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COURSE OUTLINE
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[] TO?(TCU(SI%GY IN PERSPECTIVE
e Definitions and terminology

* Review of relevant toxicodynamic principles
* Review of relevant toxicokinetic principles
* Factors affecting toxicity

[1 GENERAL APPROACH TO THE MANAGEMENT OF POISONED
PATIENTS

e Evaluation of the patient

* |nitial assessment
e (Certain toxicokinetics
» |dentification of patient and toxicant



COURSE OUTLINE

(] Decontamination:

o Inhalation exposure

o Ocular exposure

o GIT decontamination

o Enhancement of elimination
o Extracorporeal methods

] Toxidromes
] INDUSTRIAL AND HOUSEHOLD TOXICOLOGY

* Nitrates and nitrites

e (Carbon monoxide

* Cyanide

O Heavy metals: LEAD, IRON
O Pesticides



COURSE OUTLINE

[1 CLINICAL TOXICOLOGY

* Analgesics
o Salicylates
o Paracetamol (Acetamenophen)

o NSAID
O DRUGS OF ABUSE
* Opioids

* Alcohol intoxication

* Nicotine

* Sympathomimetics

e OTC drugs abuse and misuse: hypervitaminosis, antihistamines,
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Introduction:

TOXICOLOGY IN PERSPECTIVE



DEFINITIONS & TERMINOLOGY

Toxicology is the study o the adverse effects of chemicals
on living organisms.
Poisons: are drugs that have almost exclusively harmful effects

However, Paracelsus (1493—-1541) famously stated that “THE
DOSE MAKES THE POISON”

Toxins?? biologic origin, ie, synthesized by plants or animals, in
contrast to inorganic poisons (lead and iron)

Toxicology: is the branch of pharmacology that deals with the
undesirable effects of chemicals on living systems

Modern toxicology goes beyond this....study of molecular
biology using toxicants
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TOXICOLOGY DISCIPLINES

O Environmental toxicology:

focuses on the impacts o chemical pollutants in the environment
on biological organisms, study the effects of chemicals that are
contaminants of food, water, soil, or the atmosphere

[ Industrial (occupational) toxicology:
* Toxic exposure in the work place or during product testing

) Clinical (medical) toxicology: Clinical toxicology is concerned with
disease caused by or uniquely associated with toxic substances
focus on the diagnosis, management and prevention of poisoning
or ADEs due to medications, occupational and environmental
toxins, and biological agent
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(J Veterinary toxicology

) Forensic toxicology: is the use of toxicology to aid medical
and legal investigation of death is a hybrid o analytic
chemistry and fundamental toxicologic principles that focuses
primarily on the medicolegal aspects o the harmful effects o
chemicals on humans and animals

J Nanotoxicology: is the study of the toxicity of nanoparticles
(<100 nm diameter). Because of large surface area to volume
ratio, nanomaterials have unique properties compared with
their larger counterparts
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What is a Poison??

poison ¢S g blu e b 7 dlle dpudy dglanty L& ()

“All substances are poisons;
there is none that is not a poison.
The right dose
differentiates a poison and a remedy”

Paracelsus (1+493-1541)



Water Intoxication?

 Water poisoning....fatal disturbance in brain functions
when the normal balance of electrolytes in the body is
pushed outside of safe limits (e.g., hyponatremia) by

overhydration 05D doses N 4 U
4 Intravenous LD, of distilled water in mouse is 4A4ﬁl/kg

d Intravenous LD, of isotonic saline in mouse is§8/ml/kg

Al g water IV J) 231 13) s ¢Saa
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What is a Poison??

 Poisoning or exposure??

O Many people consider that poisoning start the moment
exposure occurs

O In reality, we are exposed to a wide variety of toxic
substances each day from food and water that we
ingest, and air that we breath

d We do not display toxic symptoms, we are not actually
poisoned
9 doludl 3olall Cieli quantity JI Lle vwoisy Sodl oy G Craaund Sl il sy ¥ poison (J Cusysi Sl 13

G331 pgowdl (o 838 OlaS laalb 83 uiS 9 cyanide JI sj microgram Jb doludl olgall o=
dose JI (0 (meo level oy Lo 18] elde 56 b (Sow



What is Response?

