BPS MIDTERM ONE BRANDON GASLARD STUDY NOTES
Disclamer : Lots of errors purposely ( due to lack of fucks to give) left grammaticly incorrect.
Lecture 1

Biopharmaceutics  study of the nature and properties of therapeutic substances and the relationship between these , dosages and bioactivity.
Pharmaceutical sciences are a group of interdisciplinary areas of study involved with the design , action , delivery , disposition and use of drugs. This includes prescription and natural health products.
The purpose of the pharmaceutical industry is to supply materials/techniques that are SUPPOSE to deliver good health.
Longjevity has increased 30 years (5080) Major factors of this are:
· Clean water , steralized food , pasturized milk.
· Infrastructure ( garbage , sanitization in school/hospitals) , work safety (whimis) , better education ( further knowledge on microbes and infections)
· Vaccines and antibacterial drugs
· Note : Health care and health care spending not a major factor
Top selling drugs : Top 4
· Liptor – cholesterol lowering 14.4 B (AS IN BILLION) Phizer made it
· Advair – Aathma (inhalant) 6.1 B Glaxosmithklein
· Plavix – thrombotic events 6.1 B Bristol-Myers Squibb
· Nexium – acid reflex 5.2 B Astrazenca
Top 3 Companies 
Pfizer with 70.7 B New york-America
Johnson and Johnson with 63.7 B New Brunswick in New jersey – America ( NOT TO BE FOOLED FOR CANADA NB)
Hoffmann-LaRoche 43.9 B Switzerland-Basel
Canada in 2010 represented 3% of pharmaceutical sales (top 10) 
78& is R&D which is mostly owned by multinationals (make new drugs) 
· R&D manufacture brand name drugs which cost 72$ on average and cost .8  1.2 B to make
22% is Generic drugs which create me too drugs after R&D patents are over their 20 year expiry date
· generic drugs must show bio equivalence making them as effective as brand name but cost on average 27$ and only 10 M to make

Research expense in 2010 is 1.2 B with 27000 jobsa and another 35000 indirect
Top CANADIAN pharma companies
-Johnson and Johnson
-Astra Zenca ( swiss)
-pfizer
Best Canadian selling drugs
-Liptor 
-crestor cholesterol lowering astrazenca
-Remicade anti-arthitic by schering (German)
New Trends – multinationals and research intensive start – up companies
-MULTINATIONALS
-R&D in north America and Europe scaled back and transferred to india and china.
-Manufacturing of drugs now done in Eastern Europe , China , India and Ireland for cost reasons (must maintain quality via GMP good manufacturing practices)
-Clinical trials : now done in Canada (Health Canada) , US (US food and drug agency) and Europe( The European agency) to satisfy their regulations. All final formulations and packaging is done in home country.
Research intensive start-up companies 
-small companies that single out a potential new serious canidate and build potential treatments based on academic research with academic research. Need to partner with larger companies to grow. 
In Canada : Montreal , Toronto Ottawa etc.

Contract research Organizations. Provides Rand D research support . Two major types: Chemical synthesis and biological studies
Chemical synthesis. Provide intermediates  , starting materials or final product. APIs is what they are called. Active Pharmaceutical Ingredient
· Very competitive field , needs to follow good manufacturing practices often very specialized 
-Biological studies  Carry out biological studies via animal rights ( toxicity , metabolism ,)
· ADME studies  adsorption , distritubtion , metabolism , Excretion
Canadian Biotech
-B.C. is where 30% of canadas biotech comes from. Houses 5000 jobs and 2000 indirect via research agencies.

Other new trends : Diagnostics and personalized medicines.
Lecture 2: 
Drug Development has 4 phases : Takes 10-15 years to get through redulations by health Canada and US food and Drug Agency
-Preclinical R&D – 3-7 years 
· Finds a need based on bioassays , new developments in understanding of diseases , ethnopharmacology and competitor results.
Clinical Trials 3 phases 5-8 years and can cost millions of dollars.
-Phase one deals with a small group , normally early twenty males , and determines safety .20 or less people.
-Phase 2 determines efficacy on a low risk target group. 50 or less people.
-Phase 3 determines efficacy and safety via wide distribution through different patient types.
