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Dose-Response Relationship: 
Follows the concept that the dose makes the poison. Describes the relationship between 
amount (dose) of the toxin and the effect of the toxin on the body.  
Toxic effects are typically quantal (effect either present or not present) rather than continuous 
(e.g. twilight vs complete anaesthesia) 

• Most commonly observe toxic effects on a population, plotting the number of 
individuals exhibiting an effect at each dose (experimentally)  

o Typically get a normal distribution (bell curve) 
 
The normal distribution will be used to create the dose-response curve. The Y axis is the 
cumulative number of animals affected (typically as a percentage, %) 

 
 
Dose-Response curves may measure therapeutic effects e.g. pain relief. This can be 
characterised through the ED50 (Effective Dose 50): the dose of drug which 50% of the 
population experiences a therapeutic effect e.g. pain relief.  
 
For the same drug, a graph for the toxic effects may be produced, which may occur at higher 
doses than the therapeutic dose. TD50 = the dose of drug for which 50% of the population 
experiences a toxic effect.  
 
The same phenomenon can be applied for the lethal dose, the LD50, which shows the lethal 
dose of toxin for which 50% of the population has died.  
 
Margin of Safety: 
The index of a drug’s effectiveness and safety. This is calculated as the dose that is lethal in 
1% of animals, divided by the dose that is therapeutic in 99% of animals.  

• Look at the gap between the therapeutic and lethal curves on the dose-response chart. 
If these are quite far apart, the margin of error is greater, and hence more desirable. 
We want the Margin of Safety to be very large 

MOS = LD1/ED99 
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Calculating a Dose: 
Example Scenario: A cat has consumed 2 paracetamol tablets, and weighs 4.5kg. Each tablet 
contains 500mg Paracetamol. What dose has the cat ingested (mg/kg)? 
 

1. Calculate a dose (mg) ingested 
a. 2 X 500 = 1,000 mg 

2. Divide total dose (mg) by the weight of the animal 
a. 1000mg/4.5kg = 222mg/kg 

 
The TD50 of paracetamol in cats is 50mg/kg 

• The consumed dose is much higher than the TD50. Therefore, there is a >50% chance 
she will experience toxic effects. Treat for paracetamol toxicity immediately. 

 
 
Toxicokinetics: 
The movement and fate of toxins once they contact or enter the body. This term is used to 
describe: 

• Absorption: How the toxin gets into the body 
• Distribution: Where the toxin goes once it gets into the body 
• Metabolism: How the body breaks down the toxin 
• Excretion: How the body removes the toxin 

Toxicokinetics involved what the body does to the toxin, not vice versa.  
 

1. Absorption: 
The process whereby toxins gain entry to the body from the external environment, by 
crossing cellular barriers. Primary routes of exposure are: 

• Gastrointestinal: Ingested, the most important route  
• Respiratory: Gaseous toxins 
• Dermal 
• Injection (uncommon): Subcutaneous, intramuscular, intravenous, intrathecal (spinal 

canal), intravitreal (into eye) 
 
Cell membranes form the barriers between fluid compartments. Toxins must traverse cell 
membranes to enter the body. There are four main mechanisms by which small molecules 
cross cell membranes: 

1. Diffusion directly through the lipid membrane: simplest, diffusing across the 
concentration gradient 

2. Diffusion through aqueous pored formed by aquaporins  
3. Interaction with solute carriers or other membrane transporters  
4. Pinocytosis (mainly for macromolecules): cell membrane invaginations which form 

small vesicles, but is an uncommon route for toxins.  
 
Absorption by the Gastrointestinal Tract: 
GIT absorption is one of the most important sites for toxin absorption. Absorption can occur 
along the entire tract, from mouth to rectum. Factors such as pH, GI motility, GI surface area 
and lipid solubility affect the rate of absorption.  

• Generally, lipid soluble substances are absorbed more readily than water-soluble 
sources 
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Absorption by the Respiratory Tract: 
Toxins absorbed by the respiratory tract are generally gasses, vapours, aerosols or volatile 
liquids. Most absorption occurs via the lungs due to its large surface area.  
 
Epithelial cells lining the alveoli are thin, so the distance for chemical diffusion is very short. 
Epithelial cells are also in very close contact with capillaries: once toxins are absorbed into 
epithelial cells, they are rapidly removed into the blood and circulatory system; so chemicals 
are rapidly removed by the blood.  
 
Absorption through the Skin (dermal): 
The skin is relatively impermeable and therefore is a good barrier to toxins in the 
environment. To be absorbed, toxins must pass through several cell layers before entering the 
small blood capillaries in the dermis.  
The outermost layer of the skin is the stratum corneum (keratinised cells); this is the rate 
limiting step to absorption. Toxins pass through the skin via passive diffusion and enter the 
systemic circulation through venous and lymphatic capillaries in the dermis.  
 

2. Distribution: Where toxins move once they enter the body 
Once a toxin has been absorbed into the systemic circulation, it is available for distribution 
throughout the body. The rate of distribution depends primarily on blood flow (large blood 
flow organs i.e. liver, kidneys) and the rate of diffusion out of the capillary bed and into the 
tissues. Toxins distribute more to these areas. 

• Toxins will be initially distributed into different body water compartments (plasma, 
interstitial, intra-cellular) 

• Eventual distribution is determined largely by tissue affinity – some toxins 
accumulate in specific organs.  

 
Body Fluid Compartments: 
Toxins enter the plasma compartment first. Plasma is the compartment of water circulating 
around the bloodstream. Toxins can then move into interstitial water (water around cells) and 
out into intracellular water, or can be stored in fat compartments and accumulate.  
 
Volume of Distribution: 
The apparent volume of distribution (Vd) is defined as the volume of fluid required to contain 
the total amount of drug (Q) in the body as the same concentration as that is present in the 
plasma (Cp) 
 

VD= Q/CP 
VD = Total amount of drug in the body/Plasma concentration of drug 

The Vd is an apparent, theoretical volume to understand how widely a toxin has distributed 
once it has entered the body, it is not a real volume.  

• If a toxin has distributed across all 4 compartments, the volume of distribution will be 
large 

• If the toxin is restricted to one compartment, the Vd will be smaller 
 
A large Vd: 
Example: Injecting toxin into the plasma compartment (circulating volume). It is going 
directly into the veins (intravenous). Toxin/drug molecules move out of the plasma 
compartment through the endothelial cell later and into interstitial fluid compartments.  
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Then take a sample of the plasma compartment, with a plasma concentration of X. Calculate 
the Vd by dividing the total dose of substance injected/concentration of drug in plasma.  
 
Toxins that have a high tissue affinity will be dissolved in a large volume, and therefore will 
have a large Vd. Toxins that are highly bound to plasma proteins will remain in the plasma 
compartments and have a small Vd: plasma compartment relative to body water is 1 of 4 
compartments, and therefore small 
 
A small Vd: 
The drug/toxin has stayed confined in the plasma compartment: it may be bound to plasma 
proteins circulating in the plasma compartment. Few molecules move into the interstitial 
compartment.  
	


