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Summary

We have developed a simple method for extraction of
acetaminophen (paracetamol) in human plasma by solid-phase
microextraction (SPME) using 2-acetamidophenol as internal
standard (IS). After heating a vial containing a plasma sample
with acetaminophen and IS at 65°C for 30 min in the presence of
Na,SO, and NaHCO; solution, a polyacrylate—coated fiber was
exposed to the liquid-phase to allow adsorption of acetaminophen
and IS. The fiber needle was then injected into a capillary gas
chromatograph for analysis. Although the extraction efficiencies
of acetaminophen were 0.12-0.13%, the calibration curve showed
good linearity in the range of 2.5-200 pg/ml; intra- and inter-day
assay coefficients of variation were 5.8 and 13.6% for 100 pg/ml
acetaminophen, respectively. The detection limit was about 0.5
ng/ml. Acetaminophen could be actually measured by this
method for plasma specimens of volunteers, who had ingested
the drug. The above results show that the present SPME method
is recommendable for analysis of acetaminophen in forensic
toxicology and clinical pharmacology, because of its simplicity

*To whom all correspondence should be addressed.
©2004 Japanese Association of Forensic Toxicology. All rights
reserved. 0915-9606/04/$14.00

SNV AR

T470-1192 218 2 R T 2 10T 1-98

and reliability.
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Introduction

Acetaminophen (paracetamol) is being widely used as an
over-the-counter analgesic-antiinflammatory agent, because of
its safety as compared with that of aspirin [1,2]. However, its
acute overdosage causes dose-dependent hepatic damages in
laboratory animals and humans [3-7]. The damage of the liver
caused by the drug is thought due to its reactive metabolites,
such as N-acetyl-p-benzoquinoneimine, which can be covalently
bound to cellular macromolecules and thus cause toxicity [8,9]
Acetaminophen hepatotoxicity may be enhanced in chronic
alcoholic patients [10,11]. In general, a single acute dose o
acetaminophen, at 150 to 250 mg/kg in adults, can result it
severe liver damage [12]; its toxic blood concentrations ar
about 200 ug/ml [2,13]. Its plasma concentration at 4 h after
ingestion is useful to predict hepatic damages of patients [14]
Thus it is essential to include acetaminophen in the list of drug
and poisons to be analyzed for emergency drug screening.
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Solid-phase microextraction (SPME), a new and simple
extraction method, was first introduced by Arthur and Pawliszyn
in 1990 [15]. Our group has applied the method to analyses of
many drugs and poisons by gas chromatography (GC)[16-22]
and high-performance liquid chromatography (HPLC)[23,24].
In this report, we present a simple method for extraction of
acetaminophen from plasma by SPME prior to its GC analysis.

Experimental

Materials

Acetaminophen and 2-acetamidophenol were purchased from
Sigma (St. Louis,MO, USA) and Aldrich (Milwaukee, W1, USA),
respectively. An SPME device, SPME fibers [100 pm
polydimethylsiloxane (PDMS), 65 um polydimethylsiloxane/
divinylbenzene (PDMS/DVB), 75 pum Carboxen/
polydimethylsiloxane (CAR/PDMS), 65 um Carbowax/
divinylbenzene (CW/DVB) and 85 pm polyacrylate coated fibers]
and an SPB-1 fused silica capillary column (15 m x 0.32 mm ID,
film thickness 0.25 um) were purchased from Supelco Inc.
(Bellefonte, PA, USA). -Pyrinazin® (acetaminophen) was obtained
from Yamanouchi Pharmaceutical Co., Ltd. (Tokyo). Other
common chemicals used were of the analytical grade. Plasma
samples were obtained from healthy volunteers.

Extraction procedure

To 1.5 ml of plasma, containing 3.75 to 300 pug acetaminophen
and 18.6 pg 2-acetamidophenol, 460 pl of 10% (w/v) zinc
sulfate solution was added for deproteinization; the tube was
vortex-mixed for 2 min at 80°C and then centrifuged at 5,000
mpm for 15 min at 4°C. The supernatant fraction was decanted
into a 4-ml vial with a small Teflon-coated stirring bar, followed
by addition of 0.5 g Na,SO, and 0.3 g NaHCO,. The vial was
sealed with a silicone septum cap and placed on an aluminum
block heater with a stirrer. After 5 min, the needle of the SPME
fiber holder was passed through the septum. Then the fiber in
the needle was pushed out and exposed to the sample solution of
the vial at 65°C for 30 min. The fiber was pulled back into the
needle; the needle containing the fiber was then quickly pulled
out of the septum, and inserted into the GC port to expose the
fiber in the injection chamber of GC. The fiber was held there
for 5 min before being pulled out of the chromatograph.

GC conditions

GC analysis was performed on a Shimadzu (Kyoto) GC-14B
instrument equipped with a flame thermionic detector (FTD).
The column temperature was held at 75°C for 1 min after injection
and then programmed up to 280°C at 10°C/min. Injector and
detector temperatures were 200 and 270°C, respectively, and the
helium flow rate was about 3.0 ml/min. The injection was set in
the splitless mode, and the splitter was opened 1 min after the
insertion of the SPME fiber.

