Topic 7 – Antibiotics 

Life expectancy then and now 
1900 -44 years
causes of death –pneumonia, tuberculosis, influenza (lasted till late 50’s)
2004 -82 years
causes of death –heart disease, cancer, stroke

History
	-life expectancy has doubled in last 100 years 
	-changes in quality of life
	-causes of death have shifted from infectious disease to wear and 
tear
-historically people lived entire life in unhealthy state
-this still exisits in many developing countries 

Biggest advancements 
1)vaccination 2) antibiotics 

Plagues were common throughout history
	-during middle ages; half of population killed off 
	-500 years ago-common; over the course of a year killed off 
almost everyone 

Cures and treatments failed
	-didn’t know how it was caused/spread
	-couldn’t prevent it 
	-plaque doctors; long coats and gloves; wanted to make $
	thought disease was caused by bad smells; had spices/flowers
	in weird nose thing
	-state of the art 400 years ago 
	-use sticks to examine people; poke them 

Cause of disease was unknown 
	1)curse from god
	2)spontaneous generation
	3)bad smell or unclean conditions (miasma) 
	-made up cause, made up cure
-Attempt to cure a plaque – burning local gypsys or jews or w.e

Post natal infections- 30% death rate
		-extremely dangerous to have a child before 
		
Surgery survival rate less than 30%
	-surgery was painful and terrible 
	-if you survived surgery you probably wouldn’t survive next week
	-infections were common (only 30% survived)

WW1 and WW2 –more deaths due to infections than combat 
	-most died later in hospital form wounds (secondary infecton) 

Agostino Bassi proved germ theory of disease (1844)
	-new idea; 150 years ago; germs cause disease
	-proved it by experimenting on silk worms

John Snow disproved miasma theory (1854)
	-miasma theory; disease caused by bad smells
	-epidemology at the same time
	-maybe you can use mathematics at same time

Map of cholera infections identified the source 
	-sewers; removed handle from pump so no one could get water 
	from there
	-epidemic stopped
	-the pump is left as a historical landmark; one a year the handle is 
	put back on and then taken off again (tribute to bureaucratic 
stupidity)

Louis Pasteur Develops Pasteurization (1864)
	-germ theory around discovery of bacteria
	-he thought about the growth of bacteria in our food
	-realized milk was being spoiled by the bacteria growing in it
	-came up with idea of killing bacteria in milk to preserve it and 
	make it safe
	-pasteurization; heat it just under boiling temp 


Lister developed antisepsis (1867)
	-get rid of bacteria during surgery to increase survival rates
	-chemicals to kill bacteria; washing hands; keeping clean room

H.C Gram stains bacteria (1884)
	-staining bacteria different colours
	-different species of bacteria have slightly different chemical 
	makeups ;react differently
	-chemical selectivity 

Paul Erlich and the magic bullet (1907)
	-take a drug that will go all the way through body 
	-won’t harm your cells; only kill bad guys
	-build on idea of : gram stain

Trypan red selectively colours trypanosomes
	-colours them darker; source of African sleeping sickness
	-idea; if you can build on chemical selectivity of dye then
	maybe you can go after just trypanosomes

Erlich knew As was similar to N but more poisonous
	-group 15; replace “N” with “As”  
	-same chemical properties; except poisonous

First ever antibiotic drug: Salvarsan 606 (1910)
	-selectively kill a disease
-Syphillis- the great pox
-140,000 deaths/year
-wasn’t commercially successful- not very soluble in water; had to 
dissolve it in large volume (600ml); had to syringe (over course of
an hour) into arm; very painful/dangerous 
-if the person doing it missed a vein- kill tissues in arm 

Erlich wins nobel prize in medicine 1908






Gerhard Domagk at IG Farben (1932)
-First ever commercially successful antibiotic: Prontosil
-experimenting with different dye substances; kill selective cells
-Prontosil (red dye) ; could cure disease in mice; proved it could 
also in humans
-his daughter had bad throat infection- infected it into daughter 
-she recovered from infection

Prontosil only worked in vivo 
	-only worked inside living animal
	-wouldn’t harm bacteria in a test tube 
	-because it was converted into another drug inside body
	Sulfanilamide; more drug life (more convient to take)
	-colourless vs red dye (prontosil would make peoples skin red)

Sulfanilamide becomes first sulfa drug (1932)
	-powder; tragedy- antifreeze and children dying
	-sulfa drugs save lives in ww2; sprinkled powder over cuts
	-sulfa drugs inhibit bacterial growth (don’t kill it)
	-allows immune system to kill infection out
	-interferes with coenzyme F 
	-sulfa drugs mimic natural substrate; antibiotic has ability to jam enzyme

Gerhardt Domagk wins bible in medicine (1939)
	-hitler didn’t allow him to accept nobel prize
	-didn’t want scientists to win nobel prizes
	-he did end up getting it 

Alexander Fleming contaminates culture (1928)
	-penicillin 
	-fleming himelf didn’t discover; he discovered the mold and the juice from
	the mold had the antibitoics 
	-there was a zone around penicillin where no mold grew (not true); the 
	story he told
	-doesn’t match records in lab book 
	-found something that changed the world
	-mold selectively killed one bacteria type and not another 


Fleming publishes his results in 1929
	-nobody read it; because head of research didn’t believe in his
	research 
	-he also had a very dry style of writing

