Lecture 1 (Jan 11th)
Life expectancy: 
· The place to be born is Macau, because it has the highest life expectancy as of 2009.
· The world average is ~66 years.
· There is really a big contrast between developed countries and developing countries.
· At the beginning of history people can expect to live ~30 years.
· The real changes have only occurred in the last 150 years.
· Recorded history starts approximately 6000 years ago.

Scientific conclusions and using the scientific method only started happening around 1850 (150 years ago) and this has affected the average life expectancy.
The cause of death has also changed. Back then it would be because of some type of infectious disease. Today we expect to live to be about 80 years and we are most probably not going to die by disease, you will die because your body starts wearing out.
Quality of life doesn’t just impact the day you die. 
The life of the average person back then sucked
Parasites were very common throughout history. There is still some cases out there.
· Lice was very common
· Worms were very common
Why has this changed:
· Improved sanitation:
· We separate on a routine basis our waste from our life. 
· Outhouses used to be a very common thing. They brought you to a closer proximity to your waste.
· Toilets are a very common thing.
· Chamber pots were a common thing. Up close and personal with your waste.
· Shakade (open sewer) was a common thing. You would dump your crap in there. Not very sanitary.
· In addition to human waste people had to touch dead bodies (dead family member). Today you are most likely going to die in a hospital, were you are handled according to rules.
· It is like a chain reaction, due to bad sanitation you had more dead bodies in the house.
· Clean Water:
· Our water is not pure. You are never supposed drink water directly from the stream. You have to treat it somehow. Throughout history people always just drank the water.
· Some of the nasty things you can get are Guinea worms. It is a tiny parasite that lives inside animals. The larva lives in the water. When it goes inside you it grows up and inhibits your muscle. When it has to lay its eggs it has to burst out so it secretes a chemical that causes excruciating pain and a burning sensation. To fix that you stick your leg in water and the worm comes out.
· Now we chlorinate our water. Chlorination also acts as a preservative. The piping system is never air-tight so the chlorination helps kill things and preserve the purity of water.
· Refrigeration:
· Spoiled food was always a thing. Up until very very recently people just cut off the rotten part and ate the food.
· Now food is always available and it always looks fresh. Ex. Strawberries. Strawberries is not always harvested but we can always find it at the store.
· Today we are able to refrigerator our food. People before used to out the food in an ice-house. 
· Vaccination 
· Greatest achievement in medicine. Had the largest impact.
· Very beneficial with very small risk.
· Very successful with diseases.
· We have eliminated Small pox from the world. Now only found in labs.
· Polio used to kill so many people. Today there is less than a hundred cases. The only reason we haven’t eradicated it yet is because of politics. Now there is a new program to try to get rid of it. 
· Antibiotics:
· Used to cure bacterial infections.
· Back then you could die from a cut. But now if you do get an infection you can deal with it.
Medication and drugs had a huge impact on life expectancy. 
Penicillin:
· Giving birth was a scary thing. Because mortality rate was crazy high.
· But now mortality rate is close to nothing. This is thanks to Penicillin.

North American Drug Market:
· Always keeping us feeling better and living longer.
· Prescription drug market: $300 Billion.
· OTC drug market: $25 billion. 
· US consumes almost half of the world pharmaceutical industry. It dominates.
· The FDA rules the world.
· Nobody really cares about Health Canada.
Ancient Medication:
· Useless.
· The way they were prepared and given to you usually didn’t work.
· People like to believe in Magic and Philosophy.
· Everything was just made-up.
· Often times placebo effect made you feel better. Ex. Chicken soup.
· Small number of treatments actually worked:
· Ancient drugs from plants:
· Most of the treatments throughout history come from plants.
· This is because plants produce lots of chemicals that are there as poisons to get away from predators.
All drugs are poisons:
· The only difference between the poison and a drug is the dose.
· The two words merely talk about the effect; desired effect: drug; undesired effect: poison.
· It always comes down to how much.
· We often have both effects. (Therapeutic index)
· Pharmakon: is the ancient Greek word for drug and poison. They are both the same word.
· Latin: poison: kill; potion: cure
· Normally we assume that low dose is beneficial and high dose is harmful; but sometimes it can be opposite, ex: Insulin. It depends on the drug.
· Even water, ex: water-intoxication, it can dilute out your electrolytes and you will die.
Dose makes the poison.
· How much? (this applies to everything in life)
· Don’t just trust what people say.
How were drugs discovered:
· Pseudo-scientific way: observations (not always accurate), tends to be limited to harmful poisons.
· You take a bite of the leaf and you die, therefore it’s a poison, so you change the dose (take a smaller bite)
· Weak poison, you have to take a larger dose.
· Philosophy: based on beliefs
Hippocrates:
· Promoted reality
· Promoted experimentation and rejected superstition.
· He didn’t get it totally right.
· Some examples: Ox liver has vitamin A so it actually dose fix night blindness. Poppy seed has opium so it can used to put your baby to sleep.
· Opium has been available from the beginning of time and it was added everything. 
Coccaine: 
· Has always been used.
· Still used as topical painkiller.
· You can chew the leaf.
· Chewing leaves is a common thing for people who live in high altitudes in south America.
Coca-Cola:
· Come from an alcoholic beverage that had cocaine 
· They are still made from coca leaves.
Peruvian Bark: (Quinine)
· Used to cure malaria.
· It used to be worth more than gold.
· The British Army used to mix this with Gin to make tonic water.
· Tonic water still contains Quinine.
Problems with Observations:
· Human brain is programmed to look for patterns (sometimes even when they are not there)
· The ancients didn’t have technology, and they saw patterns in everything (and sometimes it’s not actually there)
· They also directly took the word of other people.
· Placebo effect 
· People lie
· Once the evidence is available its hard to get it out.
· Apopheinia: seeing patterns even when they are not there.
· Paredolia: perceiving sounds or images as something else. (We are programmed to see faces)
· Sometimes dumb-luck ends up as an apparent cure for something.
· Sometimes the cure and the disease have nothing to do with each other.

Only experimental evidence is reliable:
· Measurements 
· But you have to measure properly 
· Statistical significance 
· Averages and trends
· Statistics mean nothing if the experiments aren’t done right.
Problems with traditional remedies:
· Poor control over dose:
·  Plants produce a variable amounts of active ingredient.
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Drugs produce a biological response to the chemicals that are present in them.
Ex: Certain strawberries have a different taste than others because they have different amounts of the active ingredient. Therefore the effect will be different, if you have too much of one plant you are going to have a problem. You never know for sure the effect you are going to have from eating a certain plant.
The way you prepare things also determines how these things work. If you don’t prepare it properly you will have a problem.

Back then information is passed down verbally therefore it was never very accurate. 
Now things come with standard instructions making it easier to reproduce a certain effect. 
Misleading information:
· Things are often made up.
· People will often thing of an idea and then they would look for proof.
Hippocrates’ Doctrine of Humours:
· He said that the earth is made up of the four main elements. Therefore living things must be made up of four humours. 
· Right away we know this is wrong.
· He had the idea that the human body is constructed off four basic building blocks and normally the four elements were at balance. When you get sick, one or more of these humours are out of balance and if you could figure out which humour is out of balance you could counteract it with the opposite element to heal you.
· Blood- cold - air
· Phlegm – wet - water
· Yellow bile- hot - fire
· Black bile – dry – earth
· Ex: if they decide you have too much blood and that’s why you were sick, (blood-letting) they would make a certain type of hole in different shape and they used astrology to pick the area were they would remove the blood from and they let different amounts of blood. This is was very dangerous. George Washington was killed due to blood-letting (infection from the procedure)
· It didn’t always work the way they wanted.
· Other treatments were: pruging , fasting and emetics etc.

Doctrine of Signature (made up by Jakob Bohme)
· He said that God left clues as to how to fix people. 
· Walnuts looks like a mini brain so it can fix the brain.
· Boneset stems grow through the leaf so they must help bones.
· “Sharks don’t get cancer” – Sharks have cartilage instead of bones therefore shark cartilage must fix cancer. (Sharks do actually get cancer)
· They thought chlorophyll must give you fresh breath. So Clorets gum actually says it has chlorophyll.
· Rhino horn resembles a Phallic therefroe it was used as an aphrodisiac.
· Mandrake root is magically.
· People used to drink mercury because they believed it would help purge your digestive system and help detoxify your body.
· Avacado helps pregnant women because it looks like a pregnant woman. 
· It was all based on what a thing looks like. However it was completely wrong.
· It had a dramatic impact on human health. In many cases you die faster due to such cures.
Surgery:
· In some cases you just can’t fix things with drugs.
· Today surgeries are done in hospitals in a sterile environment with anasthetics.
· At first people would hold the person down and someone would cut off the afflicted part really fast while the person screamed.
· Amputation one of the first forms of surgery, and it was completely done wrong. 
· Sir Humphry Davy accidentally discovered nitrous oxide (laughing gas), which he used as an anesthetic. 
· Cool Whip actually has nitrous oxide as the propellant which elementary kids used to get high.
· William T. G. Morton discovered ether in 1846. He used it to knock people out for surgery. 
· Anasthetics and pain medication are also a major development in medicine that allows for modern medicine. 
· After anasthetics, eventhough surgery was now possible in a humane manor, the person could die from a nasty infection. 
· Joseph Lister: student of Louis Pasteur; started using phenol to kill bacteria, as a first antiseptic. Phenol was used to deodorize sewers and he decided that it could be used to kill bacteria. He would heat the phenol and the vapour was sprayed out on the patient and the operating room. However this led to problems for the doctors because phenol is highly toxic and because doctors were exposed to this for a long time. It was good for the patient though. So Lister started coming up with better ways to improve hygiene in surgery. He came up with the modern surgical attire and cleaning the patient and equipment.
· Thomas Roddick in 1877 brought Lister’s idea to Canada. Now people felt more confident going in for surgery.
· Listerine started being sold as a household product, it used to contain phenol, now it is substituted for thymol which is just a less toxic version. 
· In the late 1800s it took a while before people started taking drugs properly.
· During the industrial revolution, a thing called “patent medication” and “scientifically proven” started coming out but that just always meant it sucked and didn’t work and was sometimes harmful. This was because there was no regulations. The pharmaceutical industries could do whatever they wanted. This was possible because people just started believing that doctors and scientists actually know what they are talking about. Usually the scientists just put random leaves in solutions such as opium and alcohol so they gave the impression that they were working because they made people feel better however it didn’t help the underlying problem. There is no such thing as a drug with no side effects. If someone tells you that it is a scam. People added alcohol in everything! This is because alcohol made you feel good, and distracted you from your problem. In some cases the product contained substances that were highly toxic. Around the time when they discovered radioactive material people didn’t realize the dangers. In fact they thought it had a curing factor that fixed everything, even dumbness. They even sold radioactive water. “Radithor”. This dude started telling people that Radithor fixed everything. This guy named Eben M. Byers was a believer of this information and he drank Radithor everyday and within two years he became so sick that he had to remove his jaw.
At one point the government had to take a step to fix this. 
The Board of Food and Drug Inspection was the first government program that set forth any sort of rule about drugs. Although it was kind of useless because the only rule was that the company had to put all the ingredients on the label. So the companies could still sell everything as long as you put the ingredients on the label.
Sulfanilamide:
· The drug was mixed with ethylene glycol to fix the horrible taste.  
· Ethylene glycol is antifreeze. 
· It was sold by Massengil.
· The government had the hardest time taking it off the market because of the lack of laws preventing companies from selling toxic substances.
· The only way they got it off the market was because the company called this substance an elixir and the dictionary definition of an elixir was that it was dissolved in ethanol and because this was dissolved in ethylene glycol it was lying.
Food and Drug Administration:
· This replaced the BFDI and brought together better rules.
· This was the first time companies had to test their product before it could come to the market.
· The next biggest disaster came about in 1957 with Thalidomide. 

