Pharmacology Review Chpt. 1

Summer 2002

Pharmacology Introduction
Pharmacology = Study of drugs and drug actions, drug uses and adverse effects. 
· Drug n:
A substance used as or in medicine.

--Merriam-Webster Dictionary

· Pharmacodynamics 
How the drug/herb acts in the body

· Pharmacokinetics 
How the body acts on the drug/herb 

Questions to ask:
Can food be a drug?
Are herbs drugs?

How does a particular drug affect body function?

Where does it go (CNS, intracellular)?

How is it absorbed?
Metabolized?
Eliminated?

Rules of pharmacology:

· Drug = Any agent used to affect a physiological process.

· All drugs have side effects 
(Consider:  If potentially therapeutic, does it pose equal risk potential?)

· What is a side effect?
Can it be beneficial?

(Point to ponder:  When is a weed a flower?)

· In military terms, “collateral damage”, or “friendly fire” 

· Drug effects are dosage dependent 
(Ignores concepts of plant energetics, homeopathy, etc.?)

Differences between herbs and drugs

1. Drugs may contain enantiomers & chemical impurities 

Note:
Over 50% of drugs contain racemic mixtures, but receptors SELECT for only one conformation  (
· 50% potency (due to 50% purity)

· Increased toxicity (adverse drug reactions, or side-effects due to enantiomer actions at other receptors)

· Enantiomers metabolized at different rates
(Why?)

2. Herb constituent balance (dose) may  vary depending on the plant (Site, soil)

3. Herbs may contain many components -- Whole plant is usually more effective than single component. (Why?)

4. Adaptogenic effects

Note:
Some drugs do NOT act at SPECIFIC receptors – their action is more “global”

Receptor:
Almost all drugs have one (or more)…Site where the drug binds and acts = Biochemistry + Physiology!

Receptor interactions depend on:


· Drug Size:
Usually MW 100 – 1,000

Too small (below MW 100) lacks specificity

Too large (above MW 1,000) doesn’t readily diffuse 
(Why does diffusion matter?)

Note:
The drug cannot interact with its receptor if it cannot reach it!!

· Drug Shape:
Lock & Key fit

Isomers (same chemical formula, different shape)

Enantiomers (mirror images) 

· Type of bond (chemistry):
Specificity

Strength

Reversibility

Pharmacodynamics - Action of the drug on the body

DOSE/Response 
· Intrinsic activity (older term) = Efficacy:
Maximal effect of a drug (Emax).

· Potency:
Measures the drug concentration needed to achieve half-maximal effect (EC50). 

(Is the most potent drug always the most “effective”?  )

Types of Receptor-“Drug” interactions:
· Agonist:
Binds and Stimulates receptors.

· Antagonist:
Binds but does NOT stimulate (How?)

May be competitive or non-competitive

· Partial agonist:  Does NOT give maximal stimulation (like a full agonist), EVEN when all receptors are occupied/saturated 

· Irreversible antagonist:
Either covalently binds to the receptor or has a much higher affinity for the receptor.  

If there are NO spare receptors this (  ( Emax.

If there ARE spare receptors,  then the curve is shifted to the right (it takes more agonist to get the same effect) until 

the spare receptors are filled…then it decreases Emax.

· Physiologic Antagonist:
A drug that binds at another receptor site producing an opposite effect 

(How does this differ from pharmacological antagonism?)

· Chemical antagonist - chelator that interacts directly with the drug to remove it.

DOSE/Response curve 

· Assumptions:  

· Occupancy Assumption:  Assume the magnitude of the effect (E) is proportional to the conc. of the drug receptor complex [RX].  First, define Kx:  Kx (Dissociation constant) = [R] [X]/ [RX], where [R] = recept. conc., [X] = drug conc., and [RX] is the conc. of the drug/recept. complex.
· Graded dose response curve:

· As Kx(, [XR](:  so if Kx is (, then binding affinity is ( -Kx is inversely proportional to binding affinity.

· Leads to:  E/Emax = [x]/ (kx + [x]) 
If E/Emax= 1/2, then kx = [x]
· Dissociation constant = the drug conc. when effect is half-maximal.  

