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INTRODUCTION TO TOXICOLOGY

All substances are poisons; there is none which is not a poison. The right dose differentiates a poison and a remedy. PARACELSUS

I. Classification of Toxic Agents

     A. Classification of Toxic Agents

          1. Target Organ

          2. Source                      

          3. Effects

          4. Physical State

5. Labeling Requirements

6. Chemistry

7. Toxicity Rating

8. Mechanism of Action  


     B. Dose‑Response
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     1. Acute Dose: single exposure

2. Subacute: less than one month

3. Subchronic: 1-3 months

4. Chronic: more than 3 months 

      C. Delivery: Pathways of Intoxication

          1. Enteral

a. buccal/sublingual

b. gastric/low pH

c. small bowel/neutral to alkaline pH

d. large bowel/bacteria

          2. Dermal

               a. skin

-waterproof & lipid proof if intact

-burns may increase absorbtion 100X

               b. eyes & nasal mucosa

          3. Parenteral

          4. Inhalation

               Particle size:

                    >10 micron‑collected by nasal hairs (>30u)

                               or turbinates (10‑30u)

                    5‑10u‑stopped by tracheal cilia and swept

                          up to be swallowed (ingestion?)

                    2‑4u‑settle in bronchus and bronchioles

                    0.1‑1u‑Alveolae: deposited and dissolved

                              in surfactant, phagocytized or

                              absorbed.

                    <0.1u‑diffusion particles, do not settle out & are exhaled

D. Distribution

1. First pass metabolism

-mucosal enzymes

-hepatic biotransformation

2. Distribution toward & away from target molecules

     E. Disposition of Toxins

          1. Excretion

               a. Urine

               b. Feces-Enterohepatic recirculation

c. Exhaled breath

d. Shed cells-skin, hair

e. Milk

f. Placenta

          2. Metabolization/Biotransformation

               a. Liver

               b. Marrow

               c. Renal

          3. Stored in body compartments

a. lipid soluble in fat

b. acic/alkalai trapping by pK

c. calcium‑like metals in bone

d. immune system/macrophage

          4. Interactions

a. Additive       2 + 3 = 5

b. Synergy        2 + 3 =20

c. Potentiation   0 + 2 =16

d. Antagonism     4 + 6 = 8

     F. Toxicity Classes

Rating 
LD50/Kg

Example       

Super Toxic

 <5mg

Botulin Toxin, Nicotine

Extremely Toxic
5-10mg
Paris Green, Malathion

Very Toxic

50‑500mg
Phenobarbatol

Moderately Toxic
 0.5‑5gm 
DDT, NaCl

Slightly Toxic

5‑15gm
Ethyl alcohol 

Nontoxic

>15gm
Phermones, B. thuringensis

---> Hazard is a more useful concept than Toxicity because it incoporates Exposure.

II. Toxicologic Evaluation‑Theory

     A. Dose Determination

         1. Lethal dose 

               a. Oral/Parenteral / Cutaneous

                 i. LDM‑minimum LD

                ii. LD50‑50% of test organism

               iii. LD100‑100%  "   "   "

               b. Inhaled‑for vapors, gases & chemical warfare

                i. CTM‑Concentration X Time (minutes), minimum LD

                ii. CT50‑50% of test organism

               iii. CT100‑100%  "   "   " 

          2. Tolerance Levels‑may be determined by smell, irritation or symptoms.

          3. Threshold Limit Value (TLV) - also expressed as a Time Weighted Average (TWA) ‑ most commonly used limit, based on chronic exposure toxicology on a 40 hr theoretical work week.

          4. Maximum Allowable Concentration (MAC)‑"never exceed level" also Emergency Exposure Limit

          5. Short Term Exposure Limit (STEL)
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     B. Toxicity Tests

          1. Ames Test

    $

          2. Modified Ames

   $$$



$1850-13650 per chemical (as of Nov 95)

3. Mammalian cell forward mutation

$8400-13650

          4. Animal Studies

  $$$$   ‑acute, prolonged, chronic

a. General Acute (rat) $6500

b. Repeated Dose (rat)

     i. 14 day         40000

    ii. 90 day        100000

   iii.  1 year       225000

    iv.  2 year       625000

c. Reproduction

     i. rat            95000

    ii. rabbit         66500

  $$$$$   5. Human Epidemiology

?6. Biomarkers

 III. Toxicologic Evaluation in Practice

     A. The Questions:   The  Hill Criteria
                 1. Can the suspect agent(s) cause disease?

                 2. Does the patient have the disease caused by the agent?

                 3. Was the patient exposed to an agent and where? 

     B. Procedural questions:

        1. Was the clinical picture consistent with known human experience and data from experimental toxicology?

        2. Was exposure evaluated by an industrial hygiene survey and found to be significant?

        3. Were other equally exposed individuals similarly affected?

        4. Did significant and prompt improvement occur after removal from exposure?

        5. Were laboratory findings confirmed and consistent with both the clinical impression and estimated exposure?

       6. Are the clinical findings present common to the general public without the need to postulate Toxicity and did they exist prior to the alleged exposure?
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