Pharmacology—Introduction and Basic Principles
Pharmacology


Pharmacology is the study of how drugs interact with body constituents to produce therapeutic effects.  It also examines the effect of drugs on living systems.  It is a complex science that requires knowledge of biochemistry, physiology, organic chemistry, and molecular biology


Clinical pharmacology is the effect of drugs on humans.  

Drugs


A drug is anything that can be used to treat, diagnose, or prevent disease.  Drugs can be classified based on structure, mechanism of action, or the effects it produces.
Drug Control and Development

A New Drug Application (NDA) must be submitted to the FDA before drug can be marketed.  This was developed in the Food, Drug and Cosmetic Act in 1938.

Stages of Drug Development
1) Phase I—Clinical Pharmacology establishes safety of drug.  

2) Phase II—Clinical Investigations establish efficacy of the drug and to determine the effective dose.  

3) Phase III—Clinical Trials look at adverse effects.

4) Phase IV—Post Marketing Study is a continuous collection of data after the drug has been introduced into the market

It takes 7-10 years to develop a drug at a cost of $250 million.
Dose-response curve is usually in the form of an S-shape.  As the concentration of the drug increases, the % response will increase accordingly.

Metric Equivalents

	kilo
	1000

	hecto
	100

	deka
	10

	gram; liter; meter
	1

	deci
	0.1

	centi
	0.01

	milli
	0.001

	micro
	0.000001

	
	


Common Conversions

1 Gram = 1000 mg

1 mg = 1000 mcg

1 mL = 1 cc

Metric Abbreviations


Weight






Volume
1) kilogram = kg




1) liter = L

2) gram = g




2) milliliter = mL

3) milligram = mg



3) cubic centimeter = cc

4) microgram = mcg
Apothecary System

Apothecary and Metric Equivalents




1) 1 ounce = 30 cc = 30 ml = 30 g

2) 1 dram = 4 ml

3) 1 grain = 60 mg

Apothecary Abbreviations

1) grain = gr

2) dram = dr

3) ounce = oz

Household Measurements

	Household Measure
	Abbreviation
	Metric Measure
	Apothecary Measure

	Cup
	C
	1 C = 240 cc
	1 C = 8 oz

	Teaspoon
	Tsp
	1 tsp = 5 cc
	

	Tablespoon
	Tbsp
	1 tbsp = 15 cc
	

	Drop
	gtt
	Depends on drop size
	

	Pound
	lb
	2.2 lb = 1 kg
	1 lb = 16 oz


Pharmacodynamics


Pharmacodynamics is the biochemical and physiological effects of drugs and mechanisms of action (MOA).  It is what a drug does to the body and how they work.

Pharmacokinetics


Pharmacokinetics is the study of how the body absorbs, distributes, metabolizes, and excretes drugs.  It is what the body does to the drug.  
Pharmacotherapeutics


Pharmacotherapeutics is how we use drug treatment to cure, prevent, alleviate, and diagnose a disease.  The risk-benefit ratio is how safe a drug is.  It compares the risk vs. the benefits of a drug and describes the adverse effects of a drug.

Toxicology


Toxicology is the study of poisons and their recognition, treatment, and prevention.  For drugs, adverse drug reactions (ADRs) or side effects (SEs) are observed at therapeutic doses, while the toxicity of the drug is observed at higher does.  Chemicals are not used in therapy but rather in household, industrial, environmental, and drugs of abuse.  

Teratology


Teratology literally means the study of monsters.  It is the study of how drugs taken during pregnancy can cause fetal morphology.  An example of this is retinols (Accutane), which is classified as Category X.  
Therapeutic Index (TI)


The therapeutic index (TI) is the margin of safety of a drug.  In animals, we use LD50/ED50.  In humans, we use TD1/ED1.  This is the minimum toxic dose divided by the minimum therapeutic dose.  TD1 is the lowest dose that is going to produce toxicity.  ED1 is the lowest dose that will produce an effective response.  We want a high TI.  These drugs are safe.  The TD1 is best when it is very high and the ED1 is best when it is very low.  This relationship will result in a high TI and therefore a safe drug.  Drugs with a low TI could produce toxicity more easily.  They are not safe and usually require therapeutic blood level monitoring.
How do drugs work?

1) Drug must get to its site of action (biologic molecule), known as a receptor.

2) Receptor may be membrane, membrane protein, cytoplasmic, or extracellular enzyme

3) Drug binding site has a 3D orientation and can be proteins, glycoproteins, or lipoproteins

4) Specificity is when a receptor must be able to recognize a drug for it to work.

