Topic 2 – Pain 


Pain Medication
Ex.
· Advil
· Midol
· Tylenol
· We can now control pain
Prescription drugs
· [bookmark: _GoBack]$300 billion market per year (U.S)
· Requires a doctor’s prescription
· Most common type of consumed medication
· You usually take them when you’re very young (3 years old or less) and when you’re getting really old as the body is wearing out

Over the counter OTC
· $25 billion market per year (U.S)
· No prescription required
· Some are “behind the counter”
· They’re not going to let you mess around with something you could get hurt with.

OTC vs prescription
· OTC drugs not as commonly used
· Cheaper than prescription
· Cost is visible
· Spend 10x more on prescription drugs

Top OTC meds (North America 2016)
· Cough and cold - $8.2 billion
· Pain reliever - $4.1 billion
· Antacid (A substance which neutralizes stomach acidity, used to relieve heartburn, indigestion or an upset stomach) - $2.7 billion
· Toothpaste - $1.5 billion
· Laxative (stool softener) - $1.3 billion

Important considerations when buying
· Safety
· Indications (what you use it for)
· Counter-indications (when not to use it)

Safety
· Dose makes the poison (ex: do not exceed more than 6 capsules a day)
· Dose makes the drug: (ex: take 2 capsules every 8 hrs)a
· If you take 2 Advil’s instead of 1, it won’t give you twice the effect. You need to take depending on your body size and your resistance to it. It’s an on/off effect. You take as much as you need to get the on effect, once you’ve hit it, taking more won’t do anything

Side effects
· All drugs have side effects
· Effect- What is it?
· Info is easy to find: on the label or box, google, company website
· Incidence: how common is it?
· 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 (i.e pregnancy) 
· Drug combinations (Supplements: there are substances that could interfere with drugs, so when asked if you are taking any other drugs by the doctor you should mention it.)
· Foods (i.e certain foods can interfere with drugs like grapefruit)
· “Natural” Remedies

Pain relievers most common OTC drug
· $4.1 billion per year (North America)
· 50 billion tablets (North America)
· 16 000 tones/year
· 500 dump trucks

Aspirin- One of the world’s most popular drugs
	1- alcohol
	2- caffeine
	3- aspirin (most popular pain killer in the world but not in north America)
	4- nicotine?

Salix (type of tree with over 400 species)
· Genus (family): willow, poplar, beech, wintergreen
· Where the idea for aspirin came from
· The leaves and bark contain salicylic acid
· The trees make this poison to protect themselves
· Sumerians used willow leaves for pain 2,200 BC
· Egyptians used willow for inflammation
· Knowledge of herbs lost in dark ages


Reverend Edward Stone 1702-1768
· Rector in Church of England
· Described treatment for ague (malaria or some other illness involving fever and shivering) in 1763
· Discovered the healing properties of willow

· He was going for a walk and noticed he had a fever.
· Willow bark has a bitter taste similar to quinine
· Edward Stone took a bite of it

Doctrine of signatures
· Association between disease and cure
· people who live near swamps get malaria
· people with malaria have fevers
· treat malaria with quinine
· quinine is bitter
· willow bark is bitter
· willows grow in swamps
· Willow bark will cure fever!!

· April 25, 1763: “As this tree delights in a moist or wet soil, where agues chiefly abound, the general maxim that many natural maladies carry their cures along with them or that their remedies lie not far from their causes was so very apposite to this particular case that I could not help applying it; and that this might be the intention of Providence here, I must own. had some little weight with me”

Willow bark for fever
· Dried bark
· Ground to a powder
· Given for fever
· Was diluted in water

· Expensive
· Limited supply
· Variable effectiveness

Active ingredient in willow is salicin
· Isolated in 1829
· Henri Leroux 1829
· The willow bark contains salicin to reduce fever

A little Salicin from a lot of bark
· 1.5kg of willow bark produces 30g of salicin
Salicin converted to salicylic acid in 1838
· Better drug than salicin (lower dosages)
· Occurs in meadowsweet flowers (very small amounts)
· Analgestic: Active to relieve pain
· Antipyretic: Used to prevent or reduce fever
· Anti-inflammatory: Used to reduce inflammation/swelling 
· Rafaelle Piria 1838
· He chose salicylic acid over salicin because it was cheaper, worked better, you can make it from coal tar

