pravastatin (Sankyo)
After top 3, there is not enough profit made on the drugs

Roger Newton steals the show

Clinical trial with 24 company employees
38 % drop in cholesterol at 10 mg
Lower BP than all other curves

Curves trial showed significant advantages

Pfizer gambles with the dose
Since their dosage was less than other companies, they believed that lower dose would be more popular

Pfizer convinces FDA to fast track approval

Familial hypercholesterolemia
Orphan drug act
provides people with drugs for rare conditions
Their drug can be used to treat this

The real da Vinci Code?

The Mona Lisa had high cholesterol

Lipitor became the #1 drug in the world

Statin lower heart attack risk
Very minimal side effects, only rare liver problems

Crestor study: 100% reduction in heart attacks

What does 100% reduction mean?
They just played with the numbers
look at the absolute values
Only 1 heart attack prevented per 120 people
Costs almost 300,000 dollars to prevent one heart attack

1.5 million heart attacks per year
25% die immediately
25% unaware

Most people have only one heart

Many deaths from heart problems are avoidable
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What happens to a drug in your body?

Drugs pass many barriers entering the body
Smaller percentage of drug actually reaches target to when it went
Bioavailability

Most drugs pass through digestive system

The stomach is the first barrier
Drug must survive acid
Drug must dissolve in water

Most drugs absorbed by small intestine
Drugs must dissolve in water
Drug must survive digestive enzymes

Drugs pass through intestinal cells
Does this via diffusion

Molecules pass through membranes
Has to dissolve in water and through membrane
Very difficult to design this

Liver removes poisons from food
Drugs must make it through liver
Liver chemically modifies all drugs, and therefore drug must resist this change/survive the environment

Drugs pass many barriers to reach target organ
Approx. 15-20 barriers to pass through
This is most difficult aspect of medicinal chemistry

Drug interact with biological molecules
Drug has to make contact with portion of body
All involve sticking of drug to biological molecule

Molecules don’t stick at low concentration

Molecules stick at high concentration
This makes dosage of a drug

Small amounts of drug do nothing

Minimum dose to make drug stick

Total amount given ensures an effect
Drug is engineered to do this
No drugs have 100% transmission

Drugs + desire target  = desired effect

Side effects are undesired effects
Sometimes side effects are good for you

Reflex response produces an undesired effect

Vaccines may cause fever
Stimulating immune system is good, but it works better when you elevate temperature

Drug works correctly in the wrong place

Asprin can cause stomach irritation

Drug interacts with wrong biological molecule

Diphenhydramine causes drowsiness

Capsaicin used for topical pain relief
Increases bloodflow and relieves pain

Capsaicin also found in chili peppers

Taste is a biological response
Same was as a drug (receptor, transduction, response)

Capsaicin binds to heat sensing neurons

“Temperature” depends on dose
Lower temperature, less effect
High temperature, more effect

Water will not put out the fire
Capsaicin does not dissolve in water
Capsaicin “dissolves” in your tissues
(This is for spice/hotness)

Antidote must be high in fat
Capsaicin dissolves in fat
Milk, sour cream, or yogurt
don’t use low fat

Side effects from higher doses
Flushing
Sweating
Tearing

Extreme amounts may causes emesis

Always read the label for important safety information

Ring of fire experienced the following day

Pure Capsaicin is dangerous

A high dose in a small package

Capsaicin has to be handled carefully
Diluted in a pepper, spread out in its tissues

Protective equipment required
Can cause shock if skin exposed to pure material

Dose determines drug or poison

Drug safety testing

Initial safety testing at Panlabs
Done by contract research company and robotic technology

Safety testing in small animals
Since they are cheap
Often rats, mice, dogs 

Safety testing in primates
At least one type of primate

Animals in safety testing
60,000,000 animals per year in North America

Animal rights movement opposes testing

Sulfanilamide tragedy result of no testing

Thalidomide effects result of limited testing
Tested in small animals, not in primates

Complexity of a living animal cannot be simulated

Insulin originally isolated from dogs
Dog insult was first given to people
Today, most insulin is genetically modified

Surgical procedures developed on animals

Pro-Test movement
Testing animals are beneficial

All animal testing is subject to ethical review

Experiments well designed an necessary

Courts and government must accept alternative

Pills contain more than the drug
Excipients make up the product, and use additives from food industry

Fillers are important for safety
Almost impossible to weigh out actual amount of drug in pill
As long as mixture between drug and filler is good, you can measure amount of drug

Stabilizers protect drugs from oxygen

Preservatives protect drugs from microbes

Sodium benzoate from cranberries
Natural sources
Added to the pills

Colour is a safety feature
Patients/doctors recognize colour

Clinical trials
Test in small number of humans at some point
90% failure rate (not always health related)
Tested for safety and efficacy

