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Pharmacokinetic Aspects of Sulfation

1. Abstract

In intact rats, 400 mg/kg acetaminophen deple-
ted hepatic 3'-phospho-adenosine-5'-phosphosul-
fate (PAPS) and incrganic sulfate concentration
in serum to approximately 40% and 20%, respecti-
vely, of the -pre-drug value within 20 min, after
which concentrations were relatively constant for
6hr and returned to the pre-drug value by 24hr.
Brain PAPS, in contrast, remained at the pre-drug
value by 2hr, declined to 60% of the pre-drug
value at 6hr, and remained at approximately that
value for 24hr. These results suggest that hepatic
PAPS is rapidly formed from serum inorganic sul-
fate but brain PAPS is not. Studies in isolated
rat hepatocytes show that intracellular PAPS con-
centration does not rise substantially above the
value observed a physiologic inorganic sulfate co-
ncentration (ca. 1 mM) as inorganic sulfate conce-
ntration is raised to 5mM. This result suggests
that evaluation of serum inorganic sulfate concen-
tration cannot accelerate the formation clearance
of sulfoconjugates beyond the rate observed at 1
mM plasma inorganic suifate. Acetaminophen in
concentrations of 0.079 mM and 0.159 mM deple-
ted PAPS concentration in isolated rat hepatocytes
by 31% and 22%, respectively, when inorganic su-
Ifate concentration in the medium was maintained
at 5mM. Thus, PAPS can be depleted through
the formation of sulfoconjugates even when inor-
ganic sulfate concentration is maintained. The role
of PAP (3'-phospho-adenosine-5'-phosphate) as a
product inhibitor was found not to be significant
as a rate determining factor of drug sulfoconjuga-
tion in intact cells by accelerating PAP production
with acetaminophen and evaluating the effect
(none was observed) on the formation of dehyd-
roepiandrosterone sulfate. The results of these
studies suggest that the principal factor limiting
the formation of acetaminophen sulfate is the
availability of PAPS.

2. Introduction

Acetaminophen is eliminated by parallel path-
ways of oxidation and direct conjugation with sul-
fate and glucuronic acid.’ The clearance of the

drug through each of these processes influences
the toxicity of a given dose?? The conjugation
routes account for the elimination of 70% to 80%
of a dose of acetaminophen and are therefore res-
ponsible for the pharmacokinetic characteristics
of the drug,? while one of the two oxidative routes
results in the formation of the toxic reactive inter-
mediate, N-acetyl-p-benzoquinone imine.* Both of
the direct conjugation routes are capacity limited.”
The formation of the sulfate conjugate becomes
compromised in the therapeutic concentration ra-
nge, while that of the glucuronide pathway is ap-
parently not diminished until large, potentially to-
xic doses are ingested.?

The pharmacokinetic characteristics of acetami-
nophen are unusual in that the concentration of
the drug in plasma declines log-linearly at all do-
ses, but the apparent half-life increases as dose
increases.” This phenomenon has been chserved
in humans and rats.””® Since the phenomenon
occurs in rats at non-toxic doses, it appears to
be independent of the toxicity of the drug The
sulfation pathway is of particular interest with re-
spect to the dose-dependent pharmacokinetics of
the drug, because of its low capacity relative to
the other principal route of elimination.”

Depletion of PAPS and inorganic sulfate, an es-
sential PAPS precursor, has been shown to limit
the capacity of both rats and humans to form sul-
fate conjugates.®~1® When large doses or constant
rate infusion of acetaminophen are administered,
inorganic sulfate concentration in plasma is redu-
ced in dose- or infusion-time-dependent manner.”
It has been demonstrated that depletion of plasma
inorganic sulfate is accompanied by a decline in
the formation clearance of sulfoconjugates and he-
patic PAPS concentration.”®*~*® The administra-
tion of inorganic sulfate or a precursor amino acid
restores plasma sulfate and the formation cleara-

‘nce of sulfoconjugates to control values.!®!H61)

Although the role of inorganic sulfate in limiting
the formation of sulfoconjugates has been the sub-
ject of several investigations, other relevant kine-
tic issues have not been evaluated. In healthy rats
and humans, it is very difficult to increase plasma
sulfate concentration above the physiologic norm

S-67



Pharmacokinetic Aspects of Sulfation

(ca. 1 mM) because renal clearance of the ion inc-
reases with plasma concentration.!’”® In rats with
renal failure, plasma inorganic sulfate concentra-
tion is substrantially elevated, but the formation
clearance of the sulfate conjugate is accelerated
relative to that observed at normal plasma sulfate
only for large doses of drug’® The clerance at
doses of acetaminophen which do not substantially
deplete inorganic sulfate in healthy rats is not
altered.”®!? The cause of this discrepancy is not
known.

In addition, it has not been determined whether
PAPS concentration can be depleted through the
formation of sulfoconjugates when inorganic sul-
fate is not limiting. In theory, this should be pos-
sible if the formation rate of PAPS does not inc-
rease in response to the increased elimination
rate caused by administration of an exogeneous
sulfotransferase substrate. Thus, sulfoconjugate
formation may be limited by PAPS availability
even when PAPS precursors are in abundent sup-
ply, as may be the case with UDP-glucuronic acid
depletion during the formation of glucuronide co-
njugates.

It has been shown in studies with isolated phe-
nolsulfotransferases that PAP is a very potent
product inhibitor of this class of enzymes® %
The potential role of PAP in limiting the rate of
sulfoconjugation in intact cells is not known.

Lastly, PAPS and phenolsulfotransferases are
present in several tissues and are of particular
importance in the metabolism of neurotransmit-
ters in the central nervous system.2® It is not
known if a large dose of a sustrate of the enzymes
will reduce the concentration of PAPS in tissue
other than liver, potentially limiting the formation
of sulfoconjugates in those tissues.

The purpose of the work discussed in this re-
port was to address these issues by determining;
(a) the effect of acetaminophen on the time course

of PAPS concentration in brain relative to PAPS

concentration in liver and inorganic sulfate conce-
ntration in plasma; (b) the ability of acetamino-
phen to depress intracellular PAPS in the prese-
nce of an excess of inorganic sulfate; (c) the res-
ponse of intracellular PAPS to high extracellular

sulfate concentration; and (d) the influence of PAP
produced at high rates of sulfoconjugation as an
inhibitor of the reaction. ’
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