Salicylic acid manufacture from coal tar 

Coal tar was a waste product in 1800’s 
· One of the first toxic wastes
·    William Perkin discovered the synthesis of mauveine (a purple dye) from coal tar in 1856

Synthetic vs “Natural”
· Natural:
· 1.5 kg of willow bark is turned into 30g of salicin which made 14g of salicylic acid
· Synthetic:
· 1 kg of coal tar (Kolbe-Schmitt reaction) made 300g of salicylic acid
· Bayer sold salicylic acid

Dye companies specialized in coal tar chemistry

Salicylic acid made and sold by dye companies 

Salicylic acid was a drug with problems
· Analgesic
· Antipyretic
· Anti-inflammatory
· Bitter taste
· Stomach irritation

Felix Hoffmann 1868-1946
· Worked for Bayer
· Father had arthritis
· Took salicylic acid for pain
· Suffered from stomach problems

Process of drug optimization
· Salicylic acid
· Taste less bitter
· No stomach irritation
· Not effective for pain
· You want to modify the structure of the drug in a way to keep the good effects and get rid of the bad ones.

August 10, 1897
· Salicylic acid made into Acetasalicylic acid (Aspirin)
· had a good taste
· did not irritate stomach (we now know otherwise)
· worked for pain
· completely man made
· Hoffman tested out ASA on fish gills to see if it irritated them; it did not, so he figured it wouldn’t irritate stomach (biological assay)

· Aspirin initially sold as a powder
· Aspirin tablets became more popular
· Aspirin = trade name
· ASA = generic name

A.S.A
· Benefits:
· Pain
· Fever
· Inflammation
· Reduce heart attack risk
· Side effects:
· Tinnitus (ringing in ears; could mean overdose)
· Stomach irritation
· Blood clotting
· ASA effective for muscle pain but not for visceral pain

Prostaglandins
· Local hormones
· Produced and used in same cell
· Exist for short times
· Ulf von Euler 1934
· Prostaglandins are associated with intense muscle contractions
· ASA interferes with prostaglandin synthesis
· Prostaglandins are messenger molecules that tell the brain there is pain

Prostaglandin biosynthesis
· arachadonic acid -----(cyclooxygenase)----> Prostaglandin ---> pain, fever, inflammation
· arachadonic acid is a fatty acid
· cyclooxygenase is an enzyme and this is where ASA interferes

Enzymes are machines
Drugs block machine action
Aspirin blocks the cyclooxygenase machine
A.S.A. for pain, inflammation and fever
· Genuine BAYER

Aspirin and heart disease

· Taking ASA everyday will reduce risk of heart attack
· Interferes with blood clotting

One aspirin tablet every 2 days for 5 years:
	heart attack
	aspirin
	placebo

	fatal
	10
	26

	non-fatal
	129
	213



· Reduces risk of a heart attack

Prostaglandins and blood clotting
· Lead to the production of thromboxanes which causes blood to clot

Homemade explosives with A.S.A.

Side effects of ASA
· Death: more than 60 tablets at once
· Ringing in the ears/Tinnitus: more than 10 tablets (warning of salicylism – aspirin poisoning)
· Stomach irritation: Inhibition of prostaglandin synthesis

Prostaglandins help to protect stomach
· Decrease acid production
· Increase mucus production

Aspirin in the stomach
· Increases acid production
· Decreases mucus production
· To avoid stomach irritation drink water
· In the last 3 months of pregnancy don’t take ASA because you need prostaglandins

Long term aspirin use causes stomach damage

Bufferin
· Contains an antacid (MgSO₄, gypsum)
· An antacid is a substance which neutralizes stomach acidity, used to relieve heartburn, indigestion or an upset stomach.
· Avoid irritation of the stomach
· Pills dissolve quickly
· Plastic coating on ASA tablets. Aren't supposed to dissolve in stomach
· Best way to avoid irritation drink lots of water, smooths out stomach lining, less likely for it to get jammed in the lining.