Phase 1 trials for safety
Approx. 100 healthy volunteers

Ads for volunteers
May pay small amount of money

TGN1412
Anti-cancer compound
Huge reactions to this drug

Phase 2 trials for safety, efficacy, dosing
100 to 300 patients

Phase 3 trials for rare side effects
1000s of patients

Double blind study used during clinical
Weed out effect by sorting patients into two groups where one gets drug and other is placebo

Nuremberg code for research on humans
Informed consent
Prior animal studies
Benefits outweigh risks
Qualified scientists
No suffering

Nazi’s crossed the line
This caused the code to be created

Experiments at Auschwitz

Drug development requires 8 to 10 years
Patent lasts 20 years, and development lasts 10 years
Therefore, 10 years to market the drug and make money

Brand name and generic drugs
Brand name has patent
Same chemical substance, same amount, same bioavailability

Some provinces allow generic substitution

Always ask doctor for the generic version

Companies advertise to doctors for D.A.W.
Dispense As Written
Case might be reaction to a drug
Most doctors don’t know ingredients are in other brands

Generics are required to be equivalent

Each year incorrect prescriptions kill 10,000 people

Drug companies spend more on marketing
More than on research and development

60% of marketing targets doctors

Companies spend $50,000 per doctor
For advertisement
Used to be blatant advertising, but now there is less obvious
Often giving funding for research

Omeprazole molecule comes right or left handed form
Manipulate patent regulation and marketing
It comes in two mirror image forms, and manufactured as 50-50% mirror images
When Omeprazole went off patent, company manufactured only right hand form of drug called Esomeprazole
said it was a better drug
Turns out 50-50% mixture is converted in the same compound in stomach
One form of compound is metabolized slower, and stays in body longer

Advertising to doctors used “interesting” data
Graph demonstrates it lasts longer
Turns out the new drug was administered in twice the dose of the old drug
You still take the same amount of pills per day regardless of the product
Generic version of this drug is 8x cheaper than the brand name

Ethical (brand name) pharmaceutical companies

Generic pharmaceutical companies
Extremely cheap to manufacture drugs

When possible buy generic
In general, buy cheaper

Buyer beware! Check the prices
Health Canada controls prices of prescription meds, but not OTC meds
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Humans have always used mind altering substances
Ancient cultures always used hallucinogens

Chemicals for religious purposes
Hallucinogens for rituals
Incensole acetate makes people agreeable

Incensole acetate from Frankincense

People will do anything to get high
Used cow manure to get high
As manure ferments in plastic bag, it produces methane, and it makes you high

Drugs are illegal because they are dangerous
Health effects are minor
Main ban is that they are addictive

Drugs are dangerous because they are illegal
Fines, crimes, jail time
Criminal record follows you around for a long time
Buyer beware: street drugs are not pure; they can contain anything and it is impossible to know what is actually in them

Solvents often abused in elementary school
These are very cheap

Nitrous oxide in whipped cream
Laughing gas-can get you high

This plant is easy to grow (marijuana)

Buds with high THC content are smoked

Resin on the plant surface
Hasheesh

High crime in New Orleans
Up until 1930s it was legal to smoke weed in North America
This is why weed was banned in the USA

Marijuana Tax Act
In order to ship/produce it, you must pay tax
Nobody was given stamps, and therefore drug was illegal

Reefer madness and government exaggeration

Very popular in the 1960’s
Hippy culture

Active ingredient is THC

THC is an anandamide agonist

THC impairs memory
Arguably the most severe side effect
Due to interaction with anandamide

THC slows reaction times

Pharmaceutical grade THC made synthetically

THC used for AIDS related anorexia
Used to improve appetite and put on weight
Marinol is name of product

Sativex for multiple sclerosis
Eases uncontrollable muscle movements

Other medical benefits are questionable
About as good as Tylenol
Better meds

Impact similar to alcohol
Alcohol could even be more dangerous
Isn’t as addictive
From medical POV there is no reason to make weed illegal

Mandatory minimums for trafficking

1.5 million users in Canada

Heavy use may lead to schizophrenia
Young people between ages of 17-20 are at risk
Symptoms appear between 20-25
Only occurs with heavy users

THC causes increases in dopamine
High levels of dopamine are associated with psychotic episodes/schizophrenia

Does cannabis trigger schizophrenia?

