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Excretion via the Gut

The bile is the most important route allowing foreign
compounds to move from the general circulation into the
gut. The biological aspects of this mechanism have been
reviewed [47], and certain pertinent points have emerged.
Organic cation transporters on the sinusoidal membrane
transfer large polar cations into the hepatocyte and from
the hepatocyte in the bile [40,45]. The bile may be
regarded as a complementary pathway to the urine, with
small molecules being eliminated by the kidney and large

molecules in the bile; thus, the bile becomes the principal.
excretory route for many xenobiotic conjugates. Species

differences exist in the molecular weight requirement for
significant biliary excretion, which has been estimated as
325 + 50 Da in the rat, 440 + 50 Da in the guinea pig,
475 + 50 Da in the rabbit, and about 500 Da in humans.
In the rat, small molecules (less than 350 Da) are not
elmunated in ‘the bile, and large molecules (more than 450
Da) are not excreted in the urine, even if the principal
excretory mechanlsm is blocked by ligation of the renal
pedicles or. bile duct, respectwely Compounds of inter-
mediate molecular weight (350 to 450 Da) are, excreted
by both routes, and ligation of .one pathway results in
1ncreased use of the other [48].

Forelgn compounds may also enter the gut by direct
diffusion or secretion across the gut wall, elimination in the
saliva, pH. partmomng of bases into the low pH of the stom-
ach, and elimination, in the pancreanc juice. In most cases
these routes,are quantitatively of minor, mponance although
diffusion into fecal fat is the main route of elimination in
humans, for polybalogenated compounds such as TCDD,
which are resistant to metabolism. Transfer from the blood
into the gut lumen may play, an important role in toxicity
by allowing a foreign compound to undergo metabolism by
the gastromtestmal flora {49]. The mxlcologlcal implications
of the gut microflora have been reviewed by. $chelme {19}.

MATHEMATICAI. PRI NCIPlES

To descnbe adequately the chan,ges in blood or plasma
concentrations of foreign compounds, i it is necessary to
assign a sultable mathematical model that. accurately
describes the -shape of the plasma concentration—time curve;
however, certain aspects are model mdependent and are
considered first, because they are usually constituent parts
of the various mathemancal models In recent years, there
has been a marked trend away from multlcompanmental
mathematical analysxs which, offers little apart from math-
ematical predlctabthty, toward. physiologically more rele-
vant model—mdependent concepts such as clearance [13,50].
Physxologwally related parameters such as cleaxance and
bioavailability represent an .intermediate stage between
mathematical multicompartment rnodels and full physio-
logically based pharmacokinetic (PBPK) models.

Principles and Methods of Toxicology, Fifth Edition

MODEL-INDEPENDENT CONSlDERATIONS

‘Biochemical and physmloglcal processes are usually

either zero-order or ﬁrst—order reactions. In zero-order
reactions, the rate of change in concentration with time
occurs at a fixed amount per unit of time:

dC

= =k

dt

where C is concentration, ¢ is time, and k is a constant

“with units of amount per time (e.g., pg/min). In first-order

reactions, the rate of change in concentration is propor-
tional to the concentration of the chemical available for
the reaction:

—=kC
dt

where & is-a constant thatirepresents a proportional change
with time-and has units:of time™! (e.g.,min').. - -
~ Most kinetic processes (e.g:, diffusion, carrier-medi-
ated. uptake, metabolism, excretion) are first-order reac-
tions at low concentrations, Most of the equations: given
below make this assumption: Zera-order reactions ase par-
ticularly important at high concentrations, wheh.enzymes
are working at maximum rate and an increase i C cannot
result in an increase in rate. This situation produces non:
linear or saturation kinetics, which can assume consider-
able importance in toxicity studies, as is discussed below.
First-order reactions can be described by equatlons
that ificlude’ exponeritial functions. In many’cases, the
entry of a forelgn cpmpound into the body or into a tissue
follows an, exponenﬁal increase, whlch may | be descnbed
mathemattcally by

; :UPtakié :'=L1 —e”“

RNVEN

4.1

where the uptake is the concenu'atlon present at time ¢
divided by the final concéntration when all th ‘¢bmpound
has entered the body or tissue. This équatiort Sufnes that
no elimination process i§ occutring. The elmnﬁénon of a
compound (by a smgle ‘mechanism) oncé it tias' entered
the body or tissue may be descnbed by an exponennal
w:th a negatlve slope :

Y

where C is the concentration present at time t, and C, is
the initial concentration. In Equation 4.1 and Eqpation 42,
k is the rate constant for that process.. « . 7
Exponential equations of the type gwem in Equatlon
42maybesolvedas RS SO

R A
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this can then be verified experimentally. In this case, the
model serves as a tool in designing experimental studies
that allow efficient resource utilization. and maintaining a
focus on human health risk assessment endpoints. ... .

Unlike the mandated mathematical models used in -

conventional risk assessment, the biologically based
dosimetry and response models are versatile and often, but
not always, difficult to validate. In contrast to the mandated
models, which are useful only for generating a risk number,
the biologically based models allow integration of various
observations, identification of critical data gaps, and esti-
mation of risk numbers, along with attendant appreciation
of areas of significant biological uncertainty [65].

QUESTIONS

1. Calculate the fat-blood partition coefficient for
chemicals with P, values of 1, 100, or 1000.
Interpret your results. S

2. Develop a conceptual representatlon ofa PBPK

- model for n-octane (P, = 151356 P,..
000762).. . . ,
3. Calculate, the alveolar venulanon rate (Qp) for -
~ a human welghmg 64 kg, knowing that the . .
,body-welghtmonnahzede for mammals is 13
.....Libr/kg. .
4. The V,,, and K of pyrenc detenmm:d m yztro
. ;. using rat liver postmmochondrlal fractions. were
5.935 x 10~ umol/min per mg protein and.. .
27.73 pmol/L, respectively.. Convert, ihese
. potentially useful in vitro values for.incorpora-:.
tion within a PBPK model for the;rat (protem .

. concentration = 83 mg protein per. g lLver, liver
- weight = 10g). .

5.. Using the rat PBPK model presented in FJgune
5.25 of this. chapter, determine the external ..
exposure concentration. of styrepe. correspond-;
ing to an area under the hver concentration vs.
time curve (AUC) of 150 pg-he/L (for the parent . .
chemical). Set the exposure duration to. 6 hrand

. the length of simulation to 24 hr. P o

6. Determine the human exposure concentrat;mn
of styrene that yields the same AUC in animals ..

. (ie., 150 pghr/L). Set the exposure duratien:

_ and length of simulation to 24 hr.
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