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TOXICOLOGY – TEST 1 STUDY GUIDE
1. Routes of drug administration

· Enteral

· Oral, Sublingual, Rectal

· Parenteral

· Intravenous, Subcutaneous, Intramuscular, Inhalation, Intranasal, Intrathecal, Topical, Transdermal

2. Advantages/Disadvantages of the different routes of administration

· Safety – oral route is safest, while IV route is less safe

· Convenience – oral route is very convenient, while IV route is less convenient

· Cost – IV route has a high cost associated w/ it, while the oral route is less expensive

· Bioavailability – IV route is highly available, while the oral route is less bioavailable

· Compliance – IV route has high compliance, while compliance w/ the oral route is less so

· Onset of drug action – IV route has immediate effect, while oral route takes much longer

· Food interactions – oral route is highly affected by food, while subcutaneous route is not

· Availability – oral drugs are readily available, while subcutaneous drugs are harder to find

3. Steady state and half life

· Steady state of a drug is when the plasma concentration of the drug remains constant until excretion

· Half life of a drug is the time required to change the amount of the drug in the body by ½ during the elimination phase (example, how long it takes for a 50 mg tablet to breakdown to 25 mg)

4. Define pharmacodynamics and pharmacokinetics

· Pharmacodynamics – what a drug does to the body…what its purpose is (example; MAO inhibitors affect the body by inhibiting monoamine oxidase)

· Pharmacokinetics – what the body does to the drug…what the body’s response is to the drug (example; absorption, distribution, metabolism, excretion)

5. Passive diffusion vs. Active transport

· Passive diffusion works by using gradients to move substances through the body.  No energy or carriers are required.

· Active transport works by moving substances against gradients.  This does require energy and often requires carriers.

6. Factors affecting absorption

· Absorption is the process by which a drug moves from its site of administration to the entire body.  Many factors affect this process and they include…

· Route of administration – IV route will absorb faster than oral route

· Blood flow – faster blood flow will carry the drug through the body faster

· Surface area availability – the higher the surface area, the faster the absorption

· Solubility of the drug – the more soluble the drug, the faster it can be absorbed

· Drug interactions – the more interactions the drug has, the slower the absorption

· pH – some drugs are absorbed faster than others in higher/lower pH’s. 

7. Definitions

· Bioavailability – this is the part/amount of the drug that reaches the systemic circulation to produce whatever effect it was designed to produce

· Bioequivalence – this is a comparison b/w 2 drugs w/ comparable Bioavailability and similar times to achieve peak blood concentration (how similar/equivalent are these 2 drugs)

· Therapeutic equivalence – similar drugs are considered “therapeutically equivalent” if they demonstrate comparable results and safety 

8. Volume distribution

· Drug distribution is the process by which a drug reversibly leaves the blood stream and enters the ECF and/or the cells of the tissues.

· The “volume” in which the drug is distributed in is a hypothetical amount.  This is determined by where the drug is most likely to go.  Example; some drugs are restricted to the blood stream while others pass through to the ECF and to the entire system.  Each of these areas has a “predicted” volume in which the drug is distributed.

9. First order vs. Zero order kinetics

· First Order – 

· This is the fraction of the dose that is absorbed/eliminated over time

· Zero Order – 

· This is the constant amount of dose that is absorbed/eliminated over time

10. Phase 1 and Phase 2 reactions

· Phase 1 – 

· These rxns convert lipophilic molecules into polar molecules

· These rxns introduce the polar functional group and this may increase, decrease, or leave the drug action unaltered

· Phase 2 – 

· These rxns clean up the lipophilic metabolites from the Phase 1 rxns

· These are conjugation rxns.  These create covalent bonding b/w functional groups and substrates.

· M/C type is “Glucuronidation”

11. Second messenger systems

· These systems are activated when the drug comes in contact w/ receptors for it.  This results in many processes being activated or inhibited.

