Antibiotics: Lecture 8
· 2nd biggest drug in human development
History:
· Plagues were common in the past
· Antibiotics would have stopped them
· Cure and treatments failed
· “Plague doctors” wore long gowns, carried a stick, thought disease was caused by bad smell
· Thought plague would go away if you burned everyone who offended God
· Post-natal infections had 30% death rate
· Drop decrease in 1930 due to Penicilin
· Surgery survival rate was less than 30% (infections)
· WW1 and 2= more infections due to infection than combat
· STI’s killed a lot of people
John Snow:
· Disproved miasma theory 1854
· Theory that disease was caused by bad smell
· Map of cholera infections identified the source
· They were all ce ntered around a water pump
· Water pump a historical landmark
· The pump was located near cesspit
· He created the science of epidemia
Agostino Bassi:
· Showed microbes cause disease
· Did this by experimenting on worms
Atharva-Veda:
· Identifies “living animals” (too small to see) causing disease
· 4000 yrs old hindu document
· Use plants to stop these diseases
· Didn’t have technology to prove it though
Louis Pasteur:
· Develops pasteurization in 1864
· Believes bacteria could cause disease (b/c he noticed that spoiled food caused disease)
· Pasteurization= heat milk, then cool it, found a temp range that would improve quality of milk, but cause all diseases (we still use this today)
Lister:
· Developed antisepsis
Hans Christian Gram:
· Stains bacteria in 1884
· To find a cure, you need a way to selectively kill bacteria
· He found that certain bacteria could/couldn’t be stained pink or blue
Paul Erlich:
· Discovered majic bullet in 1907
· “fire in random direction and it will automatically kill what you want to kill”
· When you put drug in body it doesn’t know what to do
· He idea was that this chemical would kill disease, not human
Trypanosomes:
· Trypan red selectively colors trypanosomes
· Found trypanosomes which are in the blood
· Erlich knew As was similar to N but more poisonous
· Tried to find a toxic variant. He knew it was only invasive to animals. Nitrogen and arsenic have similar properties. He selected arsenic as a replacement (b/c arsenic is a poison). This drug became known as salvarsan 606
Salvarsan 606:
· First antibiotic
· Was successful (not very commercially successful though)
· Effective against syphilis
· 140,000 deaths per year
· Compound was not very drug-like 
· Required a whole year of treatment! 
· Was very toxic, could only be injected once/week 
· Wasn’t soluble in water (had to dissolve it in 600 ml of water)
· Massive syringe injectionvery painful
· Very dangerous if it went into muscle, you would kill limb you injected it into
· Still worked though…. Benefits outweighed risk b/c you’d die of syphilis
· Erlich wins Nobel in Medicine 1908
Gerhard Domagk:
· IG Farben 1932
· Developed protonsil 
· First commercially successful antibiotic
· Looked at certain dye substances
· Wins Nobel prize in Medicine in 1939
· Wasn’t allowed to accept it because of Nazi’s
Protonsil:
· Only worked in vitro
· Red-colour die
· Would only work in living things, NOT culture plate
Why was prontosil only effective in vivo?:
· Drug was being metabolised from prontosil to sulfanilamide
· This lead to development of commercial product
· Only sold sulfanilamide b/c prontosil dyed skin red
· Sulfanilamide is the real drug 
· Protosil is example of “pro drug”, the drug itself doesn’t have biological activity, but it gets into the body more easily
· Sulfanilamide becomes first sulfa drug 1932
· Tremendous success Standard in first aid kits
· Sulfa drugs save lives in WWII
· Work by INHIBTING bacterial growth to allow immune system to recover
· Enzyme in body brings 2 chemicals together to make coenzyme F
· Sulfa drugs mimic natural substrate
· [image: ]
· Similar enough structure to stick into enzyme, but doesn’t work cause it’s different
· But it still gets jammed, so natural chemical cannot get it there
Alexander Fleming:
· Contaminates culture in 1928
· “the antibiotic guy”
· Discovered Penicillin 
· Mold prevented bacterial growth
· Penicillin produces chemical that’s secreted into plate and prevents bacteria from growing
· There is a zone around penicillin where small bacteria are growing
· Fleming publishes his results in 1929
· Except paper was boring and no one read it
· Fleming used penicillin to purify bacteria
· He didn’t understand what he had found
· He didn’t do the key experiment, so his idea went no where
Howard Florey & Ernst Chain: 
· Isolate penicillin in 1941
· These guys started searching for antibiotics
· Wanted to find the next magic bullet
· NEVER ACTUALLY ISOLATED SUBSTANCE FROM MOLD EXTRACT (producing the effect)
· Penicillin first produced in milk bottles
· 1000 Kg mold gave 1 g penicillin
· Finally isolated active ingredient
· Penicillin mold has to breathe oxygen Very hard to do
· Home built machines to isolate penicillin
· Florey & Chain publish their discovery
· This was where the whole discovery of penicillin come from (the first human trial)
· Man had scratch, developed into infection, went into coma. Gave him penicillin and he revived
· Unfortunately the just guessed dose/didn’t have enough eventually died 
· Penicillin was precious= extracted penicillin from his urine
· Britain not best place for research
· Didn’t believe in Penicillin
· Penicillin production moves to corn steep liquor
· British made it from milk. Americans figured out you could feed it a waste product
· Peoria, Illinois becomes penicillin capitol
· US created special facilityBiggest distiller
· Can grow beer and penicillin with same stuff. Just add oxygen. Made lots of penicillin!! 