5) Lock & Key is the drug-receptor complex that is formed

6) Drug-receptor complex produces a biochemical or physiologic response.
Effects of Drug Binding


When a drug binds to a receptor, there can be a release of a neurotransmitter, a hormone, or an endogenous chemical.  They change electrical potential or membrane permeability.  They can also cause a cascade effect.  
Agonists

An agonist is a drug that combines with a receptor and activates that receptor.  It produces the same response as an endogenous chemical or stimulates the release of endogenous chemical.  It has a high affinity for a receptor and efficacy (intrinsic activity)
Affinity—Tendency of a drug to bind to a receptor
Efficacy—relationship between receptor occupancy and ability to initiate a response.

Intrinsic Activity—Capacity of a single drug-receptor complex to evoke a response.
Antagonists


An antagonist is a drug that combines with a receptor used by an endogenous chemical and blocks or diminishes the response of the endogenous agent.  It can also combine with a receptor and inhibit the release of an endogenous compound.  It can also intercept the signal generated by an endogenous agent.

Agonist / Antagonist


A partial agonist has affinity but low efficacy.  Competitive antagonism is when an agonist and antagonist compete for the same receptor site.  Non-competitive antagonism is when an agonist and antagonist bind at different sites on the same receptor.

Potency vs. Efficacy


Potency is the ability of a drug to create a response.  If the dose of drug A is less than drug B and achieves the same response, drug A is more potent.  Efficacy is predefined and is the magnitude of the maximum effect

Tolerance


Tolerance is reduced response to the same dose.  It can also be when an increased dose is needed for the same response.  It can be due to a change in receptor sensitivity or the pharmacokinetics of a drug.  This usually happens slowly, depending on the drug.  Some drugs do and some do not.

Dependence


Dependence is different from tolerance.  This is the need for a drug.  It can be due to psychological or physiological reasons.

Placebo Effect


The placebo effect is a psychological response to a drug.  A well designed clinical trial will contain a placebo group.

Allergies (Hypersensitivity)


An allergy is an adverse immune reaction that results from a previous exposure to a particular chemical or one that is structurally similar.  It is divided into four categories, type’s I-IV.

Type I


Type I reactions are anaphylactic and mediated by IgE antibodies.  Symptoms include uticaria, rash, vasodilation, hypotension, edema, inflammation, rhinitis, asthma, tachycardia, etc.  


The symptoms are a result of the release of histamine, prostaglandins, and leukotrienes.
Type II


Type II reactions are cytolytic reactions that are mediated by IgG and IgM antibodies and affect the cells of the circulatory system.  Symptoms include hemolytic anemia, thrombocytopenia, granulocytopenia, or systemic lupus.


These autoimmune reactions to drugs usually subside within several months after drug discontinuation.

Type III


Type III reactions are arthus reactions that are mediated by IgG where immune complexes are deposited in the vascular endothelium, where a destructive inflammatory response called serum sickness occurs.  Symptoms include erythema multiforme, arthritis, nephritis, CNS abnormalities, and myocarditis.

Type IV


Type IV reactions are delayed and mediated by T-lymphocytes and macrophages.  When sensitized cells come in contact with the antigen, lymphokines cause an inflammatory response

Idiosyncratic Reactions


Idiosyncratic reactions are unusual responses to a drug and are usually caused by genetic differences in metabolism or immunologic mechanisms.

Reactivity


Hyperreactive is when the intensity of a given dose of a drug is greater than anticipated.  Hyporeactive is when the intensity of a given dose of drug is less than expected.


Reactivity is a concern when therapeutic effects are not observable.  This is important with low TI meds and underdosing, which can be just as bad as overdosing.         
Pharmacokinetics

A membrane is a lipid bilayer made of phospholipids and cholesterol.  Drugs with higher lipid solubility cross membranes more readily.  Drugs are either weak acids or weak bases.  In different pH ranges, they will be charged or uncharged.  The uncharged form is the lipid soluble form and this is the form of the drug that will cross the membrane.

Drugs can cross the membrane by passive diffusion, facilitated diffusion, active transport, or Pinocytosis.  Passive diffusion occurs in the drug’s unionized form.  Small water soluble molecules are going to move with water.  Most drugs pass through membranes by this mechanism.  Diffusion occurs down the concentration gradient, from high to low.  For non-electrolytes, it is proportional to lipid solubility.  For electrolytes, it is related to pH.  Facilitated diffusion passes with the concentration gradient and requires energy and a carrier protein.  Active transport goes against the concentration gradient and requires ATP.  Pinocytosis is the formation and movement of vesicles across membranes, which also requires energy.
Absorption

Absorption is the first part of pharmacokinetics.  It is the rate at which a drug leaves its site of administration and the extent to which it occurs.  Involved in this is bioavailability.  This is the extent (%) to which a drug reaches the site of action or a biological fluid that has access to that site.  We want oral drugs to have high bioavailability.  IV drugs have 100% bioavailability.  The reason for differences in oral bioavailability has to do with the kind of tablet the drug is.  


