
Journal of Pharmaceutrcal & Blomedrcal Analysts 
Vol 7, No 3, pp 287-293,1989 
Pnnted m Great Bntam 

0731-7085/89 $3 00 + 0 00 
0 1989 Pergamon Press plc 

Application of a modified calorimetric enzyme 
assay to monitor plasma paracetamol levels 
following single oral doses to non-patient 
volunteers 

PETER A D EDWARDSON,* JOHN D NICHOLS and KEITH SUGDEN 

Analysrs Department, Pharmaceuttcal Dwuron, Reckitt & Colman plc, Dansom Lane, Hull HU8 
7DS, UK 

Abstract A modlfled enzyme-based colorlmetrlc method has been used to determine 
plasma paracetamol profiles followmg single dose (2 x 500 mg) admmlstratlon of three 
dosage forms to non-patlent volunteers The assay 1s linear over the concentration range 
0 15-60 pg ml-’ with a coefflnent of variation of 9 1% at the 1 5 kg ml-’ level It 1s 
rapid, requiring small sample volumes, compares favourably with other techniques such 
as HPLC, and 1s not subject to interference from paracetamol metabohtes and other 
drugs Admmlstratlon of paracetamol as two different dosage forms, as a solid tablet and 
as a dispersible tablet, resulted m no statlstlcally slgmflcant difference m pharmaco- 
kinetic parameters between treatments 
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Introduction 

Acetammophen (paracetamol), a non-steroldal paru-substituted acylamhde, has long 
been used as an analgesic It 1s widely avallable m the UK wlthout prescnptlon, both 
alone and m combmatlon, m numerous proprietary preparations 

Of the several methods currently available for paracetamol measurement, gas-liquid 
chromatography [l] and high-performance liquid chromatography (HPLC) [2] have 
proved most accurate and reliable However, these methods involve lengthy solvent 
extractions and chromatographlc procedures making quantltatlon of large numbers of 
samples very time consuming 

Other methods based on colonmetric techmques, such as combmatlon with 2,2- 
dlphenyl-1-plcrylhydrazme [3], mtrosatlon with nitrous acid [4] or acid hydrolysis to 
ammophenol [5-71 have been employed with limited success [S] 

More recently, an enzyme-based colorlmetrlc assay has been described [&lo] which 1s 
rapid, accurate and specific for paracetamol This assay 1s based on the use of an enzyme, 
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specific for the amide bond of acylated aromatic ammes such as paracetamol It cleaves 
the paracetamol molecule yielding p-ammophenol which reacts speclflcally with o-cresol 
m ammoniacal copper solution to produce a blue colour The assay 1s specific for the 
parent compound and does not detect paracetamol metabohtes [8] 

Previously, this techmque has been employed m the quantltatlon of paracetamol 
followmg suspected overdosage [S-lo] In this paper, we descnbe a modlflcatlon of the 
colorlmetrlc assay for the detectlon and quantltatlon of plasma paracetamol at levels 
applicable to single dose pharmacokmetlc studies, 1 e 0 15-60 pg ml-’ The method was 
subsequently employed m a lZvolunteer, three-way crossover study to determine the 
comparative bloavadablhty of three paracetamol preparations, two plam tablet formu- 
lations and a dispersible tablet formulation 

Experimental 

1 Measurement of paracetamol m plasma 
The concentration of unconJugated paracetamol m plasma was determined by a 

modified enzyme-based colorlmetrlc assay 

Chemuzals and reagents 

(1) 

(11) 
(14 

(14 

(4 

Enzyme reagent - buffered aryl acylamlde amldohydrolase dissolved m distilled 
water (approximately one enzyme umt/ml H20), where one umt of actlvlty 1s 
defined as that amount of enzyme which catalyses the hydrolysis of 1 pmol p- 
mtroacetamhde/mm at 30°C 
Colour reagent A - o-cresol m distilled water (92 5 mM) 
Colour reagent B - ammomacal copper sulphate (4 mM CuS04, 91 4 mM 
NH&l, 600 mM Na2C03, 27 mM Tns) 
Standard - paracetamol [2 0 mmol 1-l (302 kg ml-‘) m sodium acetate buffer, 
50 mM, pH 5 0] 
Diluted standard - paracetamol[50 ~1 standard + 950 ~1 HZ0 (15 1 pg ml-‘)] 

_ _ _ 
The reaction scheme for the formatlon of an mdophenol dye from paracetamol is shown 
m Fig 1 

NHCOCH, 

o-cresol mdophanol structure 

Figure 1 
Reaction scheme for productlon of an mdophenol dye by hydrolysis of paracetamol 
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2 Procedure 
An ahquot (500 ~1) of spiked, blank or sample plasma was placed into a clean 

