BPS Notes (Midterm 1)  
Drugs: Chemical substances that are used to treat, prevent or diagnose diseases. They are also used to improve the quality of life. 
Types of drugs:
· Biologic (high molecular weight, made using living things, ex: vaccine) 
· Small molecule (low molecular weight, made with either chemical synthesis or living things) 
Ethical pharmaceutical companies: invest highly in research, develop new molecular entities, large companies (ex: Novartis) 
Generic companies: limited research, focus on breaking patents, do not discover new entities 
Biotech companies: heavily research intensive, want to exploit academic discoveries, smaller, often bought by large companies 
CRO’S: provide specialty services for pharmaceutical companies (ex: biological testing) 
· Costs to develop new drugs increases annually (today: 50 billion per year) 
Producing a new drug (takes 12 yrs avg.):
· Discovery (1-3 years)>>>drug candidate
· Development (1-2 years) >>>> IND (safety tests, toxicity data, purity profile etc.)
· Clinical trials (1-5 years) >>>>NDA (tests safety, efficacy, purity, dose etc.)
· FDA approval (6 months- 1.5 years) >>> ANDA (drug not patent protected) 
· On the market! 
Analysing a drug for the market we think about:
· Cost
· Effectiveness 
· Safety 
· Convenience to consumer 
· Nature of disease (acute vs. chronic) 

Timing of drug onto market is important:
· 1st on market makes most money
· 2nd makes less overall money but spends less on development 
· 3rd makes least profit 
HTS: compounds are tested for activity (requires biological assay, screened using robots)
· It is important to test a variety of compounds because we don’t know how they will act 
· All compounds typically tested at 30 micrometres 
· Common to receive false positives 
· Good HTS typically generates 500 hits 
· Hit to leads will remove the false positives 
· PAINS are rejected 
PAINS: bioactive compounds that show activity in almost all biological tests (ex: highly lipophilic, strong acid/base)
Confirmation of structure: structure of the drug is also tested 
Patterns in HTS discovered drugs:
· Cyclic, aromatic 
· Lots of nitrogen
· Organic (non -polar) 
· Achiral 
Natural products used in drugs (isolated from plants, bacteria, marine organisms, animals, humans): 
· Poisons from plants
· Colors, fragrances 
· Hormones from plants 
· Chemical synthesis of these is difficult 
· They often have very complex structures (ex: penicillin, spongistatin) 
Patterns in natural products:
· Chiral 
· Aliphatic 
· Oxygens 
Rational drug design:
· Design using a known chemical structure 
· Design it for patent advantages and improved properties 
· Ex: captopril
Patterns in rationally designed drugs:
· N and O’s 
· Aromatic 
· Aliphatic 
· Few chiral centers 
Combinatorial Chemistry: 
· Make semi random synthesis of large library of related compounds 
· Tests done for biological activity 
· Makes a large collection of molecules 
· Select the molecules with desired properties 
· Based on solid phase synthesis 
Split and pool peptides: 
· Attach 20 different amino acids to separate resin 
· Split into 20 equal portions 
· Pooling step combines all compounds together 
· Identify beads that give best activity 
· This process takes awhile 
Parallel synthesis method:
· Based on solid phase synthesis 
· Molecules are made in separate reaction vessels 
· Uses varied reagents 
· Usually involves central “core” with groups attached 
De novo design:
· Uses computer to design lead from scratch 
· Starts with protein structure, designs a molecule to fit a desired binding site 
SAR: structure activity relationships 
· Makes small changes in drug and look for activity changes 
· Try to optimize as many properties as possible 
Potency: smallest dose possible for desired target activity 
Selectivity: largest dose possible for minimum off target activity 
· Hardest problem in medicinal chem is getting drugs into the body 
· Focus on molecules that can enter the body 
Major goals of drug development: 
· Safety
· Large scale manufacturing 
· Formulation 
· Turn “drug candidate” into product 
Drug documentation;
· Experiments tightly regulated 
· If there is a mistake you WILL get sued 
· All data will be sent to FDA 
· Patents are IMPORTANT to have 
Patent: protects your product from others using the idea 
What can be patented:
· Process 
· Composition
· Chemicals 
· Method of making 
Process chemistry: 
· Large scale synthesis 
· Purification methods limited 
· Optimize synthesis for lowest cost 
FDA requirements for large scale synthesis
· Consistent yield
· Consistent purity 
· Consistent purity profile 
Safety testing 1:
· Tests using in vitro methods
· Uses biochemical assays developed over time 
· Look for “clean” profile 
· Cheaper than animals 
Safety testing 2:
· Animal tests 
· Use smallest animals possible 
· Use 2 species, at least one primate (rats and small dogs are good) 
Formulation: form of final product (ex: pill, liquid etc.)
API: Active Pharmaceutical Ingredient 
Excipient: all other non -medical ingredients (i.e stabilizers, preservatives, fillers, flavors, colors etc.)
Types of formulation:
· Pills (most popular) (goes through liver) 
· Capsules (goes through liver)
· Liquids (goes through liver) 
· Creams 
· Injectables (quick to get in body) 
· Etc. 