Are schizophrenics heavy cannabis users?
It could be the other way around-schizophrenia causes them to use cannabis

Marijuana also contains cannabidiol
This ingredient is metabolite produced at same time as THC
People breathe leaves in order to produce potent drug
In 1960’s there was low levels of THC
Now, weed has higher levels of THC and almost no cannabidiol in product

Cannabidiol has anti-psychotic activity

Recent use of semi-pure THC – Shatter
Extract drug from plant and purify it to make yellow sheet that you break up
Does not contain cannabidiol
Brand new product-year or so

“Fake” pot in herbal incense

Leaves spiked with synthetic analgesics
Spiked them with THC, cannabidiol, Pfizer

Leaves spiked with synthetic cannabinoids
Not illicit substance

JWH-018 more potent than THC
Impossible to know which one in product

Cocaine used as a stimulant for centuries
They could chew the leaves
Chew the leave with a lime

Cocaine in Coke?
Happened over 120 years ago

Cocaine in patent medicines
Vin Mariani was wine with cocaine leaves

Cocaine had many uses
Sold as hair tonic
Can make skin on head numb so you don’t feel lice 

Harrison Tax Act 1914
Same way as marijuana, all narcotics were banned with this act
Tax stamps were issued to doctors

Stepan Chemical in New Jersey
Only company in North America allowed to deal with cocaine legally
Coca cola used cocaine leaves originally
Cocaine is great topical anesthetic

Topical anesthetics designed from cocaine
Benzocaine

Dental anesthetics inspired by cocaine
Novocaine, procaine

Most cocaine today is illegal
Cocaine is #1 smuggled substance worldwide per dollar

Snorting cocaine hydrochloride
Can also be injected

Cocaine addiction is very strong
The most unsatisfying drug

Animals prefer cocaine to food or sex

Freebased cocaine forms cracks
When snorting cocaine is treated with baking soda, you get crack cocaine

Crack requires lower doses
Cocaine hydrochloride does not enter body very efficiently
Crack cocaine enters body extremely efficiently
Cocaine is much more expensive than crack

Crack is usually smoked
Placed in heat pipe and heated
Much better high than cocaine

Cocaine prevents dopamine reuptake

Side effects of cocaine
Primary reason why it is illegal is that cocaine is addictive

Other effects of illegal cocaine
Do anything you can to acquired cocaine

Amphetamine used in WWII

First amphetamines abuse in military prison

Low doses stimulate fight or flight
Contract blood vessels, therefore wounds bleed less

High doses induce euphoria
Brain produces dopamine, which makes us feel good

Benzedrine inhaler contained 250 mg
Tube with folded piece of paper, where you stick it up your nose and inhale it

Amphetamine was extracted using Coca-Cola
Since coke is acidic, it dissolved amphetamine and it dissolved off wax paper
This gave you 10x the normal dose

Amphetamines used to treat depression
Tablets contain higher doses than actual cold medication

Amphetamines prescribed to the rich and famous

Max Jacobson was JFK’s doctor
JFK used to use amphetamine

Speed freaks in San Francisco
In 1960s, people did not like people who took speed because they were dangerous to be around

Amphetamine psychosis led to a decline in use in the 1960’s
Aggression, hallucination, paranoid psychosis

Methamphetamine makes a comeback in 1990’s
This is part of “designer drugs” movement

Pseudoephedrine to make methamphetamine

Chemical companies supplied underground trade
Over half of product sold directly to drug dealers

Pseudoephedrine becomes restricted

Smerfing provided the raw material

Methamphetamine is a potent vasoconstrictor
This causes meth teeth and meth face, where blood supply is cut off in face or teeth so they lose parts of face/teeth

Dependence is very strong
It is very addictive

Opiates are derived from poppy latex
Cut buds of poppy, and collect liquid

Opium consumed in ancient China

Hypodermic syringe invented in 1856
Used to smoke opium, but stronger when injected
Increases addictiveness of drug

Morphine use became common after Civil war

Heroin was sold as a non-addictive cough suppressant
Heroin is a derivative of morphine
Morphine reduces pain and a cough suppressant
Heroin used to be best cough suppressant

Harrison Narcotic Act 1914

Heroin is usually injected
Necrosis occurs on arms of person, and blood vessels are damaged, and tissue dies

Codeine is the most common medical opiate
Semi-synthetic drug
Used to be OTC, now needs to be asked for

Oxycodone first marketed in 1939
Only half material in morphine is opium
Thebaine is useless as a drug
However, people found way to transform this as oxycodone

Oxycontin is Hillbilly Heroin

Oxycontin is usually stolen from pharmacies
Must be extracted from opium
Pharmaceutical companies provide this chemical

Opiates depress the central nervous system

Opiates depress bodily functions

Opiates produce a strong physical addiction

“Retail” market in heroin is $12 billion

Opiates are important painkillers
They are important in medical applications/hospitals

Many doctors are reluctant to use opiates from terminal patients
Problem is that doctors focus on extending life, but not quality of life

Hallucinations have always been popular

Many hallucinogens mimic serotonin

Magic mushrooms contain psilocybin
Very similar structure to serotonin

Cane toads provide bufotenine
Similar to serotonin
Toad secretes poison that causes hallucinations

PCP in Angel Dust
Synthetic hallucinogen

Ergotamine from ergot

Ergot in witchcraft

Ergotamine can be converted to lysergic acid
This can be converted to other kinds of materials, such as LSD