Thalidomide:
· Was sold as a clean drug, meaning it had almost no side effects. 
· It was a teratogen.
· It caused birth defects.
· Never marketed in US thanks to Francis Kelley.
· It was tested in rats. Rats don’t give birth to birth defect pups because the mother rats absorb the problematic fetus.
This brought about a new law.
· Now the drug had to be tested in two different species and at least one of the species had to be a primate.
Drug companies tried going around this law:
· Encapsulating the drug in a way that it would get out of the digestive system in the animal.
· Using lower doses
· Etc.
Industry needs rules and regulations so tragedies such as Sulfanilamide and Thalidomide don’t happen.
However this made cost go up like crazy.
Modern pharmaceuticals started in 1856.
William Perkin:
· First synthetic dye discovered in 1856
· It was used to colour clothes purple.
· Before this only rich people had coloured clothes. 
· It was made from coal.
· Many of these dye companies started branch out and became pharmaceutical companies.
Bayer:
· Was one such company that discovered Asprin. It was the first ever artificial drug. 
· This had a huge impact on drugs. It made drugs a chance to be a lot better than they would be if they were made from natural products.
· Artificial drugs were also a lot cheaper. And they could be made in large quantities.
· It also made it possible to cut out side effects.
· To this day more than half of the oil that we take from the earth is used to make synthetic things, even drugs.
The next big break through was genetic engineering.
· It made it easier to make drugs such as asprin.
· It also made it easier to control the animals used in research.
· Made it easier to simulate conditions in an animal without actually using the animal.
· Diabetes:
·  Back then diabetics would become allergic to the animal that the insulin was taken from so they would have to keep changing. 
· Now we can synthesize human inuslin inside a bacteria. (it’s not ethical to get insulin from a human)
· Today, people can be very confident when going to the doctors.
Sources of Drugs today:
· Biologic, vaccine, natural products (very small amount), semi-synthetic, synthetic.
· Artificial molecules are the biggest interest in the drug industry. Now things work.
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Topic 2: Pain
Pain medication: either prescription or OTC drugs.
Prescription:
· Under the control of the doctor
· Fairly large market
· ~$300 Billion 
· Ethical drug companies will first bring the drug onto the prescription market
· Paid for by insurance companies
OTC drugs: 
· ~ 10 times smaller
· ~$25 Billion dollars
· Available on the shelf or controlled by the pharmacist
· Used more than any other.
· Generally cheaper than prescription drugs.
· Top 5 OTC:
· Cold
· Pain
· Antacid
· Toothpaste
· Laxative: almost a billion dollars (But almost unnecessary) 
· In 1930 the idea came about that it was toxic if you don’t go to the bathroom everyday
· Old people use it a lot and get addicted to them because your body tends to get used to them.
· Important considerations:
· Safety:
· What dose works, and what dose is toxic
· Usually OTCs are safe
· There is a huge fudge factor built into the safety because they make sure to account for the idiots of the world.
· The indications are often found on the back of the label
· More pills doesn’t make your headache go away, it works or it doesn’t, size of your body dictates how much you need.
· It’s not the substance that makes a difference its how much you take (poison wise)
· Side effects:
· You should actually worry if there are no side effects on the label.
· ALL DRUGS HAVE SIDE EFFECTS
· Also you should worry about the incidence. This is often hard to find. How often will people die from taking this drug? What are the odds that you will die taking this drug? But you can always just ask your doctor because they are legally supposed to tell you.
· Indications:
· What are you going to use this for
· People often buy the wrong drug.
· Many people take drugs unnecessarily (ex. Laxatives)
· Counter indications:
· When should you not take this drug.
· Do you have a condition that prevents you from taking this drug
· Drug combinations (with prescription drug you want to know what drug you can take with them)
· What can you eat/ take (natural remedies) when you are on a certain drug. (ex. Grape fruit is a big no no)

Pain medication: 
· 50 Billion tablets in North America (1200 dump trucks equivalent)
Asprin:
· One of the world’s favourite drugs.
· Story of Asprin used to start with a plant. (Willow tree)
Story of Asprin:
· The Egyptians knew about it
· It’s part of the salicylate family.
· People have known this forever
· In Europe a lot of this knowledge was lost in the Dark Ages. (Anything not dictated by the church you were labelled a heritic and banished or punished)(If you were good at stuff you were labelled a witch)
· Reverend Edward Stone:
· “rediscovered” the pain relieving proterties of willow.
· One day he had a fever (or ague), and he went for a walk and decided to eat willow bark. He realized it tasted bitter like quinine. 
· He made this connection:
· 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!!!
· He basically just used doctrine of signatures to make it seem like he discovered it all by himself even though everyone already knew about it.
· He got lucky because it actually worked.
· Using the bark to make tea and stuff was fine but how did it actually work.
· Henri Leroux: 1829
· He extracted the salicin structure from the bark in powder form 
· However the problem with this was that he could only get ~30 g of the substance from 1.5 kg of bark. This is clearly not efficient.
· Rafaelle Piria: 1838
· Found salicylic acid
· Analgesic 
· Antipyretic
· Antinflammatory
· He also found that it is there in a common bush thing
· Later on, a chemist found a way to make this material from coal tar.
· In the 1800s coal tar was a waste product. 
· Now they could make acetasalycilic acid from coal tar (300g from 1kg), which was a more efficient method.
· Made from bark you can only make 14g of ASA from 1.5kg from the bark.
· Now even poor people could have head-ache free days.  
· Today most of our drugs come from oil.
· The dye industry was the first to actually use coal tar to make things.
· As they started branching into pharmaceutical industries they started making drugs like ASA from coal tar as well.
· Salicylic acid was made by dye companies. But it had good and bad properties:
· Some side effects were, bad taste, stomach irritation
· Felix Hoffmann :
· was a chemist who had a family membrane who was buying a lot of SA for arthritis. He wanted to fix the side-effects.
· He made a little modification to the structure (he changed the hydroxyl group to a methoxy group) to fix the side-effects. However the change made it stop helping pain. So now he changed the hydroxyl group to an ester which was then called ASA. This is the substance we use today.
· He made the first ever artificial drug.
· He also introduced another idea. He used an assay.
· Instead of using human subjects he used a substitute. (he used fish gills because they are tender just like stomach tissue)
· He got it all wrong but he had the right idea.
· This helped speed up the process of experimentation.
· Asprin was first marketed as a powder, but then later on they decided tablets were probably easier to use. 
· Asprin is a trade name and ASA is the generic name.
· ASA is not effective with visceral pain only muscle pain. 
· Prostaglandins are local hormones that produces pain. 
· Asprin interferes with prostaglandin formation (it messes with arachidonic acid which is what makes prostaglandins)
· When the body needs prostaglandins it uses enzymes to convert arachadinc acid to prostaglandin. 
· Asprin blocks the function of this enzyme. It will prevent the enzyme from working therefore preventing the conversion of arachidonic acid to prostaglandins. 
· Enzymes are big chemicals (proteins)
· Aspirin stops the chemical reaction between arachidonic acid and cyclooxygenase. 
· By accident they discovered that Aspirin actually helps heart disease. 
· Some people believe that Aspirin protects against cancer but there isn’t any actual proof. 
· Anders Breivik a crazy guy blew up some building in Norway and then went and shot a bunch of kids. He made his explosives with Aspirin. 
· You can actually die from eating Aspirin but you have to eat more than 60 tablets at once (slightly impossible to do by accident)
· Tinnitus is one of the bigger side effects, It is a sign that you have salicylic poisoning. Go to the hospital.
· Stomach irritation is the biggest problem with Aspirin. This is because prostaglandins are used to simulate mucus production and suppress acid problem in the stomach. Aspirin prevents the production of prostaglandins making the mucus lining of the stomach weak, and this can lead to ulcers. 
· Tablets can cause problems when you take them on an empty stomach if they get stuck in places and start eating away your tissue from the inside out. However you can use buffers for this, often gypsum. However this is usually a hoax.
· Rye syndrome is another side effect that is listed. It happens in young children (they develop neurological problems which is caused by fever) there was a link found between taking Aspirin and this syndrome. 
· As a precaution children Aspirin is restricted in North America.
· There are 3 different types of drugs presentations: tablets, caplets, and gelcaps. 
Since we are programmed to make the connection between name brands and quality, we automatically assume that the brand drug is better however they are both the same chemical, same deal.
Bioavailability: amount of drug that makes it into the blood stream.
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Name brand drugs and generic drugs have equivalent bioavailability. 
The one thing that you really need to worry about with ASA is if you have, for example arthritis, you will be taking the drug on a regular basis, you are going to ruin your stomach.
Bufferin has walsomething. The low dose stuff is for people on a prescription and that’s why it’s expensive. (it is literally ¼ the regular strength) 
Generic used to be cheaper but now it’s about the same amount.
A. Cahn and P. Hepp (1886) were trying to find a way to deworm people. They were trying to find a vermifuge. They randomly gave people stuff from the lab to see if it had an effect. They gave some guy some mothballs and noticed that it reduced fever. Turns out it wasn’t naphthalene, the bottle was mislabeled it was actually acetanilide.
Carl Duisberg:
· Bayer chemist
· Needed to dispose of 50 tons of aminophenol 
· He was messing around with the chemical and came up with phenacetin.
· It worked the way he wanted it to.
· Australia sold it as an APC tablet (Asprin, phenacetin, and caffenine) 
D. Lester and L.A. Greenberg:
- Took Antikamnia and phenacetin and came up with acetaminophen which is modern day Tylenol.
Which worked as the perfect pain killer.
It makes you less sensitive to pain, The way the drug works has nothing to do with prostaglandins, it just improves your body’s pain threshold, making you feel less pain. It does not deal with inflammation. It works as an antipyretic. It works better with rheumatoid arthritis but not on osteoarthritis, because rheumatoid involves inflammation…..
Acetaminophen put stomach irritation as a side effect even though it doesn’t actually happen (this is because of legal issues). It does not cause Rye syndrome. This is why you can get children’s Tylenol. 
Side effects:
· 60 tablets for suicide.
· Acetaminophen liver toxicity: 
· It has a safe pathway whre it converts it into a chemical structure that can be easily removed by the body.
· Another pathway makes a toxic metabolite with CYP450, but this only happens when you take certain foods with the drug (ex. Alcohol) or you take too many pills, etc. 
· NEVER take Tylenol with a hangover.
Tylenol is mixed with all kinds of OTC drugs. Acetaminophen poisoning is becoming more and more common in North America.
It is because it is also put in prescription drugs. If you end up taking prescription drugs and OTC drugs together, you end up consuming too much acetaminophen and you over-dose. 
The children’s Tylenol comes in small bottles to make sure that even if the child chugs the whole bottle it wont die.
The extra strength doesn’t work faster and longer. It is the exact same stuff with a higher amount.
Migraine Tylenol comes with caffeine. However it is more effective to just drink a cup of coffee.
Diphenylhydramine is an antihistamine (side effect: makes you sleepy) so you take it at night and you can sleep well. Side effects aren’t always bad.
In 1982 a poisoning situation occurred. Someone broke into a drug store switched out Tylenol with cyanide. 8 people died, 4 from the same family. J&J decided to recall all the Tylenol off the market, and said they won’t sell it again until it is safer. Now they sell them as caplets instead of capsules making it harder to tamper with. Also they added a safety seal which made it easier to see if someone has tampered with it. 
Anything that you can get a prescription for will be hella expensive because the insurance company will pay for it. 
Ibuprofen:
· Was so nice that it was made an OTC drug eventhough it’s a racemate.
· It will not helo you if you have visceral pain.
· It works the same way as Asprin. 
· It doesn’t protect against heart-attack unlike rye syndrome
· Gives you stomach irritation. However this only becomes an issue when you have a condition such as arthritis.
· It’s a longer lasting pain med. 
· It sold under the trade name Advil and Motrin. 
· It’s the same thing. 
When you purchase drugs always read the back of the box. Knowledge of the generic drug name is very valuable. 
Naproxen:
· Some people find that it works better than ibuprofen 
· Generic came out 5 ish years ago.
Dr. Ogilve loves Ibuprofen. 
COX-1 and COX-2
· There two main forms of cyclooxygenase enzymes. 
· They both do different things in the body. 
· Aspirin and Ibuprofen inhibit both types. 
· Inhibition of COX-1 cause stomach irritation. 
· Inhibition of COX-2 is what we want, it causes all the targeted effects of the drug.
· Vioxx was a selective COX-2 inhibitor. 
· Really clean drug
· No serious side effects
· Extensive safety testing.
· Marketed in 1999.
· When the released the paper on VIGOR it showed increased heart-risk. The 10 month data showed very nice results, and then the 18 month results made them look sneaky. 
· The FDA looked over everything and noticed that there were more heart attacks that had happened during that times and Merck got sued a lot, and so the company took it off the market in 2004.
· In 2005, the Advisory Panel told them to put it back on the market because the benefits outweighed the risks. 
· Heart attacks are better than death. 
· However Merck refused to put it back on the market in North America.
Topic 3: Headache
· Technical name: Cephalalgia (90% of population)
· It used to be believed that headaches are caused by demons. 
· They had to scare the demons away:
· They used to shove the persons head in an oven.
· Or use a metallic tractor (a hot needle stuck in your head.
· You can get a Q-ray bracelet and magnetic head bands, this stuff were supposed to drive away the evil.
· Trepenation: make a hole in your skull to relieve the pressure. People actually survived this. 
· There are people even today that believe in trepanation. 
· Three is a thin layer of muscle and tissue that surrounds your brain that becomes excrutiatingly painful when you get a headache. 
· When you get a headache you need to know what type of headache you have. There are over 60 types, however in this course we will only worry about 2 of them.
· Muscular headache: caused by stressed.
· To deal: don’t get so stressed.
· To treat: anything that relieve muscular pain.
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· Vascular headache:
· Types:
· Toxic: caused by poison (maybe from something you ate). The body reacts to the poison. It is caused by a blood vessel that goes around your skull. This blood vessel dilates, and there is more blood flow going around your head. As the blood vessel gets bigger it pushes on the tissue, making your head hurt. 
· The most kind is the hangover, which is caused by ethyl alcohol. Some people are not very sensitive to hangover and some people are hypersensitive. 
· The body deals with alcohol by converting it to acetaldehyde and then to acetic acid, and this substance is no longer toxic and then it is flushed out of the body. 
· However acetaldehyde is more toxic than ethanol. Depending on the enzymatic make up of each person the amount of acetaldehyde will vary. 
· If you are of Asian descent you are likely to have more of the first enzyme, causing a crazier hangover. 
· In some cases the way the alcohol is aged can also contribute to the pain. 
· Alcohol will increase the function of your liver. The enzymes are found in the liver. You are told never to take Tylenol because alcohol activates the toxic pathway when metabolizing the drug. 
· Some people have more problems with red wine compared to white wine. 
· Other fermented foods also have the same kind of effect. They contain histamines which causes headaches. 
· Chocolate can cause headaches because it contains Phenylethylamine.
· Phenyethylamine, histamines, and tyramine all look alike. 
· Some people get headaches from eating hotdogs, due to the nitrites that are released when cooking it. 
· Nitroglycerin when absorbed into the body, turns into nitrites, which causes vasodilation, in turn causing headaches.
· Kikunae Ikeda: discovered that if you add seaweed to any dish it makes it taste better but seaweed by itself doesn’t taste like anything. Seaweed contained MSG, which amplifies the flavor of the food. However later on they discovered something called Kwok syndrome. A guy went to a bunch of restaurants and decided that the MSG in the food was causing headaches. People started avoiding MSG, so the restaurants started advertising that the food doesn’t contain MSG. People spent millions of dollars and proved that the MSG doesn’t actually cause headaches. People will only get headaches if the person knows that the food has MSG. Something like a placebo effect.MSG is now found in almost all processed foods. Now they call it something else such as hydrolyzed vegetable protein. 
· MSG stands for Monosodium glutamate. 
· Caffeine makes your blood vessels get smaller. So your body will try to fix itself and make your blood vessels bigger. So if you stop drinking the coffee then your body will over dilate your blood vessels giving you a headache. 
· Brain freeze: when your tongue pushes the food against the palate, your body assumes that the brain is somehow freezing and it dilates your blood vessels.
· Migraine: is an overused term. It has a reputation of being a more severe headache. It is actually not a very common type of headache. It is more common in women compared to men. 
· It is a two stage headache.
· Phase I: Vasoconstriction: onset of the headache (no pain)
· Phase II: The body rebounds and it pushes the blood through and the blood vessels pushes against the tissue and hurts. 
· There are many triggers, that can actually be managed. 
· Four main steps:
· Prodrome: warning. 30 to 40% of the people get these. They are experienced like mood swings. It happens 2 or 3 days before.
· Aura: about 2 or 3 hours before the headache. There are many types.
· Lasts 1 to 72 hours. 
· Wow Harini sounds like you….
· Treatment: take pain medication. Get a prescription.
· There is a new type of drug called Triptans but you have to take them very early on. 
· It is associated with a mideval food called rye bread. There is a fungus called ergot fungus that is very toxic. It is a vasoconstrictor. 
· Midwives used to use this to induce labour. Because this drug also causes powerful muscle contractions. 
· Ergot also has a third effect, it is a powerful hallucinogen. It was seen as demonic possession. You would have hallucination you would have grimacing facial expression and uncontrollable body movement. People were often accused for witch craft. Total no-win situations. The Salem witchcraft trials was actually caused by ergot poisoning. 
· About a 150 years ago people started to realize the effects of this poison and started to see how it could be used as drugs. One guy found that it could used to fix migraines if used in the right time and concentration. 
· In 1918 one guy extracted the active ingredient. And now it can be given in a safe manner. Ergotamine prevents migraine but it has a lot of horrible side effects including death. 
· Albert Hoffman accidentally discovered LSD when he was trying to figure out how to fix ergotamine. 
· If you compare the two structures you can get an idea of what part of the structure does what. 
· Serotinin levels drop during an aura. There is a theory that if you can fix the serotonin levels during an aura then you can stop the migraine. 
· Domino effect of chemical events happens. 
· Serotonin itself is a very poor drug. It gets stuck in the BBB. Therefore we need to make a synthetic version. A version that will fix the headache but not have any other effect. 
· 
· 
· Cluster: usually only happens to men above the age of 50
· To treat: the medication makes a big difference. 
Topic 4: Colds