Fleming used an extract to purify bacteria
	-he didn’t understand the significance of what he found
	-he just thought he was purifying bacteria

Fleming was a bacterial artist 
	-paint science with different colours of bacteria 
	-he thought penicillin would be more useful as an art agent than helping
	disease

Fleming did not do the key experiment 
	-didn’t try to see if penicillin could cure disease in mice
	-he believed that natural disease was different than artificial disease 
	(it’s not –doesn’t matte how the bacteria get in the body)

Howard Florey and Ernst Chain isolate penicillin (1941)
	-dug into fleming’s research 
	-sufamide proved it was possible
	-they realized the significance of what Fleming found
	-wanted to isolate the active substance
	
Penicillin first produced in milk bottles
	-1000kg mold : 1g penicillin 
	-million to 1 ratio
	-home built machines to isolate penicillin

Florey & Chain publish their discovery 
	-did key experiment that Fleming missed
	-curing disease in living animals 
	-Mice infected; ones given penicillin=cured ;others died
	-gave it to police officer who had cut on his face (either cut himself 
	shaving, or rose thorn)
	-his head was a huge ball of pus; and he was in a coma
	-once given penicillin; swelling went down and he wont up in 24hrs
	-didn’t have enough to cure him; he died after a month (Still a huge success)
	
Britain not best place for research
	-battle of britain 
	-contacted US to finish research there
	-authorities in England didn’t believe penicillin was going to be that good
	-USA did, and got lots of drug companies to turn it into product that 
	could be used

Penicillin production moves to corn steep liquor 
	-mold would grow on top on milk; sideways bottles
	-cornsteep liquor; waste product from making corn syrup; starting 
	growing penicillin in greater volumes
	-hooked it up to oxygen supply so it was aerated
 
Peoria, Illinois becomes penicillin capital of world
	-supplied all of alcohol beverages for Midwest
	-perfect equipment for making penicillin
	-retofit the fermentation tanks to let oxygen in; turned into 
	penicillin factories

Drug companies develop better extraction technology 

Penicillin production became war priority 
	-stockpiled for D-day (not available to normal population)
	-penicillin used by US forces in the pacific 
	 (Ads : “thanks to penicillin, he will 
	come home)

Penicillin available to the public (1944)

Fleming, Floredy and Chain share Nobel In 1945
	-It was almost given to fleming only
	-he did all the media stuff
	
Cell walls rebuilt during cell division
	-penicillin prevents cell wall synthesis 
	-no wall to hold internal pressure cells explode 
Secret to activity is the B-lactam ring
	-mimics something in cell wall that is really unique in nature
	-unique amino acids that does exist anywhere else in nature

Penicillin destroys enzyme that makes cell walls 

Antibiotics only work on bacteria
	-aminoacid on cell walls is specific
	-only bacteria has cell wall 
	-we can drink amoxicillin and nothing will happen to us (only
	bacteria)

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 
	-more than 99% artificial 
	-most of penicillin g (natural) used to make amoxicillin (artificial)
	(more than 20,000 tons a year)

Major penicillin side effect is allergy 
	-drug kills all bacteria in body 
	-you can have allergy to drug which can be dangerous 
	
Cephalosporin found in Italian sewer
	-mold 
Streptomycin found in chicken throats


Golden age of antibiotics -1940’s and 1950’s
	-incredible research effort; most today were discovered in this time
	-developing new ones is not cost effective
	-sales will not recover research costs
	-lag time (discovery vs market use) is way larger now 
	-major costs are regulatory 
	-doctors are reluctant to use new antibiotics (need a crisis situation)
	-
Antibiotic resistance is a growing problem
	-overprescribed to make patients go way 
	-prophylactic use may promote resistance; used to make meat safe
	-resistance forms of bacteria are going to be developed; animal bacteria
	resistance has occurred. Human bacteria; some has come from resistant
	animal forms
	-neither one is a big problem

Biggest problem- patient compliance 
	-doesn’t follow instructions (stop taking before it’s over)
	-need to have an effective amount of drug in blood for however long
	;so it kills everything
	-missing doses creates resistant bacteria; only the tough survive
	-important to kill all; survivors are less susceptible, after several 
	generations can become resistant, will not be killed by antibiotics

Most dangerous bacteria found; in hospitals
	-nosocomial infections
	-when you go in  wash your hands
	-where we use most antibitoics

necrotizing fascilitis “flesh eating disease”

staphylococcus aureus ; very common bacteria (15% of population
	permanently infected)
	-20-30 million infections each year
	-1500 become dangerous 
	-causes pimples, absesses
Kill the bacteria by debridement 
	-antibiotics in blood wont get to it 
	-open absess and scoop out puss and paint it wil cream 

Methicillin resistant staphylococcus aureus 
	-multiresistant drug (MRSA), 130,00 cases a year
	-ability to transport genes; nasty 
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	-lost leg
	-premier of province in Canada


Clostridium Difficile; in hospitals
	-1 million per/year (north America) 
	-common in hospitals; hard to get rid of

Antibiotics are commodity chemicals
	-hard to make money selling antibiotics anymore


Antibiotics have he impact on human life
-longer life span
-improved quality of life
-very safe drugs
-very effective drugs
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Preserve the value of antibitotics 
	-follow the directions









	