New drug Application review 1-2 years
-Regulatory Agency Approval dedicating the company to convince Canada the drug has approved the following requirements.
-Manufacturer under Good Manufacturing Procedures
-Knowledge of the metabolism and pharmacokinetic of the drug (ADME)
-Safety and efficacy as shown in clinical trials
Post marketing surveillance : 
Not all side effects can be discovered in clinical trials because of the extreme genetic diversity that exists in our population. To combat this side effects are taken into consideration based on the usefulness of the drug.
-Lifestyle drugs are very strict on the side effects , no severe side effects tolerated. (listing of side effects)
-Lifesaving drugs have a high leniency. (Black Box warning if severe)
Inflammation :
1840 : Use to use willow bark , had salicin which was an anti inflammatory and treatment for fevers.
1860 it was know to be salicylic acid metabolized from salicin that helped in treatment. (hydrolysis and oxidation) Salicin glucose +salicylic acid
Salicylic acid was produced in large quantities from phenol –co2substrate -alkanesalicylic acid
1890 – felix Hoffman aka bayer reacted acitic anhydride catalyzed by sulphuric acid to produce acetyl salicylic acid – trade marked as aspirin.
Aspirin releves pain  and inflammation , reduces fever  and blood clotting but also causes gastric lesions.
Aspirin inhibits the formation of prostaglodins which mediate different biological processes from arachadonic acid.
Unkown if mechanism is needed to be known in depth
New anti-inflammatory drugs : non steroidal anti-inflammatories 
Ibuprofen , ketoprofen and naproxen. Often more potent than asprin but do not reduce fevers and are not cardio-protective. Side effects : gastric lesons and stomach bleeding
Major Breakthrough
· 2 Cox enzymes : Cox-1 deals with the formation of prostaglandins and important body functions like renewal of stomach and esophagus lining
· Cox-2 deals with inflammation --> focus on inhibiting me
ASA and NSAIDS inhibit cox 1 and cox 2 however it inhibits cox 1 more so than cox 2 . 
It was observed that larger molecules tended to inhibit cox 2 , around this point a lead structure (found by dupont) was found. DuP697
Based on the structure of Dup691 many synthesis were produed. Vioxx and Celebrex were found.
Bio-assay and computational guidances helps cut down on the synthesis challenges – helps guide the choice of new structures to a manageable level.
Pfizer finds the compound first by only a few months. Beats merck.
Celebrex shows a 10-20 selectivity 
Vioxx by merck shows over 50 selectivity
Both drugs are used as anti-inflammatory drugs and are shown to not be likely to cause stomach lesions.
Kep applications are artritis(long term) and sports injury. (short term)
Vioxx was withdrawn because it was shown to increase the risk of heart attack or stroke by a factor of 2. Other clinical and post marketing surveillance showed significant concerns for the use of vioxx and other inhibitors. 
Vioxx was approved for re-introduction but has not been. While the benefits outweigh the risks ( cardiovascular risks seemed no worse than those for ibuprofen ) merck has not re-introduced vioxx from a probable fear of litigation.
Pfizer also stopped advertising and strongly marketing Celebrex but resumed four years later.
Development of cholesterol lowering drugs : the statins
Liptor – a member of the statin family of drugs ( best selling drug in history) 
It lowers blood cholesterol levels and stabilizes plaque therby preventing strokes. Totals sales since 1996 125$ Billion – patent ended 2011
Baycol = introduced by bayer , about 1998 as a competitor to Liptor Many serious side effects like death , skeletal muscle degredation and kidney failure withdrawn in 2001
3 things needed to be known about cholesterol 
-how it causes cardiovascular disease and where are the sources of cholesterol
-Biosynthesis of cholesterol : rate determing step and what enzyme facilitates that step
-Discovering compound that inhibit the function of that enzyme requires a bio-assay

Cholesterol is a vtal substituent of cell membrane – Brain and spinal chord
-precursor to bile acids which are crucial to digestion , and to steroid hormones like testosterone , estrone and cortisol.
-Deposition in the arteries is associated with atherosclerosis and heart disease.