Colds are the most common infection in Canada.
· There are more than 200 different viruses that cause a cold. Rhinovirus is the most common (But there are many different strains of the same virus.
· There is no cure for the common cold. 
· You make yourself feel a little better but its always gonna last about a week. 
A lot of what we know about colds comes from a research lab in Salisbury, England. 
You would get invited to stay at a luxury hotel for free for a week and the catch was that they could experiment on you. 
Sneezing actually doesn’t spread colds well. They actually tested this with a sneeze collector. 
Being cold also doesn’t actually cause colds. 
The cold virus is found in nasal secretions. As humans we touch our faces a lot. 

Lecture 6 (Jan 27th) 
Tristan ca Cunha is one of the islands in the Atlantic ocean that is geographically very far away from any other land mass. There was an experiment where scientists tracked the cold virus in this island. They found that shortly after a ship came in and people bring in the virus from outside the virus spreads rapidly and then eventually dies out. It is interesting to see what happens during the months of June to September. Their cold season is only during that time. People don’t visit this island during the cold weather they only go there when it is warm, therefore the people of the island only get colds when it is warm. This proves that the temperature really doesn’t cause colds. 
Colds can be prevented by being a germaphobe. Washing hands, hand sanitizer, etc. However if you overdo it you can get skin damage and chronic pain. 
People have been trying to reduce the incidence of colds for years and it really isn’t working.
As you get older the incidence of colds reduces. This is because as you get older you are exposed to more and more of the cold virus, and once you get the cold virus once you will never get it again. You build an immunity.
People spend the most money on cold medication. 
Most cold medications are actually scams and really don’t do anything to fix your cold. 
When you buy medication you need to look for the one that will get rid of your most annoying symptom. You are never going to be able to get rid of your cold. 
Acetaminophen:
·  is a pain killer it is not going to do anything for your cold. A lot of companies are switching over to ibuprofen, because it is safer (if you over-dose you wont hurt your liver). 
Sinus cold is not an actual thing. All colds hurt your sinus. 
Menthol: 
· has a cooling sensation, so when you take menthol it will make your sore throat feel better. 
Buckley’s cold drug is mostly useless, except for menthol and camphor.
Cough drops have a better effect because you hold it in your mouth longer.

There are medications that fix your sore throat. Such as Cepacol, which is an anesthetic, that reduces feeling. It will make your pain go away.
Cepacol:
· Anesthetic
· Contains Benzocaine
· For sore throat
Decongestants:
· Fixes runny nose. 
· Pseudophedrine works.
· Amphetamines were the first decongestants. It was primarily sold as cold medication.
When your nose gets runny, it is because your blood vessels by the nose dilate and a lot of blood is going through, and some water is secreted and it mixes with mucin, which makes snot.
Decongestion drugs close up the blood vessels cutting off the water supply.
Now we don’t use amphetamines but the molecules used look very similar. 
As it turns out all of the molecules in the amphetamines is that it will suppress appetite. 
Using it as an appetite suppressant is dangerous because it will dry up your nose.
It can also cause hallucinations, and can cause stroke if you take too much.
Diet pills are very misleading. Because after losing 10 lbs your body starts saving the fat you eat so it can be used if you are actually dying. So you start becoming fatter. So you take more and more of these pills, and end up over dosing and dying.
Pseudophedrine is very similar to methamphetamines. Back then, people manufactured meth through pseudoephedrine. Now the ability to purchase pseudophedrine has been restricted. This led to a concept called smerfing (going to the store and buy all the pseudophedrine in the store and take it to the people so they could extract the pseudophedrine)
In US they switched from pseudophedrine to phenylephrine, however it is not functional. In Canada you can still find pseudophedrine in any sinus tablet. 
Nasal sprays contain other things (no amphetamine). They don’t go into the liver.
Antihistamines:
·  are used for sneezing. It also puts you to sleep. Which was originally a side-effect but now it has been turned into a favoured effect. They also reduce nausea. You can find it in Gravol. 
Dry cough and productive cough are the two types of coughs.
Cough syrup is a marketing trick. Back then they had opium, and it was an effective cough syrup, however it was sold as a teething solution. Heroin was one of the best cough medications. 
Now it is not sold as Heroin, it is sold as dextromethorphan, which is very similar to Heroin. This is normally used for a dry cough. (No mucus) 
Dextromethorphan:
· For dry cough
· Very similar to heroin
Productive cough involves a lot of mucus. The medication for this loosens the mucus and makes it water and therefore easier to cough up.  
Guaifenesin:
·  is a mucus product. It is supposed to make your mucus more runny. However the most effective way is to drink lots of fluid such as water. This allows more water to become mucus. Water is infact more effective than the drug. 
· For productive cough. 
Multi symptom products don’t work. Some of the active ingredients may work against each other and it can end up as a bad idea. Antihistamines put you to sleep and amphetamines keep you awake. This just counteracts the effects. This can lead to overdose the children. So Health Canada said that you cant give children cold medication. 
Vitamin C does nothing whatsoever to prevent a cold. 
Ginseng root looks like a person so people use it for everything.
Neuraminidase and hemaglutin are viral enzymes found on the outside of the envelope of the virus. This is where the name H1N1 comes from. These protiens are easy to measure. 

There is no difference between name brand and generic and usually manufactured by the same companies. So you might as well buy price-wise. They all use the same ingredients in the same amounts. 
Pick one symptom and find the medication to fix it. Read the ingredients on the back. 
Avoid the multi symptom products.  

Topic 5: Cancer:
Cancer is uncontrolled cell growth. A certain part of your body loses the normal controlled range.
Hyper-proliferative lesion: 
Benign. Something you don’t need to worry about this in a developed country. 
Malignant: is the one you need to worry about. It is characterized by a weird shape.
Cancer is the number two cause of death. 
Heart disease and cancer are the top two causes of death. 
Cancer is something you get as you get old. After age 55 the incidence of cancer goes up. Men get cancer more often than women do. 
Just because you get cancer doesn’t mean you are going to die from it. 
If you live long enough you may get cancer and die. 
Cancer in children is extremely rare. 
Cancer treatments are extremely unpleasant. If you survive the treatment you can survive the cancer. 
Compared to 1950, death rates have gone down for most causes of death, except for cancer. 
Lung cancer is the most common source of death by cancer. Men get this more often than women. 
Since 1950 the incidence of lung cancer has sky rocketed. 
Women smoke a lot less than men, this may be a reason. 
Cancer happens when normal cells do something stupid and then start growing out of control. 
Normal cells are very closely regulated. They only divide on command and they only divide a certain number of times. Also cells have to be touching other cells of the same kind. 
Cancer cells can move around (metastisis).
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Cancer cells are immortal. They will divide forever
Henrietta Lacks: HeLa cells come from her name. The doctor treating her for cancer realized that those cells don’t die. He started using it for lab works. In a way a piece of her is still living.
It takes about 20 years for a tumor to develop. It takes time to accumulate so many mistakes. The odds that you will have 8 to 10 things go wrong in the same cell is very small.
Children cancer is usually just bad luck (mutations, or express the mutations earlier). The reason is usually unclear. 
Every cancer is different and therefore there will never be a cure. 
Every single tissue can become cancer. Therefore each cancer is completely different even the same type of cancer isn’t identical from one person to another. 
The basis is the signaling system of the body. If you want to get info from point A to point B, you do so from a series of chemical reactions. Domino effect. 
Since this system is so complicated (it protects us) but it also easily causes cancer.