Clinical trial:  testing drugs on humans (3 main phases)
· Double blind studies used (2 groups of people)
· one group gets drug, other gets placebo (they don’t know which they are getting, neither does doctor) 
Clinical trials use the Nuremberg code for human research (started in 1947 after Nazis did crazy shit to humans for “research”)
· some crazy doctors did syphilis trials on black men, the trials were unnecessary, men were not informed about full benefits of penicillin once it was first introduced, doctors never got prosecuted 
After this it was legislated that health care/ drugs needs to be regulated by government (drugs began to be tested for safety and efficacy, in three phases) 
Orphan drugs: pharmaceutical agent for rare conditions 
· involves smaller clinical trials 
· more than 400 drugs currently 
Before 1907 drugs were not regulated 
1938- had to ensure the safety of new drugs (tests on drug safety were now initiated)
Medication in 1800s
· no regulation
· no instructions provided 
· no testing required 
· often contained narcotics and alcohol (feel good ingredients) 
J.A Bailey>>>discovered radiation can cure cancer 
1907- first attempt to regulate drugs (ingredients had to be on labels) 
SULFANILAMIDE
· drug used to treat infections 
· tasted gross so children didn’t take it (it was a powder)
· they made it into a liquid so people would be more likely to consume it 
· contained ethylene glycol which was toxic (caused kidney damage that lead to death) 
· they violated the labeling law by saying it was an elixir (drug got removed from market)
THALIDOMIDE
· developed as a sedative for pregnant women
· 1962>>> identified as a teratogen (caused babies to be born with defects like stubby arms and legs) 
· It was tested in rats but the mother uterus in rats will digest babies with defects, this won’t happen in humans
· Chirality of the drug caused it to be teratogenic 
After this, testing is now done in 2 species (1 must be primate)
FDA pays the companies to test their own drugs, they also provide inspections and a third party to investigate the safety of drug


TOPIC 2
Biological molecules are modular (i.e giant molecules that are all made of smaller molecules and can be broken down) 
· Proteins
· Nucleic acids
· Polysaccharides 
· Lipids 
Modular molecules allow for assembly and disassembly of complex structures using simple little ones
· Only need one enzyme system for each biomolecule type 
· Drugs produce effects by binding to biomolecules 
· Drug must make physical contact with something in body to create a response (proteins common targets)
Proteins are made of amino acids (20 different ones can be used) 
· Amino acids share same backbone but differ in side chains 
· All amino acids have same stereochem 
· Basic side chains: act as weak bases 
· Acidic side chains: act as bases 
Primary Protein Structure: the amino acid sequence in the protein (joined by peptide bonds) 
· Goes from N terminus to C terminus (Nitrogen to Oxygen) 
Secondary Structure: regions of local order in the backbone (alpha helix, beta sheet, beta turn, loop)
· Caused through interactions between amide bonds (amide bonds allow resonance)
Side chain interactions:
· Neg charge attracted to pos charge 
· H bonding between side chains 
· Non -polar and other non-polar chains interacting 
· RESULT of these interactions>>>>>folding of amino acid chain 
Alpha helix’s:
· H bonding causes chain to coil around 
· Very strong 
Beta sheets:
· Beta structure H bond together 
· Antiparallel and parallel sheets exist (antiparallel is stronger) 
· When sheets curve around each other it makes beta barrels 


Beta turns:
· Tight 180 degrees turn from one molecule to another 
· Glycine and proline common in these structures 
Tertiary Protein Structure:
· Overall 3D shape of protein 
· Intermolecular forces hold tertiary structures together 
Van der waals forces:
· Helps hold molecule together 
· Strengthens polar interactions 
· Non- polar environment critical for holding protein together 
Quaternary Protein Structure:
· Many proteins coming together to form one 
· Drugs rarely interact with quaternary structures 
Types of protein targets for drugs:
· Enzymes (drugs stop enzyme from working or stop production of enzyme) 
· Receptors (drug activates or deactivates receptor) 
· Ion channel (drug can open or close ion channel) 
· Structure of protein (drug will interfere with assembly of protein) 
Enzymes:
· Catalyze reactions 
· Lower the Ea 
· Most of an enzyme is a scaffold (active site is small)
· Enzymes have active sites that allow the substrate to come in and bind 
· Enzymes often change shape to accommodate substrate 
· Binding of substrate to active site allows for reaction to occur 
· Substrate then becomes the product of the reaction 
· INDUCED FIT THEORY (both change shape, both have conformational change)
Enzyme Inhibition:
· Competitive inhibitor (inhibitor molecule competes with substrate to bind to active site, causes substrate to no be able to bind) 
· Non -competitive inhibitor (substrate binds to enzyme but in the wrong spot, i.e not the active site) 
· Uncompetitive inhibitor (RARE, inhibitor binds to ES complex, thus destroys catalytic ability of enzyme) 
· Irreversible Inhibitors (bond covalently to enzyme, alters conformations)
Example of comp. inhibitor: Antabuse (causes extreme hangover?)