Eppendorf centnfuge tube (1 5 ml) and 500 ~1 methanol (ice-cold) was added m order to 
precipitate protein The sample was vortex mixed for 30 s and subsequently centrifuged 
m a bench top micro-centnfuge for 30 mm The supernatant (400 ~1) was transferred to a 
clean Eppendorf tube and aryl acylamlde amldohydrolase enzyme (200 ~1) was added 
The tube was vortex mixed and incubated at room temperature for 2 mm Colour reagent 
A (250 ~1) followed by colour reagent B (250 ~1) were added, the sample was vortex 
mixed and incubated at room temperature for at least 4 mm The absorbance of the 
sample or standard was read against the blank at 615 nm on a Perkm-Elmer 552 
UV/vnlble spectrophotometer 

Plasma paracetamol concentrations were calculated from the followmg equation 

sample absorbance-blank absorbance standard concentration 
X 

standard absorbance-blank absorbance (pg ml-l) 
= sample concentration (pg ml-l) 

A standard of 0 755 pg ml-’ gave an absorbance of 0 042 This was used m the 
calculation of all paracetamol concentrations 

sample absorbance-blank absorbance 

0 042 
x 0 755 

= sample concentration (kg ml-l) 

or 

sample absorbance-blank absorbance x 17 97619 
= sample concentration (kg ml-l) 

All dilution factors cancel out since the standard 1s assayed under the same condltlons as 
the sample 

In the event of the plasma samples being highly pigmented or hpaemlc, a sample blank 
was set up replacing enzyme reagent with distilled water and adding colour reagents as 
usual 

3 Cahbratlon and accuracy of the analytical method 
A cahbratlon line with 95% confidence limits was constructed from five mdlvldual sets 

of data obtained over the range 0 15-60 pg ml-’ A linear cahbratlon line was obtained 
after loganthmrc transformation of the data (Fig 2) Using the data from all cahbratlon 
points, the coefficient of variation at 1 51 pg ml -I of paracetamol was 9 12%, and at 
3 02 pg ml-’ was 9 11% The mtegnty of the cahbratlon data was assured by the assay of 
two quality control samples spiked with 1 51 and 3 02 pg ml-’ paracetamol, respec- 
tively, with each batch of samples 

4 Clrmcal study 
The study was of a randomlzed, single-dose, three-treatment crossover design and for 

which 12 non-patient volunteers (age range 18-40 years, weight wlthm 15% of ideal body 
weight) were selected 
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Fqyre 2 
Paracetamol cahbratlon curve Absorbance (615 nm) 
versus paracetamol concentration (wg ml-‘) Number 
of coefficients = 2, ---, 95% confidence llmlts 

omlL 
01 IO loo 

Concentrotwn (pg ml-’ 1 

Each volunteer received by oral admmlstratlon either tablet A (2 x 500 mg 
paracetamol) plus 150 ml tap water, tablet B (2 x 500 mg paracetamol) dispersed m 
150 ml tap water, or tablet C (2 x 500 mg paracetamol) plus 150 ml tap water There 
was at least a 2-week mterval between treatments 

Blood samples (10 ml) were obtained through an mdwelhng venous cannula m a 
penpheral vem before and at 0 167, 0 333, 0 5, 0 75, 1 0, 1 5, 2, 3, 4, 6, 8, 10 and 12 h 
after drug admmlstratlon The sample was immediately transferred to a slhcomzed 
hthmm heparm tube and gently mixed After centrlfugatlon (3000 rpm for 15 mm) the 
supernatant plasma was separated and stored deep frozen (-20°C) until required for 
analysis 

5 Pharmacokmetlcs and statlstlcs 
The areas under the plasma concentration versus time curves were estimated from 

t = 0 to t = a~ usmg the trapezoidal rule with correction for termmal half-life The 
terminal half-life was determined by a least-squares regresslon analysis of five data pomts 
including and beyond 1 h after dosing 

The statistical slgmflcance of any differences m pharmacokmetlc parameters between 
the three dosage forms was tested by analysis of variance usmg a residual effects model 
with logarlthmlc transformation where appropnate The followmg parameters were 
tested on mdlvldual data peak plasma level (C,,,), time to peak (t,_), terminal half-hfe 
(t,) and area under the curve (AUCO_m) 

Results 

1 Interference of the assay by endogenous p-ammophenol 
To establish the absence of endogenous p-ammophenol m the plasma samples, a 

number of samples were analysed replacing amldase enzyme with water Absorbances 
were subsequently compared to those obtained with the same samples m the presence of 
enzyme (Table 1) It 1s clear from these results that there 1s no interference of the assay 
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Table 1 
Companson of absorbances obtained for the same plasma samples with the addition of the amldase enzyme and 
replacing enzyme with water 