Cell division: 
Everything in our body works via brakes and accelerator. You can either up-regulate or down-regulate. 
In cancer the two systems are broken. The pathway that causes them to activate division is broken.  
Cancer just cant be fixed with today’s technology. It is expensive, painful and useless.
The “off” switch is gone. You will randomly get a signal that it is time to divide and then it never stops. 
P53 is an important protein in cancer. It does a lot of things in the body. It is involved in more than half of all cancer. It is an extreme weakness for our cells. 
Apoptosis is one of the most important process in our body. It is an important part of wound healing. It is also an important part of protecting against cancer, and viruses. 
When you get a mutation within your body, your body recognizes it and then the cell spontatneously go through apoptosis. 
When you get cancer you lose the ability to self terminate. As it turns out, p53 plays an important role in apoptosis and when it goes bad you lose that ability. 
Normally cells wont divide more than 50 times. 
Telomeres are the tips of the chromosome that set the time limit for cell division. That special little piece of DNA at the end of the helix protects the DNA from losing pieces during replication. 
With cancer cells the cells can regrow the telomeres and this gives them the ability to replicate forever. 
The key thing is that all these things have to go wrong within one cell in your body. These odds are very small. 
Genetic susceptibility:
Some people are more susceptible to cancer compared to others. This is because some sequences are easier to change than others. However genetics is actually a very small factor.
Differences in your metabolism can also cause cancer. 
Cancer is most commonly reffered to as a life style disease. They are factors that you can control. 
Tobacco!! Causes cancer. Nicotine is not very dangerous (it will affect your heart), it is very addictive.
The carcinogen in smoking is the burning of the thing. You are burning polonium (which is radioactive), obtained from radioactive bird shit. Normal polonium is usually very safe. It is only very dangerous when it gets inside your body. 
Polonium 210 is also a terrible poison. Alexander Litvinenko.
By inhaling the burnt stuff they go into your body and metabolize and make things that chemically react with DNA, and damage it. 
Lung cancer doesn’t exist without cigarettes. 
US cigarette smoking prevalence has decreased since the 1960s. 
Non-smokers don’t generally get it.
Diet and obesity can also cause cancer. The preparation off food also makes a difference.
The flavor comes from burning the food. The more burnt tastes better and it is also most dangerous. 
Burnt things chemically react with the DNA. 
Fruits and veggies protect us because we end to cook them less, and they contain substances that protect us. They can deactivate the harmful materials. This is why appetizers tend to be vegetable based. 
Cellulose is not digestible. It promotes a rapid excretion of the nasty.  
The incidence of obesity has increased rapidly in North America. 
Being fat is an issue because it increases your risk for basically everything. 
Everything within your ribs is the main maintenance area. By putting too much flesh around your skeleton puts pressure on the maintenance system. 
Obesity only became a big issue after fast food became a thing. When food was made at home it was never an issue. 
Fat tastes better. Also everything is oversized now (portion). We want to feel good.
Viruses are big with cancer.
They attack p53 to keep the cell from going through apoptosis. 
Alcohol also can cause cancer. Because it activates acetaldehyde. 
Leisure-time and physical activity helps not getting cancer. 
UV-light, environment exposure, pollution, can cause cancer.
Half of all environmental exposre are all natural. Nature is just crazy. 
Mould on peanuts, sesame seed and olives can cause cancer. 
Phorbol is a natural material made by a fruit. It can induce cancer, it is used in labs to induce cancer. 
Medical procedures such as X-rays can cause cancer. 
5 year survival rates are not very high. 
Cancer cells are human, this makes it harder ffor the drug to detect. Therefore the drugs are made to selectively target the cells that divide fast (like hair)
Chemotherapy works with strong poisons, its moto is kill the cancer before you kill the patient. 
Chemo can cause cancer easily. 
Mustard gas was used in WWII. It destroyed tissue and result in massive blisters. 
Mustard gas killed over 600 people in Bari Italy. 
The doctors during this time noticed that people that died from mustard gas had fewer white blood cells. They discovered that the gas could kill white blood cells and therefore fix leukemia. Mustard gas is carcinogenic though. It causes cell death by chemically reacting with DNA. 
By dialing down the chemical you could kill cells slower than normal. 
Mustine became the first cancer drug. But it also killed normal cells. However normal cells have a proofreading mechanism that can fix mistakes such as mustine. 
Electrocution, caused the bacteria to stop growing. Platinum electrodes were used. 
Cisplatin is a cancer drug. It does not stay in normal cells, but it accumulates in cancer cells. 
******************************After Midterm 1*********************************
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Cancer drugs are basically just a tuned down version of chemical weapons.
Treating cancer is really hard to do, because cancer cell are human cells. 
Yew trees are very poisonous. If you stored food or wine in containers made of this wood it would become poisonous.
The bark from this tree is cytotoxic. (kills cells) Therefore could be used against cancer. This stuff was really effective against breast cancer. It’s chemical structure is very complicated. It took almost 10 years to figure out how to make this molecule in a lab. 
It’s almost impossible to replicate this in a lab. You have to get this from the actual bark. To get 1 kg from 13000 kg of bark. This tree is very very slow growing, and it is very picky. If you left this to nature itself it would only give you a 5 year supply of the drug. 
The environmental groups protested against this, and wanted to mark the tree as endangered. The rich people won and they decided to cut down all trees. So we ended up facing a global environmental crisis.
Thankfully one guy figured out that the chemical you need can also be found in the needles of this tree as well. Taxol. It is a little bit different from the bark but you can make the same material starting from the molecule found in the needle. You can induce chemical reactions to add on the smaller parts. This is called semi-synthesis. This was found by Robert Holton (Florida State University). Today Taxol is made from cell cultures. 
Cancer drugs are unpleasant. To make. To take. To pay for.

Topic 6: Sports
It’s only been so dramatic over the last 30 years or so. 
Ben Johnson won the gold for men’s 100m, and then lost it, 3 days later. He tested positive for performance enhancing substances. Johnson’s drug was made by John Manson. The drug was Stanozalol. Ben Johnson really set off the public sensitivity to steroid use. Mark McGwire (with 70 home runs). Barry Bonds (762 home runs) (they had no proof that this guy used any drugs). Marion Jones (surrenders her gold medals)(Went to jail for 6 months for purgery) 
Ancient Greeks encouraged people to take performance enhancing drugs. And it is well known that they did use things like that. However no one knows what they used (mainly for competitive advantage)
Modern use started from a war in South Africa between them and the Zulu people. It was known that the Zulu warriors used to consume an alcoholic drink called Dop, and they believed that the ybecame fearless and strong.
The English started calling this Dope. This is were that phrase came from. Of course the goya Englishmen started using it for the most random thing such a horse racing. To win a horse race gamble, you have to make sure that the worst horse wins. So by doping the good horses  the bad horse will perform normally and win. The people that ran the horse races were mad because they were losing money. The first drug test for such substances was done on a race horse. 
In humans the biggest thing for such drug was used by cyclers. Strychnine from this particular rat poison was used. 
Back then the conditions during Olympics was horrible. Thomas Hicks fell down on the track and so the managers picked him up and pulled him through the way and administred a strychnine concoction, each time he collapsed they would administer this stuff and he actually won the race. 
The use of this kind of thing went on through the 20th century. 
Some person discovered Adrenaline in 1901. People started using it as a drug. But it had to given through iv and it had to be given to the person regularly. 
In 1929 amphetamines were discovered (which is kind of a stripped down version of adrenaline). Gordon Alles discovered this and tried this on himself. He discovered that it was a decongestant, and so the ystarted using it for runny noses, and colds. The first side effects were noticed as sleepless nights. The usage  for this changed during WWII. Everyone had to stay awake for long times. They administered Pervitin which was used to allow soldiers to stay awake for long periods of time. Allies found this and experimented on the pilots and they found that caffeine, amphetamines, and methamphetamines, work the same way. However side effects: caffeine, just made you shaky, but the other two made you fearless and aggressive. So they started using methamphetamines. Amphetamine use became well known, and they started selling this to normal people as well as a feel-good medication. 
Athletes started using this in their sports. First reported use was in 1952. First medical studies were done in 1959. It worked well for a little bit. In 1962, this guy named Jensen had to bike for a longer time and he passed out and cracked his skull and died. However he was taking amphetamine pills, which set up a condition that led to his death. 
In 1967 Tom Simpson won a bronze in something. When he was competing in the Tour de France, where the conditions are awful. He collapsed but he got up and went back. The second he collapsed he died. He was using amphetamines. This was the straw on the camel’s back. 
The sympathetic nervous system takes care of the fight or flight response. Amphetamines replace the chemicals (neurotransmitters) that are involved in this response. It causes an effect similar to an adrenaline rush however it lasts much much longer than an adrenaline rush. By pushing your body beyond it’s limits you lose the ability to get tired which is actually a safety mechanism. Simpson basically boiled his brain, because he didn’t feel tired enough to stop. 

In 1967 for the first time such drugs were restricted in competitions. They weren’t banned because of an unfair advantage, it is actually asummed that sports aren’t fair, it was actually banned because it wasn’t safe for the athletes. It was killing people and harming them in other ways too. 
1968 was the first time a person lost their bronze medal due to drug testing. The story goes that he actually tested positive for alcohol, and it was because the lab had the ability to test for alcohol. He actually didn’t do anything wrong. 
However when you think about drugs and sports everyone thinks about steroids.
Steroids are the synthetic version for the natural substance testosterone. It goes back to 1896, when these two guys were (for fun) injecting themselves with bull testicle extracts. They wanted to make their middle fingers stronger. They realised that there was an effect that could help athletes. 
Charles Brown-Sequard injected himself with macerated dog testicles, because he was 80 years old or something and he was worried that he couldn’t satisfy his 18 yr old wife, sexually. 
Victor D. Lespinasse inject testicle extract into a guy who had lost his testicles and the guy had an immediate sexual reaction. Leo Stanley tested this on prisoners. 
Fred Koch and Lemuel McGee in 1926 went to Chicago to use the slaughter hose raw material (bull testicles) and they isolated the male sex hormone, and they injected it in a neutered rooster and it turned back into a proper rooster. 
Semi-synthesis of testosterone started with cholesterol, in 1935. It takes about 5 chemical reaction to turn cholesterol into testosterone. 
Cholesterol is easy to get from gal bladders (from slaughter houses). 
Now you have large amounts of this stuff.
They used this stuff to help inmate rehabilitate. 
The first athletes to use testosterone was race horses. Only certain people could afford testosterone. 
Soviets experimented with testosterone in 1950’s. They learned about everything to do with testosterone. John Ziegler was American and he learned about testosterone from the Russians. He was a medical doctor, and he played around with the molecule to figure out how to make it a better drug. 
He wanted to engineer a drug that kept the anabolic effects of testosterone but not the anderogenic. 
Adding a methyl group made testosterone an anabolic steroid. (Dianabol,and stanazalol, etc.)
Drug companies were more interested in this than sports companies. They wanted to use anabolic steroids to put muscle weight back on dying cancer patients. 
Dr. Manfred Hopper was part of the East German swim team. They decided to use steroids in 1976, and they almost won everything. The women on the women’s swim team looked very manly. They took young girls aged 12, and they forced them to take testosterone. In 1977 Olympics banned steroids, because they were breeching ethics. 
East Germany offered to be the doping lab. In Kreischa, they had a secret lab that worked with how to mask the steroid use, so that they don’t get caught. 
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Steroid testing is done with a GC/MS. It is two machines. The first part, the GC, cleans the stuff, and the second part actually tests what it is. 
The two key ways to collect a sample is urine and blood. 
It doesn’t have to be urine or blood, you can test any solution with a mixture of many different things. 
The Gas chromatograph sorts the molecules out by molecular component piles.
It has a really long thin tube which is heated and then you pass the mixture through the tube and it gets sorted on how sticky it is. The sticky molecules will tend to stick to the sides of this tube and the non-sticky stuff travel through the tube very quickly.
The instrument spits out an IR spectrum. 
The second piece of information you can get the GC is the quantity of substance. The higher the peak, the more of the molecule there is. 
You can use a computer to accurately measure the amount of substance in the solution. 
The mass spectrometer measure the substances by throwing it around and by measuring the distance that the molecules fly we can identify how big they are. Similar to throwing rocks. The MS uses a magnetic field. 
The MS presents its results in the form of an H’ NMR Each molecule will fall apart in a characteristic way and the chemist has to put it together like a puzzle.
When the East Germans were looking at this they realized that there is no way to get around the machine. 
But they found that the body makes two products, epitestosterone and testosterone in a 1:1 ratio. So they realized that they can fix the ratio by injecting themselves with both testosterone and the epitestosterone. 
Diuretics make you pee a lot and it can flush the blood of all the toxins. 
You have to do a prewash before you can put the blood or urine into the machine, so they started doing things like mixing laundry detergent or alcohol.
In extreme cases they went to urine testing. 
Floyd Landis managed to claim that his 11:1 ratio was natural. 
· The test that they did on him can differentiate between natural testosterone and the steroid that you get from outside. In the 1950s they found a much more natural way to make steroids (in a semi-synthetic way). They make it from Diosgenin. As it turns out you get that stuff from Mexican yam. 
· When they tested him they found that he was a plant, his testosterone works the same way as the stuff from that plant. 
Testosterone helps repair damaged muscle tissue. 
· When we exercise you damage your muscles. Your body repairs the damage by making the tissue a little bit stronger. It is actually bad to lift weights every day. 
Anabolic steroids speed recovery. 
Athletes’ career life is very short. You have got a narrow window of time. The long term health risks of steroids is still unknown. 
It is hard to asses this kind of thing because everybody is very secretive about the steroids that they use. 
Balco made designer drugs, which are just drug that don’t have a fingerprint on the machine. They made a chemical that was known as “The Clear” and for the longest time there was no known control that you could match it up with. Making it undetectable. 
These things become dangerous because they have the temptation for using these things.

