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General Principles of Pharmacotherapeutics
I.
Overview


A.
Rational use of drugs in patients is based on:



1.
Safety and efficacy of the drug



2.
Effect of the body on the drug



3.
Clinical state of the patient



4.
Risk/Benefit Ratio:  A drug is useful for therapy if it produces a 



desirable effect while producing undesired effects that are tolerable 


in light of the anticipated benefits


B.
Definitions



1.
Pharmacology:  the collective scientific study of the origin, nature, 



chemistry, effects, and uses of drugs.



2.
The science of pharmacology is made up of five branches:




a.
Pharmacokinetics





(1)
Examines four characteristics of drugs in the body:  





drug absorption, distribution, metabolism, and 





excretion





(2)
Studies onset of action, the peak effect of a drug, 





and the duration of a drug’s effect




b.
Pharmacodynamics

(1)
Investigates the biochemical and physical effects of drugs in the body; determines a drug’s mechanism of action





(2)
The relationship between the concentration of the 





drug at the site of action and the magnitude of the 





effect produced 




c.
Pharmacotherapeutics





(1)
Also known as clinical pharmacology





(2)
Focus is the use of drugs and the clinical indications 




for drugs to prevent and treat diseases




d.
Toxicology





(1)
The study of the adverse effects of drugs on living 





systems





(2)
Toxicologic effects are often an extension of a 





drug’s therapeutic action




e.
Pharmacognosy:  the study of drugs that are obtained from 




natural plant and animal sources



3.
Pharmacogenetics




a.
The study of genetic factors and their influence on drug 




response




b.
Investigates the nature of genetic aberrations that result in 




the absence, overabundance, or insufficiency of drug 




metabolizing enzymes

II.
Therapeutic index:  the ratio between a drug’s therapeutic benefits and its toxic 
effects


A.
Determines the safety of a particular drug therapy


B.
Example:  If a drug has a low therapeutic index, there is a narrow range 


between a therapeutically active dose of the drug and a toxic dose.  Such a 


drug has a greater likelihood of causing an adverse reaction and therefore 


requires closer monitoring.

III.
Relationship between pharmacokinetics and pharmacodynamics
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IV.
Pharmacokinetics:  Action of the body on the drug


A.
Absorption:  the rate at which a drug leaves the site of administration and the extent to which it occurs



1.
Modifying factors




a.
Dosage Form/Route of drug administration





(1)
Oral:  preferred for patient comfort, safety, and ease 



of use





(2)
Sublingual or buccal:  rapid response, avoids 



destruction by stomach acid





(3)
Parenteral






(a)
Intravenous (IV)






(b)
Intramuscular (IM)






(c)
Subcutaneous (SC)






(d)
Intradermal

b. Surface area:  Most absorption of orally administered drugs occurs in the small intestine, where the mucosal villi  


provide extensive surface area




c.
Blood flow:  Drug absorption depends on blood flow to the 


absorption site





(1)
Food stimulates blood flow to the GI viscera and 



may enhance drug absorption





(2)
Strenuous physical exercise may divert the blood to 



the skeletal muscles and slow drug absorption




d.
Pain and stress:  Can decrease the total amount of drug 


absorbed, possibly by decreasing blood flow, reducing GI 


motility, or triggering pyloric sphincter contraction, which 


causes gastric retention


                         e.
Solubility:  The solubility of the administered drug must match the cellular constituents of the absorption site.  Lipid-soluble (fat-soluble) drugs can penetrate lipoid (fat) cells; water-soluble drugs cannot.





(1)
Example:  A water-soluble drug, such as penicillin, 



cannot penetrate the highly lipoid cells of the blood-



brain barrier.





(2)
Example:  A highly lipid-soluble drug, such as 



thiopental, can penetrate the lipoid cells, cross the 



blood-brain barrier, and induce an effect, such as 



anesthesia.




f.
GI motility:  High-fat meals and solid food affect GI transit 


time by delaying gastric emptying, which in turn delays 


initial drug delivery to intestinal absorption surfaces.  Some 

drugs (atropine) may slow intestinal motility and others 


(laxatives) may shorten the drug’s contact time with the 


intestinal mucosa, thereby decreasing drug absorption.




g.
Drug interactions:  Combining one drug with another drug 


or with food can cause interactions that affect drug 



absorption.



