
Toxicokinetics



Introduction

• "how a substance gets into the organism and what happens to it in the 
body.«

• «what body does to the drug»

• «description of both what rate a chemical will enter the body and what 
occurs to excrete and metabolize the compound once it is in the body»

• «absorption, distribution, biotransformation (biotransformation) and 
excretion of chemicals.»

• «Toxicokinetics is the mathematical description of the uptake and 
disposition of a chemical in the body»

• To define its toxic effects



Definition 1

• Toxicokinetics refers to the study of absorption, distribution, 
metabolism/biotransformation, and excretion (ADME) of 
toxicants/xenobiotics in relation to time

• extension of pharmacokinetic principles to define adverse drug 
effects 

• disposition kinetics-xenobiotics - either natural or environmental 
sources -deleterious effects on organisms



Data relates the exposure achieved in toxicity 
studies 
• Contribute to the assessment of the relevance of these findings to 

human safety. 

• Provides information on linear/non-linear pharmacokinetics, 
accumulation, 

• The effects are related to Cmax (peak concentration) or total 
exposure (AUC). 

• Determine the appropriate species, study design, and treatment 
regimen in subsequent non-clinical toxicity studies. T

• Helps in evaluating the impact of a proposed change in the clinical 
route of administration





1. Changes in chemical composition

• Valence state- Trivalent arsenicals are of inorganic agents much more 
toxic than pentavalent arsenic. 

• Salts - barium carbonate is cardiotoxic, whereas barium sulfate is 
insoluble and nearly nontoxic).

Defining Factors Alter Response to Toxicants



2. Instability-Decomposition

• Adverse storage conditions can decompose to form more toxic
degrade products- OPs

Defining Factors Alter Response to Toxicants

3. Impurities or contaminants

• Manufacturing byproducts (phenoxy herbicides- dioxin)

4. Ionization

• Compounds that are highly ionized are poorly absorbed and thus less
toxic



5. Vehicle

• Nonpolar and lipid-soluble vehicles-increased toxicity by promoting
absorption and membrane penetration

Defining Factors Alter Response to Toxicants

6. Protein binding

• Limitation of the bioavailability of the agent-reduced toxicity

7. Chemical-Drug Interaction

• Chemicals bind-inactivate-potentiate one another

• Microsomal enzyme alteration



8. Biotransformation

• Increased metabolic activity of microsomal mixed function oxidases 
(MFOs)- Phase I and phase II metabolism- bioactivated compounds
(more toxic), biodegraded compounds (less toxic)

Defining Factors Alter Response to Toxicants

9. Liver disease
• Reduced synthesis of glutathione, metallothioneine, and coagulation

factors may alter response to acetaminophen, cadmium, and
anticoagulant rodenticides,respectively.



Defining Factors Alter Response to Toxicants

10. Nutrition-Diet
• calcium and zinc, may affect absorption and response to lead.

• Vitamin C and vitamin E can aid in scavenging of free radicals and 
repair of cellular protective mechanisms



Processes

• 1. Absorption — the substance enters the body.

• 2. Distribution — the substance moves from the site of entry to other 
areas of the body.

• 3. Biotransformation — the body changes (transforms) the substance 
into new chemicals (metabolites).

• 4. Excretion — the substance or its metabolites leave the body.













ADME

• Substance- Absorbed-
Distributed through the 
blood, lymph circulation, 
and extracellular fluids into 
organs or other storage 
sites-Metabolized-
substance or its 
metabolites are eliminated 
through the body's waste 
products.



Absorption

• Route of exposure

• Physicochemical properties
• Molecular size

• Relative lipid/water solubility

• Magnitude of molecule’s association constant

• Weak acid-base



Routes of exposure

• For toxiocology, common routes: oral (GI), dermal (percutaneous), 
inhalation (pulmonary)

• Also iatrogenic- subcutaneously, intramuscularly, intraperitoneally, or 
even intravenously

Absorption



Bioavailability (F)

• Fraction of the total dose of a toxicant absorbed by an animal.

• Intravenous exposures, F= 100% since the entire dose of the toxicant 
reaches the peripheral circulation.

• Inhatalation exposure, Equilibrium concentrations of the toxicant 
dissolved in the blood and the gaseous phase of the toxicant in the 
alveolar (blood-to-gas partition coefficient) in respiratory tract
• size of aerosolized particles - nasopharyngeal region (particles >5 μm) or 

within the alveoli of the lungs (<1 μm).

