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BASIC PHARMACOLOGY

I. Some Definitions

A. Terms

B. Types of Names

II. Dose Response Curves

III. Pharmacodynamics

IV. Factors Influencing Drug Effects

Terms I

· Tolerance
Progressively larger doses of the drug are required to produce the effect.  Also, note:

· Cross Tolerance - if tolerant to one, then also tolerant to others.

· Reverse Tolerance – opposite of normal.

· Dependence
The drug is necessary for the maintenance of physiological & psychological well being.

· Withdrawal
Is experienced when one is dependent & doesn't take the drug.

· Toxicity
How poisonous (damaging to body tissues) the drug is.  Exs.
· Potency
How much of the drug is needed to produce the desired effect. 

Acute Drug Toxicity – Some Famous Folks Dying
Name

Fame

Yr
Age
Drugs Involved

M. Monroe
Actress
62
36 
Nembutal

L. Bruce
Comedian 
66
40 
Morphine

J. Garland
Actress 
69
47 
Barbiturate

J. Joplin
Singer

70
27 
Heroin & Alcohol

J. Hendrix
Rock Star
70
27 
Barbiturate

E. Presley
Singer

77
42 
Antihistamine, Codeine, Demerol, 





Valium & other tranquilizers

J. Belushi
Comedian
82
33 
Heroin & Cocaine

D. Kennedy
Politics
84
28 
Cocaine, Demerol, & Mellaril

L. Bias
Basketball
86
22 
Cocaine

A. Hoffman
Activist 
89
52 
Phenobarbital & Alcohol

R. Phoenix
Actor 

93
23 
Heroin & Cocaine
Etc

Tolerance, Dependence, & Withdrawal
Drug
Tol.
Dep.
Withdrawal Symptoms

Barbiturates


++
++
Restlessness, anxiety, vomiting, tremors, seizures

Alcohol



++
++
Cramps, delirium, vomiting, sweating, hallucinations, 


seizures

Benzodiazepines


+
++
Insomnia, restlessness, nausea, fatigue, twitching, 


seizures (rare)

Narcotics (heroin)


+++
+++
Vomiting, sweating, cramps, diarrhea, depression, irritability, 


gooseflesh

Cocaine, Amphetamines


+*
++
Depression, anxiety, drug craving, "crash", anhedonia

Nicotine


+
+
Craving, irritability, headache, increased appetite, abnormal


sleep

Caffeine


+
+
Anxiety, lethargy, headache, fatigue

Marijuana


+*
+
Irritability, restlessness, appetite loss, weight loss, abnormal


sleep

LSD


++
--
Minimal

PCP


+
+
Fear, tremors, some craving, problems with STM

Types of Names

· Family - Identifies chemical family to which drug belongs.

· Chemical or Generic- Identifies the particular drug.

· Trade or Brand or Proprietary- Drug company picks, so can be >1.

· Slang- Made up on the street.  Can be >1.
Examples
Alcohol Family (1st 3 members)

	Methanol
	            H
            |
        H - C - OH
            |        
            H 

	Ethanol
	        H   H 
        |   |
    H - C - C - OH
        |   |
        H   H 

	Propanol
	    H   H   H 
    |   |   |
H - C - C - C - OH
    |   |   |
    H   H   H 


Dose Response Curves

Important Concepts:

· ED50 - Effective Dose for 50% of the animals.

· Human Example – relief to 600mg aspirin in 3 people.
· LD50 - Lethal Dose for 50% of the animals.
· Slope, Maximal Effect, & Potency

· Biphasic Effects

· Margin of Safety - A comparison of the ED-50 & LD-50.
· Therapeutic Index

Therapeutic Index

Is a numerical index of the margin of safety.  Higher is safer.  In other words:

TI = LD50/ED50

If TI=10, then 10x ED is lethal.

If TI=100, then 100x ED is lethal.

Toxicity Example

	
	ED50
	LD50
	TI

	Secobarbital (mg)
	100-300
	1,000-5,000
	3-50

	Alcohol (BAC)
	.05-.1
	.4-.5
	4-10

	THC (mg/kg)
	50
	2,160,000*
	40,000


Because no human fatalities have been documented, the figures given are for the ED50 in humans and the LD50 in mice. From Greenspoon, 1971

Pharmacodynamics

Also call Pharmacokinetics.  Involves:

A. Administration - how the drug is taken.

B. Absorption - how the drug is absorbed into the body tissues.

C. Distribution - how the drug moves from the site of administration to the site of action.

D. Action - how does the drug produces its effects.

E. Metabolism or Biotransformation - how the drug is deactivated or broken down.

F. Elimination or Excretion - how the body gets rid of the drug.

Administration

· Measures

· Routes

· Enteral - orally.

