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In general, a toxicant should be absorbed in order to have an effect. True or false? Why?
Give examples?
Significance of Target Tissue
Where does lead bioaccomulate?
What are its target tissues?
Transfer across membrane barriers:


Membrane structure:
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Molecules can traverse membranes by three principal mechanisms:

1. Passive diffusion
2. Facilitated diffusion
3. Active transport
Partition coefficient Kow: 
In general, as the lipophilicity increases, the Kow increases and so does ease of movements through the membrane. 
[image: ]
Molecular size: 
Degree of ionization:
Nonionized pass through the membrane vs ionized. 
Dissociation constant pK: 
[image: ]
The pKa is the negative logarithm of the acid dissociation constant. If, for example, the acid dissociation constant Ka is 10–3, then the pKa is 3.
The degree of ionization in body fluids depends on the pH of the medium as well as on the pKa of `	the acid or base. This relationship can be expressed by the Henderson–Hasselbalch equations:
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Answer these questions:
1. What happens when the pH is
a.  equal to the pKa?
b. less than the pKa?
c. Greater than the pKa?
Facilitated diffusion: does not require ATP but requires carrier protein.
Facilitated diffusion has limited rate because number of carriers are limited.
Active transport: 
Requires ATP.
Transvers nutrients and excretion of toxic chemicals and their metabolites.
At least, two active transport processed in the kidney for secretion into the urine: one for organic acids and one for organic bases.
At least, 4 active transport processes in the liver: one for acids, one for bases, one for neutral compounds, and one for metals).

Specialized active transport:
In the placenta, kidney, and the intestine. Why?
Think about essential nutrients!

Specialized transport method:
Phagocytosis
Pinocytosis.

Absorption:
· GI: Absorption from GI is strongly site-dependent; pH 1-3 in stomach to 5-8 in small intestine and colon.
· Absorption of organic acids (pKa) 3-5: well absorped in acidic environment such the stomach.
[image: ]
Organic bases, in contrast, are largely ionized at the pH of the stomach contents, and so are much more efficiently absorbed from the intestine.

Determination of GI absorption:
Factors important in determining whether and how rapidly a compound will be absorbed from the GI tract:
1. Physical factors:
a. Lipid solubility
b. Molecular size
both determine the rate of diffusion on nonionized species.
2. The presence of villi which increase the surface area to the volume.

Think about it: [image: C:\Users\bdamiri\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\RF2EBMHP\MC900434389[1].wmf]
How could some toxicant be absorbed?
Hint: A toxicant that 	mimic the molecular size, configuration, and charge distribution of essential nutrient …………………………………………….

3. What will happen to the compounds that are not stable at the acid pH of the stomach? 
4. What can the intestinal microflora do to chemicals?
5. The rate at which foodstuffs pass through the GI tract? 
6. Fasting: absorption increases at short period of fasting but my fall off by long time fasting as a result of low blood flow.
7. Chemical and physical characteristics of the compound such as its solubility under the conditions present in the GI and its interaction with other compounds.
8. Age and nutritional status of the individual.

Skin:
Second major pathway of absorption.
It is a barrier. How? 

Absorption through sweat gland and hair follicles? 
Passive diffusion
Lipophilic chemicals vs hydrophilic chemicals.
Factors affect skin absorption:
1. Capillary blood flow/ temperature.
2. Abrasion.
3. Hydration of the skin
4. DMSO

Good question for the exam:
· Glyceryl trinitrate patch used in the treatment and prevention of angina is administered dermally but not orally? Why
· Name some toxicant that can cause systemic injury by percutaneous absorption?

Lung: 
	Third major site of absorption.
Occupation- linked toxicology- very important rout of uptake.
What chemicals can be absorbed through lungs?
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Three basic regions: the nasopharyngeal region, the tracheobronchiolar region, and the distal or alveolar region. 
Absorption of solid and liquid particles:
The effect of the size and diameter of a particle on the absorpance:
· Particles that are roughly 5 μm or greater in diameter are generally deposited in the nasopharyngeal region. 
· Particles that fall into the size range of 2–5 μm generally reach the tracheobronchial region before they impact the lung surface. 
· Particles smaller than 1 μm in diameter may reach the alveolar regions of the lung. 
Absorption in the lung, if it takes place at all, will most likely take place in the alveolar region, although there may be some absorption in the tracheobronchiolar region, particularly if the material is soluble in the mucus.	

The effect of the particulate solubility: absorption of water –soluble chemicals in the lung is high. Think about nicotine!

Absorption of gases and vapors:
· Effect of solubility:

· Rate of blood flow:

· Increasing the rate of respiration (ventilation), 

ventilation-limited vs flow limited compounds in their absorption  characterstics.

Application:  What will happen to chloroform once it is inhaled? Chloroform is lipid- soluble. Is chloroform a ventilation or flow limited compound? Why?

Disposition: Distribution and Elimination
 Elimination includes two processes: excretion and biotransformation and both are taking place at the same time.