Example of non- comp. inhibitor: Fluconazole (blocks cytochrome P450)
Example of uncomp. Inhibitor: Lithium (blocks inositol monophosphatase) 
Example of Irreversible inhibitor: Penicillin (stops the cell wall construction) 
Chemical messaging via binding:
· Interactions between messenger and receptor change the shape of receptor 
· Shape change allows second messenger to bind or be released OR creates or destroys a catalytic function 
Agonist: aid in normal receptor function (ex: asthma drugs) 
· Partial agonist (binds to receptor, produces conformational change)
· Inverse agonist (shuts of background activity of receptor)
Antagonist: block normal receptor function (changes shape thus blocking signal) ex: Tagamet
· Allosteric antagonists (bind near active site) 
· Active site antagonist (bind to active site) 
Measuring drug behavior:
· Use biological assay 
· Qualitative and quantitative results
· In vitro methods (using chemicals, cells, tissues) >>>>PREFERRED 
· In viro (uses animals) 
Types of general assay’s;
· HTS (fast, qualitative, automated) 
· SAR work 
· Kinetic based
· Cell or tissue based (usually quantitative, uses skilled technicians, slow, difficult to interpret results) 
TOPIC 3 
Drugs bind to targets using intermolecular forces (H bonding, dipoles, VDW, electrostatics)
Electrostatics (strongest IM force):
· Negative molecule (usually Carboxylic acid) binding to a positive molecule (usually N)
· Stronger in hydrophobic environments 
· Integration will be weaker when solvent is exposed to environment
· Interaction will be stronger when enclosed in lipophilic environment 
Hydrogen Bonds:
· 2nd strongest 
· Stronger in hydrophobic environment 
· Stronger when H-X bond points towards axis of lone pair acceptor 
· H bond donors (the entire bond, OH or NH) 
·  H bond acceptors (what can donate lone pairs to make H bond? O’s and N’s)
Dipole interactions 
· Moderate strength 
· Stronger in hydrophobic environment 
· Ex: (C-O) 
VDW interactions:
· Weak 
· Strength depends on SA
· Bigger molecule= stronger VDW 
De solvation: strips out water from active site before binding 
· Lipophilic drugs will stick better to biological molecules (most drugs are lipophilic) 
· Non- polar drugs preferred 
· Lipophilic environment makes it easier for de solvation 
Drug potency: measure of concentration (high potency= low concentration) 
SAR (Structural activity relationships):
· Make structural changes to molecule 
· Measure potency 
· Use this info to design next compound 
SPR: same as SAR but measuring VARIOUS properties of compound 
Goal of SAR is to get a drug like molecule:
· Potent
· Bioavailable (measure of how much drug makes it into blood stream)
· Chemical behavior (solid or liquid? Ease of synthesis) 
Common property measurements in drugs:
· Solubility
· Pka
· logP or logD (measures lipophilicity)
· molecular weight 
· permeability 
· melting point 
· metabolism 
· protein binding 
NEED GOLDILOCKS ZONE OF ALL OF THESE (all this control how easily drug will pass through body) 
We want to maximize the amount of drug to pass into blood stream!
Gastro intestinal tract is important to look at since most people want drugs to be in pill form:
· stomach environment (strongly acidic pH 1.4 to 2.1)
· drug must be water soluble 
· drug must be able to survive in strong acid 
· little of drug to be absorbed in stomach 
· intestinal environment (neutral pH 4.4 to 6.8)
· most drugs are absorbed in intestines (through passive diffusion)
· diffusion requires goldilocks zone between drug water solubility and lipophilicity (since it is passing through phospholipid bilayer)
Most drugs on ionizable (have charge):
· basic 75%
· acidic 20%
· neutral 5% 
Liver:
· tries to get rid of lipophilic molecules by metabolizing them 
· hydrophobic molecules are highly metabolized 
Blood stream:
· [bookmark: _GoBack]lipophilic molecules bind to carrier proteins in blood to be transported through body (ex: albumin)
· hydrophilic compounds are cleared from blood and hydrophobic are not 
· passive diffusion of drug from blood to target organ 
properties measured to determine efficacy of drug delivery (ADME):
· absorption
· distribution
· metabolism
· excretion 
Use Lipinski’s rule of 5 to evaluate properties required for drug delivery (if 2 or more of the rules are not met then the drug will be poorly absorbed) 
Rules…
1. less than 5 H bond donors 
2. less than 10 H bond acceptors 
3. mol weight >500 (large molecules are less soluble)
4. logP>5 (water solubility decreases as lipophilicity increases)
importance of lipophilicity in drugs:
· drugs must have a balance between water solubility and lipophilicity (dissolve in water and grease)
LogP:
· [drug in octanol]/ [drug in water] 
· High number= lipophilic 
· Low number= hydrophilic 
· Must be <500 to get in body 
Drug permeability: rate at which drug passes through lipid membrane 
We can test drug permeability using:
· Caco-2 
· PAMPA 
FDA uses classification system to classify drugs 
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Phases of metabolic stability:
· Phase 1 (adds polar functional groups to reduce lipophilicity)
· Phase 2 (conjugation to improve water solubility, adds polar groups) 
LEO (loss of electrons is oxidation)
GER (gain of electrons is reduction)
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