· Examples of 2ND messengers include cAMP, cGMP, IP3
· 2ND messengers open/close ion channels

12. Definitions

· Affinity – This is the strength of the bond b/w a drug and its receptor…how strongly they hold onto each other

· Agonist – This is when a drug binds to and activates a receptor site…drug was looking for that site

· Antagonist – This is when a drug binds to a receptor and inhibits a biological response.  This occurs either through competitive (reversible) or non-competitive (irreversible) actions

· Efficacy – The degree to which a drug is able to induce maximal effects…its effectiveness

· Potency – The amount of a drug required to produce 50% of the maximal response that the drug is capable of producing

· Tolerance – This is when the body is getting used to the drug and is having a decreased response to the same dose

· Dependence – This is the body’s need for the drug in order to function

13. Differences b/w sympathetic and parasympathetic nervous systems

· Sympathetic

· Fight or Flight mechanisms

· Thoracolumbar region of innervations

· Short preganglionic fibers w/ Ach as their NT

· Long postganglionic fibers w/ Epinephrine/Norepinephrine as their NT

· Parasympathetic

· Feed and Breed mechanisms

· Craniosacral region of innervations

· Long preganglionic fibers w/ Ach as their NT

· Short postganglionic fibers w/ Ach as their NT (or NO2)

14. Neurotransmitter mechanisms

· 50 NT identified (examples; norepinephrine/epinephrine, Ach, dopamine, serotonin, histamine)

· Ion channel mechanisms – NT’s change membrane potentials or ionic concentrations in cells

· Adenyl cyclase mechanisms – NT’s react w/ adenyl cyclase to phosphorylate proteins

· Glyceral/Inositol mechanisms – NT’s react w/ these agents to phosphorylate proteins and increase intracellular Ca++ levels.

15. Acetylcholine

· This is the cholinergic NT of both sympathetic and parasympathetic systems

· Facilitates transmission from autonomic postganglionic nerves to the effector organs in PNS

· NT at the adrenal medulla

· NT at the neuromuscular junction

16. Nicotine

· Low doses help keep the brain alert while higher doses result in tremors, vomiting, convulsions and increased respirations

· The body has nicotinic receptors at ion channels, NMJ, at all ganglia, skeletal muscle and the adrenal gland.

· Agonist capability of these receptors include relaxation, release of NE/Epi from adrenal medulla and increases skeletal muscle tone

17. Pilocarpine/Glaucoma

· Glaucoma is characterized by an increase in INTRAOCCULAR pressure

· Pilocarpine is a muscarinic agonist that causes the pupil to constrict and allows the canal of Schlemm to open up and relieve the intraoccular pressure

18. Role of anti-cholinesterases in myasthenia gravis

· Myasthenia gravis is a motor disorder characterized by excess Ach blocking receptors.  Anti-cholinesterases are utilized to reverse this process.  Mostly a female disorder affecting facial muscles.

· Drug of choice for Myasthenia Gravis is Pyridostigmine (or Edrophonium)

19. Cholinergic Toxicity

· This is a direct extension of pharmacologic action…results in excess muscarinic substances

· Causes rapid CNS effects…need atropine or 2-PAM immediately (antidotes)

20. Atropine actions

· Atropine is an antidote for cholinergic toxicity.  

· Eyes – causes mydriasis and cycloplegia

· GI tract – causes reduced motility

· Heart – dose dependent…High dose = tachycardia…Low dose = bradycardia

· Secretions – blocks salivary glands from secreting 

21. Non-depolarizing agents (high vs. low doses)

· These agents include Tubocurarine (prototype), Atracurium (ventilation) and Vecuronium (cardiovascular/bile effects)

· Low doses

· Compete w/ Ach for binding sites.  Prevent depolarization of the membranes and inhibit muscular contractions

· High doses

· Block ion channels at the endplates and weaken neuromuscular transmission

22. Depolarizing agents

· Main one used is Succinylcholine
· These agents remain attached to receptors for long periods of time providing constant stimulation.  Produce short lasting muscle fasciculation followed by paralysis.

23. Synthesis of Norepinephrine

· NE is an adrenergic agent.  It is synthesized from the AA tyrosine.  It is then hydroxylated to DOPA and then decarboxylated to dopamine.

· Tyrosine ( DOPA ( Dopamine ( Norepinephrine

· NE is stored in vesicles at the terminal end of the axon

24. Removal/Inactivation of NE

· Action potentials along the axon release NE from its vesicles.  Once NE is no longer needed, it diffuses into the systemic circulation.  NE is then quickly metabolized by COMT (catechol O-methyltransferase) and finally recaptured by the uptake system and repackaged by MAO.

