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Acetaminophen (A), N-acetyl-p-aminophenol, is a widely used analgesic and
antipyretic drug. Large doses of A cause acute dose-dependent hepatic necrosis
in rats, mice, hamsters and man [1-4]. Damage to the liver caused by A is thought
to be a result of the conversion of a fraction of the dose to chemically reactive
metabolites which can bind to cellular macromolecules [5]. It has been observed
that reactive metabolites of A are detoxified by conjugation to glutathione and
cause extensive depletion of glutathione in the liver of susceptible animal species
[3,6,7]. Drug glutathione conjugates are excreted intact or after metabolism in
vivo to mercapturic acids [8]. Hence, the extent of conversion of A to the mer-
capturic acid should be an index of the activity of the metabolic pathway leading
to the formation of the toxic metabolite.

A number of high-performance liquid chromatographic (HPLC) methods for
measuring A and its two major metabolites, acetaminophen glucuronide (AG)
and acetaminophen sulfate (AS) [9-11], have appeared in the literature. A few
assays are also available to quantitate the mercapturic acid metabolite of acet-
aminophen (AM) [8,14,15]. The assays reported by Colin et al. [14] and Jollow
et al. [8] are applicable only for urine samples. Fisher et al. [15] used radioac-
tivity to quantitate A and did not have adequate sensitivity to carry out detection
at low levels of mercapturic acid metabolite in plasma. In view of these factors,
we describe the development of a rapid and sensitive method for the detection of
A and its major metabolites in plasma after administration of high doses that can
cause hepatic necrosis. This assay can also be used when working with the neo-
natal and pediatric population or in small laboratory animals (e.g. rats).
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EXPERIMENTAL

Materials

A and the internal standards (theophylline and theobromine) were obtained
from Sigma (St. Louis, MO, U.8.A.). AG and AS were generously donated by Dr.
Ray Galinsky of the University of Utah (Salt Lake City, UT, U.S.A.) AM was
generously donated by Dr. Sid Nelson of the University of Washington (Seattle,
WA, U.S.A.) Methanol, HPLC grade, was purchased from Fisher Scientific
(Pittsburgh, PA, U.S.A.). All the other reagents, analytical grade or better, were
purchased from commercial sources and were used without further purification.

Instrumentation

The liquid chromatograph (Model M-45, Waters Assoc.) was equipped with a
variable-wavelength UV detector (Model 481, Waters Assoc.) and separation was
achieved using a C,; reversed-phase column (250 mm X 4.6 mm I.D., particle size
5 pm, Ultrasphere ODS, Beckman) with a Cg guard column (32 mm x4 mm
LD., particle size 7-50 um, Waters Assoc.). The mobile phase was composed of
0.75% (v/v) glacial acetic acid and 5% (v/v) methanol in a 0.05 M potassium
dihydrogenphosphate buffer (pH of the mobile phase was adjusted to 5.5 with
10% potassium hydroxide). Samples were injected into a Rheodyne injector
(Model 7125). The separation was carried out at ambient ternperature at a flow-
rate of 2.0 ml/min and a chart speed of 2.0 cm/min. The effluent was monitored
at 242 nm.

Analysis of plasma samples

To 50 ul of plasma were added 10 ul of 25 ug/l theophylline solution and 80 pl
of a 0.236 ug/l theobromine solution in 10% perchloric acid. The mixture was
made up to 300 ul with 10% perchloric acid. The sample was vortexed for 30 s and
then centrifuged at 13 000 g for 2 min to pellet the precipitated proteins. A 200-
(1 aliquot of the supernatant was then injected into the chromatographic system.