Another type of performance enhancing material is related to our body’s ability to carry oxygen. 
Your body manufactures a lot of red blood cells every day.
Erythropoietin is a huge molecule that makes up the red blood cell. It serves as a signaling mechanism for the production of red blood cell. 
Athletes benefit from pumping more oxygen through the body. 
If you train at high altitude you can train your body to carry more oxygen. This gives you a competitive advantage. 
Or you could do a method called blood doping. 
You remove some of your own blood, increase the concentration of red blood cells by removing all the other nonsense, and then freeze it. Let your body recuperate and make more blood, and then inject the red blood cells back in after 3 months. This increases the amount of red blood cells in your body, and the capacity to carry oxygen in increased.

The US cycling federation didn’t want to do it, but one guy, Danny van Haute did it and did really well.
This made the USCF reconsider, however they had lost the 3 month wait period. So they decided to take the blood of the close relative. They did it in the Ramada Inn. 
The IOC decided this was unethical and they outlawed it in 1986. 
Storing blood out of the human body even for 24 hours becomes damaged. Therefore it is not going to be very healthy. 
Anemia is a serious condition when it comes to blood doping. Drug companies have been trying to fix Anemia with a drug rather than with blood transfusion for a while. They realized that EPO is the protein that triggers blood cell production. The companies can use a protein synthesiser to make protein by pulling apart the amino acids from a protein and sticking it together in a different way.
Back then they used to get the protein from animals, however this was risky because it wasn’t the same thing as human protein, and they would never work in the same way.
Cadavers are not ideal. There was a very limited supply and there is a possibility of infection. Instead you could use a recombinant protein, by growing the wanted protein in a living thing and then extract it later.
The optimal organism used for recombinant is bacteria or yeast because they are easy to grow and control. 

Clinical trials for recombinant EPO was done from 1987 to 1989
18 pro cyclists died from heart attacks. Because too much EPO makes too much red blood cells, and then the blood becomes gooey and made it harder for the heart to push around. It was banned before it even came to market because it caused heart attacks.
Testing for EPO is hard to do because everybody have different amounts in their bodies. 
You can test for EPO with a hematocrit test and counting red blood cells.
Recombinant EPO is literally identical to the human one. Now they test for it using antibodies.
ON method tests whether it was used in the last week. Short term use. Looks at the ratio between normal and abnormal.
The OFF model gives a longer term use and looks for different factors.
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Lance Armstrong won the Tour de France 7 times after getting testicular cancer. They tested him like no other, but they never ever found anything. He was recently stripped of all of his titles. He was accused with the French system, because they say “Guilty until proven otherwise” and he also admitted to it at one point. 
He had been tested for EPO over and over again and he passed. 
Gene-dopping was another thing that people did. Some people naturally produce more red blood cells than others, so the idea was to modify the athletes DNA so they natural produce more red blood cells. 
Gene therapy is still in it’s early stages. They haven’t worked out the kinks yet. For example the bubble boy kid was treated with genetically modified viruses, for gene therapy, in most cases the kid got cancer and died. 
The desire to win makes drugs dangerous because the temptation to abuse is too high. Athletes push the limits. 

Topic 7: Antibiotics
These simple chemicals actually changed the world in a really profound way. 
For example the life expectancy has changed drastically since the 1950s. Now we live to a life expectancy which is almost triple that of the average life expectancy throughout history. 
Turns out that throughout history you could expect to be sick throughout your life. It was normally to expect a village to die out due to plague. 
Back then they had no idea what caused the disease therefore they had no idea how to cure it. 
Plague doctors weren’t actually octors they just wanted more money. They wore masks that had long noses because they thought the plague was caused by bad smell (miasma)
They made up causes such as God, spontaneous generation. This is where sacrificing came from, they tried to please God. 
If you gave birth throughout history you had a very good chance of dying. During surgery you had less than a 30% chance of living.  Even if you survived the surgery you are gonna die of infection. 
WWI and WWII, more people died of infection than they did by combat.
Everything started changing about 150 years ago. Agostino Bassi proved the germ theory of disease. 
John Snow disproved miasma theory. He traced back the disease to water (he was dealing with cholera). He looked at a map and traced the places where the diseased people were getting their water. He traced it back to a single pump and had the handle removed.
Louis Pasteur figured out a way to pasteurize things such as milk. (1864)
He proved that it was caused by bacteria. 
Lister came up with antisepsis. He invents the idea of a way to kill the bacteria during surgery to reduce the risk of infection. 
Gram figured out how to stain bacteria in 1884. He said that you can color certain bacteria blue and other bacteria red. Based on the color you can classify the bacteria. 
Erlich came up with the first antibiotic. It was based on the way you can color the bacteria (you can selectively dye them without affecting the red blood cells) 
He looked at the chemical structure of the dye and wondered if he could attach a poison to the chemical and selectively poison the trypanosome without affecting the red blood cells. He used his knowledge of the periodic table and noticed the Arsenic has similar properties to Nitrogen, and so he added the arsenic to the molecule and selectively killed the trypanasome.
A 100 years ago if you get Syphilis it was basically usless. The drug wasn’t very stable you needed a lot of liquid, you needed to inject 600mL of liquid into the person. If you did it wrong the limb could die.
Domagk came up with the first ever successful antibiotic. He worked with Protosil. He had a very sick daughter that the doctors had given up on. He administered this drug to his kid and she was cured. This drug only worked in vivo. If you used it against a bacteria on a glass plate in a lab, it wouldn’t work. Because inside a living organism the liver converts the chemical into Sulfanilamide which is what killed it. So they decided to just make Sulfanilamide. You could use it topically or you could injest it. 
This what issued in all first aid kits for soldiers in WWII. They would just sprinkle the stuff on the soliders.
It wont kill the bacteria, it will just stop bacteria growth giving the body some time to catch up and kill all the bacteria. However you need a really good immune system. 
Coenzyme F is needed for the bacteria to grow, and the drug attacks this specifically. Sulfanilamide is very similar to the other structure and it gets jammed in the enzyme and screws the bacteria over. 
Domagk won the Nobel Prize for medicine, for discovering this. 
Fleming 
· is the most famous. Penecillin literally changed the world. Fleming actually only discovered the mold that produces the penecilin. Based on the records in his laboratory notebook what we have heard about him wasn’t actually what happened. 
· His culture plate had two different types of bacteria. The mold is giving off a liquid which kills off the big kind of bacteria and the small kind is fine. He discovered that the mold could selectively kill bacteria. He published his work in really weird journal in 1929. Nobody read his paper because he really sucked at writing. He didn’t really realize what he had found. He was looking into a way to purify bacteria because you can selectively kill off a type of bacteria. 
He gave it mice to show that it doesn’t do anything to the mouse. 
Florey and Chain:
·  were looking for a new type of antibiotic. They found Fleming’s paper and got some of his mold and figured out how to extract penecilin. They needed 1000kg of mold for 1 g of penecilin. They grew the mold in milk bottles. After 2 years they finally figured it out and published a paper, in a key journal. They knew exactly what penecilin was good for. They did their experiment on mice with a bacterial infection. The mice which weren’t given penecilin had all died, and the ones that were all lived. They also tested it on a police officer, who had cut his face and had the bacteria infection and went into a coma. They almost cured him but they didn’t have enough to do so. 
Penecilin is an oxygen breathing organism. They American drug companies found that they could grow the mold on corn steep liquor. They did this in Peoria, Illinois because they were the distillery capital of America. They convereted these breweries into a mold farm basically. Now they can manufacture this stuff in large quantities. Penecilin became a war priority. This stuff was stock pilled for D-Day. It made a huge difference. 
After the War ended it was distributed to the public. 
The three people shared a Nobel prize. 
The reason that penecilin is so good is because they only work on bacteria. This is because the bacteria cells have a cell wall. The cell wall resists their internal pressure. Penecilin prevents the bacteria from making the cell wall, and the bacteria will blow up. It only goes after bacteria. The fuctional part is the beta-lactams. 
Natural penicillin is only used to make other penicillin now because the natural one is not stable.  
People who are allergic to Penicilin, have proteins in their body which react in a similar way as bacteria, and your body rejects it. 
After penicillin became public people started looking in really random places to find new antibiotics. There was an explosion of antibiotics in the 1940s and 50s.
Now we are finding less and less of these cool drugs, and the old drugs are starting to wear out. 
This is becoming a problem because antibiotics resistance is becoming more and more common. 
Over prescription by doctors is one of the main cause of this. Animal use is also another big reason. Antibiotics are added to animal feed to make sure that the animals are living in a bacteria free environment. 
The biggest problem, is you. You take too much, but the drug has a maximum and it’s going to plateau, you don’t need to take too much. The patient doesn’t follow the instructions, they take their first dose, and have a decent amount of drug in the system, they forget to take the next dose. But now they had drug in the system and then there wasn’t anymore drug. The weak bacteria died off, the strong bacteria start growing, and you basically apply Darwinism, and selectively grow strong bacteria inside of you. 
The most dangerous bacteria you can find are in the hospital. They are called nosocomial infections. You get infections like necrotizing facitis, which basically eats away at your skin. The bacteria protects itself by covering itself away from the blood. To treat this you have to cut off all the puss and apply the antibiotic all over, because putting it through blood is not going to work. Clostridium difficle, methicillin resistant staphylococcus aureus (can transmit their resistance to other bacteria)(usually just causes pimples), are some other nasty infections you can get. 
We are not going to be discovering any new antibiotics anytime soon, because it is not cost effective anymore.
Other issues that happen with antibiotics:
· Back then you could discover an antibiotic and be selling it a year later but now the rules are so tight, sometimes it take almost 20 years after you discover the drug before you can actually sell it. 
· Even if you get a new antibiotic on the market, the doctors are going to be reluctant to prescribe it, because they want to save it for the really bad infections. This is the responsible thing to do, but then the drug companies are not going to try to develop new drugs if the doctors aren’t going to prescribe it. 
Antibiotics have changed the world. Follow the instruction please!!
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Topic 8: Tobacco
Tobacco is the most harmful substance in the world. It has a huge impact on the quality of life.
One of the most lethal cancers is related to cigarettes, and cigarettes also cause heart attacks (heart disease is the top cause of death in Canada)
It kills 420, 000 people per year in North America. Christopher Colombus discovered tobacco in 1942. The second day he land in America he noticed people “drinking smoke”. 
The word nicotine comes from Jean Nicot who introduced tobacco to France. 
Until recently tobacco smoking was fairly safe, because it was a social thing that you didn’t do daily, and they did in a specific club. Also they used long tubes or pipes which reduced the amount of acids in the smoke so it hurt less. 
“Snuff” became a common thing, but today its not so common. It used to be a popular way to consume tobacco. Chewing tobacco is a popular thing in southern US. 
Cigarette smoking
· Cigarette smoking started right around the end of the 1700s. They were initially not that dangerous, since it was still very harsh, and it hurt your throat so people did it less often. It was also very expensive, so only rich people did it. 
· All of this changed in the late 1800s. There was the development of machinery that automatically rolled up the cigarettes, therefroe making it cheaper. Also someone figure out a way to accelerate the drying process, called flue-curing (they dried the tobacco in a heated building) and this process reduced the amount of acid in the tobacco, making it less harsh. This made the cigarettes addictive. 
These days the average cigarette smoker somkes 10,000 cigarettes a year. This compared to the late 1800s, is much more dangerous. 
Nicotine:
· Nicotine is not the dangerous substance, it is actually the addictive substance, eventhough it causes some issues, it doesn’t necessarily cause cancer. 2mg per cigarette is all that is needed to addict a smoker. 
· The cigarette delivers 2 mg per thing. It acts in a way that it stimulates neurotransmitter acetylcholine. Nicotine is a messenger. 
Agonist: chemical does the same thing as the messenger
Antagonist: inhibits messenger
· Nicotine acts as both things. Agonist at low doses. At high doses it behaves as an antagonist. Nicotine stimulates dopamine (feel good) This causes heart attacks.
· Cigars contains more than 60mg of nicotine, and that is enough to kill you. However it doesn’t kill you because most of it gets burnt away. 
· One of the most common forms of poisoning in children is eating their parent’s cigars. 
· Nictoine is used in the poison dart system to kill elephants. 
· One of the most toxic substance in cigarettes is carbon monoxide, which is the biggest risk for heart attacks. It stick to the blood stronger than oxygen. 
· Cigarettes have Polonium 210 which is a radioactive material, causes cancer. 
· Benzopyrene screws with the DNA sequence, causing mutations. 
· The link between cancer and smoking has been known for a long time. Alton Ochsner was the guy who discovered it. However the cases of lung cancer have sky rocketed. 
Advertising:
Cigarette companies used to pay the movie actors to promote it as a macho thing to do. 
Cigarettes were given to soliders for free, to get them fully addicted. 
They started advertising to women later, as a way to keep you slim but it actually doesn’t. 
But when you are addicted to smoking and you quite, you start eating more, and that causes you to become fat. 
Smoking made you wrinkly. This is because smoking attacks the collagen in your skin (which is keeping your skin tight)
· The adds target children, because typically they start smoking around the age 13. 
Second hand smoke is still very dangerous, because you still inhale the same chemicals. 
Cigarettes:
· It is highly engineered, to deliver at least 2 mg of nictonie to the smoker.
· Tobacco:
· It is a reconstituted material. They make paper out of it, so that they can use the whole plant. 
· They also blend it with low quality tobacco, to cut costs. 
· Since making paper involves a water solution, it is great way to introduce additives.
· Last thing added is ammonia, which guarantees that you get at least 2 mg of nicotine.
· Other things are added to make the paper burn longer. 
· Burn rings also help regulate combustion 
· Thin areas burn quickly (and this is what they are burning when they inhale
· Thick areas burn slower (and this is when they are just holding it)
· The filter actually doesn’t do anything. Since most of the chemicals are organic, they go right through. 
· A new thing is charcoal filters, which still don’t do anything. 
· The amount of ammonia added will give them a control over how much nicotine enters the person’s body. 
· Light cigarettes: are an illusion of being safer. It is identical to regular cigarettes. The companies beat the tests by poking holes in the tobacco paper, letting in air, therefore it becomes more diluted. When people are smoking the people will close the holes making it exactly the same thing as the normal cigarettes. 
Tobacco companies are really good at supressing information. Because most of the major tobacco companies own the media. 
People have been suing tobacco companies for ages. The companies’ main legal strategy was to delay the case long enough til the person suing just died. 
Definition of addictiveness, is that the person develops a dependence, you become tolerant, and you go through withdrawl when you stop. 
The tobacco companies amended the legal definition by adding the word intoxication to the definition. By doing this they can legally swear that smoking is not addictive because it doesn’t cause intoxication. 
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Nicotine delivery:
· Gum, patch, spray
· Safe way to deliver nicotine (it’s not a very harmful substance)
· Reduces risk cancer by a large factor.
E-cigarette 
· is still safer because you aren’t burning things therefore you bypass the combustion by-products.
Health Canada asked the people that make this, to not add nicotine, and that made this a gray area. 
· It is basically a specialized heater, filled with E-fluid, which gets vaporized, and creates the illusion that you are smoking. 
· They don’t use water, because they want to create a texture to it, a feel in your mouth.
· Health Canada doesn’t want to let anyone use this, until it is sure that it is entirely safe. 
· Technically it is not safe, because when put together these substances make a substance called acrolein, which is a known carcinogen, also artificial flavour is made up of carbonyl, and that is also carcinogenic. 
· Another risk is, if you look at the flavour they are very child friendly flavours, and the child might drink the fluid and that could potentially kill the kid. 
· Eventhough people claim for this to be safe nobody knows how much safer. 
· Each company makes them very differently. 

