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Toxicodynamics & Kinetics
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concentration in blood reseptor

 The toxicity of a substance depends on the dose

J The concentration of a chemical at the site of action is

usually proportional to the dose

 But......same dose of two different chemical may lead to

vastly different concentrations???

Excretion ---first order




Toxicokinetics: Disposition (ADME
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is the quantitation of the time course of

toxicants in the body during the processes of absorption,
distribution, biotransformation, and excretion or clearance

of toxicants

In other words, toxicokinetics reflects how the body handles
toxicants as indicated by the plasma concentration of that
xenobiotic at various time points

The end result of these toxicokinetic processes is a
biologically toxic dose of the toxicant/s
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Toxicodynamics & Kinetics
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Toxicokinetics: ADME

(1 Once a living organism has been exposed to a toxicant, the
compound must get into the body and to its target site in an
active formin order to cause an adverse effect

1 The body has defenses:

J Membrane barriers

v Passive, simple diffusion (pH, protein bound??), facilitated
(saturable, inhibitable, selective), active (ABC transporters), or
special carriers

1 Biotransformation enzyme, antioxidants
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=~ Absorption
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Zero order

1 Ability of a chejmical to enter the blood stream (Gl tract, skin,
lungs)

J Absorption: RATE & EXTENT

1 The rate is of toxicological importance coz is the main
determinant of the peak plasma concentration

. The extent determine the total body exposure or internal
dose

1 The fraction absorbed.....bioavailability(F)
 Comparingtoi.v (1 or 100%)



] Route of exposure

J Inhalation: readily absorb gases into the blood via the
alveoli (large alveolar surface, high blood flow)

Absorption
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[ Particle size is the main determinant, < 1um penetrate the
alveolar sacs of the lungs (nanoparticles!!)

) Enteral administration: particle size, surface area, blood

flow rate, pKa, Pgp, intestinal motility??

v’ First-pass effect (intestine and/or liverfcan modify)

intestine e lexa
peia B by Leia palan]
pandl as ol g 0 gall Sy

;L;.u: J\A}

daa a9 oS Ll
zdiarrhea
pabaia¥) (S
Jl ol

O3S Lal Gl LS e
Veins padic

panall g QL ppns

BF Ju < pulaic
toxic Ju s



CalS 5 dalis sale Li2R) 1)
e L paldty caSgeid
urine Jaal 3k
alkaline

pH=pK, + log [nonprotonated species)

[protonated species]

For acids: pH = pK; + log %}1

8]
For bases: pH = log 22
pH = pK; + ogmm
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Absorption

H danle b A etopically oS
systemic circulation
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J Dermal: fortunately not very permeable e

v Absorption through epidermis by passive diffusion (stratum
corneum thickness, condition of skin, blood flow, small size)

v’ ....thendermis by diffusion....systemic circulation
 Parenteral: 1.V, I.P, |.M, S.C

J Physicochemical properties of the toxicant..
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BLEEDING

d The process in which a chemical agent translocates

throughout the body...

1 Blood carries the agent to and from its site of toxicity, storage

depots, organ of transformation, and organs of elimination

(d Storage in adipose tissue: very lipophilic compounds (DDT)

BB
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will store in fat

v/ Rapid mobilization of the fat (starvation) can rapidly
increase blood concentration

M Liver and kidney: high binding capacity for several chemicals
(d Storage in bone: chemicals analogues to calcium, fluoride,
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Distribution: storage & binding

J Rate of distribution dependent upon

v" Blood flow

v Characteristics of toxicant (affinity for the tissue, and the partition

coefficient)

 Binding plasma proteins: in equilibrium with the free portion,

displacement by another agent

@ il e Cﬁh el
BLOOD FLOW

 BBB......tight capillary endothelial cells, P-gp (not fully developed
at birth)

J Distribution may change over time




ELIMINATION =
EXCRETION + METABOLISM



Elimination
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M Urinary excretion

v' Water soluble products are filtered out of the blood by the
kidney and excreted into the urine

J Exhalation

v’ Volatile compound are exhaled by breathing

[ Biliary excretion via fecal excretion

v' Compounds can be extracted by the liver and excreted into
the bile. The bile drains into the small intestine and is
eliminated in the feces

d Milk, Sweat, Saliva



Metabolism (biotransf
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d Toxic response depends on the concentration of active
compound at the target site over time

| (parent
enzymatic

The process by which the administered chemi
mpound) are modified by the organsim
reqctions

Dls bjective — make chemical agents
t and easier to excrete

ore water soluble

“* Increase solubility ---- decrease amouxit at target

/

“* Increase ionization ---- increase excretion rate ---- decrease toxicity

] Bioactivation/toxication ---- biotransformation can result i
the formation of reactive metabolites
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Metabolism (biotransformation)

1 Can drastically affect the rate of clearance of compounds

(1 Can occur at any point during the compound’s journey from
absorption to excretion

J Key organs in biotrasnformation

 Biotransformation pathways
o Phase I: make the toxicant more water soluble
o Phase II: links with a soluble endogenous agent
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Classical Toxicokinetics

J One Compartmental Model vs Two Compartmental Model
3 vd.....dose/C,

PLASMA DRUG CONCENTRATION

TIME (hours)

-y
Cp=24-e 15t g.0025

0 6 12 18 24
Time hr



Classical Toxicokinetics
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) Half-life....0.693 X V4/CL eliminated
psand oS) iy

J Clearance (CL) is the amount of body fluid cleared of the/toxicant

per unit time (ml/min)...