Calibration curves

Calibration curves were constructed by using blank plasma to which increasing
quantities of A and its metabolites were added. The concentration range for A
was 2.5-250 ug/m), for AG and AS 2.5-150 ug/ml and for AM 2.5-80 ug/ml. Stan-
dards stored in the refrigerator were found to be stable for a period of up to six
weeks. Peak-height ratios of A, AG and AS to the internal standard, theobromine,
and peak-height ratio of AM to the internal standard, theophylline, were used to
construct the standard curve. All standard curves were calculated by the least-
squares regression analysis of peak-height ratios versus drug concentration.

RESULTS AND DISCUSSION
Using the described chromatographic conditions A, AG, AS, AM and the in-

ternal standards, theobromine and theophylline, yielded sharp and well resolved
peaks with no interference from endogenous compounds at 8.3, 3.4, 6.3, 23.0, 12.1
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Fig. 1. Chromatogram of (A) blank plasma, (B) plasma spiked with AG (1), AS (2), A (3), theo-

bromine (4), theophylline (5) and AM (6) and (C) rat plasma 40 min following intravenous injec-

tion of 400 mg/kg A in the rat. Concentrations are 35.7, 50 7, 52.3 and 72.3 ug/ml for AG, AS, A and

AM, respectively.
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and 20.3 min, respectively. Representative chromatograms of plasma spiked with
A and its metabolites and of plasma taken before and after intravenous injection
of A to a rat are shown in Fig. 1.

The standard curves, based on peak-height ratios of the drug and its metaho-
lites to the internal standards, were all linear and highly reproducible. The intra-
assay statistics for the standard curves generated are reported in Table I.

The correlation coefficients for all standard curves were 0.985 or better. The
within-day coefficient of variation performed on eight samples at two different
drug and metabolite concentrations were 6.0, 2.8, 1.8 and 5.1% for A, AG, AS and
AM, respectively. (The two concentrations for A, AG and AS were 10 and 150
ug/ml, respectively, and 10 and 80 ug/ml for AM). The day-to-day coefficients
of variation performed on five consecutive days for these concentrations of drug

TABLEI

INTRA-ASSAY STATISTICAL EVALUATION

Compound Concentration range Coefficient of variation Regression
(ug/ml) (%) equation™
Mean Range
A 2.5-250 5.25 4.5- 6.0 y=0.05x—0.132
AG 2.5-150 405 2.8- 5.3 y=0,08x+0.233
AS 2.5-150 2.10 1.3- 2.3 ¥=0.03x+0.048
AM 2.5~ 80 8.10 5.1-10.3 y=0.03x+0.041

*x = concentration of compounds; v =peak-height ratio.
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and metabolites were 4.5, 5.3, 2.2 and 4.6% for A, AG, AS and AM, respectively.
The minimum detectable concentration, determined by injecting serial dilutions
of stock solutions, was 0.5 ug/ml for A, AS and AG and 5.0 ug/ml for AM.

It was decided to use two different internal standards for the assay because the
peak height of AM was much smaller than the peak heights of the other drugs at
similar concentrations. In order to keep the peak-height ratios of drug to the
internal standard comparable, we used theobromine as the internal standard for
A, AG and AS and theophylline as the internal standard for AM.

Consideration of the time course and mechanism of A-induced hepatic necrosis
is hampered by a lack of knowledge concerning the disposition of a toxic dose of
the drug. Concentrations of the mercapturic acid metabolite of A in plasma at
various times after a toxic dose have not been reported. Knowing the disposition
kinetics of the mercapturic acid metabolite, it may be possible to predict its ac-
cumulation in various tissues such as the liver and kidney. Knowledge of the
relative predominance of drug and individual metabolites in hepatic and renal
tissues may be important because these substances may influence development
of the metabolically linked necrosis which occurs after a time in the A-poisoned
animal.

The HPLC assay procedure developed for the determination of A and its me-
tabolites, AG, AS and AM, in plasma is simple, rapid and reproducible for use in
routine drug monitoring and pharmacokinetic studies. Detection of the mercap-
turic acid metabolite in plasma would help in elucidating the hepatotoxic effects
of A at high doses.
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