· Parenteral - all other routes.

1. Injections

2. Inhalation

3. Topical

4. Suppositories

5. Implantation

6. Eye Related

· Specific Examples

Measures

· Solids

Kilogram (kg)
= 1000 grams (g) or 2.2 lbs.
Milligram (mg)
= thousandth of a g

Microgram ((g)
= millionth of a g

a pound (lb)
= 454 g

an ounce (oz)
= 28.4 g

· Fluids

Liter (l)

= 1.06 quart

Milliliter (ml)
= cubic centimeter (cc)

Enteral

· Means orally (through the mouth).

· Safest & most convenient method.

· Food content of stomach is an issue. 

Ex.  Stomach acids may break down some drugs resulting in a reduced effect.

· Can also be placed under the tongue or given by a feeding tube (gavage).

Parenteral - Injections

Employs a needle.  There are several types.  Most drugs apply here.

a. Intravenous (iv) - Directly into a vein.

A: Immediate onset of action.

D: Possible impurities, irreversibility.

b. Intramuscular (im) - Deep into muscle tissue.

A: Slower onset.

D: Sore muscle & skill matters.

c. Subcutaneous (sc) - into or under the skin.

A: Absorption is slowest & even. Easily administered.


Ex: Insulin is self-administered by a diabetic.

D: Cannot use irritables.

d. Introperitoneal (ip) - into peritoneal cavity.  Used mostly w/ animals. 

A: Absorption is rapid.

D: Can damage intestines.

e. Intrathecal or Intraspinal – directly into the CSF.

A: Bypasses Blood Brain Barrier. 

D: Can damage spinal nerves.

Parenteral 2

· Inhalation

· Breathing the drug.

· Exs: inhalation, nose drops/sprays, smoking, snorting cocaine, huffing, etc.

· Topical

· Through the skin.  All other routes are called Systemic.

· Exs: nicotine patch & DMSO (dimethylsulfoxide) for athletic injuries.

· Suppositories

· Either rectal or vaginal.

· Not too common with abused drugs.

· Implantation

· Involves a drug delivery device placed inside the body.

· Exs. subdermal birth control, brain cannulae, chest device, etc.
· Eye Related
Includes drops & salves.

Admin. Specific Drug Examples (generally, more purity, more problems).
Drug
Route

Alcohol
Oral.

Amphetamines
Oral; iv (preferred for the chronic, high dose abuser); sniffed by occasional or new users.

Barbiturates
Oral; rectal; sc; im; iv.

Benzodiazepines
Most common is oral; some may be administered iv or im.

Caffeine
Most common is oral; medically, occasionally by injection for mild stimulant properties; abusers have injected caffeine iv.

Cannabis
Almost all routes have been used, but most common is smoking.

Cocaine
Taken through nasal or other mucous membranes (e.g., mouth, vagina, & rectum).  Also iv. Freebase is volatile & thus vaporized in a glass pipe.

Heroin
Most commonly dissolved in water & injected sc, im, or iv.  May be inhaled by smoking or sniffed.

Nicotine
Inhaled by smoking (cigarettes).  Also absorbed across membranes of the mouth & upper respiratory tract, as well as through the skin.

LSD
Oral; inhalation; & injection routes.

PCP
Oral; sniffed; inhalation by smoking (sprinkled on marijuana, parsley, tobacco, etc); iv injection.

Absorption 

5 Important Factors:
1. Route of Administration
Determines site for absorption & is important factor in speed.

2. Stomach, Intestinal Contents & pH
For the enteral route, may interfere with or promote absorption.

3. Temperature

· Cold solutions move from stomach to small intestines more quickly.  

· Ex. wine absorbed more rapidly when chilled.

4. Concentration of the Drug

· Amount relative to its environment.

· Ex1. 3 g/kg of ethanol (10 or 20% w/v).

· Ex2. In WI, 0.08% is legally drunk.

