DRUGS 101
Antibiotics

Life expectancy then and now 
· The second greatest achievement in medicine is a recent development.
· 100 years ago life expectancy was approximately half of what is it currently. 

Plagues were common throughout society
· Most of life would be spent fighting infections and such.
· During a plague there were incidents where ~25% of the population would die, in some cities, 50% of population would die. 

Cures and treatments failed
· Many doctors would run away if a plague were to enter a certain city and doctors that did stay were mostly there for the money.
· Miasma theory: sickness is caused by bad smells. 

Cause of disease was unknown
· Thought that disease was a curse from god and would go after religious subgroups in order to try and find a resolution.
· Didn’t know that microorganisms caused diseases. 

Post Natal Infections – 30% death rate
· High likelihood of dying. 

Maternal mortality rate
· Steep drop in death rates during birth due to the discovery of penicillin.

Surgery survival rate less than 30%

WWI and WWII – more deaths due to infection than combat
· Many soldiers died from STIs, the number one infection of soldiers during war times. 

John Snow disproved miasma theory in 1854
· Map of cholera infections identified the sources
· Linked the infections to specific water pump that was causing the disease. 
· Water pump is now a historical landmark. 

Agostino Bassi showed microbes cause disease
· Showed this using silkworms and mold, showed that the mold caused the disease in the silkworms. 

Louis Pasteur develops pasteurization 1864
· Came up with the idea that small animals in our food could not only cause disease but cause food spoilage.
· Came up with an idea that is correct because the solution was based on a correct theory. 

Lister develops antisepsis

H.C. Gram stains bacteria in 1884
· He showed that different bacteria would react differently to dye
· Showed that there are a difference in bacteria that would allow them to show a different color. 

Paul Erlich and the magic bullet 1907
· Based on gram results, he noticed that a particular dye colored trypanosomes. 

Salvarsan 606
· Was the first ever antibiotic that would kill the microscopic organism and leave the host relatively untouched.
· Was used for syphilis – the great pox. More than 140,000 deaths per year.
· Pioneered the idea that there could be drugs that selectively kill organisms. 

Gehard Domagk at IG Farben 1932
· Was working with prontosil (a red dye) noticed that it would kill certain types of bacteria in the lab. His daughter became sick with sepsis and he gave her prontosil.
· Prontosil was the first real drug. 

Prontosil only worked in vivo
· It was metabolized into sulfanilamide by the liver.
· Patients that took prontosil would turn bright orange or red because of the significant dye in prontosil.

Sulfanilamide becomes first sulfa drug 1932
· Saves lives in WWII, was a standard drug to have in the battlefield
· Sulfa drugs inhibit bacterial growth. 
· Sulfa drugs mimic natural substrate.

Alexander Fleming contaminates culture in 1928
· Discovered a mold that prevented bacterial growth. 
· Published his results in 1929 in a small journal. 
· Fleming used penicillin to purify bacteria, and injected into mice to make sure it was safe, but did not do the key experiment to see if penicillin could cure a bacterial infection. 

Howard Florey and Ernst Chain isolate penicillin in 1941
· Spent two years trying to isolate penicillin.

Penicillin first produced in milk bottles
· 1000kg of mold gave 1g of penicillin.
· Grows on calf liver extract.

Home built machines to isolate penicillin
· The head of the research facility did not support their research and had to build their own machines. 





Florey & Chain publish their discovery
· Gave ½ the mice placebo & other ½ penicillin
· The ones who got the placebo died within 16 hours, the other ones lived.
· Gave injection of penicillin to a police officer who got an infection from cutting himself shaving – didn’t have enough to treat him so eventually he died, however, he life was definitely prolonged. 

Britain not best place for research
· Contacted Americans to see if they would help with penicillin manufacture. 

Penicillin production moves to corn steep liquor 
· Americans figured out a way to produced in large amount, and found that they could use waste product (corn steep liquor) in order to produce. They bubbled oxygen through a tank and now had an unlimited supply!

Peoria, Illinois becomes penicillin capitol
· Drug companies develop better extraction technology – Merck isolation method.

Penicillin production became war priority
· Invested millions of dollars in figuring out how to make ideal for WWII.
· Penicillin stockpiled for D-day 
· Penicillin used by U.S. forces in the Pacific
· After war, penicillin became available to the public. 

How does Penicillin work?
· Bacteria has a cell wall while human cells do not.
 cell wall: rigid outer layer
 imparts structure
 resists internal pressure
· It is this cell wall that gives antibiotics selectivity.
· 80% of all antibiotics are penicillin.
· Secret to activity B-lactam ring
 removes the cell wall (inhibits its production) and without it bacteria aren’t able to resist the internal pressures of the body and will explode. 

Most Antibiotics today are artificial
· Natural penicillin is not drug-like
· Unstable
· Must be injected
· Only works against some bacteria
· Artificial penicillin drugs are drug-like
· Can be stored for long times
· Can be taken orally
· Work against most bacteria
· Design better antibiotic drugs by semi-synthesis. 
· Cephalosporin found in Italian sewer similar to penicillin
· Streptomycin found in chicken throats inhibits protein synthesis
· Tetracycline inhibits protein synthesis (semi-synthetic). Interferes with calcium metabolism and may make you photosensitive (if you go into the sun you get a severe sunburn)


[bookmark: _GoBack]Antibiotic resistance is a growing problem
· Over use of antibiotics is a major cause.
· Prophylactic use may promote resistance. (i.e./ given to cows to be healthier even though they don’t have an infection) 
· Biggest problem is patient compliance. 
· People don’t take drugs the way they are supposed to.
· People don’t take drugs for the full amount of time, however it is important to take drugs for the entire time as missing doses creates resistant bacteria. 
· Important to kill all bacteria
· Survivors are less susceptible
· After several generation can become resistant
· Will not be killed by antibiotics. 

Most dangerous bacteria are found in hospital
· Nosocomial infections

Staphylococcus aureus
· Very common bacteria
· 20,000,000 to 30,000,000 infections each year.
· Small number – 1,500- become dangerous. 

Clostridium difficile in hospitals
· 1,000,000 per year (North America)

Methicillin resistant Staphylococcus aureus
· MRSA
· 130,000 cases per year

Antibiotics are commodity chemicals
Developing new antibiotics is not cost effective

Antibiotics have huge impact on human life 
· Longer life span
· Improved quality of life
· Very safe drugs
· Very effective drugs
· Preserve the value of antibiotics by following directions. 
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