Sources : Meat,butter, lard 
-not in vegetables or plant derived food 
Biosynthesis of cholesterol-1
· Well studied-multi-step involving many different enzyme
· Carbon source : Acetate 
· First key intermediate – Mevalonic Acid
· 3 units of acetate HMG-CoA—HMG reductase Mevalonate
· HMG reductase mediates the redate determining step in cholesterol biosynthesis.
· Mevalonatedimetylallyl pyrophosphate and isopentenyl pyrophosphate which go into cholesterol
· A molecule similar in structure (antagonist) helps to prevent Mevalonate from being formed
Finding a lead compound
· 1971- akiro endo finds some micro-organisms produce HMG-CoA reductase. 
· Compounds made bio-syntetically via the mevalonic acid pathway are required by micro-organisms to maintain their cell walls. screening lead to the discovery of mevastatin
· Mevastatin what shown to be toxic
· Found HMG-CoA reductase inhibitors : lovastatin Oyster mushroom Mevacor
· Also Zocor was made (semi-synthetic)4500 patients were used with high cholesterol levels. After 5 years it lowered cholesterol by 35% and a 42% decrease in deaths due to heat attacks.
· Rhabdomylolysis  250,000 patients studied over a long time , 1/25000 ( Bacol was 1 in 2,500 person and withdrawn in 2001)
· Many epidemiology studies due to the widespread use of statins show a variety of good and bad relationships. Good: One study suggested a 50% reduction of colorectal cancer
· Bad : one study indicated higher risk of diabetes.
Drug discovery process 
Via ethnapharmacology 
-Find typical common health problems , get healer consensus 
Find lead structures via bio-assay guided isolation
-Extracts are typically prepared by grinding the plant sample,either fresh or dried with 95% ethanol.
· Other organic solvents used are ethyl acetate and dicholoromethane 
· Water is sometimes used
· Extracts can have 30-100 more compounds.
· Use standard operating procedure – Bioassay guided isolation to determine which is the active component.
· Total extract -> extract with hexane insoluble material kept extract with ethyl acetate  ethyl acetate soluble material (displays biological activity) 
· Use silica gel chromatography yields many individual fractions with different components. Check each fraction for activity. 
· If active fraction is a pure compound then complete. If not continue with extractions.
· NMR , X-ray or mass spectrometer to determine structure.
Lecture 4 Natural product as sources of new drugs 
Terrestrial plants and sea organisms are a key contributor. 
60% of new antibiotics have a natural product origin
50$ of anti cancer drugs are from natural product origin or natural product derived
Most CNS drugs are based on naturally occurring alkaloids
Focused screening – by learning from healers ( shamans)- healer consensus 
-learned by studying available literature like chineese medicine and focusing on plants that belong to familis that are known to have certain types of bio active compounds rare plants often give new and unusual compounds.
Random screening – screening of organisms that have previously not been investigated
· Rare or previously unaccesable plants 
· Micro-organisms in areas previously not accessible or under strange conditions
· Aka ocean floors or toxic dumps
Terrestrial plants continue to be a key source of novel drugs – amazing variety of structures continue to be discovered from plants , different organism give different types of compounds.
Natural products as sources of new drugs
Plants – often sources for anti-cancer , anti-fungal ,anti-oxidants and mood altering.
Microorganisms – often a source of antibiotics and anti-cancer compounds
From the oceans – typically many compounds have antibiotic and anti cancer activity – compounds incorporate Cl and Br
Single isomers are desirable – Enantiomers ( non superimposable mirror images have different biological properties) 
· R isomer is 20 times more active in adrenaline.
Diastereomers are different compounds and have different biological properties
Number of isomers is 2 to the N where n is the number for chiral centers 
8 isomers = 4 pairs of diastereomers
Racemic drug – equal amounts of each molecule. Easier to make but one is more active or more desirable
Until 1990 most drugs that had chiral centers were marketed as racemates  - 50/50 mixtures of the isomer that carried the activity and that 
Reason – cost 
Consequence – needs to take 2 times the amount of the drug
Best scenario is that the other isomer is harmless
Other possiblilties : the other isomer has different biological effects and has toxicity
Now chiral drugs need to be sold as a single enantiomer 
Allowance is made if second drug isomer is harmless or they cannot be produced separately. 