· Reye syndrome and Influenza: detrimental effects on brain and liver
· Reye's (Ryes) syndrome is a rare but serious condition that causes swelling in the liver and brain. Reye's syndrome most often affects children and teenagers recovering from a viral infection, most commonly the flu or chickenpox.
· Influenza, commonly known as "the flu", is an infectious disease caused by an influenza virus. Symptoms can be mild to severe. The most common symptoms include: a high fever, runny nose, sore throat, muscle pains, headache, coughing, and feeling tired.
· Children with a viral illness who took aspirin were getting Rye syndrome
· Taking aspirin to treat such an infection greatly increases the risk of Reye's

Children’s aspirin no longer available
· No causative link between ASA and Rye syndrome
· Children’s Aspirin removed as a precaution

Cause vs association
· An association between two things does not mean that one thing influenced (caused) the other.
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)  



Tablets and caplets and gelcaps
· Caplets and tablets are the same, just pressed into different shapes
· Gelcaps are advertised to work faster than caplets/tablets. It does and doesn't
· Suppose they dissolve right away in your stomach. Still sits in our stomach for 15-20 mins anyway. Absorption occurs when it moves into your small intestine.
· Gel caps – liquid, bursts open in stomach
· Drugs get absorbed in the small intestine. Doesn't matter if it's tablet or gel cap (tablet dissolves slower in stomach but will still sit there in stomach)

Some forms add caffeine for headaches
· A.S.A. 325mg
· Caffeine 32mg

Name brand vs generic
· There is no difference. Work in the same way.
· Quality often costs more. 
· There will be a difference. Not in the case for name brand vs generic. 

Extra strength vs normal
· Is just more dosage

Generic drugs are the same quality as name brands
· Same chemical substance
· Same dosage
· Equivalent bioavailability (must have)
· Same amount of drug enters the body
· Bioavailability: how much drug gets in to your body (the %)
· We normally associate brand with quality and price with quality; this is not true for drugs!!
· Pharmacy’s make more money off trade names over generic

Use name brand to find the generic	
· Look for active ingredients in the generic brand to compare to the brand name
· No difference in the manufacturing process

A.S.A. Summary

	Benefit
	
	Side effect
	

	Pain 
	Yes
	Reduces blood clotting
	Yes

	Fever
	Yes
	Stomach irritation
	Yes

	Inflammation
	Yes
	Rye syndrome
	maybe

	Prevent heart attack
	Yes
	
	




Price per 100 tablets

A. Cahn and P. Hepp 1886
· Experimenting to find a vermifuge
· Noticed fever reduction in person who was given acetanilide

Antikamnia (antifebrin)
· Made from coal tar

Carl Duisberg
· Chemist at Bayer 
· Needed to dispose of 50 tons of aminophenol
· Use waste to develop phenacetin (same groups)

Phenacetin
· Phenacetin is a pain-relieving and fever-reducing drug.
· APC tablet
· Aspirin
· Phenacetin
· Caffeine
· Now replaced by something better

Both drugs converted to acetaminophen in body – 1947
· Antikamnia – Acetaminophen – Phenacetin
· D. Lester and LA Greenberg - 1947

Acetaminophen pain relief
· Used for pain relief
· Also treats fever
· Active ingredient in Tylenol 

Acetaminophen raises pain threshold
· Makes you less sensitive to pain
· Does this by modifying one material inside the body
· Creates another substance to reduce your pain
· Not fully understood

Acetaminophen for muscle pain

Acetaminophen for visceral pain

Acetaminophen is an antipyretic
· Antipyretic: Used to prevent or reduce fever


Acetaminophen not for inflammation
· Does not inhibit prostaglandin synthesis
· Will not reduce the swelling, not as effective as aspirin

Arthritis use – variable effectiveness/not always effective
· Osteoarthritis
· Rheumatoid arthritis
· The main difference between osteoarthritis and rheumatoid arthritis is the cause behind the joint symptoms. Osteoarthritis is caused by mechanical wear and tear on joints. Rheumatoid arthritis is an autoimmune disease in which the body's own immune system attacks the body's joints.

Stomach irritation
· A.S.A.
· Strong irritation (chronic)
· Acetaminophen
· Weak irritation (?)