J Change from normal state — could be molecular, cellular,
organ, or organism level......the symptoms

U The degree and spectra of responses depend upon the

dose and the organism i s 0 Gt Lo

v Immediate vs. Delayed (carcinogenic)

v’ Reversible vs. Irreversible (liver vs. brain, teratogenic
effect)

\5_3\}” S_

v" Local vs. Systemic

v’ Graded vs. Quantal......degrees of the same damage vs.
all or none

d AIIeLhrgicfeactions & ldiosyncratic Reactions....ADRs
kind fesg-ns<
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Dose

(e toxin J) (» <adl mglkg a<
effect J) (uu

dose J) cuuad (S U i 4d) aga

(d The amount of chemical entering the body

M This is usually given as:
mg of chemical / kg of body weight = mg/kg

U The dose is dependent upon:
» The environmental concentration
» The properties of the toxicant
» The frequency of exposure
» The length of exposure
» The exposure pathway



Exposure: Pathways

O Routes and Sites of Exposure:
(GIT), (first pass effect)

= Ex. Lidocaine and Verapamil (antiarrhythmic drugs)

(Lungs): rapid absorption, because of large alveolar
surface area

(Skin), absorption varies with area of
application and drug formulation, but usually absorption is
slower than other routes

= |ntravenous, intramuscular, intraperitoneal
O Typical response of Routes and Sites of Exposure:
i.v > inhalation > i.p > i.m > oral > topical
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Exposure: Duration

o Toxicologists usually divide the exposure of experimental
animals to chemicals into 4 categories......:

Acute < 24hr Usually 1 exposure

Sub-acute 1 month Repeated exposure
Sub-chronic  1-3 months Repeated exposure

Chronic >3 months Repeated exposure

[ Over time, the amount of chemical in the body can build
up, it can redistribute, or it can overcome repair and
removal mechanisms
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The other time-related factor that is important in the temporal

characterization of repeated exposures is the frequency of exposure

J substance A J' 13

Single dose Repeated doses 3 & 42 elimination
A Concentration range of toxic response SRl ED 2
--------- 9 P b gia 428 elimination

-
'y

-
-
-
-

e

A J'substance C
TS 428 elimination

dugh

sie substance A J

Lal toxic _ba Al 5 salf
=) frequency J) ¢S
B time of J) ¢»

~ -~

Tb}ccib [—

Concentration at target site

-
-

a7, elimination
s Co 9 accumulation
toxic effect Lira

Time

Time

The relationship between elimination rate and frequency of exposure



Dose Response Relationship

O The magnitude of drug effect depends on the drug
concentration at the receptor site, which is in turn
determined by the dose of drug administered and by
factors of the drug pharmacokinetic profile

U There is a graded dose-response relationship in each
individual and a quantal dose-response relationship in a
population

dose graded response more JI o8 LS g effect! ous pidiy dose sl e buwgially Ll graded
G¥ Goplas S 56K dgodl Joom 9 G y% ,uiS response Jl sgi dose JI Loj LadS 950 S| jaie G steep
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Graded-dose response relationship

[ The response to a drug is a graded effect, meaning that
the the measured effect is continuous over a range of
doses

 Graded dose response curves are constructed by plotting
the magnitude of the response against increasing doses of
a drug (or log dose)



Dose-Response Relationship

O As the dose of a toxicant increases, so does the response

Increasing effect

>

no-effect range |range of increasing | maximum
effect with effect range
increasing dose
.
[+} Stee
£ P '
) curve....relative
I
= small dose changes
= cause large
response changes
>

Increasing dose



Graded-dose response relationship
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olel 381 Joum level of response! yuiid Juogy maximal toxicity dl go5

[ Two important properties of drugs can be determined by
the graded dose response curves:

1 Potency
J Maximal toxicity
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Source: Klaassen CD, Watkins )B: Casarett & Doull’s Essentials of

Toxicology, 2nd Edition: http://www.accesspharmacy.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



‘U’ Shape of the Dose-Response Curve

Threshold for adverse response
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Deficiency Toxicity
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Dose

Source: Klaassen CD, Watkins )B: Casarett & Doull’s Essentials of
Toxicology, 2nd Edition: http://www.accesspharmacy.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
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Quantal-dose response relationship

U The quantal (all or none) dose-effect curve is often
characterizes the distribution of responses to different
doses in a population of individual organisms

J Median toxic dose(TD.,): the dose at which 50% of
individuals/population exhibit a particular toxic effect

A If the toxic effect is death of the animal, a median lethal

dose (LD.,) may be experimentally defined
1 el il o
: : L5 G e

1 Median effective dose (ED,) IR
W L S response
digoxinJl ¢ warfarin/!
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Quantal-dose response relationship
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LD,

[ The dose of chemical required to produce death in
50% of the organism exposed to it

JdLD,, is not an absolute description of the
compound toxicity in all individuals.....Variations

|5 sas de ) sl aie A Gl (e %500 2 LD50J)