Enzymes in the patient convert one into the other – racemize the pure isomer
High resolution mass spectrometry 
-gives molecular weight of each substance to 4 decimal places > molecular formula 
Nuclear Magnetic Resonance (NMR) spectroscopy
-Proton NMR – gives signals for each unique hydrogen in a molecule 
-Carbon 13 NMR gives a signal for each unique carbon in a molecule 
- Many different modern spin-spin correlations give connectivity between atoms in a molecule 
Taxol – obtained from bark of pacific yew trees  used for chemo
Discovered by screening for cytotoxis effects 
Podophyllotoxin obtained from the roots of the north American may apple . Tradit	onal use is the removal of warts.
Also used for small cell lung cancer
Adriamycin – discovered by screening for cytotoxic activity 
Clinical use is cancer , like leukemia 
ANTI MALARIALS
Artemisinin – discovered by chineese army doctors – currently used for malaria based on chinese tradion. Best and most potent.
Quinine – based on peru traditional knownelde. From a tree bark. First antimalarial
Choroquine-Synthetic Excellent antimalarial with some resisant parasite.
Penicllin 
V Produced from penicillin mold , gram +ve but poor oral activity. 
G produced via fermentation , gram +ve and good oral activity
Amoxycilin broad spectrum actibity , some gram +ve and –ve. Oral active , semi synthetic.

CNS active alkaloids. Nitrogen atom joined to a aromatic ring cia a saturated two carbon units.
LEARNING FROM HEALERS = HEALERS CONSENSUS
Lipinski rule of 5 
Mw less than 500 – small enough to be readily absorbed via the intestines
LogP less than 5 log of the solubility of the compound in octanol/divided by the solubility in water. If its insoluble in biological media its not likely to be transported and disributed
Less than 5 H-bond donors
Less than 5 H bond receptors
Water is an excellent H bond donor and acceptor. Molecules that have many H bond donor or H bond acceptor positions interact very strongly with water. H bond strength is up to 5 Kcal/mol.
If too much water has been binded to the drug then energy will be needed to remove the water. More water removed = more energy needed therefore unfavourable.
H bond donor and accepting unit Oxygen , Nitrogen and Sulfur
Metabolism is Manily by liver enzymes belonging to the cytochrome P-450 family 
Most important CYP3A4 and CYP2C19 . Intoduce oxygen into the molecule.
Mechanism , abstraction of a H bond , preferably from a H donor such as carbon .
-Reaction with molecular oxygen to form a hydroperoxy radial
-abstration of a hydrogen atom from another molecules giving a hydroperoxide 
-reduction of the hydroperocide to an alcohol.
Metabolism: P450 oxidation 
Can occur at different sites and several time at the same site
CH3 CH20HCH=OCO2H
CH2CH(OH)C(=O)
Introduction of OH groups into aromatic rings.
Involves formation of an epoxide followed by rearrangement 
Electrophilic attack on the benzene ring
This helps to explain why substituents such as F,CL,Cf3 and SO2CH3 slow down the metabolism of drugs containing thses groups on an aromatic ring in the drug.
· These substituents are electron withdrawing groups (EWG).
· They remove electron density from the aromatic ring making the epoxide reaction less favourable. This increases the half life in the bodies. 

Drug-Drug interactions. 
Some compounds inhibit key CYP enzymes and reduce the rate of metabolism of the prescribed drug. – Result can be desirable , undesirable or tragic. 
-Need to be aware of metabolism of involved enzyme and therapeutic index. Small index is most concerning.
Therapeutic Index
Toxic dosage for 50% of patients / Therapeutic dosage for 50% of patients
Larger is better. If its less than 5 it gives a very small window of error (like cancer drugs)
Pro-drugs are activated by metabolism like Plavix 
-Plavix is an antiplatelet agent used to inhibit blood clots in coronary artery disease m vascular disease and cerebrovascular disease. Patients who do not have sufficient CYP2C19 , which metabolises Plavix into its active form , have 4 times the number of serious complications following operations.
Metabolism of 0-CH3 to O-H in codeine turns it into morphine.	
EXCRETION
To make compounds more water soluble they are sulfonated or converted into glucoronides.