Administration of acetaminophen to humans

Five hundred milligrams of acetaminophen (Pyrinazin®) was
orally administered to two healthy male volunteers (41 and 45
years old). One and two hours after the administration, 7 ml
each of blood was sampled. The plasma samples were stored at
—80°C, and analyzed on the next day.

Results

We tested various types of SPME fibers, such as polyacrylate,
PDMS, PDMS/DVB, CAR/PDMS and CW/DVB. The extraction
efficiency for acetaminophen was highest with polyacrylate,
followed by CW/DVB; the efficiencies with other fibers were
less than 17 % of that of the polyacrylate-coated fiber (Fig. 1).
We thus adopted the polyacrylate fiber in this study. We also
tried some salts to obtain higher efficiencies; Na,SO, plus
NaHCO; gave higher efficiency than ammonium citrate or NaCl.
The optimum amounts of Na,SO, and NaHCO; were 0.5 and 0.3
g, respectively in a vial. We tested various temperatures for
SPME, such as 40, 50, 55, 60, 65, 70 and 75°C, and got the best
result at 65°C (data not shown). These optimal conditions were
adopted in the present SPME procedure.

Figure 2 shows typical gas chromatograms of acetaminophen
and IS. The top panel shows the chromatogram for the authentic
acetaminophen and IS dissolved in methanol (100 and 50 ng on-
column, respectively), and the bottom panel shows that for the
SPME extract obtained from human plasma containing spiked
acetaminophen (100 pg/ml) and IS (12.5 pg/ml). The retention
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Fig. 1. Comparison of five SPME fiber coatings, i. e. , polyacrylate,
polydimethylsiloxane (PDMS), polydimethylsiloxane/
divinylbenzene (PDMS/DVB), Carboxen/polydimethylsiloxane
(CAR/PDMS) and Carbowax/divinylbenzene (CW/DVB) fibers
for extraction of acetaminophen from plasma (50 ug/mil). Each
SPME fiber was exposed to the sample solution at 65°C for 30
min. The amount of acetaminophen extracted by the
polyacrylate fiber was set at 100%.
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Fig. 2. Gas chromatograms for 100 ng each of the non-extracted
authentic acetaminophen (filled arrow) and IS (open arrow)
dissolved in methanol with direct injection (top panel), for the
SPME extract from human plasma spiked with 100 pg/ml of
acetaminophen and 12.5 pg/ml of IS (bottom panel) and for the
extract from blank plasma (middle panel).
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Fig. 3. Gas chromatograms for SPME extracts of plasma samples of a volunteer, who took 0.5 g of acetaminophen (Pyrinazin

times were 9.0 min for acetaminophen and 10.0 min for IS. No
interfering peaks were found as shown in blank plasma (middle
panel).

The extraction efficiencies for acetaminophen were calculated
by comparing the peak areas for the SPME extracts with that for
the authentic acetaminophen dissolved in methanol; they were
0.13 and 0.12% for 20 and 100 pg/ml acetaminophen in plasma,
respectively.

The calibration curve was drawn by plotting seven different
points in the range of 2.5-200 pg/ml. It gave good linearity, and
the equation was y = 0.0148 x + 0.191 with the r value of 0.996.
The detection limit of the drug was about 0.5 pg/ml.

The coefficients of variation (CV) for intra-day measurements
(n=4) were 15.6% for 20 ug/ml acetaminophen and 5.8% for
100 pg/ml acetaminophen; the inter-day CVs (n=5) were 21.0%
for 20 ug/ml and 13.6% for 100 pg/ml.

Two healthy volunteers were orally administered 0.5 g of
acetaminophen (Pyrinazin®); their blood specimens were sampled
one and two hours after administration to be analyzed by the
present SPME method. Figure 3 shows gas chromatograms
obtained from plasma of one of the subjects. The results of the
levels of the drug in plasma of the two subjects are shown in
Table 1.

Discussion

In this report, we have presented a simple method for extraction
of acetaminophen in human plasma using SPME. Acetaminophen
was determined or identified by GC-flame ionization detector
(FID)[25], GC-electron capture detector (ECD)[26], GC/mass
spectrometry (MS)[27,28], HPLC [29-41] and HPLC/MS [42].

Its limits of detection or quantitation were about 7.6 pg/ml by
GC-FID [25], | pg on-column by GC/MS [27], 0.025-5 pg/ml
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®); the plasma sampls

were obtained one and two hours after its oral administration. In both panels, filled and open arrows show the peaks of acetaminophen anf

IS, respectively.
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Table 1. Acetaminophen concentrations in serum samples of volunteers
after its oral administration (0.5 g)

Subject Time after administration Acetaminophen concentration

(h) (ug/ml)
1 1 18.7

2 11.5
2 1 11.5

2 7.80

by HPLC [31,32-35,37,39-41]. In some methods, appropriate
derivatization was necessary for its detection {26-28]. The
detection limit obtained by our method (0.5 ug/ml) is much
lower than those by GC-FID.

Therapeutic concentrations of acetaminophen is 10-25 pg/
ml [3]; thus the present method is sufficiently applicable to the
measurements of the drug at therapeutic and toxic levels.

In conclusion, our method is recommendable for the detection
of acetaminophen in clinical and toxic cases, because of its
simplicity, precision and sufficient sensitivity.
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