Lecture 1 – History of Drugs

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

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


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

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

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

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

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



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

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

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

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

Cocaine
· Extracted from coca leaves
· Topical painkiller
· Stimulant

Quinine 
· Used to cure malaria

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

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

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

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

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

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

Food and Drug Administration (FDA)
· Ensure the safety of drugs
· Animal testing was now required (safety only)
· Clinical trials were done to follow safety in humans
· Directions for proper use were required on the label
· Patent medicine still sold today
· Problems still occur: Thalidomide, Teratogen, 

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

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

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

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


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

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

Sources of Drugs Today
· Biologic	14%
· Vaccine	4%
· Natural Product	5%
· Semi-Synthetic	23%
· Synthetic	54%


