Drug 101: PAIN
Pain Medication
-bayer, advil, Excedrin, midol, ibuprofen, Tylenol 
Prescription Drugs
-$300 billion per year (U.S.)
-requires doctor’s prescription
Over the Counter -OTC
-$25 billion per year (US)
-1 tenth the size compared to prescription business
-no prescription required
-some are behind the counter 
- Behind the counter drugs do not require prescription but they are more restricted than over the counter
Top OTC Meds (NA 2016)
	· Cough and cold
· Pain reliever→ used very commonly (less expensive tho)
· Antacid
· Toothpaste
· Laxative 
	$8.2 billion
$4.1 billion
$2.7 billion
$1.5 billion
$1.3 billion



3 things to Considerations when buying 
· Safety
· Indications
· Counter-indications
Safety 
Dose makes the drug
They assume that you are going to make mistakes so they engineer the dose to be safe even if you take an amount that is higher for your body mass.
1 or 2 capsules are to account for body size → people take 2 capsules
Poisons dose -> don’t exceed 6 tablets within 24 h
Side effects 
· ALL drugs have side effects
· Just because a side effect is listed does not mean that it will happen to you
· No side effects = no effects 
· Effect – what is it?
· Info is easy to find
· Label or box
· Google 
· Incidence – how common does it occur?
· Info is difficult to find
· Need both to evaluate risk
Indications
· What to use for?
· Many people take the wrong drug
· Many people take drugs unnecessarily 
Counter Indications 
· When you should NOT use
· Conditions: heart condition, or pregnant 
· Drug combinations
· Foods 
· “Natural” remedies: ex vitamins 
· “Are you taking any other kinds of drugs?”
Pain relievers most common OTC drugs 
· $4.1 billion per year (North America)
· 50 billion tablets (North America)
· 16,000 tonnes/year
· 500 dump trucks

Aspirin 
· Alcohol: one of the top 3 drugs consumed world wide 
· One of the top 3 consumed drugs in the world
· Caffeine
Aspirin: created through 
 Salix 
The salix plants produce weak poisons that we can use in low doses to treat different diseases.
· Genus (family)
· Willow
· Poplar
· Beech
· Wintergreen
· Nicotine? -very common
Salicylates
-ex.  Sumerians used willow leaves for pain 2,200 BC
-ex. Egyptians used willow for inflammation
Knowledge of herbs lost in dark ages: church regulated what was used for medicine → church didn’t think plants had healing properties so people didn’t use it 
Reverend Edward Stone 1702-1768
· Rector in Church of England
· Described treatment for ague (old word for fever)  in 1763
· Ate Willow Bark and noticed the Bitter Taste was similar to quinie used to treat fever 
· Doctrine of Signatures 
· Association between disease and cure
· People who live near swamps get malaria
· People with malaria have fever
· Treat malaria with quinine
· Quinine is bitter
· Willow bark is bitter
· Willows grow in swamps
· Willow bark will cure fever!!! But it was only available to the rich
· Dried bark
· Ground to a powder
· Given for fever
· Issues:
· Expensive
· Limited supply: limited willow trees 
· Variable effectiveness: variables amounts of active ingredient so does and effectiveness varied 
· Was effective at treating fever and pain 
Active ingredient in Willow Is Salicin
· Isolated in 1829: 1.5kg bark= 30g of the salicin powder 
· A little salicin from a lot of bark (2% of the bark is salicin)
· Chemical structure 
· Represent the shape and function of molecules
· Match shapes to match function
Salicin Converted to Salicylic acid in 1838 
· Better drug than salicin (lower dosages for same effect)\
· Can manufacture it through 
· Bark salicin to salicylic acid
· Or salicylic acid (from tar?) → Kolbe- Schmitt reaction→ salicylic acid 
· Coal tar used to be a waste product but was discovered it can be used for manufacturing of drugs → big discovery b/c it made drugs available to everyone not just the rich 
· Occurs in meadowsweet flowers (very small amounts so must harvest a lot of flowers)
· Analgesic: beneficial for pain
· Antipyretic: beneficial for fever
· Antinflammatory: beneficial for swelling 

Natural : something is extracted from a natural source (ex. From flowers, or bark)
Synthetic: take a substance and carry out a chemical rxn to make the drug (ex. Using the Kolbe-schmitt rxn of tar coal tar to make salicylic
1. Synthetic materials are more abundant than the natural substances
2. More cost effective
Differences:  synthetic materials are more available and less expensive, chemical structure is pretty much identical  ~40% of the oil we harvest is for drug manufacturing 
Natural: Plant or animal
Synthetic: Something is manufactured from oil
Artificial: Does not occur in nature (designed by human)
Ex: Aspirin is artificial and it must be manufactured artificially. 