Death
· More than 60 tablets
· #1 suicide drug in England

Acetaminophen liver toxicity
· Liver protects you against poisons in your food... food gets detoxified in liver before it circulates in your body (black arrow)
· Safe way
· Acetaminophen – Glucuronyl transferase – Removal from body
· Red arrow is the TOXIC way
· Food and drugs can activate cytochrome P450
· Acetaminophen – Cytochrome P450 – Toxic metabolite – Liver damage 

Acetaminophen poisoning is very common
· The drug is added in all sorts of OTC medications and prescription meds.
· Sinutab, Tylenol, Buckley's all contain acetaminophen

No risk of Rye syndrome
· No association for acetaminophen
· Thus, Tylenol is available as a children’s formula

Children’s Tylenol in small bottles
· Meant to reduce fever in children’s Tylenol 
· Only 2 or 3 dosages in the bottle
· In case they get a hold of the bottle and are able to open it and drink it all, it won’t harm them because there is only a small dose of Acetaminophen.
·  You should still take your child to the emergency in case.

Never take for hangover (Tylenol)
· Alcohol stimulates liver function[image: ]


Tylenol regular
· Acetaminophen 325mg

Tylenol extra strength
· Acetaminophen 500mg

Tylenol arthritis or muscle & body
· Acetaminophen 650mg

Tylenol migraine
· Acetaminophen 500mg
· Caffeine 65mg

Tylenol and cyanide – 1982
· Hollow gelatin package (capsule)
· Someone refilled the capsules with cyanide (chemical compound that contains carbon and nitrogen), and put them back on the shelves in pharmacies.

Tylenol was recalled by J & J
· Removed Tylenol from every drug store in the world. This is what they should have done.
· Capsules are now replaced by Tylenol caplets. 
· Safety feature to make sure they're difficult to tamper with.
Safety seal added to all OTC meds
· Makes sure that it hasn’t been tampered since it left the factory

Generic Acetaminophen 
· Ex. KIRKLAND

Acetaminophen Summary

	Benefit
	
	Side effect
	

	Pain
	Yes
	Reduced blood clotting
	No

	Fever
	Yes
	Stomach irritation
	No

	Inflammation
	No
	Rye syndrome
	No

	Prevent heart attack
	No
	Liver toxicity
	Yes




Ibuprofen 
· Developed 1961
· Originally by prescription only
· OTC use approved 1984
· Similar mechanism to Aspirin
· Inhibits cyclooxygenase

Ibuprofen summary

	Benefit
	
	Side effect
	

	Pain
	Yes
	Reduced blood clotting
	Yes

	Fever
	Yes
	Stomach irritation
	Yes

	Inflammation
	Yes
	Rye syndrome
	No

	Prevent heart attack
	No
	Liver toxicity
	No



· Pain relief lasts longer 
· Is present in Advil and Mortin

Advil
· Ibuprofen 200mg

Mortin and Advil are the same stuff
· Mortin targets your pain, Advil goes wherever (inhibits prostaglandin synthesis)
· Mortin: 200mg
· Mortin extra strength: 300mg
· Mortin super strength: 400mg


Read the back of the box NOT the front
· Marketing (Advil migraine vs normal)
· Same chemical, same amount
· Public think that “migraine” will be more helpful than normal and thus end up paying more
· Advil extra strength – has much more material 
· Advil and Advil migraine are the same 

Generic Ibuprofen 
· Ex. KIRKLAND
· Ibuprofen 200mg

Naproxen
· Alive
· Very good for inflammation
· Generic now available	
· Similar to ibuprofen
· Good for training (sore muscles)

Top pain relievers (North America)
· Acetaminophen 
· 43%
· A.S.A.
· 28%
· Ibuprofen
· 26%
· Naproxen 
· 3%

Naproxen Summary

	Benefit
	
	Side effect
	

	Pain
	Yes
	Reduced blood clotting
	Yes

	Fever
	Yes
	Stomach irritation
	Yes

	Inflammation
	Yes
	Rye syndrome
	No

	Prevent heart attack
	No
	Liver toxicity
	No











COX-1 AND COX-2
· Stops production of prostaglandins.. reduce pain/inflammation (?)