· BUT - effect does NOT always = conc. of DR complex!

Example:
1. 2.
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Kx = Dissociation constant, Rmax = max # of receptors



Emax= max effect. 

EC50 = Conc. of drug that produces a 50% max. effect

Potency:  Measure of the drug concentration need to achieve half-maximal effect (EC50). Is the most potent drug always the most “effective”?  

Intrinsic activity (older term) = Efficacy:  The maximal effect of a drug (Emax).

EC50 = Kx when NO spare recept. are present.  

If spare receptors ARE present does EC50 = Kx?
Spare receptors:  Maximum response occurs when not all of the receptors are occupied (How?)

Spare receptors ( the sensitivity to the agonist. 

· Kx determines the fraction of receptors that are occup., NOT the effect w/ spare receptors (need EC50).

· # of receptors may exceed the number of effector molecules available. An effector molecule transduces signal across cell membrane into cell.

Note:  The concentration (C') of an agonist required to produce a certain effect in the presence of a fixed concentration ([I]) of competitive antagonist is greater than the agonist concentration (C) required to produce the same effect in the absence of the antagonist. (Why?  - see graph)

Schild eqn.:  C'/C = 1 + [I]/Ki , where Ki is the dissociation constant of the antagonist (inhibitor). Emax remains the same but the curve is shifted to the right. The amount of the shift depends on:

· Plasma concentration of the antagonist

· Amount of endogenous ligand present

Any drug that INHIBITS an endogenous ligand has an effect determined by the Schild equation (for calculating EC50).

Other graphical methods:  

· Lineweaver-Burke = Double reciprocal plot.  

· Scatchard Plot:  Straight line plot, slope = -1/Kd

[XR]/[X] (Bound/Free) = (-1/kd)[XR] + [XR]max/Kd (need not  memorize equations!)

Drug Dose and Clinical Response

Therapeutic Index = 
Toxic Dose (50% of pts)
           



Effective Dose (50% of pts)

Many Indices for each drug effect/toxicity, relationship between the desired effect/undesired (side effects). 

· Example of a drug with a low Therapeutic Index: Digoxin, Digitalis= Foxglove
Quantal Dose Effect Curves - the dose required to produce response in each member of a population.  This curve is generated in a POPULATION NOT an Individual!
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The further apart (and the steeper) the curves get, the safer the drug.

(Why?)

If the slope is steep, more homogeneous response, less chance of “outliers” w/ toxic effects (everyone is different!)

Dose response curves for populations are DIFFERENT  from those in a single person - looking at CUMULATIVE responses (variability of a popul. response to a drug vs graded dose/effects (efficacy)).

Variables impacting drug sensitivity:
( Age
( Sex
( Body weight
( Genetic Composition (Metabolism)






( Prior Exposure (Tolerance)
( Interaction with other drugs.

Heroin - former addict cannot take old dose (Why?).


Dose









    

Effect 


Pharmacokinetics = Action of the body on the drug

· Asks:
What are the actions of the BODY on the drug? 
(vs Pharmacodynamics = Action of the drug on body.)

· Consider the human body as separate aqueous compartments separated by lipid (semi-permeable) membranes. What determines the concentration of drug/herb at a site?

Important Factors:

· Route of administration – oral, pulmonary, rectal, vaginal, injectable, topical

· Absorption = movement into the blood stream

· Distribution = movement from blood to target site (includes permeation through barriers (blood/brain barrier, lipid membranes)).

Aqueous diffusion - epithelial tight junctions and pores in the lining of blood vessels allow MW 20,000 - 30,000. 

Fick's law of Diffusion: 
Flux = (C1-C2) x (area x perm. coeff)


C1 = Higher concentration




Thickness




C2 = Lower concentration

· Flow moves from higher to lower:  C1( C2

· As thickness(, Flux (.

Permeability Coefficient = Major determinant of drug mobility.  

What determines drug permeability? 

· Molecular size (in solution) 

· Lipid solubility (across membranes)

Lipid Diffusion - most important limiting factor for drug permeation (lipid barriers in the body)

· Only uncharged molecules diffuse through a lipid barrier (except for active transport).
· Most drugs are weak acids (pKa 3.0-7.5) or weak bases (pKa 7.5-10.5) -- Whether or not they carrry a charge depends on solution pH
Example:  Aspirin is a weak acid (pKa = 3.5)  

· Is it absorbed more in the stomach or in the intestine?  