First-pass effect is another concept associated with oral drugs.  These are metabolized first by the liver, decreasing the bioavailability of the drug.  Not as much of the drug enters the bloodstream as it normally would.  This is a first-pass effect.  To get around the first-pass effect is to administer the drug sublingually.  


The greater the solubility of the drug, the greater the absorption.  Increased circulation at the site of administration will increase the absorption.  A larger absorbing surface will increase absorption.  Increased gastric emptying time means increased absorption.  Absorption varies with food.  In general, absorption of drugs will be reduced with the presence of food.

Routes of Administration


Three major classifications are enteral, parenteral, and miscellaneous.

Enteral:

With oral drugs (PO), they are mostly absorbed in the proximal jejunum due to its surface area, microvilli, blood vessels, and a high perfusion rate.  Weak acids are unionized in a low pH.  Tylenol is a weak acid and is unionized in a low pH, so it is well absorbed in the stomach.  Valium is a weak base and is ionized in a low pH, so it would not absorb well in the stomach.  Oral drugs are the safest, easiest, and cheapest.  Some drugs cannot be taken orally because they are too irritating, destroyed by acids or enzymes in GI tract, or altered by food or chemicals  

Sublingual drugs (SL) are reserved for drugs that need an immediate onset of action, such as nitroglycerine.  They are used for very highly lipid soluble or potent drugs.

Rectal (PR) route is reserved for nausea, vomiting, or patients unable to swallow.  It is only useful when oral is not possible.  Elderly and pediatric patients may also use the rectal route.  Most drugs are irritating to the rectal mucosa and their absorption is unpredictable and variable.   
Parenteral Administration:


Intravenous (IV) drugs have no absorption phase, are accurate, immediate, irreversible, and must be aqueous.  Their bioavailability is 100%.


Intramuscular (IM) drugs have a slower onset and a longer duration that IV drugs.  Absorption is delayed and is related to vascularity.


Subcutaneous (SQ, SC) drugs have a slower onset and longer duration than IM because fat is less vascular than muscles.   
Miscellaneous:

Topical has no absorption, therefore less systemic side effects and adverse reactions.  They include creams and lotions

Transdermal is designed for a systemic effect.  It crosses the skin.  An example of these is patches.


Aerosols have a very rapid onset because of the extremely large surface area for absorption and good blood supply.  They are used mostly for a local effect.
Distribution


Distribution is after the drug passes the membrane and has been absorbed.  It must go from the circulation to its target site.  The movement of the drug must be able to go through compartments.  Two important compartments of distribution are the BBB and placental barrier.  Each time a drug enters a new compartment it must cross a membrane.  The partition between two compartments is dependent upon the lipid and protein content, pH, osmotic pressure, and blood supply.  Other factors that affect the distribution rate are capillary permeability, perfusion rate, protein binding, and pH.  The blood-brain barrier is very important.  When there is a CNS infection, there is inflammation of the BBB; permeability for antibiotics is increased so there is a better chance of fighting the infection.  Drugs pass quite easily across the placenta.  


The volume of distribution is the total volume of fluid in which a drug may be distributed.  In an average 70 kg adult, the volume of distribution is 40 L (40,000mL).  On average, 10 L is plasma, 10 L is interstitial fluid, and 20 L is extracellular fluid.  


Protein binding can also be referred to as a reservoir.  When drugs are bound to anything other than a receptor, they are inactive.  Drugs must be free or unbound to be active.  The ability of a drug to bind to a protein can affect its bioavailability.  Protein binding sites are sometimes referred to as reservoirs.  
Biotransformation/Metabolism


Metabolism is converting the drug to something that is more polar and water soluble so it can be excreted.  Most of this occurs in the liver.  Almost all metabolic pathways are enzymatic.


Phase I metabolism usually occurs first.  We are breaking something down.  This is an oxidation-reduction type reaction or a hydrolysis reaction.  CYP450 system plays a role here.  We are breaking it down to a more polar or more hydrophilic drug.  This will aid us in the excretion process.  This is non-synthetic.  


If it is not polar enough after phase I, it will enter phase II.  Here, it will enter a group that will make it even more polar.  This is synthetic.


Metabolism will change the molecular structure of a drug to produce a product that is less pharmacologically active.  