Absorption



Percutaneous absorption

• The stratum corneum & associated keratinized structures 

• Skin in different anatomical locations.

• Dependent on the vehicle in which a toxicant is dissolved 

• >>> greater for lipid soluble compounds as compared with chemicals
that are highly soluble in water

Absorption



• Acidic degradation in the stomach 

• Enzymatic breakdown in the small intestine.

• Decreased GI transit time

• Resemblance essential minerals such as calcium and zinc for
lead&cadmium tox- regulate GI uptake

Gastrointestinal

Absorption



• Influence- bioavailability 

• First pass effect/Presystemic elimination: Oral exposure- absorption-
GI tract-hepatic portal circulation-liver- hepatic degradation-
prevents access of the compound to the systemic circulation -
decreased bioavailability 

• Enterohepatic recirculation: Bioavailability enhanced - biliary 
excretion- subsequent reuptake from the intestines referred to as “.

Hepatic biotransformation

Absorption



Mechanisms of absorption

• energy-independent (“passive” transport) – Simple diffusion or
filtration

• require the expenditure of energy through “specialized” or “active” 
transport systems.





Distribution

• translocation of a xenobiotic from the site of absorption to various 
body organs and tissues 
• involves both transport of the chemical within the circulation 

• cellular uptake of the xenobiotic

• The “volume of distribution” (Vd)= the quotient of the total amount of 
that chemical in the body divided by the concentration of the 
xenobiotic within the blood 
• describe the extent to which a xenobiotic is distributed within the body







Distribution



Distribution depends

• the binding of the substance to plasma proteins

• the partition between blood and specific tissues 

• the permeability of the substance to cross specialized membranes, 
so-called barriers (e.g. blood–brain barrier/BBB, blood–placental 
barrier/BPB, blood–testis barrier/BTB)



Xenobiotic storage depots

• Plasma proteins- salicylates, barbiturates, cardiac glycosides, steroid 
hormones, vitamins, and various essential minerals
• Dependent to bound-unbound ratio

• Liver and kidneys- cadmium 

• Fat- Persistent organic pollutants

• Bone-Minerals



Tissue barriers

• Blood-brain barrier

• Blood-testes barrier

• Blood-placenta barrier



Metabolism/Biotransformation

• Metabolism-refer to the fate or disposition of a xenobiotic

• Biotransformation- general term referring to the metabolic 
conversion of both endogenous and xenobiotic chemicals into more 
water-soluble forms

• Several organs within the body have biotransformation capabilities, 
most xenobiotics are biotransformed in the liver
• Xenobiotics are usually biotransformed in two phases (I and II), which involve 

enzymes having broad substrate specificity



Results of Biotransformation

• Biodegredation- Toxicant
inactivation - inactive or less active
(Propranolol,Pentobarbitone,Mor
phine, 
Chloramphenicol,Paracetamol,Ibu
profen, lignocaine

• Bioactivation-
• Active toxicant to active metabolite-

active metabolite Effect is due to
parent drug and its active metabolite



• Bioactivation-cont’ed
• Inactive drug (prodrug)-active drug



Phase I and Phase II Biotransformation
Reactions catalyzed by xenobiotic biotransforming enzymes are 

generally divided into two groups: Phase I and phase II.

1. Phase I reactions involve hydrolysis, reduction and oxidation, exposing or 

introducing a functional group (-OH, -NH2, -SH or –COOH) to increase reactivity 

and slightly increase hydrophilicity.
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• 2. Phase II reactions -increase hydrophilicity.





Microsomal Enzyme Induction

• Drug-drug interaction

• Increased toxicity



CYP450

• CYP activation/inhibition routes for management of toxicoses

• Toxicogenetics

• CYPs in veterinary medicine



Toxicokinetic aspects of xenobiotic
elimination
• Clearance

• Compartmental models (One-compartment/muticompartment)

• First order/zero orde rkinetics

• Half life



Excretion

• removal through the faeces (including bile), urine, breath, and to a lesser 
extent via sweat, hair nails, milk, placenta or eggs. 

• The route and extent of excretion of a substance depends on its physical 
and chemical properties. 

• Volatile compounds - quickly leave the body via exhalation. 

• Hydrophilic substances - remain dissolved in the urine and hardly be 
reabsorbed in the kidney tubules.

• Larger (typically >350 Da in rats and > 450-500 Da in humans, substances 
are mainly excreted via the bile into the intestines and are subsequently 
excreted via faeces or re-absorbed into the body (enterohepatic cycle) 