· Where is it uncharged?

Henderson-Hasselbach equation: 

Log (base)/(acid)  = pH - pKa
Simpler analysis for an acid :  AH                 A- + H+ 

As pH ( below pKa, see ( protonated (uncharged) drug 

When pH = Pka (protonated = unprotonated)

When pH<pKa equation shifts to left (more protonated) 

When pH>pKa equation shifts to right (less protonated)

Aspirin will be absorbed more where the protonated (uncharged) concentration is the highest

· What is the pH of the stomach? Intestine? 

· Once aspirin is absorbed into the cell (pH~7.5), what will happen?
Kidney: If a drug is lipid soluble will it be excreted more or less rapidly? (assume filtration at glomerulus)..  Trapping in urine means ( excretion.
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Amphetamine

Aqueous diffusion - Epithelial tight junctions and pores in the lining of blood vessels allow MW 20,000 - 30,000. 

· Flow is from higher to lower 

· As thickness(, Flux (
The circulation is used to transport most drugs but there are some barriers.

Relative Permeability of Capillary beds:

   Liver> kidney> muscle>placental>>>brain

   
( Permeability  ((((((   ( Permeability

· Blood-brain barrier - the capillary endothelium has tight junctions (only capillary bed with this). Effective pore size = 8A. Can only cross if lipid soluble or < 8A or has a specific transport mechanism.

· Placental “barrier” - no tight junctions.  but a lot of cells to cross over. Varies throughout pregnancy. Early in pregnancy the cell layers are 25,000A thick. Later they are 2,000A thick. 

Often it is difficult to identify the specific effects of drug exposure during pregnancy – so…

To be safe…
NO DRUGS unless absolutely necessary during pregnancy!  (This INCLUDES Herbs!!! )
Redistribution:



· A drug may rapidly enter one compartment, then slowly “leak out” into the body over time as its blood levels drop 

· Ex. Short acting thiopental is very lipid soluble – it rapidly crosses the blood brain barrier to enter the lipid-rich brain…

blood levels drop quickly (  (  Brain levels

Drug Excretion & Elimination:


Renal Excretion: 
Primary method excretion.



Depends on the water solubility of the drug/metabolite 
(Why?)



(( Water solubility ( (  Reabsorption in kidney ( (  Excretion in urine)




Point to ponder:
What can ( water solubility?


Pulmonary Excretion (lungs):
Relatively minor for most drugs



(What is an example of this?)


Biliary Excretion:
Excreted from liver into bile 





Some reabsorption (minor pathway)


Breast Milk:
Some drugs found in relatively high amounts (concentrate) in breast milk…




NO drugs while breast feeding!!


Drug Metabolism:
Most drugs altered by metabolic pathways (liver most important)





( Water solubility of drug 





Some drugs metabolically activated

Elimination half-life (T1/2):
Amount of time for the initial drug concentration to decline by ½.  

· How many T1/2’s until the drug is mostly (95%) eliminated?

· How many T½’s until the drug is essentially gone?

(4 – 5 T1/2’s will give 94 – 97% decrease in drug concentration)

NOTE:
Clearance is NOT equal to elimination rate constant (or even excretion).  It is measured in liters/hour

Clearance:
The volume of fluid cleared per unit time…

This is the MOST important factor in determining a drug concentration

· Are there other factors that determine clearance?
Cltotal = Cl metabolism = Cl bile
· What if your patient has had kidney disease?
Does Cl ( or ( ?

· Most drugs cleared by first order (exponential) kinetics, which implies that they are excreted by the kidney.

For a first order drug, after 4 – 5 half-lives, less than 5% of the drug remains.



First Order
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Time

Lipid soluble drugs will be mostly reabsorbed in the renal tubules.  (Why?)

They must be cleared by metabolism

(Is this first order?)



Ex.
Alcohol  (Ethanol, EtOH)
What kind of kinetics does it have?