Effect of COX-1 inhibiton 
· Stomach
· HCI production increases
· Mucus production decreases 
· Platelets
· Clotting is inhibited
· Long term COX-1 inhibiton 
· Ulcers in stomach can bleed severely 
· Harmful effects!!!
· When you take an aspirin tablet, inhibits COX-1
· Inhibit COX-1 is what produces the nasty side effects associated with ibuprofen
· Reduces protective layer of mucus. Long term can cause ulcers.

Effects of COX-2 inhibition
· Reduces pain
· Reduces inflammation
· Reduces fever
· Beneficial effects!!!

Current arthritis treatment:
· Inhibition of both COX-1 and COX-2
· COX-2 inhibition is beneficial
· Reduce pain
· Reduce inflammation
· COX-1 inhibition is harmful
· Stomach irritation
· Blood clotting inhibited
· Bleeding ulcers in chronic users

Selective COX-2 inhibitors for arthritis:
· Vioxx: canadian drug
· created in montreal in the 1990’s

Vioxx clinical Trials:
· Approximately 60 studies were done
· More than 5000 patients
· No ulcers or serious stomach bleeding noted
· No serious side effects
· No difference in cardiovascular disease vs placebo
· Drug approved in 1999
· Sales averages $2.5 billion/year
· In clinical trials, they noticed no problems. No heart problems. And thus was approved in 1999
· Much safer than the existing therapies. Much better to take this for arthritis.

VIGOR was done for marketing
· Illustrate reduced risk of ulcer 
· 18-month study
· Used naproxen as a placebo
· Used VIOXX at twice the normal dose
· Naproxen was given at the normal amount
· Study showed 54% reduction in serious GI side effects with VIOXX
· 56 out of 4047 for VIOXX
· 121 out of 4029 for naproxen

Full VIGOR data released to FDA
· Increase risk of heart attack
· .4% for VIOXX (45 out of 4047 patients)
· 0.1% for naproxen (19 out of 4029 patients)
· No difference in mortality (7 deaths for VIOXX and 6 for naproxen)
· Paper in NEJM reported no adverse effects
· Only data from first 10 months was included
· They wrote a paper describing the results in the previous slide
· Carried out an 18-month study, but only included 10 month data
· 4x the heart attack for VIOXX than naproxen
· Company looked really bad by publishing in a journal by not adding in the full 18 months of data. Made it look like they were trying to hide this side effect.

FDA analysis of 1.4 million patients
· Estimated that VIOXX caused 88 000-139 000 heart attacks from 1999-2004
· In 2004, Merck voluntarily removed drug from the market
· Cut 7000 jobs and over 10 000 lawsuits
· FDA recommended Merck put VIOXX back on the market because the patient benefits from having the choice
· Companies that developed the drug decided to voluntarily remove it from the market.
· Business decision it was because of all the lawsuits they were receiving.
· All the money they made from sales went to lawyers.

Benefits outweigh the risks
· Current arthritis treatment
· FDA estimates 10,000-20,000 deaths/year from gastrointestinal bleeding
· Vioxx as arthritis treatment: 
· FDA estimated 18,000-28,000 heart attacks/year
· Risk of heart attack similar to ibuprofen
· Merck refused to re-introduce the drug
· Risks outweigh the benefits 
· >10,000 lawsuits


· Celebrex (from same family of drugs) did their clinical trials after this.
· They took steps to monitor patients due to the heart attack risk. Now on the market.
· Readings: Knowing Your....... & Use of Natural Numbers


Check slides for price for 100 tablets !
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Warnings

Alcohol wamings tyou consume 3 of more lcahals ks every cay
ask your doctor whether you should take acetaminophen of other pain
relievers/fever reducers. Acetaminophen may cause liver damage.

Do not use
' with any other products containing acetaminophen

Stop use and ask a doctor if:

new symptoms oceur
redness or sweling is present

H pain gets worse o lasfs for more than 10 days
 fever gets worse of lasts for more than 3 days

‘These could be signs of a serious condition.
If pregnant or breast.feeding, ask a health professional before use.
Keep out of reach of children.

Overdose warning: Taking more than the recommended dose (overdose)
may cause iver damage. In case of overdose. get medical help or contact
os0n Contol Centernight away. Quick medical ttenton s cral
for adus as well as for children even if you do not notice any signs

of symptoms.