Albert Hoffman discovers LSD by accident

The bicycle day

LSD was used by CIA at McGill in 1950’s

LSD hallucinations have religious significance
People believe that they have talked to God and interacted with universe
People are convinced that they experienced something special

Timothy Leary at Harvard
“Tune in turn on and drop out”
He encouraged students to take LSD

LSD hallucinations often involve flying

Atropine from the deadly nightshade
Belladonna plants, which increase size of pupils

Large pupils are attractive

Small pupils are not

Atropine is an acetylcholine antagonist

Atropine use in surgery
Block nerve signals in digestion, control digestion during surgery

Hyoscine also called scopolamine
Plants are hyoscine, drug is scopolamine

Scopolamine in truth serum
Doesn’t actually work

Atropine and Hyoscine in witchcraft
Sensation of flying

Hallucinogens in witch’s flying potion
Used to be administered topically

Atropine and Hyoscine are not water soluble
Used to dissolve drug in fatty substance

Best trans-dermal absorption through mucus membranes
Masturbate using stick
Witch flying on stick

Original narcotic laws were very specific
Had to consume drug that was illegal, not just drug

Designer drugs provided a way around the law
Designer drugs make small modification to molecule, and effect is very similar to original drug but it is not illegal now

Existing drugs were the starting point

Original practitioners were chemists

Specialized knowledge was required

Fentanyl is an industrial strength pain killer
High potent narcotic

Methylfentanyl was initially legal

Profit margins on designer drugs were enormous
Only tiny amount gives huge effect
Half a pound (200g) worth of heroin worth 1 million
Half a pound (200g) of methylfentanyl worth 1 billion

Addicts often died from overdose
Since methylfentanyl was 1000x more potent than heroin, the drug addicts didn’t know the difference and overdosed
Also called China White

Methylfentanyl is a chemical warfare agent

Used at the Moscow theatre hostage crisis

Easy to overdose on fentanyl

Gordon Alles takes the first Ecstasy trip
AKA MDMA

“SKF-5” tested in the 1950’s for psychotic depression
Was not a successful drug

MDMA was tested by the military
Used for interrogation, as people felt more open and friendly

Users rave on Ecstasy
Was designer drug, and was legal
Started in 1980’s
Experience auditory hallucinations

Ecstasy became illegal in 1988
Hyperthermia and lack of judgment were main reasons to ban Ecstasy

Ecstasy is made in under-ground labs
Completely synthetic material
Starts with Saffrol E
Result in Ecstasy

Ecstasy tabs are usually not very pure
Large quantities of metals like mercury and arsenic

Additives to Ecstasy tabs
Amphetamines:
methylenedioxyamphetamine
paramethoxyamphetamine
Ketamine
GHB
Methamphetamine

Many Ecstasy tabs don’t contain Ecstasy

Chemical profiling contained MDMA tabs

Ecstasy is a predatory drug
Ecstasy
GHB
Ketamine
Rohypnol

Are test kits reliable?
Available for many types of drugs

Based on law enforcement screens

More than one test is required
More than one chemical is same colour

Khat contains cathinone
Chewed in parts of Africa
Used as stimulant, similar to coffee in North America
Khat is plant

Leaves are chewed as stimulant
Causes dopamine release-at high doses
Small amounts of this is stimulant

High doses increase aggression
Similar structure to methamphetamine
Before soldiers consumed Khat, USA would do their operations

Synthetic versions tested as appetite suppressants
Similar to amphetamines

Side effects were too dangerous
Horrendous side effects

Synthetic cathinones legal until recently
They were designer drugs

Crystals are large and salt-like

Recreational use began in 2002
Bath salts-this is where it began

High doses cause violent psychosis
Violet aggression

Bath salts blamed for violent killings

Ronald Poppo lost his face

Toxicology could not identify the drug
Other drug masked bath salts

Forensic labs need drug “fingerprints”
Law enforcement often doesn’t use this type of test
Not every drug has a fingerprint for it, unless it has been seen before

New versions are constantly produced

Bath salts banned in Canada
Shortly after eating the face off attack
Also look out for similar chemical structures

DEA has taken special precautions
Impossible to predict whether a medical product or just narcotic

Buyer beware-no way to know what’s in it
Man ate family dog

Demerol is a systemic painkiller
Michael Jackson used it

Designer version of the real drug
Demerol is illegal
MPPP is legal version, but toxic

Case of the “frozen” addicts
Heroin addicts showed up to ER paralyzed

Sloppy chemistry was the culprit

Don’t-do-it-yourself chemistry
HCl is a byproduct of reaction
HCl is converted to MPTP that is highly toxic to your body/brain

MPTP selectively destroys brain tissue
Permanent loss of voluntary motor function

Partial reprieve with L-DOPA
Neurotransmitter called DOPA
L-DOPA can help regain some movement

Frozen addicts in 1991

Laws to restrict designer drugs
Controlled similar chemical structures

Chemicals needed to make the drugs are now restricted
Not the actual drug restricted, but the chemicals needed to make the drug are restricted

New drugs are constantly being introduced
Smart drugs=designer drugs

Can drugs make you smarter?