· Metabolic enzymes are quickly saturated

· Kinetics for clearance are zero order  (What does this mean?)

How long will it take to clear?
Zero order is independent of DRUG CONCENTRATION…
· The same amount of ethanol is cleared /hour ~ 1 drink/hr.

· 4 – 5 drinks (~ 50 grams pure EtOH) (  
Blood Alcohol Concentration (BAC) = 0.1%

Vd = 50 L  
 (Why?)

Or 0.7 L/Kg for a 70 kg person

· Ethanol clearance:
95% is metabolized in the liver  (How are the metabolites excreted?)

· 5% excreted unchanged by the lungs (alcohol on the breath)

(1:2000 ratio between expired air and BAC)


What test is used to assess ethanol levels in the blood?


· Metabolism by alcohol dehydrogenase:
85% in liver

· Also in GI tract 

Note:
Males have more GI alcohol dehydrogenase than females

Ability to metabolize is related to total liver size and prior exposure





Different ethnic groups have varying amounts of alcohol dehydrogenase

Zero Order
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IV Constant (drip) Dosing:

NOT a single dose .. . different from above

During continual dosing, drug concentration approaches steady state levels when the Rate of input = Rate of output

How long does this take?

Steady state is reached after 4 – 5 T½’s 



Time to steady state is INDEPENDENT of dosage – but dosage determines the level of steady state drug.

Oral Intermittent Dosing:
Most common method for oral drugs – doses are separated by a time interval



(Most herbs are also administered this way)
· Start with a maintenance dose and it will take about 5 half-lives to reach the mean targeted dose  (steady state)
· A large initial dose can be given to get to the target concentration (loading or priming dose), but ((  Toxicity Risk
Drug Excretion

1. Renal for most drugs
-- Anything under 50 kD will be filtered by the glomeruli
· Reabsorption in the tubules

· Highly lipid soluble -- (  Absorption and diffusion out of the tubule (  high T1/2
· Acidifying the urine (  (  Excretion of weak bases

· Alkalinizing the urine ((  Excretion of weak acids


· (How might you change the pH of the urine?)

· Weak organic acids and bases – Active transport by anionic/cationic pumps
2. Pulmonary – Volatile compounds
3. Saliva
4. Breast Milk
5. Perspiration
Ex.  
A lipid and water soluble drug that has rapid absorption

Vd = 0.65 L/kg  (A large value, the drug is found in all tissues)

Excretion is less than 10% by urine.




Lipid solubility means the drug is reabsorbed in the renal tubules




Therefore, clearance is not first order, but rather zero order (linear)…

This is because it is being metabolized (a saturable process) (  Linear clearance pattern

Drug Metabolism 

Chemical alteration of foreign organic molecules (xenobiotics)-

· General defense mechanism against foreign/toxic substances. 

· Used for metabolism of endogenous compounds.  -- Drugs can alter the metabolism of endogenous compounds!  

General rules of biotransformation:
(Where do biotransformation reactions primarily occur?)

· ( Water solubility (  ( Excretion (Why?)

· ( Biological activity (Not always – some metabolites are active or even toxic, as Tylenol or acetaminophen does) 

· Activation – Metabolic conversion creates the active compound. Ex:  L-dopa req. conversion to Dopamine

Organs of metabolism

Liver - most important, first pass effects, liver microsomes and smooth E.R.

· Phase I reactions - usually occur first, non-synthetic 

Involve:

Oxidation
Reduction
 Hydrolysis

· Oxidation -- Mixed Function Oxidases (MFO) of the P-450 system are the most important

 metabolic enzymes.  

2 part process:


1.  Reductase -- Transfers electron from NADPH (Note: Magnesium required)


2. Cytochrome P450 - (over 100 types) - transfers -OH, drug binding site

· Lipid soluble drug + O2    (   drug-OH + H2O 

· Major site for P450 system is on the smooth E.R. (liver microsomes)

· Other sites:  (fat, muscle, gastrointestinal mucosa)

· Males and females have different ratios of P450’s – (why?) 
· Inducible - ( in enzyme activity with ( in drug (How?) 