2.
Bioavailability:  the rate and extent of a drug’s absorption




a.
Bioequivalence





(1)
Chemically:  Meets same chemical and physical 



standards




(2)
Biologically:  Yields similar concentrations in blood 


and tissues





(3)
Therapeutically:  Provides equal therapeutic benefit 



in clinical trials





NOTE:
  Drugs that are chemically equivalent but not 


biologically or therapeutically equivalent differ in their 


bioavailability.




b.
Generics



3.
First pass effect:  The loss of a drug as it passes, for the first time 
through the GI tissues and liver (organs of elimination) prior to 
reaching the site of measurement (blood) during the absorption 
process.

                        a. 
Normally, orally administered drugs do not go directly into the systemic circulation after absorption.  They move from the intestinal lumen to the mesenteric vascular system to the portal vein, and into the liver before passing into the general circulation.  During this passage, part of a drug dose may be metabolized.

b. Enymes in the intestinal wall, liver, and terminal portal vein may metabolize a significant portion of the drug to an inactive form before it passes into the circulatory system and the site of action.




c.
For drugs that undergo a significant first-pass effect, the 


orally administered dose required for a therapeutic response 

is much greater than the dose for a route that bypasses the 


portal circulation (such as the vaginal, parenteral, or 


sublingual route).  Although such routes avoid the first-pass 

effect, they are not always preferred.




d.
Orally administered drugs that are susceptible to the first-


pass effect and reach the circulatory system in reduce 


amounts include dopamine, lidocaine, propranolol, 



morphine, reserpine, nitroglycerin, and warfarin.


B.
Distribution:  the process of reversible transfer of a drug to and from the site of measurement



1.
Modifying factors




a.
Blood flow





(1)
The areas where the drug is distributed first are 



those that are most extensively supplied with blood





(2)
Rapid distribution:  heart, liver, kidney, brain





(3)
Slow distribution:  muscle, skin, fat




b.
Plasma protein binding





(1)
A drug can be freely distributed to extravascular 



tissue only if it is not bound to protein.  If a drug is 



bound to protein, it is generally too large to pass 



into tissues.





(2)
Three primary proteins bind to and carry drugs 



throughout the body






(a)
Albumin (most important)






(b)
alpha-1-acid glycoprotein






(c)
corticosteroid-binding globulin





(3)
Unbound drug is free to be distributed to and to 



diffuse into tissues and cells where it can cause a 



pharmacologic action.





(4)
Drugs that are water soluble and highly protein 



bound are more strongly bound to proteins in the 



blood and less likely to be absorbed into tissues.   



Thus their distribution and onset of action can be 



slow.





(5)
Drugs that are highly lipid soluble and poorly bound 


to protein are easily taken up into tissues and 



distributed throughout the body.




c.
Diffusion and Solubility





(1)
The majority of drugs cross membranes by passive 



diffusion.





(2)
Because all cell membranes are composed of a 



phospholipid bilayer, the rate of diffusion depends 



on the lipid solubility of the drug.





(3)
Only the nonionized (uncharged) form of a drug is 



lipid soluble.  The absorption of these drugs through 


membranes will vary with the pH.



2.
Volume of distribution:  a measure of the apparent space in the 

body available to contain the drug




a.
Typically a drug that is highly water soluble will have a 


small volume of distribution and high blood concentrations.




b.
Fat-soluble drugs have a large volume of distribution and 


low blood concentrations


C.
Biotransformation (Metabolism):  refers to the body’s ability to change a drug biologically from its dosage or parent form to a an inactive metabolite, a more water-soluble compound, or a more potent metabolite.



1.
Sites




a.
The organ most responsible for the biotransformation or 


metabolism of drugs is the liver.




b.
Other tissues and organs that aid in the metabolism of 


drugs are the kidneys, lungs, plasma, and intestinal mucosa.



2.
Phases




a.
Oxidation/reduction/hydrolysis (chemical reactions)




b.
Conjugation (combination with another substance, e.g., 


glucuronide, glycine, methyl or alkyl groups

c. These phases result in increase polarity of chemical, making it more water soluble and more easily excretable.  Often this results in a loss of pharmacologic activity.



3.
Modifying factors




a.
Age




b.
Sex

c. Disease:  decreased by cardiovascular and renal dysfunction; 


unpredictable effect with liver disease




d.
Conditions:  decreased by starvation, obstructive jaundice




e.
Other drugs:  increased by central nervous system 



depressants, xanthines, barbiturates




f.
Genetics:  decreased by slow acetylator, increased by fast 


acetylator


4.
Delayed drug metabolism results in the accumulation of drugs a prolonged action of the effects or responses to drugs.  Stimulating drug metabolism can thus cause diminishing pharmacologic effects.