The ethics of smart drugs
Drugs taken to perform better on tests

An amazing success story
Salt in this country makes us smarter
Salt contains iodine
added to salt to prevent problems with thyroid gland
iodine important in early development of brain
15 IQ points for taking iodine throughout life
2 billion people worldwide don’t get enough iodine

No benefit
None these 3 give you actual benefit
B-vitamins, Ginkgo, and Omega-3 do not make you smarter (although still good for you)

People look for patterns

Caffeine and nicotine as stimulants

Some drugs improve cognitive function
Alzheimer’s
Dementia
Aphasia
Schizophrenia
effect of these drugs is unfortunately very small

Small improvements for sleep deprived
Push animal to the brink and see if there is an effect with the drug

Drugs for narcolepsy keep you awake

Pulling an all-nighter not always beneficial

Amphetamines improve concentration
Used in factories in 1950s
Improved concentration but also a little jumpy

Ephedra is widely used
Sold as cold medication, people take it to perform better on exam

Ritalin improves behaviour in ADHD
Improves concentration among people with ADHD

Feeling good does not = better performance

Effects are small and variable
U shape curve:
Low dose and then as you increase, the effects increase
At a point, you reach a maximum, and then as you increase the amount of chemical, there is impairment

Each person responds differently

Cognitive functions have different drug sensitivities

Benefits are highly questionable
Clinical trials: impair people in some way, and then use drug to see if it helps

Is there a downside?
Although benefit is questionable

All drugs have side effects

May help or impair

Prescription drugs only legal for patient

Can you spot the fake?
Vast market of counterfeit prescriptions in the world

Counterfeit drugs are a $75 billion market

What’s in YOUR medication?
Trust pharmacist, pharmacy, and government

Drugs are illegal because they are dangerous

Drugs are dangerous because they are illegal
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Modern migration towards herbal remedies

Organic products are becoming popular
Organic means:
no additives
no synthetic pesticides
no synthetic fertilizer
no genetically modified organisms
Degree of variability with organic products
Seal of approval from government is needed on product
many products are “organic” but don’t have the seal

No regulations over use of “natural”

Herbal remedies used by 40% of population

Herbal remedies are a $20 billion business
Number probably higher

Herbals are not produced this way

Many herbals are massed produced

Grown industrially
Can use pesticides and fertilizers, but cannot be synthetic

Herbal industry has very few rules
Can do whatever you want

Modern drugs are standardized

Most herbal remedies are not standardized
No inspection
Can get different amount of active ingredient

200 mg of what?
Herbal extracts of what?

Which omega-3 is in your fish oil?

No benefit to Omega-3?
Getting proper amount makes you healthy

Testing is limited or nonexistent
No rules in USA
Canada has only slight rules

Quality of the science is highly variable

Echinacea is often used to treat colds
One of most popular herbal remedies today
Cannot mention specific disease, otherwise called a pharmaceutical

Echinacea has been sold for 200 years
People used to think snake oil helped with arthritis

Advertised as a native recipe

Echinacea has no effect on colds
Done by many clinical trials

UBC professors question Cold-fX claims

Ginseng root resembles a human body

Claims are non-specific

Ginko biloba contains ginkolides

Ginkolides increase circulation in the brain

Circulation does not translate to improved brain function
Many trials proved this

Ginko interferes with blood clotting

Saw palmento for benign prostate hyperplasia

Label is very carefully written

Saw palmento for benign prostate hyperplasia
No benefit

Garlic used by Egyptians to improve strength

Adolphus Hohensee and garlic cleansing
Place garlic in rectum to produce garlic breath and remove chemicals from body

People like visible effects
Alka-Seltzer: in glass of water, it fizzes, and therefore it looks like it works

Allicin thought to affect cholesterol

Garlic uses allicin for protection
Allicin acts as an antioxidant
gives spicy flavor of garlic
also gives garlic breath
Allin is inert molecule and stored in sacs in garlic
With chemical reaction, allinase releases allicin
Once in rectum, allicin is leaked into bloodstream

Allicin is unstable
Allyl disulfide
Gas exchange between blood and lungs, the garlic breath comes out from lungs

Fresh garlic contains the most allin
Plant makes this when you crush garlic

Supplements contain variable amounts

Garlic does not reduce cholesterol

St. John’s Wort is a popular supplement

St. John’s Wort taken for depression

St. John’s Wort does not improve depression
Only slight minor depression, but not major depressions