5. Rate of Blood Flow
Heat, exercise, or massage can speed absorption from im & sc sites.

Distribution

· Cellular Entrance Methods

1. Diffusion
Molecules move from a region of higher concentration/charge to a region of lower concentration/charge.

2. Filtration
Molecules pass through holes (pores or gates) in the cell membrane.

3. Active Transport
Energy consuming pumps are used.

· Factors Influencing

1. Protein Binding
Hinders drug distribution.  Bound drugs are typically too big to leave the blood.

2. Fat Solubility
Fat solubles easily enter the bloodstream, are rapidly distributed, & easily enter the brain.

3. Size of Molecule
Smaller are distributed more easily.

4. Degree of Ionization
Less charged particles are more easily absorbed from the intestines.

5. Blood-Brain Barrier
An ill defined protective barrier surrounding the brain. It is a barrier for some drugs. 

6. Placental Barrier
A well defined barrier separating maternal & fetal blood systems.  Not much of a barrier though (next slide).

Action 
Drugs have 2 effects:

1. Main Effect – the desired effect.  Three important concepts:
1. Threshold Dose - the minimum amount of a drug necessary to have an effect

2. Plateau Effect - the maximum effect a drug can have regardless of the dose

3. Cumulative Effect - the buildup of drug concentration in the body due to multiple doses taken within short intervals

2. Side Effects - undesired effects.  Common side effects include:
· Nausea or vomiting

· Changes in mental alertness

· Allergic reactions

· Cardiovascular changes

· Dependence & Withdrawal

· More

· These are relative terms (i.e., for one person a side effect can be the main effect for another).

· Drugs can also have interactions with other drugs. There are 3 possibilities:
1. Addition:
1 + 1 = 2

Ex. Aspirin & Tylenol.

2. Antagonism or Inhibition: 
1 + 1 < 2

Ex. Caffeine & antihistamines.

3. Potentiation or Synergism:
1 + 1 > 2

Ex. Alcohol & other sedatives.

Metabolism

· Most takes place in the liver & involves Microsomal Enzymes.

· Chemical conversion of one compound to another. Resultant compounds are called metabolites.

· Generally converts lipid solubles to less lipid solubles which kidneys can more easily excrete.

· There are 4 types of reactions:

1. Oxidation - removal of H.

2. Reduction - addition of H.

3. Hydrolysis -  breakdown with water.

4. Conjugation - combine 2 molecules.

· Sometimes the liver may metabolize a drug into a more dangerous drug.

· Ex. 10% of codeine becomes morphine.

Elimination

1. Urine

· Is the primary method (used for tests).

· pH can influence speed.

2. Expelled Air

3. Perspiration

4. Feces

5. Breast Milk (in females)

6. Other Body Fluids

· Includes saliva, mucous, & menstrual blood.

Drug Detection Times (Urine test)
	Stimulants 
	Amphetamines 
	5 days 

	
	Cocaine 
	7 days 

	
	Methylphenidate 
	2 days 

	
	Nicotine 
	5 days 

	Hallucinogens 
	LSD 
	3 days 

	
	Mescaline 
	5 days 

	
	PCP 
	8 days 

	Opiates 
	Codeine 
	5 days 

	
	Methadone 
	7 days 

	
	Morphine 
	4 days 

	
	Opium 
	5 days 

	Depressants 
	Alcohol 
	1 day 

	
	Barbiturates 
	4 days (ex phenol 21) 

	
	Benzodiazepines 
	7-10 days 

	
	Methaqualone 
	14 days 


Marijuana Detection Time Based on Usage 

	Usage
	Days

	1 time 
	5-8 

	2-4 times/month 
	11-18 days 

	2-4 times/week 
	23-35 days 

	5-6 times/ week 
	33-48 days 

	Daily
	49-63 days 


Factors Influencing Drug Effects

Four categories of variables:

1. Organismic - Also called Subject variables
· Age - Body functions change with age.  Very young & old are typically more sensitive.

· Body Weight - Fat distribution is also an issue.

· Gender - Differ in body size, composition, hormones, etc.

· Time of Day - Response to many drugs is rhythmic (e.g., daylight generally has an activating effect).  Also, meals slow drug absorption.

· Genetics - Ex. Asians & American Indians are more sensitive to alcohol.

· Personality - Sometimes correlated with drug effects.

· Health (Physiological State) - Exs. Enzymatic activity of the liver & acidity of the urine.

2. Drug

· Route of Administration

· Dose Response Curves

· Drug Interactions

· Tolerance

1. Environment or Setting

· Temperature, Social Aspects, Novelty

· Expectations (or mental set).  Ex. Placebo Effects

2. Task
Ongoing Behavior