D.
Excretion:  the elimination of drugs from the body



1.
Sites




a.  
Primary organ responsible for this:  kidney





(1)
glomerular filtration





(2)
resorption





(3)
tubular secretion




b.
Other sites:  liver, bowel, lungs, exocrine glands, skin




c.
Medical interventions, such as peritoneal dialysis or 


hemodialysis can also remove drugs.



2.
Clearance:  a measure of the body’s ability to eliminate drugs




a.
A drug with a low clearance rate is removed from the body 


slowly; one with a high clearance rate is removed rapidly.

b. A drug with a high clearance rate may require more frequent administration and higher doses than a comparable 


drug with a low clearance rate.




c.
Drugs with a low clearance can accumulate to toxic 



concentrations in the body unless they are administered less 

frequently or at lower doses.



3.
Half-life:  represents the time required for the total amount of a 
drug in the body to diminish by one-half




a.
After about five half-lifes most drugs are considered 


removed from the body 





(1)
Approximately 97% of the drug has been removed 





(2)
What little is remaining is too small to have any 



beneficial or toxic effects


E.
Dosing and the steady state



1.
Steady state




a.
Depending on the rates of absorption and elimination, as 


well as the dosing interval, a certain amount of drug is 


accumulated within the body.




b.
This accumulation slows as the dosing continues and 


plateaus when drug absorption equals drug elimination.

c. This is known as the steady-state condition, at which time 


the plasma drug concentration is termed the steady-state 

concentration (Css).



2.
Loading dose (related to distribution):  directly raises the plasma 
concentration to a steady state.



3.
Maintenance dose (related to clearance):  particular dose 
administered repetitively over time to maintain the plasma 
concentration within a desired therapeutic range.


F.
Adverse drug reactions and interactions



1.
Adverse drug reaction:  harmful, undesirable patient response to a 
specific drug therapy



2.
Interaction:  with other drugs, foods, or agents administered as part 
of laboratory tests




a.
The more drugs a patient receives, the more likely a drug 


interaction will occur.




b.
A drug interaction results when two drugs interact and 


produce an unwanted effect.  This can be the result of one 


drug either making the other more potent and accentuating 


its effects or diminishing the effectiveness of another.


G.
Physiologic effects of aging on pharmacokinetics



1.
Cardiovascular:  decreased cardiac out and blood flow ==> 
decreased absorption and distribution



2.
Gastrointestinal:  increase pH and decreased peristalsis ==> delayed gastric emptying



3.
Hepatic:  decreased enzyme production and blood flow ==> 
decreased metabolism



4.
Renal:  decreased blood flow, function, and glomerular filtration 
rate ==> decreased excretion

V.
Pharmacodynamics:  Action of the drug on the body


A.
Therapeutic range:  a range of drug concentrations within which the probability of the desired clinical response is relatively high and the probability of unacceptable toxicity is relatively low.


B.
Responses to drugs

1. Additive effect:  two or more drugs administered to a patient can produce effects equivalent to the sum of the effects of either drug administered alone in higher doses.  (Example:  acetaminophen 325 mg. and codeine 30 mg are equal in analgesic effect.  When combined, as in Codeine #3, their analgesic effect is equal to acetaminophen 650 mg. or codeine 60 mg)



2.
Synergism:  effect which occurs when two drugs producing the 
same qualitative effect are combined to produce a greater response 
than either drug alone (CNS depressant such as ethanol combined 
with another CNS depressant has increased effect)



3.
Antagonism:  occurs when the combined response of two drugs is 
less than the response produced by either drug when given alone.



4.
Tachyphylaxis:  rapid development of tolerance to the action of the 
drug



5.
Tolerance:  refers to a patient’s decreased response to a repeated 
drug dose:  the patient needs more drug to produce the same effect.



6.
Dependence:  a physical or psychological need for a drug


C.
Drug-receptor action



1.
Three basic ways by which drugs can exert their mechanism of 
action:  receptors, enzymes, and nonspecific interactions



2.
Receptor interaction involves the selective joining of the drug 
molecule with a reactive site on the surface of a cell or tissue.  This 
in turn elicits a biologic effect.


D.
Affinity and efficacy



1.
The degree to which a drug attacks and binds with a receptor is 
called its affinity.  



2.
The drug with the best “fit” and strongest affinity for the receptor 

will elicit the greatest response from the cell or tissue.



3.
Efficacy is the ability to induce a response as the result of the 
receptor(s) being occupied.
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