Herbal remedies are regulated as foods

Labels are very carefully written
Do not want problems with drug agencies

No efficacy testing is required

Many clinical trials with herbals are poorly done

Small studies are an easy way to get positive results
Small studies are dangerous

Many natural supplements do not contain active ingredient
Active ingredients are sometimes extracted
AKA take coffee and remove caffeine from it

Can sell the same material several times
Can extract from the extract

Decaffeinated tea
Can sell: tea leaves, tea extract, and caffeine

Purity of natural supplements is questionable
Pesticide residues
Heavy metals
Undeclared pharmaceuticals
often made in China or Indonesia, where there are many problems associated with the products

Prescription drugs added to produce effects
If product doesn’t do anything, people stop buying
Therefore, companies add pharmaceuticals to the nutraceuticals

Many products contain the wrong plant
Less than half of products contain active plant in them
Incorrect product, incorrect label, contaminations, fillers, no sequence, substitution

Some products contain dangerous plants
Substitute for something similar

Natural materials can interact with pharmaceuticals
Can have side effects if taking other prescription meds

Most people do not inform their physician
Important to inform doctor because nutraceuticals can interfere with other meds

Ginkoba interferes with anticoagulants

St. John’s Wort induces liver enzymes

Liver protects against foreign substances

Increased liver function prevents drug absorption
Liver removes drug/toxins from blood/body

Potentially affects 50% of all medications
Affected by St. John’s Wort

Grapefruit inhibits liver function

Decreased liver function can produced drug overdose
Less toxins are removed, therefore higher drug concentration in body

Kava Kava for a feeling of well being

Kevalactones can damage the liver
Kava Kava contains these

Kava Kava removed from market in 2002

Still available “under the counter”

Weight loss drugs do not burn fat
Appetite suppressants
They are not great in removing weight-in fact, they are dangerous
Easy to lose first 10 pounds, but then body needs exercise to lose more weight

Fight or flight suppresses digestion
These target organs of parasympathetic NS

Ephedra is an amphetamine
15,000 complains
Heart attacks
Strokes
Seizures
Deaths

Ephedra was banned in U.S. in 2003

Still available UTC

Some people use bitter orange instead

Bitter orange contains amphetamine-like molecules

Health Canada warns against Bitter Orange

Scientific discoveries are often twisted
Glucosamine taken for arthritis

Glucosamine does not improve joint function

Dr. Henry K. Beecher and the Powerful Placebo
If you think you should feel good/bad, you will feel that way

Placebo use in clinical trials is important

Comparisons of different placebos is interesting

The colour of the pills is important
People responded better to yellow pills

Bitter pills work better than sweet

Capsules work better than tablets

Injected placebos work better than pills

Expensive fake medicine more effective than cheap fake medicine

The power of suggestion

Placebo enhancement is overrated
About 30% of patients respond to placebo affect

Placebos only work if the patient is aware of the treatment

Drugs work better than placebos

Side effects are stronger with drugs
Still side effects with placebos

Some drugs are so effective that placebos are not required

Conditions that consistently report placebo effects
Pain
Depression

Are these just placebos?

Placebo demo

Sedatives

Stimulants

Results from literature
Sedatives affected the class more than stimulants

Red pills gave more changes

White pills gave bigger changes

Plausibility is important
Supplement should contain substance with biological activity
Willow bark-salicin

Coffee contains a drug that works

What’s in an extract?
Not necessarily extracted in the right way

Does the chemical actually work?
St. John’s Wort contains hypercin
Turns out hypercin cannot get into the brain
Hyperforin does have plausible benefit for mild depression

People who take herbals expect to feel better

What’s the harm?

You should get what you pay for
Often times you get ripped off

Consumer safety is important

Is ignorance really bliss?
Since cyanide in almonds, people believed cyanide killed cancer cells
Doesn’t really work

What you don’t know can kill you

Science vs magic

Life expectancy improves because of science

How did we get here?

Pauling and mega dose vitamin C

Pauling’s ideas well publicized

Clinical studies showed no benefit

Pauling’s idea profitable
Selling mega dose vitamins companies to become rich

Risks were unknown
Pauling took 200x the dose

Vitamin industry retaliated

FDA banned from vitamin regulation 1975

FDA attempted to regulate supplement industry 1990’s

Dietary Supplement Heath and Education Act 1994
Made it illegal to put rules into place for this industry

Supplement industry is unregulated

Welcome to 1800’s
Take ourselves back to times of patent meds

Natural health products directorate
USA has no rules

Clinical trials may not mean anything
Rules were meaningless
Anyone can do whatever they want with the clinical trials

Considerable flexibility for clinical work

Efficacy testing is not required
Herbals cannot be patented
Companies cannot afford clinical trials for efficacy

Adverse event reporting on honor system
If problem with product, company does not have to do anything about it

Government approval gives false impression

Anybody can get a drug approved

Top 10 health frauds compiled by FDA

Many pharmaceuticals are natural

Natural or artificial, the source is irrelevant
Does it work?
Is it safe?
Can you trust the company?