Classical Kinetic Models :
1. The simplest classical kinetic model is the one-compartment open model (Figure 2.6), in which the compound is assumed to have been introduced instantaneously into the body, distributed instantaneously and homogeneously, and eliminated at a rate that is at all times directly proportional to the amount left in the body, that is, a first-order rate. 
Figure 2.6 The linear one-compartment open model. C(t) is the concentration, which is a function of time; and ke is the elimination rate constant. [image: ]
The half-life is inversely proportional to the elimination rate constant: 
t1 / 2 = ln2 / ke.
[image: ]
Figure 2.7 Plot of the logarithm of the concentration versus time for the linear one-compartment open model. C0
is the concentration at time t = 0, assuming instantaneous distribution.
Another useful concept derived from classical kinetics is the clearance. In first-order kinetics, clearance is defined as the rate constant times the volume of distribution. Therefore, clearance has dimensions of volume per unit time, or flow rate. It represents a volume of fluid cleared of the chemical per unit time by metabolism or excretion.

Disadvantages:
Few chemicals obey simple first-order one-compartment kinetics. Most compounds require at least a two-compartment model.

2. In the two-compartment model, the chemical is assumed to enter the first or central compartment, which includes the blood; to be distributed instantaneously and homogeneously throughout this compartment; and then to be subject to the parallel processes of elimination and distribution to a second or peripheral compartment from which the chemical can return to the central compartment. Concentration in the central compartment declines smoothly as a function of time. Concentration in the peripheral compartment rises, peaks, and subsequently declines (Figure 2.9). Assuming first-order kinetics, a half-life may also be calculated for a compound whose kinetic behavior fits a two-compartment model or, for that matter, a model with any number of compartments.
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Figure 2.8: The linear two-compartment open model, where C1 and C2 are the concentrations in the central and peripheral compartments, respectively, and k12 and k21 are the rate constants for transfer between the two compartments.
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Figure 2.9 Plot of the logarithm of the concentration versus time for the linear two-compartment open model, showing ln C as a function of time for the central (C1) and peripheral (C2) compartments.

Most industrial or environmental exposures are not acute. Acute exposures do occur, but chronic exposures are much more frequent in both industrial and environmental settings. When exposure is approximately constant and continuous over a long period of time (e.g., if a contaminant is widely dispersed in ambient air), a steady state or “ plateau” level will eventually be reached in all tissues. As long as elimination processes remain first-order (typical, e.g., of excretion by glomerular filtration in the kidney, or of loss of a volatile chemical in expired air), this steady state should be directly proportional to both the magnitude of exposure and the biological half-life.

Physiologically Based Kinetic Models Physiologically based kinetic (PBK) models are simplified but anatomically and physiologically reasonable models of the body. Tissues are selected or grouped according to their perfusion (blood flow) characteristics and whether they are sites of absorption or elimination (by excretion or metabolism). The model design process is facilitated by reference to compilations of anatomic and physiologic data, including tissue and organ perfusion rates, that are now widely available.

[image: ]
The relationship between average concentration C_(n), calculated for repetitive administation, and the time course of concentration change during continuous administration of a hypothetical compound. Cmax and Cminare the maximum and minimum concentrations in each time interval between doses, assuming instantaneous distribution of each successive dose.

Biotransformation: (Chapter 3).
Phase I reactions: catabolic or breakdown reactions (oxidation, reduction, and hydrolysis). 
· Makes compounds polar or more soluble.
· Metabolites may be excreted directly or they may be subjected to phase II enzymes.

Phases II reactions: additional molecule covalently bound to parents or metabolites.
· Results in more water soluble conjugates.

Excretion
Take place simultaneously with biotransformation and distribution.
1- Kidney: 
Passive process, glomerular filtration
Lipid soluble compounds-reabsorption after filtration.
pH of the urine determine the amount of the nonionized chemicals.

What is the effect of the pH of the urine in salicylic acid poisoning?
Active process: conserve endogenous compounds, glucose, essential nutrients, and amino acids.

2- Liver
Define first –pass effect?
What are the characteristics that determine whether the compound will be excreted in the bile or in the urine? 

3-Lungs:

4- Other routs of excretion:
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38  ABSORPTION, DISTRIBUTION, AND ELIMINATION OF TOXIC AGENTS

TABLE 2.1 Partition Coefficients and Rates of Transfer of Selected Drugs from Plasma
into Cerebrospinal Fluid of Dogs

Heptane-Water
Partition Coefficient of
Nonionized Half-Life of

Drug Form of Drug Transfer Process (min)
Thiopental 33 14
Aniline 11 17
Aminopyrine 021 28
Pentobarbital 005 41
Antipyrine 0005 58
Barbital 0002 27
N-Acetyl-4-aminoantipyrine 0.001 58
Sulfaguanidine <0.001 230

Source:  Adapted from Brodie et al. (1960), Table 2.

water-soluble than their larger homologs. If this is the case, they may be able to move through
‘membrane pores.
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7 4 Figure 2.1 An overview of the absorption and disposition of a foreign compound. From the blood, the chemical
2 Glossary is both eliminated and distributed to the target tissue, where it exerts its effect.
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