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OBJECTIVE 
 
You should: 

• know the structure of the mammalian cell membrane and how xenobiotics 
can cross that membrane. 

• be able to distinguish between water-soluble and fat (lipid)-soluble 
xenobiotics. 

• know how xenobiotics enter the body by absorption through the skin, 
lungs, and gastrointestinal tract. 

• know how xenobiotics move through the body. 

• know the importance of the rates of absorption and excretion in 
determining the concentration of xenobiotics in the blood and tissues. 

 
INTRODUCTION 

The biological response to a toxic chemical is directly dependent upon the 
dose of the chemical delivered to the target organ. 

There is an important difference between exposure and dose. 

Exposure is the presentation of the xenobiotic (chemical foreign to the body) 
to the individual.  Units of exposure to xenobiotics are usually parts per million 
(ppm) or a unit of weight per cubic meter of air, liter of water, or kilogram of 
food (diet).  Dermal exposures are usually expressed as concentrations of the 
solution in contact with a surface area, (for example, micrograms per square 
centimeter). 

Dose is the amount of xenobiotic that reaches the target organ to elicit a 
chemical reaction that takes place between the toxicant and an endogenous 
compound in or on the target cell.  Units of dose are usually given as a unit of 
weight administered per kilogram body weight or square meter of body surface 
area (same as exposure). 

When an exposure occurs, the toxicant must first cross from the environment 
and enter the body; transfer across cells composing the body surfaces (skin, 
lungs, gastrointestinal tract) is called absorption, more specifically, absorption 
from the environment into the blood or lymphatic circulatory systems. 

From these circulatory systems, the toxicant passes to some, several, or all of 
the tissues in the body; this process is called distribution. 

Topic: Principles of Toxicology

Copyright 2002 by Chulabhorn Research Institute



 

 90

 
The transfer of the toxicant from the circulatory system into the tissues is also 
called absorption; it is similar to the process for the transfer of a chemical 
from the body surface into the circulation.  Therefore, one must always 
consider two aspects of absorption:  1) transport from the body surface into the 
blood (or lymph) and 2) from the blood into the tissues. 
 
The removal of toxicant from the body is excretion, and this process is usually 
accomplished by specific action of the kidney (formation of urine), liver 
(formation of bile), and lung (exhalation of volatile compounds). 
 
Polarity and Solubility 
 
Polar solutes are soluble in polar solvents because solute molecule can form 
hydrogen bonds and align their charges with solvent molecules.  Nonpolar 
solutes are not soluble in polar solvents because the solute molecules do not 
have charges.  Nonpolar solutes are soluble in nonpolar solvents because the 
solute molecules can align the van der Waals forces with the nonpolar solvent 
molecules.  This is illustrated in the scheme below. 
 
 

 
 
 
The Cell Membrane 
 
To understand the process of absorption of chemicals from the body surfaces 
into the blood and from the blood into the tissues, it is helpful to examine the 
structure and chemical nature of the cell membrane, because it is, in most 
cases, this membrane through which the toxicant must pass to reach the target 
site and elicit the biological (toxic) response. 
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Figure 1 is a schematic representation of a typical mammalian cell, showing a 
few of the many subcellular organelles; a small portion of the cell membrane is 
enlarged in Figure 2 to illustrate the configuration of phospholipids and proteins 
that make up this membrane. 
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Figure 1.  Schematic representation of a mammalian cell 
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Figure 2.  Schematic representation of a portion of a mammalian cell membrane 

 
In Figure 2 the phospholipid molecule is represented by the shaded oval with 
two tails and membrane proteins are represented by twisting lines carrying 
positive and negative charges. 
 
Figure 3, on the next page, is an illustration of a phospholipid molecule, which 
makes up the bulk of the cell membrane.  In this illustration, 
phosphatidylcholine distearate is used as an example (there are several other 
similar molecules in cell membranes) and the polar, water-soluble head and 
non-polar, lipid-soluble tails of the molecule are indicated. 
 

 
Figure 3.  A phospholipid molecule 
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