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Acetaminophen (paracetamol) is extensively used as a non-prescription
analgesic and antipyretic agent [1, 2]. Recent studies suggest that excessive
doses and/or excessively high plasma concentrations of acetaminophen may
be associated with hepatotoxicity [1—4]. Thus understanding of its pharmaco-
kinetic properties in humans might be of value in preventing clinical toxicity.

High-performance liquid chromatography (HPLC) is applicable to quantita-
tion of acetaminophen in human plasma [5—14]. However, a sensitivity
range of 0.1—0.2 pg per ml of plasma is needed for evaluation of acetamino-
phen pharmacokineties following single therapeutic doses. The present paper
describes an HPLC method with this degree of sensitivity that is applicable to
single-dose pharmacokinetic studies as well as to quantitation of acetamin-
ophen following overdosage.

EXPERIMENTAL

Materials

Acetaminophen and the internal standard 2-acetaminophenol (2-AAP)
(Fig. 1) were obtained from Aldrich (Milwaukee, WI, US_A.). All other re-
agents, analytical grade or better, were purchased from commercial sources
and were used without further purification.

Apperatus and chromatographic conditions
A Waters Assoc. (Milford, MA, U.S.A.) liquid chromatograph was used.
The instrument was equipped with a Model 6000A solvent delivery system,
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Fig. 1. Structural formulae of acetaminophen and of Z-acetylaminophenol, the internal
standard.

a Model 440 Ultraviolet detector operated at 254 nm, and a 30 cm X 3.9 mm
stainless steel uBondapak C,g reversed-phase column. A 10 cm: X 8 mm Radial-
Pak radial compression C,g cartridge was used alternatively. The injection sys-
tem was a Model U6K sampling loop, or a WISP Model 710B automatic sample
processor. Detector output was quantitated using either a strip chart recorder
or a2 Model 730 data module.

The mobile phase consisted of either: (a) 3.5% acetonitrile—sodium acetate
buffer (pH 4.0), operated at a flow-rate of 2 ml/min; or (b) acetonitrile—
methanol—water (6:6:88), operated at a flow-rate of 1.8—2.2 ml/min. All
analyses were performed at room temperature.

Stock solutions

Standard solutions of acetaminophen and of 2-AAP were prepared by
dissolving 100 mg of each compound in 100 ml of methanol. Working solu-
tions were prepared by appropriate dilution with methanol. Solutions are
stable for at least one year when stored at 4°C.

Preparation of samples

Internal standard (15 upug) was added to a series of 13-ml round-bottom
culture tubes equipped with PTFE-lined screw-top caps. The organic solvent
was evaporated to dryness at 40—50°C under mildly reduced pressure. To a
series of calibration-tubes were added variable amounts of acetaminophen
ranging from 0.1—15 pg. Again, the organic soivent was evaporated to dry-
ness. Drug-free control plasma (0.5—1 ml) was added to each of the calibra-
tion- tubes; 0.2—1.0 ml of -unknown plasma was added to all other tubes.

Ethyl acetate (5 ml) was added to each tube, and the tubes were gently
agitated .on a Vortex-type mixer for 30 sec. After centrifugation for 10 min
at 400 g, an aliquot (approximately 4.5 ml) of the organic phase was trans-
ferred to a 13-ml tapered glass centrifuge tube. The organic solvent was evap-
orated to dryness at 40—50°C under mildly reduced pressure. The residue
was redissolved in 100 gl of methanol, of which 10—20 gl were injected intc
the sampling loop.



226

Clinical pharmacokinetic study

A healthy 26-year-old male volunteer (68 kg) participated after giving
written informed consent. He received single 650-mg doses of acetaminophen
on two occasions separated by one week. On one trial, a sterile solution of
acetaminophen (13 ml of a 50 mg/ml solution [propylene glycol—ethyl al-
cohol—5% dextrose (40:10:50, v/v)] diluted to 50 ml with 5% dextrose)
was infused into an antecubital vein over a period of 5 min by a constant-
rate infusion pump. For the other trial, the subject ingested two 325-mg
tablets of acetaminophen (Parke-Davis, Ann Arbor, MI, U.S.A.) in the fasting

state with 100—200 ml of tap water.
Venous blood samples were drawn into heparinized tubes from an indwell-

ing cannula, or by venipuncture, at multiple points in time during the 12 h
after each dose. Plasma concentrations of acetaminophen in all samples were
determined using the method described above.