Bloodletting was common in 1800

Samuel Hahnemann opposed bloodletting

Hahnemann applied the doctrine of signatures

Thought that remedies became stronger when diluted

Developed serial dilutions
1 drop-large volume

Succussion was thought to be important
Shaken not stirred

Final treatment contains only water

All drug molecules have been removed

Homeopathy is the ultimate placebo
Nothing is actually in it

Homeopaths place emphasis upon relationship

Appearance of the patient is important

Dilution and the homeopathic effect
Put drop of chemical in water, and water retains memory of it

Why does water only “remember” the medication

Why not homeopathic poison?

Taste is a biological response
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We are chemical machines
Chemicals alter way brain functions

Emotions results from chemical interactions

Formation and maintenance of relationships
Attraction
Romantic love
Attachment

Chemistry of attraction-pheromones
Communication through a few species
Pheromones produce robotic responses

Female silkworm moth secretes bombykol
10-12 different signals in insects
Bombykol allows male moth to fine female

Male moth has specialized antennae
Detects this chemical

Antennae engineered to detect bombykol
Antennae open up

Pheromones are messenger molecules
Messenger is airbourne

Pheromones are used for pest control
Males have no choice but to obey signal, and go where it goes

Bait lures and traps
Failed idea, but still used today

Integrated pest management works better
Can spray pesticides less

Periplanone is the most potent pheromone known
Extremely small amount of material

Used by the CIA
Tracked Soviet spies in 1960s-70s

Chiloglottis trapeziformis uses wasp pheromones
Orchid secrets wasp pheronomes
Structure on plant resembles wasp

Flower pheromone is more attractive than female wasps
Even more attractive than female wasp

Ophrys exaltata uses bee pheromones
Mixture of chemicals in right order
Bee copulates with flower

Mixture is duplicated by the flower
Flowers trick the insects to copulate with flowers and deliver pollen around

Overlapping pheromones elephant and butterfly
In urine of female elephants
Luckily, butterflies and elephants are on separate continents

Female dogs in heat secrete methyl paraben
Male dogs come to find female

Sprays to mask your dog
Cover up methyl paraben

Methyl paraben is a common preservative
Questionable as a pheromone
Present is in a lot of cosmetics like skin cream

Truffles grow underground near oak trees
Very expensive food

Female pigs are used to find truffles
Female pig search out truffle

Truffles and boars produce androstenone
Makes females receptive to male mating

Androstenone used in boar spray
Artificial insemination

Andostenone is also present in human sweat
Is it pheromone for humans?

Male sweat smell relaxes women

The effect is real but small

Andron-first perfume to use androstenone
Scientifically attract someone of opposite sex

Androstenone is found in many perfumes

Highly effective?
Attracts both men and women

Axe contains androstenone
Apparently is drives women insane

Skatole produced by intestinal bacteria
Breaks down food
Responsible for distinctive odour of feces

Skatole produced by oral bacteria
This is what bad breath is caused from

Flavor and fragrance industry makes large amounts

Skatole is called civetole in perfumes
Unless thousands of dollars per bottle, perfume has skatole
Renamed so they get rid of name associated with feces

Civet oil from the civet cat-$600 per kilo
Come from anal gland of civet cat

Civetole for glamour
Synthetic compound-much cheaper

Skatole naturally present in flowers
In feces, it smells bad because of its large dose
In small doses, it has pleasant smell
Odour changes depending on amount

Skatole is also an artificial flavor
In ice cream, cigarettes

Difference between pleasant and unpleasant

Only the dose makes the poison

Musk is a very expensive substance-$100,000 per Kg
Otherwise, we get synthetic version
True musk smell comes from musk deer
Anal glands of the deer

Synthetic musk is now used
Muscone (deer)
Musk ketone
very different compounds with different structures

Axe also contains musk ketone
Most perfumes contain this to prolong aroma of perfume

Do human pheromones exist?
They exist in insects and other mammals
Not sure about people
Vomeronasal organ in nose receives pheromones and sends signal to brain
doesn’t exist in human
Probably not, if there is, it is very small effect

Synchronization of menstrual cycles
Some pheromone may cause this

Human attraction is primarily visual

Romantic love stimulates reward system
Involves primitive structures of brain:
Brain stem (chemical reward system)

Phenylethylamine released during romantic love increases dopamine levels
Similar effects to drugs
Makes you feel good

Phenylethylamine found in chocolate

Dietary PEA (phenylethylamine) cannot enter brain
Unlikely that PEA is cause of chocolate addiction