The CYP450 system is the main system that is involved in the oxidative metabolism of drugs, chemicals and some endogenous substances.   It is the main enzyme system found in phase I and consists of many isoforms, each with its own substrate specific.  CYP3A4 (50%) is the most common isoform involved in the metabolic process.  The substrates for this isoform consist of benzos, HIV drugs, and calcium channel blockers.  CYP2D6 (30%) is the second most common and is very important because there are polymorphisms that will affect the patient’s ability to metabolize the drug.  The polymorphism is seen is Caucasians.  The substrates here are psychotropics, codeine, and beta-blockers.  CYP2C9 (10%) is the third most common isoform.  Drugs with a narrow TI are metabolized through this pathway.  The substrates here are phenytoin, warfarin, and NSAIDs.  

Enzyme inhibitors are drugs that are slowing down the metabolism of other drugs metabolized by the CYP450 system.  This will increase the toxicity of the other drug.  Enzyme inducers are drugs that will speed up the metabolism of other drugs metabolized by this system.  This will decrease the therapeutic effects of the other drug and it may not work properly.  
Pharmacogentics and Pharmacogenomics (See Article)

Pharmacogenomics will help us to identify new drug targets.  It refers to the general study of all of the many different genes that determine drug behavior.  Pharmacogentics uses more of a patient’s profile to use a specific drug for that patient.  This refers to the study of inherited differences (variation) in drug metabolism and response.  These terms may be used interchangeably.    


Single nucleotide polymorphisms (SNPs) are variations in the human genome.  A response to a drug is often linked to these DNA variations.  Susceptibility to certain diseases is also influenced by DNA variations.


In the CYP2D6, 7% Caucasians have a defect that will not transform codeine to its active form.  In this case, they are a having a sub therapeutic response.  Also affected are 1-3% of African Americans and Asians.  It affects the metabolism of psychotropics, codeine, beta-blockers, and antiarrhythmics.  It is the most studied genetic polymorphism.  CYP2C9 will affect the clearance of phenytoin and warfarin metabolism.  This will increase its circulation and therefore increase its adverse effects.


Ethnicity has a role in how well a patient will metabolize a drug.  Extensive metabolism and ultra rapid metabolism will have therapeutic failure.  Intermediate metabolism is the ideal goal for metabolism.  Poor metabolism will increase circulation and have a greater chance of toxic effects.  5-10% of Caucasians are poor metabolizers.  Slow acetylators are slower metabolizers and are mainly found in Middle East population, so they have a greater chance of toxic effects.  Fast acetylators are faster metabolizers are more common in Japanese, so they may have therapeutic failure.  Alcohol and aldehyde dehydrogenase in Asians is decreased, which increases cancer in the upper respiratory tract.  There is G6PD deficiency in 14% of African Americans, causing RBC Hemolysis with sulfa drugs.  

Miscellaneous polymorphisms include transport proteins and drug-receptor alterations.

The advantage of pharmacogenomic research is that we are able to determine the genetic basis of drug response in individuals.  We can also develop individualized drug therapies for treating disease and provide tailored drug therapy based on genetically determined effectiveness and ADRs.   

Excretion


Excretion is how the drug is eliminated.  Excretion is pH related.  The more alkaline urine increases excretion of weak acid.  More acidic urine increases excretion of weak base.  Drugs can be eliminated from the body either unchanged or as metabolites.  The most important routes in humans are the kidneys, feces (either unabsorbed drug or via biliary excretion), and breast milk.  The control of excretion is via the kidney.  

Clearance is the rate at which drug is eliminated form the body.  It is the volume of blood in which the drug can be completely removed per unit of time


Steady state is when clearance = administration.


Half-life (t1/2) is the time it takes for the concentration of a drug to be reduced by half.  Elimination half-life is used more commonly than plasma half-life.  It shows how long it takes for the drug to get to a steady state, dosing frequencies, and shows elimination time.  Drugs with a shorter half-life have to be dosed more frequently.

As you increase age, renal function decreases, so elimination will decrease.  Your renal function decreases 10% for every decade over 30.  Weight, gender, and genetics also affect pharmacokinetics and pharmacodynamics.  Drug-drug and drug-food interactions are also important.  Grapefruit juice is a potent inhibitor of the CYP450 system.
Mechanisms of Drug Interactions

1) Addition—the sum of like effects

2) Synergism—combined effect is greater than the sum

3) Potentiation—an inactive drug increases the effect of another

4) Induction—one drug increases the drug-metabolizing enzyme activity of another

5) Inhibition—metabolism or excretion of one drug is blocked by another

6) Unbinding—one drug displaces another from a protein binding site.  More unbound drug equals more activity.         
Drug Safety in Pregnancy

Category A is the safest drug and Category X is the most harmful.  See handout.  

READ ARTICLE!!!!!!!     