25. Characteristics of alpha/beta receptors

· Receptors are classified according to their sensitivity to adrenergic agonists

· Alpha Receptors result in…

· Constriction of blood vessels, GI tract sphincters and pupils

· Beta Receptors result in…
· Increase in heart rate/contractility, dilation of blood vessels, renin release from kidneys, breakdown of glycogen in the liver, and dilation of the bronchi

26. Characteristics, uses and effects of epinephrine
· Naturally occurring and synthesized from tyrosine.  Low doses = dilation…High doses = constriction.
· Rapid effects but of short duration
· Actions

· Increases HR and contractility
· Bronchodilation
· Decreases insulin
· Breaks down FFAcids
· Uses – bronchospasm, glaucoma, anaphylactic shock and anesthesia
27. Characteristics, uses and effects of NE
· Affects alpha receptors mainly (aka levophed)

· Mainly causes vasoconstriction in the cardiovascular system (increase in syst/diast pressures)

· Therapeutic uses of NE include…

· Last line of defense in anaphylaxis by increasing resistance and BP

· Never used for asthma

· Adverse effects include…

· Tissue hypoxia due to vasoconstriction (necrosis), decreased renal perfusion, arrhythmias

28. Characteristics, uses and effects of Dopamine

· Immediate precursor of NE.  Activates both alpha/beta receptors leading to vasodilation.

· Cardiovascularly, dopamine stimulates heart activity.  Dopamine also dilates renal vasculature and increases GFR.

· Adverse effects include tachycardia, arrhythmia, HTN and decreased renal perfusion 

29. Pharmacokinetics/Mechanisms of Cocaine

· Potent local anesthetic, vasoconstrictor, psychostimulant.

· Rapidly absorbed w/in 30 minutes after inhalation.  It is rapidly distributed throughout the CNS.  Half-life is 30-90 minutes.  Metabolized in liver and eliminated in urine

· Cocaine blocks nerve impulse conduction by blocking Na+ channels and it potentiates dopamine and NE.

· Low doses = stimulant, euphoria, behavioral enforcer

· High doses = anxiety, sleep disturbances, hyperactivity, paranoia

30. Effects of alpha blockers

· Profoundly affects blood pressure by lowering it

· Reduces sympathetic tone resulting in reduced peripheral vascular resistance (lower BP)

· Results in tachycardia

31. Actions, uses, adverse effects of propranolol

· Decreases cardiac output and BP, causes bronchoconstriction, Na+ retention, and disrupts glucose metabolism

· Useful for treating angina, cardiac arrhythmias, MI’s, glaucoma, migraines and hyperthyroidism

32. Excitatory and Inhibitory pathways

· Excitatory

· Opening of ion channels causes depolarization ( influx of Na+ ( NT released ( Action potentials generated…examples are NE and Ach

· Inhibitory

· Open ion channels causes hyperpolarization ( increase in K+ and Cl- ( Action potentials are not reached…examples are GABA and glycine

33. Caffeine and Nicotine

· Both are CNS stimulants

· Caffeine is rapidly absorbed (completely in 90 minutes), freely crosses the placenta, half-life is 3-5 hours.  It increases alertness, secretion of HCl, HR and it acts as a diuretic.  Side effects include irritability, nervousness, tremors, insomnia…

· 90% of inhaled nicotine is absorbed.  Lethal dose is 60mg.  Half-life is 2 hrs.  Nicotine is lipid soluble.  Results in euphoria, relaxation and alertness.  It increases BP, HR and vasoconstriction.  Side effects include the same as caffeine

34. Barbituates

· Former treatment for sedation.  Well distributed to most tissues and is classified according to duration of action…Short acting = lipid soluble…Long acting = water soluble

· Examples include Thiopental and Phenobarbital

· Works to depress the CNS and the respiratory system.

· Therapeutically, used as anesthetics, anticonvulsants and for anxiety

· Adverse effects include sleep disturbances, impaired concentration, respiratory depression, hangover symptoms and addiction

35. Pharmacokinetics of alcohol

· Alcohol is a generalized CNS depressant.  Highly lipid and water-soluble and is therefore quickly absorbed (20% by stomach and 80% upper intestine).  Easily crosses BBB and placenta.

· Chronic use can lead to liver dysfunction.  Acute intoxications results in reversible brain syndrome.  

36.  Characteristics of FAS

· This is a disorder affecting the fetus when a pregnant woman drinks.  Baby is born w/ CNS dysfunction (low intelligence, small features, behavioral abnormalities), growth restrictions, facial anomalies, heart defects…3RD leading cause in birth defects

37. GAGA receptors

· GABA is an inhibitory NT.  Greatest concentration is found in the brain.  GABA functions to inhibit neuronal excitability by increasing membrane conductance of Cl-.  Benzodiazapine binds to a site close to the GABA receptor.

38. Benzodiazapines

· Work to alleviate anxiety, fear, and panic.  Is an antiepileptic med as well.  Acts anywhere from 3 hours to 3 days.  