· Fleming, Florey and Chain share Nobel in 1945
Extraction technology:
· Drug companies developed better extraction technology in WW2
· Merck isolation method
· 12000 gallon reactors
· Penicillin production became war priority
· Penicillin stockpiled for D-day
· Penicillin used by U.S. forces in the Pacific
· Penicillin available to the public
· Used for gonorrhea
Cells:
· [bookmark: _GoBack][image: ]
· Cell wall: rigid outer layer, imparts structure, resists internal structure
· 80% of antibiotics based on penicillin
· Antibiotics are truly only miracle drug Go in and kill bacteria, leave person untouched
· Bacteria divide and cannot build cell wall Cells literally explode
· Secret to activity is the b-lactam ring
· On antibiotic
· Highly selective against bacteria
· Penicillin destroys enzyme that makes cell walls (permanently deactivates enzyme)
· Antibiotics only work on bacteria
· You can drink it and not have adverse effects 
· 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
· 95% of them
· Design better antibiotic drugs by semi-synthesis
· Penicillin is changed into 6APA, now you can change it to whatever you want
· Vast majority of penicillin drugs are made this way. 6 APA is made into greater than 20,000 tonnes/year
· Major penicillin side effect is allergy (less than <1%)
· Extremely safe
· Certain enzymes in body still have blue OH structure, and enzyme in body may react with penicillin This will be recognized my immune system
· NO reaction to penicillin the first time you use it, maybe 2nd
Cephalosporin:
· Found in Italian sewer
· Similar to penicillin
Streptomycin:
· Found in chicken throats
· Streptomycin inhibits protein synthesis doesn’t work in cell walls
Tetracycline:
· Inhibits protein synthesis
· Good, but not as good as other antibiotics
· It is semi-synthetic
· Natural form too toxic for humans (OH switched with Cl)
· Tetracycline may make you photosensitive (can last for months)
· Tetracycline interferes with calcium metabolism
· Turns teeth grey
Antibiotic Resistance:
· Every time you use them you reduce the effectiveness 
· Doctors used to prescribe it as a placebo only to get patients off backs
· Prophylactic use may promote resistance
· Feed antibiotics to livestock
· Especially in close/crowded conditions
· This is heavily criticized
· Biggest problem is patient compliance (patients not doing what they’re told)
· The reason for the instructions:
· Drug enters body, body metabolizes it out of body
· You need to keep a certain amount of drug that stays above a certain threshold (to be effective)
· They’ve engineered the doses, so as the lst doses loses drive, the 2nd one picks up. SO THEY NEVER GO BELOW A CERTAIN POINT TO BE EFFECTIVE
· Missing doses creates resistant bacteria
· Drug will fall below [ ], doesn’t kill all bacteria
· This is the period of time when you develop resistance
· The ones that survive will be tougher than the ones you kill
· Natural selection= only the touch bacteria survive, and they were when there’s no antibiotic
· Important to kill all the bacteria
· Survivors are less susceptible
· After several generations can become resistant
· Will not be killed by antibiotics
Nosocomial infections:
· Most dangerous bacteria are found in hospitals
· Ex: Necrotizing fasciitis
· Staphylococcus aureus
· Very common bacteria
· 20,000,000 to 30,000,000 infections each year
· Small number – 1500 – becomeodangerous
· Kill the bacteria by debridement
· They open us cut, cut out everywhere, spread cream on inside
· Happened to Lucien Buchard in 1994
· Methicillin resistant Staphylococcus aureus
· MRSA
· 130,000 cases per year
· Ex: Clostridium difficile
· 1,000,000 per year (North America)
Other facts about antibiotics:
· Are commodity chemicals
· Due to economics, less and less are being produced
· Expensive to develop
· Even last 15-20 yrs
· Whenever new drug comes, doctors want to save it (preserve the value of the antibiotics)
· This is contributing the situation where no one wants to make them anymore= catch 22
· Antibiotic have huge impact on human life
· Longer life span
· Improved quality of life
· Very safe drugs
· Very effective drugs
· Preserve the value of antibiotics
· Follow the directions
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