· Site for drug interactions  (Why?) - induce, inhibit, compete

Rxns:  Hydroxylation, Dealkylations, Deaminations

· Oxidation (NON P450 system)
 (Ex: Alcohol dehydrogenase) Alcohol (EtOH) ( Acetaldehyde ( Acetic Acid

· Acetylation via N-Acetyltransferase  
(Ex:
Isoniazid)

Type of N-acetyltransferase may result in Fast or Slow acetylation   (How?)
Genetics 
-- Fast is dominant.

-- Ex: Fast  -- Alaskan Natives
Slow –  North Africans

Slow acetylators can get a toxic dose. 

· Phase II reactions (Synthetic)

· Conjugations of parent drug w/ polar moiety such as:
Glucuronide (major pathway)

Acetate

Sulfate 

· Results in either :

(  Water solubility  --OR--  (  Lipid solubility

· Note:
Can generate a toxic metabolite 

Ex. - Acetaminophen – In overdose, it may saturate both glucuronide and sulfation pathways, then saturate the glutathione (GSH) of the P450 system.  When glutathione becomes saturated, a free radical metabolite (Ac*) is produced, which is hepatotoxic.

Intestines - Microorganisms and smooth E.R.

Factors impacting drug metabolism

1. Genetic differences:
Fast vs. slow acetylators

Ex.  Succinylcholine

2. Age:
( age (  ( metabolism (also absorption, distribution, and elimination)  




Infants & Children:

(  Metabolism (not fully developed)

3. Nutrition:

Malnutrition (  (  Metabolism

4. Pathological conditions:
Liver cirrhosis, hepatitis. Any ( blood flow to the liver ( ( metabolism.

5. Drug interactions 

· Drug A induces enzymes that ( the metabolism of Drug B.   Ex:  Phenobarbital

· (  Metabolism: 2 drugs compete for the same metabolizing enzyme.

· Note:
Both actions may occur if Drug A is given first, then Drug B is added without stopping Drug A



( (  A + B given together) 
How?

Variations in Drug Response 

Receptors:
The body alters receptor numbers as it needs to maintain homeostasis

Receptor down regulation - ( in receptor # 

- Via receptor- mediated endocytosis - more ligand ( more endocytosis -- maintains homeostasis

Receptor Up-regulation - Why does this take a while?  When would it happen?

Receptor desensitization - ( signaling pathway below the receptor. 

· Provides rapid, short term shut-off.  Used for Metabolic processes.

· Receptor phosphorylation ( response to agonist binding. 

· Temporary -- If the agonist is removed the response returns to normal (Homeostatic). 

Points to ponder:
(     Which mechanism would be more rapid?

· Where else can drugs act (besides at membrane receptors)?  

· What variables impact an individual’s sensitivity  to a drug? 

Drug concentration at the receptor depends on:
(  Absorption
(  Distribution

(  Excretion
(  Metabolism

Note: These vary with:
(   Age


(   Sex


(   Disease State

(   Liver Function

(   Kidney Function
(   Genetics 

· Variation in endogenous ligand amount 

· Adrenal gland tumor (pheochromocytoma)  -- Produces epinephrine (  ( heart rate. 

· Propranolol ((-blocker (antagonist)) ( the heart rate in hypertensive individual (briefly). 

The same dose of propranolol has little effect on a marathon runner.

· Change in receptor  # or function
· Down regulation


(     Desensitization                 

· Receptor Law:  Withdrawal from an agonist will cause the opposite effects of the agonist.
· Changes distal to the receptor 

· Compensatory mechanism that maintains homeostasis.

· Drug can bind at multiple sites

· Same receptor in different tissues

· May provide both beneficial or toxic effects

Note that  the latter is also true even at a single receptor in a single tissue

Drug Interactions


Result from alterations in:

1. Absorption – Ex:
 Coating stomach (  ( Absorption

2. Metabolism – Ex:
 Drug A alters (( or ( ) metabolizing enzyme levels for drug B.

3. Competition for plasma protein binding sites – RARE

The drug binds to a plasma protein like albumin.  The complex is too big to get filtered, increasing the drug’s half-life. If 2 drugs compete for the same site, it alters the metabolism and bioavailability for both