· Therapeutic uses include relief from anxiety disorders, seizures, muscular and sleep disorders

· Antagonists include Flumazenil, reverse anti-anxiety effects, shorter half life

39. Parkinson’s Disease

· Progressive neurologic disorder of muscle movement.  Classic signs include resting tremors, rigidity, bradykinesia, postural and gait abnormalities.

· 4TH m/c neurological disorder…1:100 prevalence

· Unknown etiology…affects substantia nigra and corpus striatum

· Therapy is aimed at restoring dopamine in the basal ganglia and antagonizing excitatory effect of cholinergic neurons.

· Drugs commonly used include…MAO inhibitors, Dopamine agonists, Levodopa, Carbidopa, anti-cholinergics.

· L-dopa – precursor of dopamine.  Restores dopamine levels.  Decreases muscle rigidity.

· Carbidopa – enhances function of L-dopa.  Decreases severity of peripheral side effects

40. Types of depression and symptoms

· Reactive/Secondary

· Depression response to real stimuli (60% of cases)

· Bipolar – Manic/Depressive disorder (10-15%)

· Endogenous

· Depression that is genetically determined.  Inability to deal w/ ordinary stressors (25%)

41. Tricyclic Antidepressants

· These meds effectively relieve depression w/ anxiolytic actions.  They work by blocking presynaptic NE and 5-HTreuptake transporters, block histamine receptors and Ach receptors.

· Take 2-3 wks to take action.  Few discernable effects are seen in normal patients.  TCA’s help to elevate mood, increase activity, improve appetite and sleep.

· Oral transmission is well absorbed and readily cross the placenta

· Other uses include nocturnal enuresis, OCD, Panic disorder, Migraines, PTSD

· Examples include Imipramine and Amitriptyline

· Adverse effects include dry mouth, confusion, blurry vision, Orthostatic hypotension, drowsiness, depression of the CV system

42. SSRI’s – Serotonin Specific Receptor Inhibitors

· Allow for more serotonin to be available to treat depression, ADHD, obesity, alcohol abuse, anxiety…

· Examples include Fluoxetine (Prozac), Zoloft, Paxil, Luvox, Celexa, Lexapro

· Side effects include nausea, anxiety, insomnia, sexual dysfunction, anorexia

43. Pregnancy Categories

· Categorized by how anti-depressants affect the pregnancy

· A – control studies show no risk

· B – animal studies show no risk, no human studies done (SSRI’s)

· C – animal studies show adverse risk…only use if benefit outweighs risk (SSRI/MAOI)

· D – evidence of human fetal risk…only use in life-threatening situations (TCA’s/lithium)

· X – evidence of fetal abnormalities…never use

44. MAO inhibitors

· Mitochondrial enzymes found in neurons, GI tract and liver

· Reversibly or irreversibly inactivate MAO and NT escapes degradation.  The NT accumulates and leaks into the synaptic space

· Used since the 50’s but have a potential for serious side effects and fatal interactions.  

· Therapeutic uses include treating depression, phobias, appetite disorders

· Adverse effects include food interactions, orthostatic hypotension, blurred vision and constipation.

45. Neuroleptic Drugs

· These drugs block dopamine in the brain and periphery.  Efficacy or usage correlates w/ ability to block dopamine receptors in the limbic system.

· Include thioridazine, chlorpromazine, and haloperidol.

· Work to reduce hallucination and agitation, reduce Parkinson’s symptoms, treat Orthostatic hypotension, blurred vision…

· Therapeutic uses include treating schizophrenia, nausea and vomiting.

46. Pain pathways

· A stimulus is sensed in the periphery and travels along nerves to the spinal cord.  Substance P is released in the spinal cord and “pain” is felt ( spinothalamic and spinoreticular tracts.

47. Morphine actions

· Morphine is a strong opiod agonist…in form of morphine or codeine

· Primary use is for pain relief
· Achieves significant blood levels in seconds after IV route.  Raises intracranial pressure

· Therapeutic uses include pain relief, euphoria, sedation, cough suppression, and causes constipation due to decreased GI motility

48. Methadone

· This is a synthetic agonist for morphine…less euphoria but longer lasting action.  Better absorbed than morphine.

· Used to control withdrawal symptoms of other opiods

49. Opiod Antagonists

· These drugs block the function of opiods by binding to the opiod receptors.  This covers up the binding sites and the opiods have nowhere to bind and therefore, no action.  

· Examples of opiod antagonists are Naloxone and Naltrexone
--STEVE’S NOTES--
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