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Abstract  A rapid, simple method for the direct determination of 
acetaminophen in plasma a t  toxic levels was developed. The method is 
based on the oxidation of the phenolic moiety of acetaminophen a t  a 
carbon paste electrode in a differential pulse voltammetric mode. Linear 
calibration curves are obtained from 20 to 400 pg/ml. No sample cleanup 
is required. 
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The increasing use of acetaminophen as a nonpre- 
scription analgesic has led to an increase in the occurrence 
of accidental and intentional ingestion of toxic amounts 
of this material. In the United Kingdom, deaths from 
acetaminophen ingestion have increased steadily since 
1966 (1). Death from acetaminophen toxicity is usually 
attributable to liver failure. In all cases of acetaminophen 
overdose, some degree of liver damage is present. 

BACKGROUND 

Since plasma acetaminophen levels are indicative of the severity of 
probable liver damage, the determination of plasma levels is necessary 
for the selection of the appropriate treatment procedures. 

An assay for plasma acetaminophen levels should be rapid and simple. 
Since overdose patients may be admitted a t  any time, the assay must be 
of sufficient simplicity to be performed in the emergency room. A method 
of estimation frequently employed is the differential absorbance proce- 
dure of Routh et a/ .  (2), but this method has been criticized because of 
interferences by other drugs (3). Several methods are based on the ni- 
tration procedure of Chafetz et al. (4). This reaction was used to deter- 
mine acetaminophen in plasma following the precipitation of plasma 
proteins by trichloroacetic acid (5,6). 

The described method is based on oxidation of acetaminophen a t  a 
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Figure 1-Differential pulse voltammogram for acetaminophen in 
plasma. The concentration was 200 pg/ml. The plasma sample was di- 
luted with an equal uolume of p H  8 phosphate buffer. 

carbon paste electrode (graphite-mineral oil) using differential pulse 
voltammetry. This method is similar to differential pulse polarography, 
with the principal difference being in the construction of the working 
electrode. The current measured in the oxidation of acetaminophen is 
proportional to the amplitude of the applied potential pulse, the surface 
area of the working electrode, and the concentration of the electroactive 
species. 

Differential pulse polarography was utilized in assays for various drugs 
including chlordiazepoxide (7), diazepam (8), and nitrazepam (9). The 
differential pulse mode also was applied to the in uiuo detection of cat- 
echolamines with a surface-modified platinum electrode (10). Recently, 
differential pulse voltammetry a t  the carbon paste electrode was used 
to measure trace levels of phenols and aromatic amines (11). This con- 
figuration also was used for the determination of theophylline in plasma 
(12). 

Acetaminophen was analyzed in a variety of dosage forms by a method 
based on linear dc voltammetry a t  the glassy carbon electrode (13). 

This paper describes a method for determining acetaminophen directly 
in plasma a t  concentrations of toxicological interest. 

EXPERIMENTAL 

Reagents-All water was double distilled. Inorganic chemicals were 
analytical reagent grade and were used without further purification. 
Acetaminophen' was used as received. Individual plasma was obtained 
from the local blood bank. Phenobarbital, salicylic acid, theophylline, 
and aspirin were USP grade and were used directly. Theobromine2 also 
was used without purification. 

Apparatus-A polarographic analyzer system? was used for all mea- 
surements. A three-electrode configuration with a carbon paste electrode 
(14) as the working electrode, a silver-silver chloride reference electrode, 
and a platinum wire auxiliary electrode was used. The surface area (cir- 
cular) of the carbon paste was 33 cm2. All scans were taken at  a rate of 
10 mv/sec with a modulation amplitude of SO mv and a drop time of 0.5 
sec. All measurements were made in the differential pulse mode a t  am- 
bient temperatures (21-24'). 

The working electrode was prepared from a polytef plug (20 mm long 
X 15-mm diameter). A well (6-mm diameter, 4-mm depth) was drilled 
in one end of the polytef plug, and a 1-mm hole was drilled through the 
bottom of the well. A platinum wire (20 gauge) was glued (epoxy resin) 
into this hole so that 2 mm of the wire protruded into the well. The other 
end of the wire was soldered to a copper wire, and the polytef plug was 
glued (epoxy resin) into an open glass tube. 

The carbon paste was prepared by levigating 3 g of powdered graphite4 
with 2 g of mineral oil. The paste was packed into the well to exclude any 
air bubbles, and the surface of the paste was smoothed with a stiff paper 
card (14). 

