Lecture 12
Drugs in the Body
What happens to a drug in your body?
· Drugs pass many barriers entering the body
· Getting drugs into the human body is actually a difficult thing to do
· Body is engineered to protect you against toxins and can’t differentiate between thing
· Each barrier it passes will remove some of the drug so the dose gets smaller and smaller
· Most drugs pass through digestive system
· Stomach, small intestines and liver are important for drug processing
· [bookmark: _GoBack]The stomach is the first barrier
· Drug must survive acidic environment of the stomach and dissolve in water
· Most drugs absorbed by small intestine
· If the drug doesn’t dissolve, it will never get into the body
· Drug must survive digestive enzymes
· Drugs pass through intestinal cells through passive diffusion from one side to the other
· Molecules pass through membranes
· Drugs have to be able to dissolve in water and oil
· Liver removes poisons from food 
· Does changes to the chemical structure to help body eliminate it
· Tries to chemically alter the substance in a way that the body can easily get rid of it
Drugs pass many barriers to reach target organ
· Drug interact with biological molecules
· Drug must come into biological contact with target for anything to occur
· Molecules stick at high concentration
· Small amounts of drug do nothing
· Minimum dose to make drug stick
· Total amount given ensures an effect
· Two Factors: Ability to cross barriers and binding to target receptors
· Drug + desired target = desired effect
· Side effects are undesired effects
· Drug goes everywhere in body
· Undesired effects
· Harmful
· Beneficial
· Can arise in many ways
· Balance risk and benefit 
· Reflex response produces an undesired effect (capsaicin)
· Vaccines may cause fever
· Drug works correctly in the wrong place
Aspirin can cause stomach irritation
· Prostaglandin inhibition
· In muscles gives pain relief
· In stomach gives irritation
· Example of drug interacting with non-target biomolecule
Drug interacts with wrong biological molecule
· Drug can interact with more than one target molecule in the body and if it does on the wrong molecule, it can produce a negative effect
· Diphenhydramine causes drowsiness
Capsaicin 
· Used for topical pain relief
· Found in chili peppers
· Can be lethal if injected in high enough dose
· Taste is a biological response
· Capsaicin binds to heat sensing neurons
· Tricks the body into thinking the area is hotter than it actually is
· Acts as an agonist, sending signal that this part of the body is hotter than normal
· “Temperature” depends on dose
· Small number of molecules present = low temperature
· Higher dose results in more binding which results in a stronger response
· Scoville scale ranks “hotness”
· Shows scale for commonly known peppers ex. Bell pepper, jalapeno pepper, habanero, chipotle, ghost
· Bell peppers rated at zero
· No drug = no effect
· Pulla peppers rated at 700 (700-3000 Scoville Units)
· Pulla pepper produces warm sensation
· Chipotle Morita Pepper rated at 5000 (5000-8000 Scoville Units)
· Chipotle Morita increases the dose
· Ghost peppers rated at 1,000,000
· Bhut Jolokia “Ghost” Pepper 
Water will not put out the fire
· Capsaicin does not dissolve in water
· Capsaicin “dissolves” in your tissues
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
Extreme dose for extreme effect
· Side effects with high doses – tearing
· High doses may cause a runny nose 
· Extreme amounts may cause emesis
· Ring of fire experienced the following day
Pure Capsaicin is dangerous
· A high dose in a small package
· Capsaicin has to be handled carefully
· Protective equipment in industry
· Dose determines drug or poison
· Drug safety testing
· Tests done by the FDA = primary concern is safety
· Initial safety testing at Panlabs
· It is a contracting company in Philippines; they keep a sample and do a reaction/test in vitro???
· If it passes through this it goes to animals 
· Safety testing in small animals
· Mice and rats is the cheapest way
· Safety testing in primates
· Test on a species close to humans
Animals in safety testing
· 60,000,000 per year
· 30,000,000 rodents
· 200,000 dogs
· 50,000 primates
Animal rights movement opposes testing
· Sulfanilamide tragedy result of no testing
· Thalidomide effects result of limited testing
· Complexity of a living animal cannot be simulated
· Insulin originally isolated from dogs
· Surgical procedures developed on animals
Pro-Test movement
· All animal testing subject to ethical review
· Before any testing is allowed, it is reviewed to make sure its necessary, ethical and won’t cause harm
· Experiments are well designed and necessary
Pills contain more than the drug
· Excipients (non-medicinal ingredients/non-active)
· Fillers are important for safety
· Easy to measure large quantities and hard to measure small
· Fillers ensure consistent dosing  dilute the drug
· Stabilizers protect drugs from oxygen
· Maleate is a stabilizer
· Preservatives protect drug from microbes
· Hydrochloride is a preservative
· Sodium benzoate from cranberries 
· Binders
· Absorption enhancers
· Flavors
· Colors is a safety feature
· Different shapes, sizes and colors are used so drugs don’t get mixed up
· Food additives are used
Clinical trials
· Most drug development money spent here
· 50-60% on clinical trials
· 90 % failure rate
· Only about 30 drugs make it approved
· Testing for safety and efficacy in humans
· Phase I trials for safety
· Approximately 100 healthy volunteers
· Take pill and make sure nothing bad happens
· Ads for volunteers = university students
· TGN1412
· Phase II trials for safety, efficacy, dosing
· 100 to 300 patients
· Efficacy = does the drug work?
· Try out different doses
· Phase III trials for rare side effects
· 1000’s of patients
Double blind study used during clinical
· Patients do not know 
· Doctors do not know
· Requires large numbers of patients
· Look for statistical differences
Nuremberg code for research on humans
· Informed consent
· Prior animal studies
· Benefits outweigh risks
· Qualified scientists
· No suffering
Unethical Experiments
· Nazi’s crossed the line
· Nazi doctors did experiments that are actually considered as torture
· Experiments at Auschwitz
Drug development requires 8 to 10 years
· Patent protection lasts 20 years
· Large profits recoup investment quickly
· Companies need exclusivity to recover costs
· Ensures that you make your money back
Brand name and generic drugs
· Some provinces allow generic substitution
· Always ask the doctor for the generic version
· Companies advertise to doctors for D.A.W.
· DAW = dispense as written  pharmacists can’t change anything that is written on there
Generics are required to be equivalent
· Drug substance is identical
· Same dose
· Generic drug must be biologically equivalent
Each year incorrect prescriptions kill 10,000
Drug companies spend more on marketing
· R & D constitutes 16 % of costs
· Marketing constitutes 23 % of costs
· 60 % of marketing targets doctors
· Because doctors are the ones who write prescriptions
· Companies spend $50,000 per doctor
Omeprazole molecule comes right or left handed form
· Advertising to doctors used “interesting” data
Ethical (brand name) pharmaceutical companies
· Discover and develop drugs
· Spend $1 billion on research for every new drug
· Receive 20 years of patent protection
· Clock starts when substance is first made
· Usually 8 – 12 years market exclusivity
· Patent protection is important to ensure the supply of new drugs
Generic pharmaceutical companies
· Manufacture and sell drugs once patents expire
· Generic drugs are equivalent to “name brand” drugs
· Same substance
· Same dose
· Same biological activity
· Generic drugs are cheaper
When possible buy generic
· 20 year patent protection ensures profit for ethical companies to develop new drugs
· Companies recoup costs
· Companies continue to sell after patents expire
· Generic drugs cost less
· Only available after patents expire
· By law, generics work the same as name brand drugs