Increased dopamine during early stages of love causes serotonin to decrease

Serotonin controls mood
High levels=anxiety
Normal levels=balanced personality
Low levels=depression, obsessive compulsive behaviour

Long term attachment and bonding
Oxytocin-females
Vasopressin-males
long term attachment chemical
Similar to mating hormones in ancient animals

Oxytocin released during labour
Increased contraction, emotional connection between mother and child

Oxytocin released during lactation
Mild sexual response, but increases her attachment to baby

Oxytocin and vasopressin released during sex
Specifically during orgasm

Prairie voles produced oxytocin and are monogamous
They mate, and they stay together throughout life
Oxytocin is important for bonding throughout life

Oxytocin antagonist leads to promiscuity
Antagonist stops oxytocin
Multiple partners throughout life

Mountain voles do not produce lots of oxytocin

Injecting oxytocin does not produce monogamy in mountain voles
Mountain voles lack the receptors
Must send and receive signal in order to modify behaviour

Molecules disassociate at low concentration

Molecules associate at high concentration

Mountain voles did not have enough receptors
Even with lots of oxytocin, not enough receptors cause concentration to become too small

Recombinant mountain voles are social but not monogamous

Are humans monogamous?
Our cultures makes us, but our biology is not

Aphrodisiacs from the doctrine of signatures
Attract someone, increase sexual drive

Rhino horn is a phallic symbol
Common aphrodisiacs

Aggressive animals have macho signature
Lions, alligators, rhinos

Common stinkhorn is just a mushroom
Looks like a penis

Oysters resemble female genitalia

Get your goat boots on with horny goat weed

Chocolate???
Does not act as aphrodisiac

Testosterone increases sex drive in men and women
Both men and women also have estrogen

Cocaine my promote hypersexuality

Ecstasy reduces inhibitions

The Spanish fly is a beetle

Crushed beetles used in bull breeding
Powdered insect produces burning affect
Once bladder is empty, bull goes for sex because it is still burning

Cantharidin is a dangerous irritant

Internet versions contain capsaicin

Alcohol is the number 1 aphrodisiac

Too much alcohol impairs performance
Produces TDF
too drunk to fuck

Yohimbine from Yohimbe is not an aphrodisiac but used as one

Prescription yohimbine for erectile dysfunction

Non-prescription yohimbine is dangerous
If erection lasts too long, you can lose penis

Drugs for erectile dysfunction R not aprhodisiacs

Before 1980, erectile dysfunction was considered to be a psychological problem
What is the biochemical basis?

Vasodilation produces an erection
It is physical problem, not psychological
Increased blood flow to penis produces erection

Nerve impulses block vasodilation
Erection is reflex response
Fight or flight nerves suppress erections

Block the nerve signal to get an erection
Giles Brindley at the 1982 meeting of the American Urological Association
use drugs called beta blockers to cause erection

Giles Brindley delivered the goods

Penile prosthesis semi-rigid rod

Penile prosthesis inflatable chambers

Surgically implanted male enhancement

Alprostadil was effective but sales were poor
First drug for erectile dysfunction

The problem was the delivery method
Direct injection to penis

Viagra was a failed blood pressure drug

Viagra was a drug in search of a disease

Viagra was useless for angina

During clinical trials some men got erections
Involuntary erections

Could this be an impotence drug?
Impotence=erectile dysfunction

Impotence creates the problem of proof
Sensationalism surrounding drug, they needed to make proof

Answer the three questions
Is there biological basis?
Is there market?
How to confirm effects?

Drugs which produce NO produce erections

NO is a molecular messenger
Gas that body uses to send signals
NO causes man to get erections
NO is gas pedal, PDE is break (destroys NO to destroy erection)

Healthy men produce enough NO to get erection

Impotent men do not make enough NO

Viagra blocks messenger recycling
Blocks PDE (phosphodiesterase)

Pilot study reported 83 % improvement with 1 dose

Market analysis showed only 2% of men reported impotence

Patients lined up for clinical trials
Men were reluctant to talk about erectile dysfunction, but now market was significant

Potential market was huge
Multi-billion dollar products

How to conduct clinical trials?

Diaries were used
Men recorded when took the drug, when they had sex, and then drug worked

NOBODY returned Viagra
First time ever

Patients begged to be kept on drug
Normally, when clinical trial is completed, drugs are kept off market for a year to record results

U.S. is a conservative country
How to reassure patients to discuss impotence

Bob Dole was a stroke of marketing genius
Republican senator, war hero, presidential candidate

It was OK to ask your doctor
If it was ok for him, it’s ok for everyone
He changed advertising in drug industry

Viagra changed the marketing of drugs

Science issues a big part of your life-make informed decisions

Science vs magic

Final exam covers everything
110 questions
Half since midterm #2, half is from first 2 midterms
Only responsible for terminal illness reading

There are no trick questions
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