-glucoronide have the hydrogen on an alchol group converted to an R group via glucoronidase.
-Sulfacted groups have a Hydrogen group replaced with sulphate. Both gives increased water solubility.
Bioavailability and bioequivalence 
Bioavailability – The rate and extent to which an active drug ingredient is absorbed and becomes available at the site of action. Determines by studying the concentration of the drug and its metabolits over time.
Bioequivalence – Refers to a comparison of the bioavailability of the active ingredient from different formulation prepared by different manufacturers or even in different batches of the same drug product.
Taxol – Obtained from bark of pacific yew trees. Semi synthesis via baccatin 3 obtained from needles of taxus canadiensis and eastern Canadian shrub 
-fermentation process
Taxol vs Taxotere 
Efficacy , formulation , side effects and cost
Lecture 5
Avoiding liver enzyme metabolism – also called first pass metabolism.
Change the administration from “oral” to 
· Intravenous injection
· Intramuscular injection
· Subligual
· Inhalation
· Rectal suppositories
Other metabolisms 
Drugs that are not acid stable do not survive stomach acidity. Not useful as orally taken drugs unless they can be formulated so that they pass through the stomach and then are absorbed in the intestines.
Penicillins and acid stability 
-all beta-lactam anti-biotics arehave some acid sensitivity 
-beta lactam ring is required for anti-biotic activity and is incorportated into the bacterial cell wall, creates a flaw and prevents further growth of the cell wall.
Highly strained four member ring – reactive to both acidic and basic conditions.
-if beta lactam ring is open – loss of anti biotic activity 
In conclusion an electron withdrawning R group will disfavour formation of the intermediate and increase acidic stability of the lactam ring.
Omeprazole Nexium for treatment of acid reflux 
Astra-Zeneca synthetic product , 14 B between 2001 and 2005 
A proton pump pro drug , activated by acid.
H pylori causes ulcers in the stomach. Amoxycillin kills the bacteria as omeprazole controls the stomach acidity. This allows lesions to heal. Drug is coated so it can be protected until stomach. 
ACE inhibitors Angiotensin Converting Enzyme inhibitors – used to treat hypertension 
-ACE raises blood pressure , ACE inhibitors prevent this. 
Enalaprilate is too polar and not absorbed. Very effective drug so it is injected. 
Converting the di acid into the monoacid – ethyl ester reduced polarity. The compound is absorbed into the blood stream and then converted into the active drug.
Taxol – anti cancer drug. From a pacific yew tree 
10g per 1000kg of tree but it helped with ovarian cancer. Bristol myers solved this problem.
-Carried out clinicals  and in two years find new drug. Approved in 1991 , given name taxol
Application – lung , ovarian , breast head and neck cancer
HOW ? Could not be chemically synthesived due to far too many steps
-Needed new natural source , yew trees were used. Tacus canadiensus needles and European ornamental yew shrubs. Contained baccetin 3 and taxol.
Need to converte into tacol by adding an R group. 
Alcohol + activated acid derivative  ester. Very challenging.
Prof Robert Holton figured it out using beta lactam. Patented this chemistry and licensed it to Bristol myers. Made millions for university
Taxol formulation – Not drug like according to Lipinski 5 
-poor bioavailability (its extremely insoluble in all solvents )
-eventually formulated with a combination of ethanol and cremophor. Administer intravenous 
Taxotere – much easier to make , can be administered orally and is highly bioactive
-clinical trials suggest better resules and no side effects due to formulation as compared to taxol  . 
Only side effects are that of all anti cancer compound ( extremely low TI)
Malaria 
-Use of DDT as a major insect propellent and bed netting are other types of prevention
Gates foundation  comes up with potential vaccines.
Quinine found in chincona tree bark in peru. Ancient knowledge.
Attempts at a synthetic compound to lacks of natural quinine during ww1 and 2 . 
Best compounds are choroquie which seems to be the better however some parasite are resistant
Mefloquine is also an excellent drug however has sever neuropsychaiatric side effects. 
Anti malaria and chinsese traditional medicine.
-china mandated a search in 1970 . 
Found artimisinin , a perocide structure , very stable , involves free radicals.
WHO on malaria
artemisinin-based combination therapies
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