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Editorial

Feasibility of route extrapolation in risk assessment

For the protection of public health it is often neces-
sary to estimate acceptable concentrations of chem-
icals present in the environment when data are
lacking for the appropriate route of human exposure.
The use of uncertainty factors to protect against
potential differences in potency between routes of
administration may, however, lead to an overly
restrictive risk characterisation or regulation or both.
On the other hand, there may be cases when the
uncertainty factors are inadequate to protect human
health. To minimise such errors, and to limit the size
of uncertainty factors necessary, every effort should
be made to determine the relation between adminis-
tered dose and concentration of the active agent at the
critical target site when carrying out route extrapo-
lation.

Extrapolation is most commonly carried out from
the intragastric to the inhalation route and vice versa,
although many human exposures occur primarily
through the dermal route. While other exposure
routes such as intravenous infusion and subcutaneous
injection are used for therapeutic agents or in experi-
mental animal studies, they are not the common
means of environmental exposure to toxic agents. It is
none the less necessary, at times, to extrapolate from
experiments on animals using such routes if no other
data are available. The methods commonly used
involve conversion of the concentration in each
medium (air and water, for example) to a dose per
unit body weight basis, using either estimated or mea-
sured values for respiratory minute volume and food
or water intake. Adjustments are often made for
absorption efficiency if data are available.
Unfortunately, other toxicokinetic factors are seldom
taken into account during route extrapolation.
One of the earlier proposals for route extrapolation

was outlined by Stokinger and Woodward.' They
suggested that threshold limit values (TLVs) set by
the American Council of Government Industrial
Hygienists for permissible levels of substances in
workroom air could be used to calculate the equiv-
alent allowable doses swallowed in drinking water. In
essence, the total pulmonary uptake was calculated
by multiplying the allowable concentration in the air
by the amount of air exchanged in the lungs over an

eight hour period, and dividing by two, to account for
an assumed 50% absorption of the inhaled agent.
This amount was considered to be an allowable level
present in two litres of drinking water drunk by an
"average" person. Absorption from water was
assumed to be complete unless data were available to
indicate otherwise.
One of the specific criticisms of the Stokinger and

Woodward method' was that many TLVs are based
on irritant action or organoleptic effects, neither of
which have relevance to systemic toxic effects. Stok-
inger and Woodward recognised the potential error in
such an extrapolation and therefore proposed that an
uncertainty factor ranging from 10 to 100 be incorpo-
rated into the determination of allowable intakes
involving route extrapolation. The assumption of
50% absorption via inhalation versus 100% by the
oral route could be considered to be an additional
uncertainty factor if extrapolation is from the
inhalation to the oral route.

Pepelko and Withey compared published values of
LC50 and LD50 for 49 chemicals.2 After conversion
of the inhaled concentration to a dose per unit body
weight, the oral to inhalation ratios were found to
vary from 0 I to 55. On the basis of these acute tox-
icity comparisons, with mortality as the end point, the
uncertainty factors proposed by Stokinger and
Woodward' would be adequate, in most cases, to
account for the uncertainty in route extrapolation, at
least for the chemicals examined. On the other hand,
risk would be overestimated to a considerable degree
in some instances. Unfortunately, similar com-
parisons after chronic exposure are available for only
a few chemicals.
Even if an adequate chronic toxicology study is

available, however, large errors can occur when
attempting route extrapolation, because potency may
be influenced by several route specific factors. One
such factor is absorption efficiency. Cells lining the
intestinal tract may show differing permeability to
certain chemicals than those in the lung. Active
uptake mechanisms may also differ between routes.
For particulate matter of limited solubility, long resi-
dence time in the lung may allow considerable solu-
bilisation and absorption to occur, whereas little
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uptake may take place from the gastrointestinal tract
due to rapid passage. Furthermore, uptake by pul-
monary macrophages can greatly increase the rate of
particle solubilisation.3
Another factor is the possibility of chemical trans-

formation before or during absorption. Dollery et al
have shown that here is a 1000-fold reduction in sys-
temic availability of is proterenol when it is adminis-
tered by mouth as compared with intravenously, due
to formation of the inactive ethereal sulphate across
the gut wall.4 Metabolism by intestinal organisms can
result in either activation or inactivation of ingested
chemicals. Pulmonary macrophages also have meta-
bolic capability. For example, benzo(a) pyrene coated
on particles is metabolised to its proximate carcino-
genic form by pulmonary macrophages.5

