SECTION 1

AEBSORETTON, DISTRIBUTION AKD EXCRETION
OF FOREIGH CHEMICALS

by
M. Jakubowski

dbsorption of Foreipn Chemicals

4bsorption is usyally defined as the passage of a given
substance from its site of administration (experimental
toxicelogy or medicine) or site of rontact {ipdustrial or
envirommental toxicology) into the systemic circulation.
Depending on the area of toxicology, the roles of the
particular routes of absorption will differ. In indratry,
toxie substances ars absorbed mainiy by inhalation or
through the skin; in acute intoxications, the main route
of absorption is throagh the alimentary tract. In
environmental toxicology, foreign chamicals are absorbed
mainly by inhalatien or from the alimentary tract.

Ragardless of the sire of absarptiom, a reoxic substance
must cToss one or more bharriers: the surface spithelia,
the capillary endothelis, the plasms membranes of the cell
and the intracellular membranes. BEoth the surface
epithelia and the capillary endothelia are vltimately
derived from the plasma membrane that surrounds every
individual cell. According to the aimple Danielli-Davisen
model, the biological wembrane is composed of a
bimolecular lipid leaflet consisting of lipid molecvles
arranged wich their lipophilic tails oriented tewards the
centre of the leaflet. Protein molecules are sdsorbed as
a monplayer on to the polar heads of the lipids to give
stability to the structure. The membrane is not
continuous but has aqueocus pores which allow the pasasage
of small hydrophobic molecules. Present in the membrane
are selective carriers which have specific affinity Ear
particular substancas and cause their acrive trangport
through the wewbrane. Foreign chemicals may be
transparted through the biological membranes by passzive
diffusion, active transport, pimocytosis and filrration.

Passive diffusion

Pagsive diffusion is the wost important mechanism for rhe
traosmembrane movement of foreign chemicals. According ta
Fich's law:
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The rate of diffusion depends on the:

- magnitude of the concentration gradiemt (C) = Cz);
- aren of the membrane (A);

- thickness of the membrane (d); amd

- diffusion comstant {K} of the substance, which
depends oo the molecular weight of the substance,
molecular strvcture, lipid solubility and the degrae
of ignization.

In practice, the lipoid nature of the biological membranes
permits only lipid-soluble, ponionized molecules to
diffuse throvgh the membranes. The relative
concentrations of ionized and nonionized forms of weak
acids and bases can be calculated according to che
Hendeson-Hagselbach law:

PRy = pH ®» log M for acids
L

PRy ~pli = log I for bgpaes
M

where: M = nonionized form and I = ignized form.

In general, the velocity of the passive transwembrane
transport increases with the increase of lipid solubilirey
¢of nonionized forms of the weak acide and bases as well as
compoundée which do not ionjze. Other mechanisms of the
transmembrane transpott are less important for foreign
chemicals,

Abgorption from gastroincestinal rfract

The gastrointestipal tract {buccal cavity, stomach,
intestines and rectum) is lined with the mucous membrane,
which behaves as 3 lipoidal barrier te the passage of
foreign chemicals. Therefore, only nonionized
lipid-soluble molecules canm be absorbed. As a general
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rule, at least 0.3% of a substance must be in nonionized
form before rapid absorption can oczur. This absorption
will depend on the pK; value of the given substance apd
the pH in the given part of the gastrointestinal traet.
At about pH 1 in the stomach, wesk acids ara practically
nonilonized and are absorbed, more or less rapidly,
sccording to their lipid solubilirty. Conversely, many
basic drugs are highly ionized, and some, such as quinine
or morphine, pass from the plasma into the gestric
juices. The same rules are also valid in the other parts
of the gastrointestinal kvact. Absorption from the smail
integtine iz wmuch more efficient than from the stomach.

dbsorption from the gastrointestinal tract cam be affected
by factors such ss gastrpinceatinal secretion altering the
pH of the gastric juices, gastric emptying, residence time
in small intestine, blood flow and intestinal mobility.
After oral application, drugs pass through the liver and
may be partially metabolized before reaching the genaral
circulation. This process can be avoided by means of
buccal, sublingual or rectal application.

Inhalacien of gas and vapours

The mechanism of sbsorption of gases snd vapours is hased
on diffusion. Efficiency of absorption depends on several
facstors: solubiliry in blood and body tissues, cardisc
output, alveoclar-venous differences, ventilation and
metabolism.

The greater the solubility in blood and tissues, the
gredter the uptake of gases and vapours. Solubiliry is
generally expresged as a blood/gas partition coefficient.
Coefficient values ¢an greatly differ, e.g. From 0.42 for
nitrous oxide, threugh 9.2 for trichlarocethylene or 10.3
for chlorofarm, to such values 33 2000 for ethanol.