4. Altered Excretion - competition for transport in the kidney tubules.

Types of drug interactions:

1. Additive:

A + B = 2A

2. Synergism:

A + B = 3A

3. Potentiation:
A = 0; A has no effect, but A potentiates B ( 2B,  A + B = 2B

4. Antagonism:
A + B = 0

Routes of Drug Administration, Absorption, & Distribution

Oral


Advantages:
Oldest




Safest




Most convenient




Most economical


Disadvantages:
GI distress (aspirin ( Formation or aggravation of peptic ulcers)




GI drug destruction




Food ( ( Absorption




Patient cooperation required


First Pass Effect:
What is it?
Why is it important?



Oral drugs (including most herbs) go through hepatic portal circulation to the liver immediately after 

absorption.  The liver metabolizes the absorbed drug ( Little or none of the drug reaches general 
circulation.  (Ex. Nitroglycerin) 

Sublingual


Advantages:
Rapid

Bypasses GI & hepatic destruction

Disadvantages:
Not very useful if drug is irritating or tastes bad





Ex:
Nitroglycerin   (What does it do?)

Rectal


Advantages:
Excellent for vomiting or unconscious patients


Disadvantages:
Absorption may be incomplete




Overall comparable to oral




Patient adherence may be poor due to reluctance

Vaginal


Advantages:
Allows high concentration of medication at vaginal mucosa while minimizing systemic absorption


Disadvantages:
Some absorption occurs – may result in systemic adverse effects




Patient reluctance 

Parenteral (Needle)

· Intravenous (IV)
Advantages:
Rapid






Uniform distribution






Dosage easy to control 






Emergencies




Disadvantages:
Pain






Requires aseptic needle






Difficult to control overdose






Chance of gas emboli

· Intramuscular (IM)
Advantages:
Absorbed rapidly if oil based (not aqueous)





Usually a large muscle (i.e. Gluteus maximus) selected (easy to find)






Ready access to muscle capillaries




Disadvantages:
More painful






Requires aseptic needle

· Subcutaneous (SC, SQ)
Advantages:
Slower absorption





Disadvantages:
Irritation may occur







Requires aseptic needle

· Epidural
Into spinal roots as they exit from the dural sac (Not into CSF)




Disadvantage:
Must be accurate with needle 






Requires aseptic needle

Inhalation 
Very rapid



Large surface area



Direct action at the site



Self-administration when needed

Ex.  
-agonists & Cromolyn (for bronchodilation)


Free-basing Cocaine


THC


Nicotine

Transdermal (Topical)
Local effects




Will enter blood stream if lipid soluble



Ex.
Antibiotic creams




Nicotine 




Scopolamine for motion sickness (antimuscarinic)

Bioavailability:

How much of the drug reaches the circulation?



IV:
100 % Bioavailability
(“Gold Standard”)



Oral:
Less 
(Why?)



(GI Absorption, First Pass)




Often listed as % of what it would be if given IV


Drug Evaluation

Drug design & Testing

· Select & Target a receptor 

· Animal testing - screen for function -- only 10% of drugs make it past this stage to clinical trials (human studies).

· Clinical Trial Design

· Crossover design - compare new treatment with placebo and standard drug treatment in the same person with washout times.

· Selection of patients. - eliminate other variables (other diseases), match for age, sex, race, random selection.

· Subject/observer bias - use double blind study to eliminate bias. Even so the placebo effect is strong and 1 out of 20 pts on placebo will show significant effect.

· No drug is safe clinical trials are designed to identify common side effects and determine statistical effectiveness.

· Investigational New Drug (IND)

· Phase I 

· Normal volunteers – Usually male (or non-pregnant female)

· Exception:  Cancer drugs are administered to cancer patients

· Establish dosages, check toxicities, absorption, t1/2, metabolism

· Not blinded

· Phase II

· Small, single blind, single site, study in target  population with the disease.

· Phase III

· Large, multiple site, usually double blind

· Expensive -- Uses info from phases I and II. Requires a large number of people to detect rare toxicities - gives statistical significance.

· Total process takes 4-6 yrs of testing
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Acidic Urine:


Acidic drug - Uncharged,
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Base - Uncharged 
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