Passage through certain organs may result in the
activation or inactivation of an agent before reaching
the target site-that is, "first pass" effects may occur.
The liver plays a major part in first pass effects since
it contains the largest volume of metabolising
enzymes and since most chemicals absorbed through
the gastrointestinal tract pass through the liver before
entering the systemic circulation. For example,
organic nitrates have been shown to be completely
degraded to inactive metabolites with one pass
through the liver.6 The lung may also be considered a
first pass organ since all inhaled chemicals must pass
through it before entering the peripheral circulation
and Roth and Wiersma listed 22 agents acted on by
the lung.7 Xenobiotic metabolism may even occur
during dermal absorption. Since the lung, liver, or
skin do not necessarily metabolise the same chem-
icals, the amount of active metabolite entering the
systemic circulation can vary widely. In some cases
the agent may be highly toxic by one route and with-
out effect by another.
Route related differences in effectiveness of the

agent may occur in chemicals with short half lives. In
such cases intermittent exposure, such as that occur-
ring with ingestion, may result in large fluctuations in
concentration at the target organ. During inhalation
exposure, concentrations of such chemicals in the
blood tend to be stable once equilibrium is reached.
Some periodic dosing regimens may result in acute
toxic effects, whereas blood concentration remains at
subthreshold levels when the same total dose is
administered at a steady rate over the same period.
For example, Evans reported that guinea pigs could
survive 20 times the minimal lethal dose of hydrogen
cyanide when it was administered at a steady rate
over a 67 minute period.8
For chemicals with limited blood solubility, the

concentration time relations in the blood are also
likely to differ with exposure route even though the
area under the time concentration curve may be the

same. During inhalation exposure, uptake from the
lungs will be rapid until the blood concentration
reaches a level dependent on the blood to air partition
coefficient of the chemical, the concentration in the
inspired air, and the rate of elimination. Absorption
then slows to a rate sufficient to replace the amount
lost by metabolism, excretion, or storage. Greater
uptake can take place from the liquid media in the
gastrointestinal tract since absorption is not limited
by the partition coefficient, resulting in higher liver
concentrations. On the other hand, since the inspired
air concentration is zero during oral exposure, the
blood to air partition coefficient will be exceeded and
considerable elimination will occur during passage of
blood through the lungs. Thus oral exposure to these
types of chemicals results in not only greater
fluctuation in overall blood concentration than
occurs during inhalation exposure but in greater con-
centration in the liver than in other organs.

If the critical effect occurs at a portal of entry for
one route the critical site of action, the effective dose,
and even the nature of the effect will probably differ
for another route of exposure. Paraquat is one of the
few chemicals for which the lung appears to be the
critical target organ irrespective of the route of
exposure.9 Portal of entry effects are likely if the com-
pound is either highly reactive, such as formaldehyde
deposited in the nasal cavity,10 or if it has a long res-
idence time at the portal of entry-for example, par-
ticulate matter of limited solubility deposited in the
lung.
Each of the factors discussed involves, in some

way, the temporal relation between administered dose
and concentration of the active agent at the critical
target organ. If information regarding this relation is
available for both routes of exposure, along with an
adequate chronic toxicology study, by one route,
extrapolation may be carried out with only a small
degree of uncertainty. Since such information is sel-
dom available, however, the reliability of extrapo-
lation depends on the degree of knowledge
concerning the previously discussed properties of the
agent. Extrapolation is reasonable if absorption
efficiency is the same among routes, or differs by a
known degree; if half life of the chemical is long, pref-
erably greater than 24 hours; if first pass effects are
minimal; if there is no significant chemical trans-
formation by intestinal microflora or by pulmonary
macrophages; if the critical target tissue is not at the
portal of entry; if the chemical is relatively soluble in
body fluids; and if an adequate chronic toxicity is
available for the route used as a basis for extrapo-
lation.
While route to route extrapolation may still be fea-

sible if one or more of these conditions are absent, or
if knowledge concerning their presence is lacking, the
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reliability in the extrapolation is decreased. This establishing drinking water standards. Journal of the American
results in the necessity for larger uncertainty factors. Water Works Association 1958;50:515-29.
If minimal data regarding these conditions are

2 Pepelko WE, Withey JR. Methods for route-to-route extrapo-
lation of dose. Toxicology and.Industrial Health 1986;1:153-75.

unavailable then route extrapolation cannot be 3 Andre S, Metvier H, Lantenos G, Masse R. In: Proceedings of

justified. inhalation toxicology. The design and interpretation of
In summary, route extrapolation can usually be inhalation studies and their use in risk assessment. 1987. Han-

carried out with a reasonable degree of confidence if over: Springer-Verlag (in press).4 Dollery CT, Davis DS, Conolly ME. Differences in the metabo-
care is taken to consider the potential sources of error lism of drugs depending on their route of administration. Ann

discussed above. It should also be recognised that the NY Acad Sci 1971;179:108-14.
degree of uncertainty will vary depending on the pres- 5 Harris CC, Hsu IC, Stoner GD, Trump BF, Selkirk JK. Human
enceo*absence,of certain properties of the agent

pulmonary macrophages metabolize benzo(a)pyrene to prox-
ence, or absence, of certaln propertles ox tne agent imate and ultimate carcinogens. Nature 1978;272:633-4.

and the degree to which these properties can be 6 Needleman P, Lang S, Johnson EM Jr. Organic nitrates:

accounted for. Relationship between biotransformation and rational angina
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