Tha greater the gas partial pressure diffsrence batween
the alveeli amd the pulmenary venous blood, the greater
the uptake. This difference diminishes when all body
tissues achieve equilibrium with the slveolar partial
predsure fconcentration in venous blood equal ko the
concentratign in arterial blood). Without metabolic
processes and excretion through routes ofher than the lung
and at constant exposure, saturation of the internzl
organs and brain (vessel-rich group with 75% of cardiac
output) wauld be complete after 10-15 minutes and
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saturation of skin and muscle (18% of cardiac output)

aftar 90 minvtes. Saturation of adipose tissue (5% of
cardigc cutpyt} depends on the solubility of particular
substances in the fat, Metabolism may influence the
partial pressure of the gas in the wenous blopd leaving
the organ or tissue where given sybstapces are metabolized.

The influence of pulmonary ventilstion and cardiac oukput
on the absorption of gases and vapours depends oo che
blood/gas partition ceefficientr of the substance being
inhaled., TIf the gas has 3 low solubility in the blood,
the differsnce between the concentration in inspired air
and and that of alveolar air is low, and uptake beccmes
wainly 4 function of cardiac output, metabolism and
accumylation. If the gas is very soluble in the blood,
zlveolar concentration 18 low compared with the
concentration in inhaled air, and an increase of
vantilation will fucrease alveolar concentration and, in
effect, absorption. &1 intrease of cardiac output during
intengive work may incresse the rate of gag uptake.

Absorption of foreign chemicals presert in the zir as
serasols depends on particle size and selubility.
Particle size of aernsols can differ.greatly, from

1072 pm to 10% um, depending on the kind of substance
and the mwanufacturing processes. large particles
(diameter above 1- pm} are efficiently deposited ia the
nascpharynx region, from which they are removed or
swallowed.

Small particles (respirsble fraction) csn enter the
tracheobranchital system and alveolar compartment and are
absorped according to their selubility. TIasoluble or low
soluble particles may be removed from the
tracheobronchital system to the nasopharynx region by the
mucociliary escalstor mechanism or may ba absorbed from
alveogli to the circulation by pinocytosis.

Dermal abeorption

Forsign chemicals may ba absorbed through the skin wia the
hair follicles or sweet dvcts or by diffusion throwgh the
lipid barrier locsted within the epidermal layer. Ia the
case of electrolytes snd scme salts of heavy metals,
trensfollicular absorption takes place, whereas the
absarption of ather substances occurs through the lipid
menbrane by the general mechanism of diffusion. The
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velative thickness of skin makes penetratiom of foreign
chemicals slower than 1in the case of other body
membranes. In addition, factors such a5 skin hydration,
blood flow, temperarure, skin age and diseage state can
affeer abseorption through the skin.

Distribution of Foreign Chemicalsg

After absorption, foreign chemicals enter the blood, which
constitures the central compartment and funecions as the
traosport system for distribution of absorbed substanres
throughout the body and their removal by excretion. The
rate of removal of foreign compounds from the blood may be
affected by such factors as binding to ved bloed cells or
protein binding. The concept of apparent volume af
distribution is helpfu) for evaluating the distribution
kinetics and distributiom of the drug in the bedy.

Excretion of Foreign Chemicals

Foreign chemicals can be excreted from the srganism in
unchanged form or, after metabolic processes, mainly by
reénal, pulmonary or biliary excretion. Other routes such

45 milk, perspiratign or lacrimal fluid are of limited
value.

Pulmonary excreticn

Pulmpenary excretion is an important route for volatile
substances. Excretion of such substances depends upon
their air/blood or aiv/water partition ceefficientes.
According to existing data, substaores may be mezsurably
excreted through the lungs when their air/water partition
coefficient is higher tham 10-3 - 1074, High

efficiency of elimination is attained by such substances
as benzene, trichlorcethylene and cazrbon disulfide
(pareition ccefficiants of 0.1 - 1.0).

Renal excretion

Renal excretion of foreign compounds or their metabolices
constitutes a complex phenomenon which may involve sevaral
processes: glomerular filtration, active tubular
secretion, passive reabserption and acrive reabsorption.
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Dapending on which process dominates, the renal excretion
of drugs can be eithar an important or insignificant route
of elimination.