D Ke X Vd = (O693/t1/2) * Vd

[ First-order vs. Zero-order kinetics

L Concentration is the major factor influencing 1% order kinetic
v The rate of “elimination” depends on conc.

 Zero-order (capacity limited) kinetic, when a fixed amount of
drug is “eliminated” over a period of time



Classical Toxicokinetics

(1 Drugs highly charged or polar are excreted by the kidney...1st
order elimination

 Lipid soluble drugs, first metabolized by liver....if enzymes
saturated...zero order elimination

Dose =250 mg; V1 =50 L;
Vm = 500 mg/day; Km = 4 ma/L

Zero order section - linear

First order section
- monoexponential

Time hr



Factors influencing Toxicity

Poisoning do not always follow the “text-book” descriptions
commonly listed for them

S&S that are often stated as being pathognomonic for a particular
toxic episode may or may not be evident with each case of poisoning

An experimentally determined acute oral toxicity expression, such as
LD50 value, is not an absolute description of the compound’s toxicity
in all individuals

Imp. principle to be always kept in mind when evaluating a victim’s
response to a toxic chemical is that there are numerous factors that
may modify the patient’s response to the toxic agent

Those factors are the same as those which determine a drug’s
pharmacologic action



Factors influencing Toxicity
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Factors influencing Toxicity

1. Composition of the toxic agent:

» A basic fallacy: responsible toxicant is the pure substance

» Physiochemical
charge, hydrophobicity, powder/dust

* Solid vs Liquid

* Poisoning is mor

size)
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Factors influencing Toxicity
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1. Composition of the toxic agent: \

» E.g: Cr3+* relatively non-toxic, Cré* causes skin and nasal
corrosion and lung cancer

» PH: strong acids or bases vs mild acids and basics

» Stability: paraldehyde.....acetaldehyde (nausea,
pulmonary edema)
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Factors influencing Toxicity

2. Dose and concentration:

» Most important factor: e.g. acute ethanol exposure

» Diluted solutions Vs concentrated solution (easily
absorbed)

3. Route of exposure: oral, inhalation, dermal
* Affect time of onset, intensity and duration
* Predict the degree of toxicity and the organ mainly affected
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Factors influencing Toxicity
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* ‘\Degree of ionization
e Solid forms? Tendency to clump together

* Presence of food: ,

 Chance to readily metabolize..and “hoped” y
detoxify!! 1st pass effect




Factors influencing Toxicity

Inhalation:

* Particle size is a limited factor < 1um

Dermal:

* Penetrationis time dependent
e Skin condition
* Nature of the toxicant (irritant)



Factors influencing Toxicity
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4. Metabolism of the toxicant e Jiieal (il agl) 2 J sl
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e MeOH__ 2% _Eormaldehyde + Formic acid ...serious side
effects

5. State of health:
e Hepatic, renal insufficiency

* Diarrhea or constipation may decrease or increase the
time of contact between chemical and absorptive site

 Hypertension may exacerbate response to chemical with
sympathomimetic activity
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Factors influencing Toxicity

6. Age and maturity

* Chloramphenicol....grey baby syndrome| saaie daiSe o 35 4l Lo 43¥

ksl

,uju' Geriatric....generalized decrease in blood supply to

tissue.....decrease in toxicity....(not always)

Oral,

drug P.O drugs....absorption decrease

 Diseases (hepatic, renal, CV)...decrease detoxification,
excretion, distribution
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| Factors influencing Toxicity

e A
CNS

7. \Nutritional state
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 Ermptystomach or food contents (pH, high fat,....)

Ca2+in milk and tetracycline

» \Fatty food increase absorption of griseofulvin
» Tyramine rich food and MAO inhibitors

» Hypoalbuminemia: greater amount of free dru

Ll sdic aal g 13
O sl
¢ sdldoes o JBl A 3Y

@3 j).\-ﬂj‘ ;\j.l
Slilealy)

&o L sian

fatty food o ¢l sall JS g0 2al g

Nz fatty ge p2ds g sy )8 10




Factors influencing Toxicity
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e Differencein absorption..... Ol g 4Ll
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* Differences in quantities of muscle mass and fat
tissue....in i.m injection



Factors influencing Toxicity

8. Genetics: (Genetic toxicology....normal Gaussian curve)

* Species, strain variation, inter-individual variations

e Succinylcholine metabolized by pseudocholisterenase into

succinvimonocholine + choline then....
QMPM\-J

l Esterase (liver)

*  Succinic acid + choline
sl o5 G6PD deficiency.....protect RBCs from oxidative damage,

may cause hemolytic anemia
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1 All substances can be poison
(1 Dose determines the response

 Pathway, duration, frequency of exposure and chemical
determine dose

d The extend of the effect is dependent upon the
concentration of the active compound at its site of action
over time

[ Bioactivation.....compounds to reactive metabolites

M Individual variation of the organism will affect absorption,
distribution, metabolism, & excretion



* True or false

All substances can be poison
Dose determines the response

Pathway, duration, frequency of exposure and chemical determine dose

The extend of the effect is dependent upon the concentration of the active
compound at its site of action over time

Bioactivation may change compounds to reactive metabolites

Individual variation of the organism will affect absorption, distribution,
metabolism, & excretion



Homework

* You learnt today about zero order and first
order kinetics, use the Access pharmacy
website to find the book Katzung & Trevor's

Pharmacology: Examination & Board Review,
10e >

* Browse the book and find the definition of the
above terms


https://accesspharmacy.mhmedical.com/book.aspx?bookid=514
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