Topic 9: Vaccines
When you go through an illness, you go through a natural history of the disease. 
Everytime you get sick, even with a minor illness, it leaves a scar. 
We live in a microbial world, and the human body is constantly attacked by the damn bacteria. 
Symptoms are the result of the immune system working.
The imuune system retains a memory of the infection, so the next time it happens you don’t get sick. 

Viruses aren’t really able to be dealt with by B-cells.  
Viruses actually live inside our cells. 
Our body 


Lecture 13 (March 2nd)
Vaccines have been so successful in the developed world that now they are more concerned about the adverse events then the actual disease. 
The experiences that people feel when they get vaccinated count as adverse effects. 
This leads to stuff like anti-vaccine propaganda. In this particular case this type of propaganda is dangerous. 
If you advertise anything enough people start to believe it. 
Opposition for vaccines have been around from the minute they were introduced to the world. 
Some of the messages that the anti-vaccine people bring out, include autism. There is no scientific link between vaccines and autism. This theory actually came from parents. The first symptoms of the children with autism start around the time they are getting vaccinated. The parents put these two factors together and end up believing it.
There was a paper which came out some time ago, which tried to prove that vaccination does cause autism, and it made people even more scared because now there was some sort of scientific proof. Wakefield’s paper was actually a fraud, it wasn’t done right at all. 10 years later, they figured out that it was a fraud and the paper was pulled but by then it was too late.
During the H1N1 scare in 2009, people became concerned about the mixture that makes up the flu shot. They were mainly concerned about the preservative in the vaccine because it was said to contain mercury. People automatically assume mercury is toxic. This preservative is actually a very safe material that has been used for many years. 
People went back and looked at this. There was a clinical trail done where they pulled up all the medical files for a vast number of people. They found some of the vaccines had this preservative in it and the other did not. They found that there was equal incidence of autism. They also checked out people who have been vaccinated compared to people who weren’t vaccinated and they found that there was no difference in incidence of autism proving that vaccinations do not cause autism.
Adjuvants: give you a stronger immune response, which gives you a better simulation of the disease decreasing the need for booster shots. 
For a long long time they used “alum” which is a rock which caused a sort of irritation that increased the immune response. Now a days they add lipids, and oils. The one that concerned people the most was Squalene (MF59) and it was blamed for the Gulf War syndrome. This is because the people who came back from the Gulf War had some crazy symptoms, but it turns out when people went and looked at the old vaccines and found that there was no squalene in the vaccines used by the military. Turns out the body makes a lot of Squalene everyday. It turns into cholesterol. 
Squalene is also available as a nutritional supplement. 
Vaccines actually do cause (occasionally) adverse effects. Most times it is pretty small and safe. 
People responds to needles in different ways. People can have allergic reactions, but that is why they keep you in the doctors office for a little while. 
As long as the microorgnaisms exist on the planet, people have to be vaccinated so that they are protected. Example, we still vaccinate for polio. We need a herd immunity where everyone is vaccinated or someone who isn’t vaccinated is going to bring the disease back. 
Not vaccinating is irresponsible especially when you work in a hospital. 
Vaccination against Cervical cancer:
· As it turns out this is a viral infection. 
· Back in 1842 they noticed that only married women got this, because it is a sexually transmitted disease. 
· They are caused by HPV. These viruses produce a protein which destroys p53 in the end causing cancer. 
· The found that certain little pieces on the virus can be enough to stimulate an immune response, which makes the vaccine very safe.
· Gardasil, protects against 4 different kinds of virus related issues. 
· It is usually administered before you a sexually active. (ages 9-26)
· Now men can get it too. 
· Religious people were against it for a while. 
· There were some claims of paralysis from the vaccine, however there is no medical proof. 
· Guillain-Barre is associated with the adverse effects of this vaccine but the chances are very small. 
The benefits far outweigh the risks. 
Topic 10: Allergy
Your immune system can freak out sometimes and reacts to something which is harmless. 
Works essentially the same principle as the vaccines. You get cold like symptoms.
You can also end up with other awful symptoms. 
There two types of contact dermatitis:
· When you come in contact with some sort of water, and you can’t just wash it off (commonly occurs in industrial stuff)
· His can cause a problem depending on how much you are exposed to.
· Sand for example can cause contact dermatitis. 
· Sand is a known class 1 carcinogen. 
· Immune reaction:
· Caused by the chemical secreted by the plant. 
· The chemical is called Urushiol. It is a very powerful irritant. 
Latex contains small amounts of tree protein which can lead to a latex allergy.
Nickel allergy is a common thing. 
Dust allergies are caused by dust mite feces. Mattresses contain dust mite feces.
Mold and fungi are really hazardous things to have in your house. 
Food can either give you allergies or an intolerance. There is a difference.
Allergy = immune system
Intolerance = can’t digest.
Signs of food allergy include: 
· Rash
· Chronic bags under your eyes/ dark circles
Peanut allergy is relatively common in North America and it is only recent. 
Some people can be allergic to sun light. 
These allergies are associated with things that get activated when exposed to sunlight.
People can be allergic to water. 
“Allergy to man made things” this is a psychological conditions.
“Hygene hypothesis”: we are too clean so our immune system reacts to everything that isn’t perfect in our heads. 
· It was shown that kids who went to daycare or grew up in big families had a smaller chance of getting allergies. 
· Kids who get sick a lot when they are little won’t develop many allergies. 
· You need exposure to stuff. 
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Topic 11: Heart Medication
Other notes stuff……
Hypertension affects 20% of adults
· It is irreversible
· Caused by high sodium
· Once you get prescribed you are screwed.
It is not well understood how this works, however it is known that it is irreversible. 
Salt in the right amount is a requirement for life however in high amounts can cause hypertension.
Proccessed food has a lot of salt, because the way it is processed in a large scale, the way the heat gets transferred around makes the food very tasteless. The food industry does things to the food so that the food actually tastes good. Humans like salt. Therefore by adding a lot of salt the food becomes….tasteful…
The average amount recommended is 100 to 1500 mg, however the average Canadian is getting 3400mg. 
Secondary system regulates the blood pressure depending on the size of your blood vessels which can be altered.
The drugs are vasodialators.
The original drug was made from the venom obtained from a pit viper, which was a very potent vasodialator. However it is not very user friendly or drug like. 
In many cases these days we have artificial drugs which are manufactured in a way that makes them more convenient. It has to be long, lasting, preferably in pill form. 
The venom blocks the formation of a hormone called angiotensin II. If you block ACE, which is an enzyme that allows the formation of that hormone, then your blood vessels wont contract. 
They found the part of the molecule of the venom which has the effect, and they modified it in the lab to make the drug. 
The drug turned out to be a much better than the venom. It works at a lower dose, and it is in pill form, and can be much better controlled compared to the venom. 
The drug comes with an annoying side effect. Which is a coppery taste, and a persistent cough. 
The newer drug doesn’t have the coppery taste, and even newer drugs known as “Cozaar” doesn’t even have the cough. The newer drugs are a different class of drugs, it doesn’t block the enzyme it just doesn’t allow it to work. 
Dropsy is caused by TB, makes you very thin. 
Congestive heart failure causes you to be bloated due to too much build up off fluid because the blood vessels are a little bit leaky. These people are found with edema (which is a bruise type thing in the lower extremeties) 
It is caused by a whole bunch of different things.
· Foxglove plant, which produces chemicals which are very good heart stimulants. Given in the right dose, it can stimulate your heart enough so that it works properly, and it fixes the congestive heart disease. 
· Several hundred years ago, using the plant as a drug was very dangerous because you never know how much of the active ingredient you are getting. 
· The newer drug is used today, it has a very narrow therapeutic window, therefore it is a prescription drug.
· It is called Digoxin: 2 pill is effective amount, and 3 pills is enough to kill you. 
· It is one of the favourite drugs used by serial killers to kill people at hospitals. There was a famous case at the Sick children hospital in Toronto, with Susan Nellis who drugged many babies. 
· There was never any evidence against her. She was vilified in the media, and had to go under hiding. 
· Other people such as Charles Cullen who are actual serial killers who used this drug to kill people, and he moved from place to place to place, so that it would take a long time to catch him. 
There is a metabolic link between coenzyme Q and the heart. However there is no benefit in taking the supplement. 
Angina which is pain in your chest caused by impaired blood flow in the heart.
· To fix this, people are treated with nitroglycerin which is a vasodialator. They put it under their tongue when the are having the attack.
· Dynamite is made of nitroglycerin. That is actually how they discovered this. The workers were found to have fewer heart problems. 
· There have been cases where the electrical field set off by the defibilator caused the patch to blow up, which can be a side effect of these drugs.
· Nitroglycerin can be used as a treatment for erectile disfunction. They can put a patch on the penis and that will directly allow vasodialation in the needed area…
· Certain other products are advertised as effective drugs for Angina, such as L-Arginine, but there is no actual proof.
· Heart problem is serious, don’t mess around with supplements Sean! Goddammit!!!
Cholesterol is an essential material that you need to survive. It is found in all animal cells. 
It makes the molecules sort of flexible. It is needed for the cellular structure. 
· High cholesterol has been associated with heart attack.
· As it turns out, high cholesterol is not associated with all heart attacks. 
· Cholesterol comes from the diet. If you eat animal product you are getting exposed to cholesterol. 
· Dietary cholesterol however makes a very small contribution. Our body just dumps it in the small intestine. 
· The majority of the cholesterol comes from our liver. The amount of fat you eat is turned into cholesterol in the liver and it is stored (particularily saturated fat)
· Eggs were targeted when people figured out that the diet affects your body’s cholesterol levels. So egg companies started advertising the good things about eggs, such as the omega 3 present in the egg. 
· Omega-3 fatty acids is associated with fish, a study showed that the people who live in the high arctic, who ate high levels of fish had a lower incidence of irregular heart beat. 
· The egg companies, fed the chickens with fish meal, so that the eggs were filled with fatty acids. However the eggs were starting to smell like fish, which is not very nice. So the companies started feeding the chicken with flax seed, which also contains Omega-3. However the omega-3 from flax seed is different from the omega-3 which comes from fish oil. The third carbon is different. It has no health benefits. 
· Be very aware of nutritional supplements. Oglivie has issues with nutritional supplements. Nobody knows what’s going on in those capsules. The labels are very misleading. 
· You have to look for 2 specific products: eicosapentaenoic acid, docosahexanaeoic acid. 
· Best way to get the omega-3 found in fish is to eat a fish…