The process of urine formation starts with che filtration
of fluid frem plasma at the glomeruli. In humans, the
normal rate of filtratiom is about 115 ml/min

(180 1/day). Of this volume, only about 1.5 1/day are
excreted as urine. Thus, a given cowmpound filtered
through the glomeruii and not resbsorbed will be
eoncentrated about one hundred times. Glomerular
filtration i# a nonselective process; compounds of
molecular weight below 1000 pass freely whils molecules of
molecular weignt abowe 60 D00 barely appear in the
filerate. Moest toxic agents are filtered through the
gloemaruli, but their rate of filtration cao ba limjited
after binding to the serum praoteimns.

The final cbemical composition of the urine depends on the
procegses taking place in the renal tubules. In che
proximal tubule, 60%7~80% of water mnd saline will be
Teabsorbed into the blood. Other compounds present in the
filtrate will be concentrated and, depending on the lipid
salubility, can be passively rewabsorbed. Basides passive
reabsgrption, substances important to the organism, such
as glucose or amino acids, will be reabsarbed in the
proximal tubule through the active absorption mechanism,
In addition to passive and active reabsorption in che
proximal tubula, at least two other mechanisms of active
transport of foreign chemicals and their metabhclites from
plasma te the lumen are possible. One mechapism
transports organic anioms such as nippurates,
glucuronides, suvlfonamides and the other cations,
including choline, morphine, quinicne and piperidine. The
distal parts of the nephron, the loop of Henle and distal
tubule, "are responsible for the final reduction in urinary
volyme through passive diffusion,

All these described mechanisms have a ner effect on the
venal excrerion of chemicals. This effect may be
quantitatively evaluated as the clearance oaf a certain
volume of plasma per minute ori

C=2u.Vv
P

where: 0 . Vv = yrinary excretion of compound/min;
P = plasma concentration; and
C

= plearance (m}/min).
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For compounds such as insulinm, which are completely
filtered at tha glomernles but neither seersted nor
reabsorbed by the rtwbules, the clearance is a measure of
the glomerular filtration ratio (GFR) and amouncs ro about
125 ml/min. Compounds which undergo reabsorption in the
tubules will heve clearsnce values lower than GFR. In the
case of some lipid-soluble drugs, such as glurethimida or
short- or medivm-acting barbiturates, clearance values are
very low (about 1-2 ml/min). Such compounds can be
eliminated freom the srganism only after metabolic
procedses produce more polar and water—saluble compounds.
For compounds sscrated inco the tubule by means of active
mechanism clesraoce, the value will exceed GFR

le.g. p-aminchippuric acid at 650 wl/min). Elimination of
foreign compounds through the kidney can be increased in
two ways: an increase of urine flow {intensive diuresigs)
et a change of the pH ¢f the glomerular filtrate to abtain
higher ionization of a given cowmpound, resulting in a
lower degree of reabsorption {e.g. phenobarbital). Both
methods are used for the treatment of acute intoxication
with drugs; however, the real value of such treatment is
limited to selectad compounds .

Biliary excretion

Foreign chemicals reach the bile mainly through active
secretion. Mechanisms of active secretion have been
distinguished for orgawie acids, organic bases and neutral
compounds. Excretiom of foreign chemicals in the bile
depends on such parameters as physicochemical properties,
protein binding and species and sex differences. Only
compounds of relarively high molecular weight are excreted
in the bile. Compounds with wmolecular weights lower than
300 undergo renal or pulmonary excretion. In addition,
the presence of strongly polar groups is necessary for the
biliary excretion of foreign chemicals. Therefore,
lipid~goluble pubstances of telatively high molecular

weight muat first be matabolized to the more polar
comnpounds.

Some conjugates of foreign chemicals excreted in the bile
can be hydrolyzed by the gut micrpflora and subsequently
reabsorbed to the systemic circulation. This activity,
known as enterohepatic circulation, can prolong the effect
of toxic compounds and lower their rate of elimination
from the body.

40



TOXICITY DATA

BIBLIOGRAPHY

Brodie, B.B. & Gilette, J.R. Concepts in biochemical
pharmgcology, Part I. 2erlin, Springer-Verlag, 1971,

Gorrod, J.W. & Beckett, A.H. Drug metabolism in man.
london, Taylor & Francia, 1978,

Hanke, J. & Piotrowski, J.K. Biochemiczne podstawy
toksykologii {Bilochemiczl fsundstions of toxicolegyl.
Warsaw, PZWL, 1980.

La Tu, B.N. et al. Fundamentals of drug metsbolism and

drug disposition. Baltimore, Williams & Wilkine, 1971.

Saunders, L. The absorptien aund distribution of drugs.
london, Baillidre Tindall, 1574.

41



