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The lack of extreme sensitivity in detectors for high-performance Liquid 
chromatography (HPLC) often limits its application in the determination of 
drugs in blood and plasma. The development of an electrochemical detector 
by Kissinger et al. [l] provides for very sensitive detection of compounds 
that can be oxidized at the carbon-paste electrode. By using this electrochemi- 
cal detector, these authors were able to detect picogram quantities of nor- 
epinephrine and dopamine. Subsequently this detector has been used in the 
analysis of epinephrine [2], isoproterenal [2], L-dopa 121, a-methyldopa 
121, phenylephrine 121, norepmephrine 12-1, dopamine [3, 41, ascorbic 
acid [5] and homogentisic acid 161. Recently, this detector was used in the 
analysis. of ace&ninophen (N-acetyl-p-aminophenol) in commercial dosage 
forms, urine and plasma [7] - While these authors reported the detection of 
ace+&ophen in plasma they did not demonstrate the application of this 
method inclinical studies. 

This paper reports the application of HPLC with electrochemical detection 
to a study on acetaminophen bioavailability which required an analytical 
method capable of quantitating acetaminophen in plasma at a concentration 
of 0.2 ygjml. 

MATERIALS AND METHODS 

Reagent grade potassium dihydrogen phosphate, disodium hydrogen phos- 
phate, ethyl acetate and methanol were used c&e&y. Acetaminophen (Chem. 
Service Co., Westchester, Pa., U.S.A.) and p-butoxyphenol (McNeil Labs., 

l Re=ent address: tier &lath Roducta bxp., Box 157, ~Ltswo&, calif. 91311, U.S.A. 
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fii Washington, Pa.,-U.S.AL) wept also used directly. AlI water vms double 
distilledfromglass. 

Extraction procedure 
3 ml of PI-I 7.4 phosphate buffer, prepared by mixing 19.6 ml of solution 

of K&PO4 (9.08 g/l) and 80.4 ml of a solution of N% IiPO., - 2&O (11.8 
g/l), were added to 1 n+ of plasma in a round-bottom centrifuge tube. 1 ml of 
internal standard solution @-n-butoxyphenol, 5.0 pg/ml) and 8.0 ml of ethyl 
acetate were added to the tube. The tube was rocked for 10 min followed by 
centrifuging for 5 min at 30.0 g. The ethyl acetate layer wBp transferred 
to a conical centrifuge tube and evaporated ,to dryness under reduced pressure 
at 40”. The residue was redissolved in 70 ~1 of methanol with 2-5 ~1 of the 
resulting solution being used for I-IPLC. 

AU samples were analyzed by HPLC with electrochemical detection as pre- 
viously described by Kissingeretal. [1].Stainlesssteelcoluums (OS m X 2.6 

nun I.D.) packed with Pellidon (Pellicular polyamide, 37 pm; Reeve Angel, 
Clifton, NJ., U.S.A.) were used with an aqueous mobile phase consisting of 
0.04 M NaH, PO, adjusted to pH 7.4 and 5% methanol (v/v). The flow-rate 
was 60 ml/h. Solvent pumping was accomplished with either a Ve Mo.del 
4100 syringe pump or a Milton Roy reciprocating piston Minipump@. 

A threeelectrode system consisting of a carbon-paste electrode (working 
electrode), platinum electrode (auxiliary electrode), and saturated calomel 
electrode (reference electrode) was utilized to measure the current arising 
from the oxidation of the phenol group at a potential of +0.7 V (vs. SCE). 

Andysis of acetaaminophen 
Acetaminophen concentrations in plasma were determined from a standard 

curve obtained tiy plotting drug/internal standard peak height ratio versus 
acetaminopheo concentration. The standard curve was obtained by carrying 
through the assay procedures, samples prepared by adding known amounts of 
acetaminophen to pooled human pklsma. 

clinical studies 
Nine normal, healthy male subjects ranging in age of 22-26 years and weight 

of 68-92 kg were admini&red three dosage forms of acetaminophen in a 
three-way &ossover study. The dosage forms used in this study were an ex- 
pe&nental suppository dosage form consisting of a gelatin encapsulated water- 
soluble solution of acetaminophen; a glycol base suppository and an oral 
elixir. A 3&l-mg dose of acetaminclphen was administered in each case. Fol- 
Lowing dosing, venous blood samples (15 ml) were withdrawn from the right 
or left antecubital fossa into heparinized vact@iners. The plasma was har- 
vest& imm&iiat$y and frozen until analysis. . 

REXWILTS A&D DISCUSSION 

&t&uninophen and the internal standard appeared as welt-resolved sym- 
metrical peaks under these conditions with retention times of 2 and 4.25 min, 
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I?@. 1.. TppicaI chromatogram for acetaminophen (II) and internal standard (III). Peak I 
represents the solvent front. 

F5.g. 2. Averaged plasma acetaminophen concentrations in nine humau subjects folIowing 
_ . dxnm&ration of 300 mg of acetaminophen as an oral elixir, g&co1 base suppdsitory or 

ielatiu xxapsulated supp6sitory. Straight line uxresponds to an elimination half-life of 
2.2 h. 

respectively_ A typical chromatogram is shown in Fig, 1. The standard curve is 
described by the following regression equation: peak height ratio = 0.180 X 
concentration @g/ml) + 0.005. The correlation coefficient for this line is 0.997 
with a standard error of the estimate (Sx+) of 0.0099. Analysis of multiple 
standards gave coefficients of variation (n = 3) of 4.8, 9.9, 4.2 and 4.1% at 
concentrations of 0.2, 1.0,.2.0, and 4.0 pg/ml, respectively. During the course 
of the study standard curves were determined on a daily basis. This was neces- 
sary since the carbon-paste in the detector lost sensitivity with ,use and was 
changed periodically. Fig. 2 shows the average_ data for ah subjects for all 
three dosage forms. The straight line re@eSents an ehmination half+fe of 2.2 
h for acetaminophen. 

HPLC with electrochemical detector has been shown to be useful for mea- 
suring plasma concentrations of acetaminophen at lo% level& ?&w&eri it 
should be noted that the electrochemical detector is .quite sensitive .to solvent 
flow variation. Because of this, extensive pulse dampkitig is necessary when 
the reciprocating piston type pump is u,xd. Also, the electrochemical detector 
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is quite sensitive to fluc~ations in the line voltage. Consequently, best per- 
formance of the detector is achieved -when no other electrical devices are used 
on the same circuit. 

Prelin&i~ &ult.s bbtained in this la&oratory &o indic&that ricetamino- 
phen levels can be assayed in very small volumes of plasma using electroche- 
mical. detection. Plasma samples (50 ~1) with concentrations ranging from 0.5 
to 8 pg/ml have been measured in our laboratory using a variation of this 
method. Since this type of method would be quite suitable for measurement 
for acetaminophen in neonates and children, where only small plasma samples 
are available, further investigations along these lines are in order. 
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