Plasma acetaminophen concentrations were analyzed by weighted iterative
non-linear least-squares regression techniques described in detail previously
[15]. After intravenous administration, data points were fitted to the follow-
ing function:

C=Ae*t+ pe-7t + g8t 1)

where C is the plasma acetaminophen concentration at time £ after dosage.
A, P, and B are hybrid intercept terms having units of concentration; they
were appropriately corrected for the 5-min infusion period [16]. The ex-
ponents «, 7, and B are hybrid quantities having units of reciprocal time.
Using standard pharmacokinetic methods [17], coeificients and exponents
from the fitted function were used to determine the following kinetic variables
for acetaminophen: initial distribution half-life, intermediate distribution
halflife, elimination half-life, volume of the central compartment, total volume
of distribution using the area method, and total clearance. Assuming that
all of acetaminophen clearance is accounted for by hepatic biotransforma-
tion, the predicted extraction ratio was calculated as the quotient of hepatic
clearance and estimated hepatic blood flow (21 ml/min/kg) [18].

After oral acetaminophen administration, plasma concentrations were
fitted to the following function:

C=—(A +B)e-ka(f - 5) + Ae—o(t - &) 4 BeB(L - t,) (2)

where C is the plasma concentration at time ¢ after desage. As in eqgn. 1,
A and B are hybrid intercept terms, and « and § are hybrid exponents; ka
is also a hybrid exponent, representing the apparent phase of drug absorption;
t, is the lag time elapsing prior to the start of first order absorption. The
absolute bioavailability of orally administered acetaminophen was calculated
as the arez under the plasma concentration curve (extrapolated to infinity)
after oral dosage divided by the area under the curve following intravenous
adminisfration [17].
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RESULTS

Evaluation of the method

Under the described chromatographic conditions, acetaminophen and its
internal standard yielded two symmetric, well-resolved peaks (Fig. 2). En-
dogenous plasma substituents did not interfere with peaks corresponding to
acetaminophen or the internal standard.
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Fig. 2. Chromatograms of plasma extract from a subject (A) prior to administration of
acetaminophen; (B) 2.5 h after 2 single intravenous dose of acetaminophen, showing peaks
corresponding to acetaminophen (acet.) and to the internal standard (int. st.). -

Either peak area ratio or peak height ratio can be used to quantitate detector
response. The relation of detector response ratio to plasma acetaminophen
concentration is linear. The day-to-day coefficient of variation in the slope
of calibration curves (n = 10) was 6.0%. The sensitivity of the method is ap-
proximately 0.1—0.2 pg of acetaminophen per ml of plasma. Coefficients of
variation for identical samples ranging in concentration from 0.25—15 ug/ml
did not exceed 5% (Table I). The mean deviation between pairs of duplicate
samples analyzed during pharmacokinetic studies (n = 45) was 2.4%. Mean
recovery of acetaminophen was 90.1% (S.D. = + 4.5%; range 79—100%).
Recovery of-the internal standard was 93.8 + 6.0%.

A series of fourteen samples (concentration range: 0.26—48.8 ug/ml) were
analyzed using mobile phase (a) and the stainless-steel column, with quantita-
tion of detector response by peak height ratio. Results were compared with
analysis of the same samples using mobile phase (b) and the radial compres-
sion cartridge, with detector response quantitated by peak area ratio. The
correlation coefficient was 0.999, with a regression line slope of 0.94. The
mean: deviation between the two methods for identical samples was 3.4%.
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TABLE I

REPLICABILITY OF IDENTICAL SAMPLES

Concentration Coefficient of variation™ (%)

(ug/ml) - (r = 6 at each concentration)
0.25 3.6
0.5 2.0
10 1.6
25 24
5.0 1.8
10.0 4.7
15.0 0.6

*

Standard deviation divided by mean, expressed in percent.
TABLE T
KINETICS OF INTRAVENGUS AND ORAL ACETAMINOPHEN

Kinetic variables Route of administration
Intravenous Oral

Lag time (min) — 4.7
Absorption half-life (min) — 11.6
Initial distribution half-life (min) 1.6 —
Intermediate distribution half-life (h) 0.12 —
Elimination half-life (h) 2.6 2.5
Total clearance (ml/min/fkg) 4.46 —
Total area under the curve (zg/ml-h) 35.7 26.7
Predicted extraction ratio 0.21 —
Absolute bioavailability 1.00 0.75

Clinical pharmacokinetic study

Table II shows kinetic variables for acetaminophen after intravenous and
oral administration to the same volunteer. Values of elimination half-life
were 2.6 and 2.5 h, respectively, by the two routes of administration (Fig. 3).
After a lag time of 4.7 min, oral acetaminophen was absorbed with an ap-
parent halflife of 11.6 min. Based on comparison of areas under the curve
following oral and intravenous administration, absolute bioavailability of
oral dosage was 75%. This is very close to the predicted extraction ratio of
79% based on the ratio of hepatic clearance after intravenous dosage to hepatic
blood flow. -