· But wait!! Nobody has actually been able to replicate the results from the original clinical trials linking those fatty acids with the heart. This is because they used data which was used to show a reduction in the heart problem. They didn’t use any actual raw data. They didn’t bother to go out and collect the data from the actual people. Eating fish is good and healthy but the omega-3 is not going to make you superman
· The body makes cholesterol all the time, because all the cells in your body needs it. Saturated fats go through approximately 30 chemical reactions in order to turn into cholesterol. The excess gets stored in the walls of the artery (not in the actual artery but in the arterial wall (which is two layers) and it starts buldging out). The oxygen from the blood starts oxidizing the cholesterol and it gets recognized as foreign substances. 
· Some people take antioxidants to reduce the amount of oxidizing agents in your blood in order to lower your cholesterol. But there are no clinical trials to prove this. People eat fruits containing antioxidants, which actually does help the cholesterol however it is not because of the antioxidants, it is because of the shift in diet (no more saturated fats).
· Cholesterol does not “block the artery”. It is only bad when the cholesterol gets oxidized because they attracted macrophages which end up eating so much cholesterol they get turned into what is called foam cells. The macrophages start releasing chemical which are corrosive, and it starts corroding the arterial cell wall. This causes the artery to tear. Platelets find this tear, and start clotting. This blood clot, blocks the artery. 
· To find cholesterol, doctors track your C-reactive protein, which is associated with bacterial infection. 
· The way to deal with it is to not build up the cholesterol in the first place. SO we can track it back to the liver where the cholesterol is made. Once the cholesterol is manufactured, it gets transported by lipoprotein (because it is not water soluble). There are two types; low density lipoprotein (which is the bad type) which circulates the cholesterol from the liver to the body, the high density lipoprotein collects the cholesterol and brings it back to the liver. 
· Excess LDL stores the cholesterol in the worst spot possible. 
· The HDL counteracts this effect, it scoops up excess cholesterol and brings it back to the liver. 
· Doctors look at the total blood cholesterol and try to fit it in a range. In terms of LDL you don’t want to have too much, and in terms of HDL, you want to have as much as possible. 
· Best indicator is the ratio. 
· Lipids can be classified as fats or oils.
· We use it as an energy source, and structural components. 
· They are these long chain structures, and three units get grouped together as one, (triglycerides)
· Fats come from animals, saturated or mono-unsaturated. Unsaturated has a double bond. They can easily fit together well, therefore can form solids.
· Oils come from plants, and they are usually liquids. They are poly-unsaturated. Therefore they are not very even, so the molecules don’t pack together well. 
· Oils are cheaper and easier to get than fats. The problem is the texture is not something people in NA like to eat. Foods also last longer is they have a lesser number of double bonds.
· Hydrogenation was something that was done, to change the texture of the substance, and to increase shelf life.
· However this changes the compound from cis to trans. Ends up being called trans-fat.
· This stuff is added to the food to make it creamier.
· At one point the average NA ate about 8g off the trans fat. 
· In the 1990s it was found that trans-fat reduce HDL and increase LDL, which leads to an increase in cholesterol build up.
· Easiest way to fix this problem is to not eat trans-fat (junk food)
· STATINS!!!!!
· Statins block the synthesis of cholesterol. 
· Lovostatin was the first statin drugs. It was made from mushrooms. (1985)
· Doctors were initially afraid to prescribe these drugs, due to a disaster in the very initial cholesterol drugs which caused blindness. (1950s)
· The drug industries did a clinical trial to prove that the statin drugs were safe. 
· Four-S study: Scandanavian something something something.
· Bruce Roth, who worked for Pfizer, found Lipitor. (It was no better than lovostatin in animals) 
· The other problem was that there was already 3 statin drugs on the market: Lovostatin, simvastatin and pravastatin. 
· The conventional wisdom in pharma companies is if there is already 3 drugs of the same type on the market move on to the next problem because your drug is not going to sell well.
· Pfizer did the clinical trial on their employees. 
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· Pfizer recruited company employees to participate in the clinical trials. (24 employees)
· Pfizer looked at the reduction in cholesterol. The graph for Lipitor gave the lowest curve. Also Lipitor was given at 10mg whereas the other drugs were given at 20 mg.
· They showed that their drug was still safe at 80 mg, but it was effective just at 10 mg. 
· In reality it actually doesn’t make the difference, because the dosage doesn’t matter. Doctors believed that it is safer to give drugs at a lower dose. 
· Pfizer convinced the FDA to give them a fast-track approval. They used the law that allows you to get a better patent protection on a drug that helps a person with a rare condition or an orphan disease. They said they were trying to fix Familial Hypercholesterolemia. (Even Mona Lisa had it).
· This gave them the chance to make Lipitor the number one drug in the world.
· Doctors began to prescribe it for any cholesterol because that’s how Pfizer advertised it. 
· For every 120 people that take Lipitor, you can prevent 1 heart attack. 
· In North America, 1.5 million people have heart attacks every year.
· Lot of people die immediately
· Some people don’t even realise they are having a heart attack
Topic 12: Mental Illness:
The body is a chemical-based machines.
Problems arise in our body when an organ doesn’t work properly.
Two types of problems:
· Physical problem: The physical make up of the organs in your body are incorrect. Can be corrected with surgery or treatment.
· Chemical problem: Ex: pancreas doesn’t make enough insulin.
All of us have problems.
The brain is also an organ in the body, and it functions just like all other organs.
The brain controls behaviour, so other people start caring, and poking their noses into your business.
There is a genetic basis for personality. Different traits are expressed because of genetics. 
Mental illness also has a genetic component. 
It was once thought in history that if you behave in an odd way, then you must have been possessed by demons. To get rid of the demon, they did crazy things like torture, or trepanation.
It was viewed differently in different parts of the world. People didn’t want to be around people with mental illness, so they put them in asylums.
Psycotherapy was a new concept found in the 1900s. 
Lobotomy was a big thing, to change the person’s personality. Many people started behaving in a more socially acceptable way after they were lobotomized, due to this, a lot of people were lobotomized. 
Electricshock therapy was also a widely used techniques. It is like inducing a seizure in a person to fix the make up in your brain. Back then the people used to be awake during the treatment, and it was like torture. It is still used today but the person is put under anaesthesia. 
Lunatic asylums tured into mental hospitals, where people wanted to treat the people instead of just lock them away. 
Effective drug treatment became available in the 1950s. 
Sichzophrenia: you lose cantact with reality, the person is kind of in and out of reality. 
· Characterized by hallucinations and delusions.
· Auditory hallucinations
· Confused thinking 
· Magical thinking
· False beliefs
· Anxiety disorder
· Feelings of persecution
· Lack emotion
They become very afraid. It leads to a very extreme behaviour. Their behaviour was such that they had a difficulty to carry out a normal life style. 
1950s, they made some very interesting observations. 
It was experimentation on people that lead to the first drugs for schizophrenia. 
They were testing out antihistamines to reduce anxiety in patients going into surgery. One particular doctor tested “promethazine”, and other anithistamines which acted as a tranquilizer, so that the people would calm down.
Some psychaitrists became aware of these drugs, and they tried it out with schizophrenic patients. They noticed that not only did it calm them down it also took away many other symptoms. Now they were able to live a normal life. They didn’t have hallucinations. 
25% of them reached remission. 
Side-effects: 
· Grimacing
· Dyskenisia
· Lip smacking. 
They basically made weird faces. Very similar to Parkinson’s diseases. 
The effects of the drugs, actually helped us figure out the theory behind schizophrenia. They figured out that there is too much dopamine in the schizophrenic’s brain. So when these drugs lower the dopamine, the people became normal. 
Another thing that made this theory stronger, was the recreational use of amphetamines, because people who used them had effects similar to schizophrenia. 
Now they can use animal testing to find a better drug, because they can test for a lowering of dopamine. As the drugs get newer and newer, have lesser and lesser side effects. 

Depression:
· It exists for a long long time. 
· The person gets into a depressed state and they can’t seem to get out of it. 
· They experience anhedonia: the inability to experience pleasure.
The first drugs for depression were an off shoot of the first schizophrenic drugs. 
· Thorazine
· Imipramine
They act on a neurotransmitter called serotonin. High levels of serotonin you feel good. These drugs involve a process called serotonin re-uptake. Depressed people don’t have enough serotonin. The drugs act as a serotonin re-uptake inhibitor. This causes there to be a stronger signal sent to the brain. This became the basis of developing new drugs. 
Side-effects: 
· Interfere with acetylcholine
· Dry mouth
· Blurred vision
· Irregular heart beat. 
Therefore, people had to search for better drugs. 
MAO inhibitors prevent serotonin metabolism. 
· Too much MAO activity lowers transmitter levels. (gets destroyed faster than it can be made)
· By inhibiting MAO, you allow serotonin to be in the body for longer.
All of these drugs work in the same way, they elevate serotonin in one way or another. 
Prozac was the first breakthrough drug. It was the cleanest drug, because they selectively inhibit serotonin re-uptake. 
Side-effects:
· Anxiety
· Sleep disturbances
· Sexual dysfuntion
· Suicidal thoughts
Obsessive compulsive disorder affects 2% of the population:
Characterized:
· Obsessive thougths
· Rituals
· Magical thinking
They get unrealistic, unwanted thoughts. If the symmetry isn’t there, the person gets really uncomfortable. 
As it turns out, this is also associated with serotonin.
The drugs that counteract the serotonin level, will also do the opposite.

Bipolar Disorder
· Super energized followed by super depressed.
John Cade, thought that manic depression was caused by toxins. So he injected urine from manics and injected it into guinea pigs. 
All his guinea pigs died. So he wanted to make the urine less acidic. Next time he added Lithium carbonate to the urine, turns out lithium helped the people.
Lithium is a fairly toxic drug, with a very narrow therapeutic window. This caused problems. 7-up was a patent medicine, given to people as a pick-me-up.
Many of the patients enjoy the manic stage, and they don’t want to take the lithium because it makes them feel dull. 
Lithium interferes with the synthesis of inositol (sugar). 
Depakote is a second generation drug, with a wider therapeutic index. 

Anxiety:
· Fear without reason.
Barbituates discovered a drug, but it made you sleepy all the time. 
Miltown was the first big seller in 1967:
· Without the sleepiness side effects. 
· It was advertised mainly to women. 
· Benzodiazapines: happy pills.
· 
Lecture 17 (March 21st)
Drugs change the way your brain works.
Sometimes the person becomes addicted to the material. 
The drugs that we have today don’t permanently fix the problem. 
The drugs today are not any more effective than they were back in the day.
· This is because we don’t have a hundred percent control over the thing we are trying to control. 
· Everybody is different
· We don’t have a full knowledge of the brain.
· You can physically look at what is happening you can only guess.
· The placebo effect has the same percentage of improvement as the drug. Also the data is very biased because they are based on what the patient says.