Sample 
Absorbance (615 nm) Absorbance (615 nm) with Paracetamol concentration 
with addltlon of Hz0 addition of amldase enzyme (pg ml-‘) 

1 0001 0021 0 35 
2 0002 0045 0 75 
3 -0 001 0 053 1 01 
4 0001 0 105 2 01 
5 -0 003 0 157 3 06 

Table 2 
Quality control data for paracetamol determmatlon by colorlmetrlc enzyme 
assay 

Actual concentration 
Mean concentration found cv 
(kg ml-‘) (%) 

Wlthm assay 
1 51 
3 02 

1 43 2 30 
2 86 0 99 

Between acsay 
1 51 
3 02 

1 43 5 72 
2 85 3 46 

by p-ammophenol , suggesting that p-ammophenol IS not present m plasma as 
endogenous material or a metabohte of paracetamol Acetylsahcyhc acid, sahcyhc acid, 
common metabohtes of paracetamol, and other drugs, have previously been tested and 
shown not to interfere with the assay [8] 

2 Qua&y control of the assay 
A total of 504 samples plus quality control and duplicates were analysed over a 4-day 

period Accuracy of the assay was assured by duphcatmg one m SIX of the samples tested, 
m addition to analysmg two quality control samples with every 14 samples assayed Table 
2 shows the mean quality control data over the 4-day period The lowest ratio 
concentration observed/actual concentration was, 0 915 at 1 51 pg ml-’ and 0 937 at 
3 02 pg ml-‘, the highest ratio was 0 960 and 0 960 at 1 51 and 3 02 pg ml-‘, 
respectively These results indicated a good correlation between measured values and 
actual values throughout the study period 

3 Bloavadabd~ty study 
The mean data of plasma paracetamol concentration followmg dosing with the three 

preparations IS shown m Fig 3 This data was used to determme (I) peak plasma 
concentration (C,,,), (11) time to peak (t,,&, (111) area under the plasma concentration 
versus time curve, calculated from t = 0 to t = CO (A UC0_m) and (IV) ehmmatlon half-life 
(t,J, for each volunteer The pharmacokmetlc parameters for treatments A, B and C are 
shown m Table 3 No slgmflcant differences m C,,,, tmax, t,h or AN&., were observed 
between treatments 
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Figure 3 
Mean data of plasma paracetamol levels after dosing with the three different formulations *, Treatment A, +, 
treatment B, 0, treatment C 

Table 3 
Pharmacokmetlc parameters for paracetamol after dosmg with Treatment A, B and C 

Treatment 

Peak plasma 
concentration, C,,, AU%,, 
(cLg ml-‘) 

Time to peak, t,,, Terminal half-life, TV, 
(h) (h) (cLg ml-’ h) 

A 7 439 + 0 620 0 653 + 0 102 2 186 + 0 203 24 663 f 1 629 
B 7 671 + 0 561 0 590 + 140 2 297 f 0 263 22 228 + 1 453 
C 8 067 + 0 792 0 667 f 0 117 2 138 + 0 138 25 540 + 1 855 

Conclusions 

A method for the determination of therapeutic plasma concentration of paracetamol 1s 

described The method, which mvolves enzymatic cleavage of paracetamol followed by 
coupling to o-cresol to produce a blue colour, had previously been used m momtormg 
patients suspected of paracetamol overdose [8] In this paper, a modlflcatlon to the 
ongmal assay has been successfully employed m a study to compare the bloavadablhty of 
three different paracetamol preparations The assay was sensitive to plasma paracetamol 
concentrations as low as 0 15 pg ml-l and exhibited no interference from paracetamol 
metabohtes or endogenous compounds A comparison of the pharmacokmetlcs of 
paracetamol obtained with this technique agreed well with data previously published 
employmg an HPLC method [ll] 

The observed values for t, m all three preparations agree with previously published 
values of 1 7-2 8 h [12] 

Analysis of variance using a residual effects model showed no statlstlcally slgmflcant 
difference (at the 95% confidence level) m half-life between volunteers, treatments or 
period Similar analysis of AUCo_, again showed no difference between volunteers, 
treatment or period There was no slgmflcant difference between treatments for 
maximum plasma concentration of paracetamol (C,,,) or for the time required to attam 
this concentration (tmax) These results demonstrate no statlstlcally slgmflcant difference 
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m the relative bloavallablhty of the three preparations as mterpreted from measurements 
of the areas under the plasma concentration-time curves 

In conclusion, a method for the determmatlon of plasma paracetamol concentrations 1s 
described which faclhtates accurate and rapld analysis of samples without the need for 
hazardous reagents or expensive equipment 
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