Dye companies specialized in coal tar chemistry: found the the drug 
· Salicylic acid made and sold by dye companies
· Benefits:
· Analgesic
· Antipyretic
· Anti-inflammatory
· Side effects:
· Bitter taste
· Stomach irritation→ life threatening by damaging the lining of the stomach 
· Felix Hoffmann: father took the salicylic acid for pain and suffered from stomach problems → he discovered that he could change the chemical structure of the drug to make it more optimal 
· Made the drug taste less bitter & caused no stomach irritation → but this modification took the effectiveness away 
· Through trial and error made acetasalicylic acid → which is aspirin → all the good benefits that don’t cause the major side effects
· Sold the aspirin as a powder 
· Artificial substance: something that is designed and created by humans (does not occur naturally) ex. Aspirin
·  Aspirin was made into a pill→ controlled dosages and didn’t need to worry about taste 
· Aspirin= brand name, Acetasalicylic acid (A.S.A.)= generic name 
A.S.A
For pain, inflammation and fever 
	Benefits 
	Side Effects 

	· Pain: muscular pain, & pain on outside of body (not visceral pain) 
· Fever
· Inflammation
· Reduce heart attack risk

	· Tinnitus
· Stomach irritation
· Blood clotting




Prostaglandins are Local Hormones 
· Produced and “used” in same cell
· Exist for short times
· Produces when needed 
· Body produces prostaglandins and trigger rxn and ultimately we feel pain in that area 
· Ase ending -→ enzymes 
· Shape of enzymes is important in their function 
· Enzymes are machines→ they move → Drugs block machine action (block like lock and key) → disables machine→ function is blocked (involves physical contact)
· Ex. Aspirin blocks the cyclooxygenase machine (which is used to create prostaglandin→ unable to produce substances that cause pain, inflammation, headaches) 
Aspirin and Heart disease 
· One tablet every two days for 5 years 
	Myocardial infarction 
	Aspirin 
	Placebo

	Fatal 
	10 
	26

	Non- fatal 
	129
	213 



Prostaglandins and blood clotting [image: ]
Aspirin to prevent heart attack → side effects of aspirin is worse than the benefit 
Should not take it unless prescribes then doc has determined that cost <benefit 
A.S.A→ is not worth to prevent cancer (have to take it for 10 years)
A.S.A: in news, a guy used aspirin to make bomb (used aspirin and made picric acid to make explosive)
Side effects of A.S.A
· Death: More than 60 tablets at once
· Tinnitus: ringing in the ears → more than 10 tablets → warning of salicylism (aspirin poisoning) -> should go to the hospital (It is reversible)
· Stomach irritation → HCA → mucus protects the stomach acts as a barrier→ prostaglandins help to protect the stomach by lowering the acid production and increases the mucus production → so aspirin blocks the prostaglandins → so more acid goes up → mucus goes down → acid gets at tissue of the stomach 
· Long term aspirin use causes stomach damage (ex. If you have arthritis and you take it on the daily)
· Tablets can cause stomach irritation → if it gets stuck 
· Treatment: bufferin→ contains an antacid (MgSO4) (gypsum), pills dissolve quickly 
· Drink water with pills → inflates the stomach and causes less wrinkles where the pills can get stuck 
· Plastic coating on tablets prevent it from getting stuck in the stomach lining
· Reye syndrome and influenza → children at that time not to use aspirin 
· Children’s aspirin no longer available 
· No causative link between ASA and Rye syndrome
· Children’s Aspirin removed as a precaution(we don’t know if the link occurs no proper investigation was done~ association)
Cause Vs Association 
· An association between two things does not mean that one thing influenced (caused) the other
· Ex. Association: Winner of LSU vs Alabama football game and US presidential election
· Cause 
· Requires a body of evidence
· Association between two things
· Control experiments
· Eliminate other possibilities
· Experiments with animals
· Biochemical explanation of the effect
· Deliberately change one factor to look for changes in the other
· Aspirin and stomach irritation
· Ulcers common in people who take Aspirin (long term)
· Ulcers less common in people who don’t use Aspirin (control)
· Aspirin dosing in rats results in more ulcers (animal)
· Prostaglandin production in stomach lowers stomach acid and increases mucus production (biochemical)
· Aspirin use raises stomach acid and decreases mucus production
· Aspirin inhibits prostaglandin production
· Stomach irritation reduction if stop taking Aspirin (change, animals)
Regular and extra strength 
· Difference is in dosage 
· Tablets and caplets and gel caps → very little difference in the effectiveness and the time to dissolve is very similar (gel → 15min headache goes away, tablet 16min) 
· Slide 77
Name brand vs Generic 
· Quality often costs more → certain brands are better quality → different materials so different qualities 
· For drugs: Same chemical substance, Same dosage, Equivalent bioavailability: amount of drug that gets into the blood vs the amount of drug administered, Same amount of drug enters the body
·  So use the name brand to find the generic name 
A.S.A summary 
	Benefit 
	
	Side effect 
	

	Pain
	Yes
	Reduced blood clotting
	Yes

	Fever
	Yes 
	Stomach irritation
	Yes

	Inflammation
	Yes
	Rye syndrome
	Maybe 

	Prevent heart attack
	Yes
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