Modern drugs have less side effects.
Back then the people didn’t know what the side effects were going to be until the drug went on the market and a lot of people had used.
Your brain has a lot of neurons. Like trillions.
They study this worm, that has 1200 cells in the body, so they were able to map out all of the 302 neurons. However they still don’t know what’s going on.
Ethics get in the way.
We also don’t know if the mouse is depressed or not and the extent to its depressedness.
How do we take information unbiased from an animal about emotions.
Developing drugs using animal models, involves studying their behaviour patterns.
Despair test for depression.
Hotplate pain test for anxiety.
Me-too drugs: literally no change!! They all suck.
Pharma companies are basically giving up because nobody knows what to do.

Topic 13: Street Drugs
These are things that people take recreationally.
All societies have used these things.
Incensole acetate is found in frankenscence, makes you high, used in religious practices.
Buyer beware
You can’t actually know what is in the drug. It’s made in a basement for gods sakes.
You are outside the regulated system. There are no laws. In fact it is entirely against the law.
Solvents used in drug making:
· Usually things you can find in elementary school.

Up until the 1930s it was completely legal. 
It changed in New Orleans, where there was a crime wave.
They noticed that the parts where there was high crime, there was a lot of marijuana smoking. So they banned pot smoking.
THC is used for AIDS related anorexia.
It makes you hungry.
Sativex contains the same stuff. It is used for multiple sclerosis.
The drug will calm out the nerve nonsense.
Marijuana causes schizophrenia?
Or do schizophrenic just like smoking?
New marijuana has a very high THC content.
Cannabidiol has a psychosis reducing effect.
Lecture 18 (March 23)
Some underground chemist produced chemicals which are similar to THC.
John Huffmann made a drug which is very similar to THC. It was never intended to be a drug, it was just a thing that he made.
Cocaine has been around for centuries. In Peru and other parts of South America, it was basically their version of coffee. It was used as a pick me upper. They don’t become intoxicated, it is just used as coffee.
Coca-Cola was questioned for having cocaine. They used to use coca leaves in their ingredients. There was no chemical processing involved so obviously it had cocaine. But not anymore!
Cocaine hair tonic. It is a topical anesthetic. So if you have an itch or something, you can apply it on the skin, and you will be ok. 
Tax Act, they didn’t ban it completely, because cocaine had medical usage.
New Jersey has a company called Stepan, which is still legally allowed to bring in cocaine, they burn most of the cocaine they extract, and they used the rest of the leaf in making things like Coca-Cola.
It is used as an anesthetic in surgery, etc.
Dental anesthetics all have chemical structures that look like cocaine. 
The drugs are designed to break-down in the body after some time.
Two different ways to consume cocaine:
· You can inhale it, with a straw type thing. There is no tolerance, and it creates a really strong addiction (mentally). It has a very strong psychological effect. It is said to be the most unsatisfying drug. It creates a craving that basically never goes away. This has been tested in animals. They end up preferring cocaine over, even food or sex. 
· Crack cocaine. Cocaine hydrochloride (hydrochloride is a stabilizer, so it prevents the cocaine from reacting with oxygen) it is treated with baking soda, to make free-based cocaine. When it dries out it has a very cracked up appearance.
· Cocaine hydrochloride (you need a relatively large dose to get enough absorbed by the body) However crack cocaine, almost everything is absorbed by the body, making it much more accessible and cheap. 
· Crack cocaine is normally smoked. The pipe thing vaporizes the cocaine, making it very efficient to inhale.
Side-effects:
· Seizures
· Psychiatric disturbances
· Stroke
· Cardiac arrhythmia
· Death
You lose all shame, you do anything to get the cocaine. 

Amphetamines: used in WWII, for the soldiers.
The recreational use of amphetamines, first happened in military prisons. They had access to it from the cold medications.
It makes your heart beat faster, you become aggressive, etc. Similar to fight or flight response at low doses. 
At high doses, it gives you a euphoric state.
They used to dissect the cold med. The Benzedrine was usually given as an inhaler. 
Inside the inhaler, there was a wax paper with a little bit of amphetamines. A machine folded the paper in a zigzag shape, and releases a bit at a time. 
The prisoners took out the paper and extracted the amphetamines with coca-cola. Then they would drink it, to get the euphoric effect.
This was used for depression, and other medical purposes.
JFK was an amphetamine user. Max Jacobson was his doctor, so well known for writing amphetamine prescriptions for anybody. He was known as Dr. Feel good.
 Most of the other drug users didn’t like this new drug, because it had weird side effects.
The person ended up with psychosis, and aggretion, similar to schizophrenia. 
The market died down after a while.
It made a come back in 1980s and 1990s. 
Some people figured out that the could convert pseudophedrine to make methamphetamine.
Chemical companies used to supply the underground trade. 
It became restricted after a while. SO the manufacturers turned to smurfing. 
In the US it is much more difficult to get cold medication.
Check Cold lecture. 
Methamphetamine is a very potent vasoconstrictor. It shuts of the blood supply to various parts of the body, especially their face. Their teeth rot. The person’s face just starts dying. 
People develop a crazy dependence on meth.

Opiates:
Comes from poppy plants. Very potent pain medication.
Opium used to be consumed in ancient Chine, it has been used forever. 
People used to smoke it.
Today, the invention of another device has led to another way of consuming this, leading to a greater problem.
Hyperdermical injected opium. 
People became addicted to morphine from wars.
Heroin was supposed to be a non addictive form of morphine. 
After being on the market for a couple of years, it was clear that it was in fact much more addictive. 
SO they did the same taxation thing as they did with cocaine. 
Heroine is usually injected. 
People will get tracks on their hands. They are actually collapsed veins. This is a natural thing that occurs when a blood vessel gets damaged.
Codeine is in Tylenol 3.
Oxycodone is now a days becoming an issue. It is a drug that was produced from a waste product of opium. It is from a chemical called thebaine. People discovered that they could turn it into oxycodone. 
In the 1990s, this started to become a problem. It became initially known as Hillbilly Heroine, because of the region in the US where it was commonly used.
The only real place to get this stuff is pharmacies, because it has to be chemically synthesized it can’t be made at home. 
They shut down things like cough reflex. High dependence. 
Withdrawl symptoms.
Opiates are important pain killers however it is becoming more and more of a problem, because it is becoming harder for people in pain to get access to the opiates.
Doctors are reluctant to prescribe morphine to the terminally ill patients because they don’t want to get them addicted.

Hallucinogens.
Have been used forever.
They have similar structures to serotonin. They act as serotonin agonists.
Magic mushrooms had psilocybin in them/ The chemical structures are very very similar to serotonin.
Cane toads provide a substance called bufotenine. 
It secretes a type of milky poison on its back. People can get high by licking the toad.
Ergot! It can be converted to lysergic acid, which can be converted to LSD.
LSD hallucination are special because they have religious significance. 
Timothy Leary was a prof at Harvard who promoted LSD.
The people often think they can fly. 
Atropine comes from the deadly nightshade. 
In high doses it is deadly.
In low doses it makes your pupils larger. The plant is also called the belladonna plant. 
Big pupils are sexy.
It is a acetylcholine antagonist.
Hyoscine also known as scopolamine. Used as a hypnotic, or pseudo tranquilizer. 
Used as truth serum.
They give the sensation of flying. 
This material is not water soluble. 
This led to a kind of creative way of intake. It is dissolved in a fat soluble substance, and it is applied to a mucus membrane, where it is absorbed into the body. 
You have to apply it to the bottom parts of the body. The witch on a broom stick image is actually of the witch masturbating with the stuff on the broom stick. 

Designer drugs provided a way around the law. 
By adding a tiny piece to the chemical, it could now be sold legally.
The people that created these drug needed a vast knowledge of chemistry.
You need very specialized knowledge to make this. 
Fentanyl is an industrial strength pain killer. 
As it turns out, people developed designer version of this. Methylfentanyl. This stuff was legal at first. The market price on this stuff was absolutely astronomical. 
Addicts often died from over-dose.
There is a new designer version of fentanyl. You easily over dose an die. It was called W-18. It is still legal.

Ecstasy:
· Developed by the guy who discovered amphetamines. 
· When it was first invented, nobody knew how to use it. 
· In 19802, people rediscovered this, and it started to be used as a recreational drug. It produces auditory hallucinations. 
· It was used in raves, because it distorted the music.
The big issues were an slteration in behaviour:
· Sexuality
· Lack of judgement 
· And something else
Ecstasy is made in under-ground labs.
This causes problems in the purity of the substance you get.
Mercury derivative, contaminate the material you produce. This stuff can remain stuck to the final product. 
When analysed, it found that the street drugs had large amounts of mercury and arsenic, both of which are toxic.
Ecstasy has a down side, it is not very addictive. This creates a market issue. So the sellers substitute it with other addictive material, so they can get the people to keep coming back for more.
GHB: date rape drug. 
Most ecsatasy tabs today, are not actually ecstasy. 
Other kinds of additives, make like a cocktail. Especially GHB, impairs a persons memory. This causes problems. They are part of a family of drugs called predatory drugs. These are drugs, which are used primarily used for sexual assault. 
You can get test kits, to make certain of the purity. However the test kits can be manufactured to make it seem ok, but they are actually not ok. 
As it turns out, you need more than one test to determine the purity, so basically the test kits are bogus. 
These test kits also won’t show you the presence of mercury and other random things.

Lecture 19 (March 30):
It is a chemical substance, and we can never know what it is made of. There is no legal control over street drugs. (In fact they are illegal)
The kits are actually not even safe. They can be easily manipulated.
You can never rely on just one colour test.
Khat: is a plant that grows in parts of Africa. People chew these leaves as a pick-me upper. It was originally a cultural thing. 
It contains a substance called cathinone. In high doses, it caused the person to become very aggressive. 
It is an amphetamine. 
Synthetic versions of this are used as appetite suppressants. 
Side-effects are extreme dehydration, massive weight loss, highly addictive, psychosis.
The synthetic versions were completely legal until recently. 
Recreational use started in 2002. They were derived from bath salts.
It caused violent psychosis.
This one guy, ate the other guys face.
They couldn’t identify the bath salts in the guy’s blood. This is because the forensics lab was shit. They can only identify a certain substance if they have a fingerprint of the drug prior to the test.
Because the people keep coming up with new structures, the cops cant keep up.
Bath salt drugs are now illegal. 
There was another case where this guy ate his dog. 
Demrol, which is a systemic painkiller (MJ). Gives you a high. It is an illegal narcotic. 
MPPP: case of the frozen addicts. (caused by MPTP); these people were rescued with L-DOPA
But since it affects a part of the brain, it is kinda permanent.


Amazing success story: 
Iodine has been added to the salt. It keeps us safe from having thyroid problems. Iodine also helps brain development.
Caffeine and nicotine are stimulants.
Ephederine: is supposed to improve your concentration
Ritalin: improves behaviour in ADHD patients. 
Feeling good does not equate to better performance. 
Downside:
· All drugs have side effects.
· The drugs create an allusion. 
· If you get prescription drugs, and you don’t need them, is not safe.
· There is a reason drugs are illegal. Leave them alone.

Topic 18: Drugs in the body

What happens to the drugs after they enter your body?
It is actually really hard to get the drug into your body, mainly because they are after-all foreign substances.
Most drugs just pass through the digestive system. You really need to trick the body in order to get it through the intestinal wall.
The drugs are usually water soluble. The drug has to go through a hydrophilic environment to a hydrophobic environment and then back to a hydrophilic environment.
After getting through the small intestine it has to make it through the liver. The liver’s job is the get rid of random foreign stuff. 
By the time the drug gets through all of this, there is very little amount of drug left compared to when it started. 
Once the drug comes into contact with something in the body, there is something called the biological effect that happens. 
Molecules stick better in higher concentrations. This is why you need the right concentration. 
Reflex response:
· The best example, is getting vaccinated and getting a fever. 
The drug can work correctly but if it doesn’t work in the right spot, it is no good.
Safety testing is initially done in vitro. And then they test with rats or dogs. And then you use primates. This is pretty tragic, but animal testing is so critical for the safety of human beings.
Now a days, people are starting to simulate the biological environment in vitro. 
Animals have helped us so much. Example insulin. 
Surgical procedures are also tested on animals first.
Also legally, you require animal testing. 
Pills contain way more than just the active ingredients:
The extra fittings are called excipients:
· Fillers:
· Are important for the safety of the drug. It maintains a consistent dosage from pill to pill.
· 
· Stabilizers:
· Protects the drugs from oxygen. 
· Preservatives:
· Important to prevent drugs from being eaten by bacteria or fungus.
· They can be antioxidants from vitamin A.
· Sodium benzoate comes from cranberries, and it is a natural preservative. It is manufactured from oils.
· Colours:
· It is a safety feature. It allows you to distinguish between different pills. You can recognize if you are taking the right pills.
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