DISCUSSION

The present paper describes a rapid and sensitive quantitative assay for
acetaminophen in plasma. The drug and its internal standard are readily ex-
tracted into ethyl acetate at neutral pH with no special sample preparation.
Since drug-free plasma samples yield no contaminating peaks, clean-up pro-



229

o
9

N
(=]
"

]
1

wn
Sbeddod ok

INTRAVENOUS

N
h

ORAL TABLETS o

-
il

=4
v

A

PLASMA ACETAMINOPHEN CONCENTRATION (ug/ml)

[}
N
b

0 3 6 3 12

HOURS AFTER DOSE
Fig. 3. Plasma acetaminophen concentrations following intravenous and oral administra-
tion of 650 mg to a healthy volunteer subject. Solid and dashed lines represent computer-
determined pharmacokinetic functions cousistent with egns. 1 and 2, respectively. See
Table II for kinetic analysis.

cedures are not required. The organic extract is evaporated to dryness, recon-
stituted, and chromatographed directly. The method is adaptable to an auto-
matic sampling system, such that up to 100 samples can be analyzed in a
24-h period.

Meaningful data on the pharmacokinetics of acetaminophen following
single therapeutic doses in humans require reliable routine quantitation of
plasma concentrations as low as 0.1—0.2 ug per ml of plasma. The described
method achieves this level of sensitivity, and its application to single-dose
pharmacokinetic studies of acetaminophen is illustrated. Disappearance of
acetaminophen from plasma following intravenous infusion was consistent
with a sum of three exponential terms. The elimination half-life was 2.6 h.
Total acetaminophen clearance was 4.5 ml/min/kg, predicting an extraction
ratio of 21% assuming hepatic blood flow to be 21 ml/min/kg. The absolute
bioavailability of oral acetaminophen in tablet form was 75%. Thus, the sys-
temic availability of oral acetaminophen is less than 100%, and appears to be
accounted for by first pass extraction rather than incomplete absorption.

ACKNOWLEDGEMENTS

This work was supported in part by Grants MH-34223 and GM-07611,
and Biomedical Research Support Grant RR-05830, from the United States
Public Health Service; and by Grant 77-611 from the Foundations’ Fund for
Research in Psychiatry.

We are grateful for the assistance of Lawrence J. Moschitto, Ann Locniskar,
derold S. Harmatz, Dr. Dean S. MacLaughlin, and 'Dr. Richard I. Shader.



230

REFERENCES

© 0=k

B. Ameer and D.J. Greenblatt, Ann_ Int. Med., 87 (1977) 202.

J. Koch-Weser, N_ Engl. J. Med., 295 (1976) 1297.

M. Black, Gastroenterol., 78 (1980) 382.

J.D. Barker, D.J. deCarle and S. Anuras, Ann. Intern. Med., 87 (1977) 299.

L.Y. Lo and A_ Bye, J. Chromatogr., 173 (1979) 198.

G.R. Gotelli, PM. Kabra and L.J. Marton, Clin. Chem., 23 (1977) 957.

C.G. Fletterick, T.H. Grove and D.C. Hohnadel, Clin. Chem_, 25 (1979) 409.

R.A. Horvitz and P.L Jatlow, Clin. Chem., 23 (1977) 1596.

D. Blair and B.H. Rumack, Clin. Chem., 23 (1977) 743.

D. Howie, P.I. Adriaenssens and L..F. Prescott, J. Pharm. Pharmacol., 29 (1977} 235.
P.I. Adriaenssens and L_.F. Prescott, Brit. J. Clin. Pharmacol., 6 (1978) 87.

J.N. Miceli, M.K. Aravind, S.N. Cohen and A.K. Done, Clin. Chem., 25 (1979) 1002.
A _J. Qualtrone and R.S. Putnam, Clin. Chem., 27 (1981) 129.

T. Buchanan, P. Adriaenssens and M.J. Stewart, Clin. Chim. Acta, 99 (1979) 161.
D.J. Greenblatt, R.I. Shader, K. Franke, D.S. MacLaughlin, J.S. Harmatz, M.D. Allen,
A. Werner and E. Woo, J. Pharm. Sci., 68 (1979) 57.

J.C.K. Loo and S. Riegelman, J. Pharm._ Seci., 59 (1970) 53.

D.J. Greenblatt and J. Koch-Weser, N. Engl. J. Med., 293 (1975) 702, 964.

G.R. Wilkinson and D.G. Shand, Clin. Pharmacol. Ther_, 18 (1975) 377.