Procedure-A spiked plasma sample (5.0 ml) was diluted with 5.0 ml 
of pH 8 phosphate buffer (0.5 M ) .  The electrodes were inserted into this 
mixture, and 5 min was allowed to ensure a quiet solution. Then a dif- 
ferential pulse voltammogram was obtained from +0.2 to 0.8 v. The dif- 
fusion current was determined from the peak height and the appropriate 
scaling factor (current range) of the instrument. 

RESULTS AND DISCUSSION 

Figure 1 shows a typical differential pulse voltammogram for acet- 
aminophen in plasma with the peak potential of +0.51 v uersu,s the sil- 
ver-silver chloride reference electrode. A typical calibration curve for 
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Table I-Precision Study on Spiked Plasma Samples * 
Acetamino- 

phen, 
d m l  Current, l amp  cv, % 

41 22.7, 21.5, 19.3, 19.5, 17.9 9.23 
16.9, 18.3, 19.3, 19.Sb 

101 50.3.49.1, 51.5.47.6, 49.9 4.99 
53.1, 51.1, 53.8, 55.0, 55.4 

202 118.1, 118.1, 114.1, 106.3, 107.0 6.84 
105.1, 103.1, 101.5, 99.9,96.8 

403 191.1, 195.0, 191.1, 193.1, 200.9 1.97 
199.0. 199.u. 195.0' 

0 The data in Table I can he fitted h y  the equation: current (microamperes) = 
lace~aniinophrn (pg/ml)]  t 2.88, with r = 0.9960 and !3yI = 6.93. * One determi- 
nation was rejected hecause of an irregular peak shape. c T w o  determinations were 
rejected o n  a statistical hasis according to  the method of Dean and Dixon ( l f i ) .  

the range of 20-400 p g h l  can he described by the equation: current 
( lamp) = 0.438 concentration (pg/ml) + 12.9, with a correlation coeffi- 
cient of0.991 and a standard error of the estimate (S,.,) of 7.76. Deter- 
mination of multiple spiked samples gave the results presented in Table 
I. 

Daily minor variations in the slopes of standard curves were attributed 
to aging of the electrode surface. Consequently, it was necessary to pre- 
pare standard curves daily. Plasma samples containing phenobarbital, 
salicylic acid, theohromine, theophylline. or aspirin a t  levels of 100 & n l  
gave voltammograms (+0.2-0.8 v) identical to t,hose of blank plasma at 
a sensitivity setting that produced a half-scale response for acetamino- 
phen at  100 pg/ml. 

This method is sufficiently simple and sensitive for the rapid deter- 
mination of acetaminophen in plasma a t  levels likely to he encountered 
in cases of toxic overdosage. Since no sample preparation is required and 
the instrumentation requires virtually no startup time, this method 
represents an extremely rapid method for acetaminophen. Since the 
measurements are made at potentials positive with respect to the refer- 
ence electrode, dissolved oxygen does not inkrefere. Hence, sample de- 
gassing is not required. 

Since the major hiotransformation of acetaminophen in humans is 
direct conjugation with sulfate and glucuronic acid to form the sulfate 
and glucuronate metabolites (15). these metabolites should not interfere 
i n  this assay. In bot,h of these metabolites, the phenolic group, which is 

COMMUNICA TlONS 

oxidized a t  the carbon paste electrode, is conjugated and unavailable for 
electrochemical oxidation. Although the instrumentation required for 
this method is probably not available in many clinical laboratories, the 
recent introduction of a low-priced unit5 will undoubtedly make differ- 
ential pulse voltammetry a more common tool. 
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To the Editor: 
An equation using two sets of plasma level data to esti- 

mate the total body clearance (TBC) of a substance during 
a zero-order input to the body was reported previously by 

Chiou and Hsu (1). The equation is: 

. .  

where KO is the zero-order input rate constant, Vd is the 
literature estimated apparent volume of distribution based 
on the linear one-compartment open model, and C, and 
Cp, are plasma levels of the substance at times t l  and t 2  
during the zero-order input, respectively. 

This equation was originally proposed to estimate the 
total body clearance of endogenous creatinine and renal 
creatinine clearance in patients after a slight modification 
(1). I t  also was proposed recently to estimate rapidly the 
total body clearance of a drug in patients during a con- 
stant-rate intravenous infusion (2). Some precautions in 
using the equation for dosing individualization were dis- 
cussed (2). 

The derivation of Eq. 1 involved the Laplace transform 
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