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i 
SUMMARY 

Paracetamol and its four main metabolites, the su!phate (s), glucyronide (G), 
cysteine (C) and mercapturic acid (M) conju_gates, are readily separated in a synthetic 
mirtl%re using slightly acidic aqueous alcoholic eluents (e.g. water-methanol-formic 
acid, 85:15:0.15, v/v/v) on either octadecyl silica (ODS silica) or octadecyl siIica 
which has been further silanized to remove residual hydroxyl groups (ODS/TMS 
silica). The.dependences of k’ upon alcohol, acid and added salt concentrations are 
reported for both materials. The latter material gives the higher plate efficiencies and 
is much superior when applied to analysis of urines taken after therapeutic doses and 
overiioses of paracetamol. 

At least four additional metabolites are reported in overdose urines. Mass 
spectrometric analysis (high and low resolution) has confirmed the identity of M and 
identified one of the additional metabolites as methoxyparacetamol. Mass spectra of 
the remaining additional meta6olites enable major structural features to be deduced. 
One of these metabolites may be associated with liver damage. 

I INTRODUCTION 

There is a growing interest in clinical studies of the metabolism of para- 
I cetamol, for the drug is readily available and is often misguidedly taken in overdose 
: for suicidal purposes. Evidence from studies using thin-layer chromatography1-3, 
I conventional ion-exchange4 and molecular sieve chromatographys, and high-perfor- 
/ mance Iiquid chromatography (IpLC)6--8 indicates the presence of at least four major 
lmetabolites whose formulae are given in Table I, although there is still conflicting 
! opinion as to the identity of at least one of the metabolites, Mrochek ef aL6 suggesting 
‘that the mercapturic acid conjugate might in fact be a double cysteine-glucuronide 
iconjugate. Other minor metabolites may well be present2*3. In the most recent study 
1 by HPLC8 the excretion pattern of paracetamol and its four metabolites was detailed, 
/and it was shown that virtually all the paracelamol from a therapeutic dose was 
i excreted it 24 h. 

I While apparently safe in therapeutic dosage, paracetamol in o,verdose can 
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cause serious liver damage, which in severe cases can result in death. Detailed studies 
of its metabolism are therefore necessary in order to assess and assist in the develop- 
ment of the best methods of treatment. The importance of this problem, brought to 
our attention by Dr. L. Prescott of the Royal Infirmary, Edinburgh, coupled with the 
&vailabiiity of new HPLC packing materials’ and our recent experience in the use of 
additives in reversed-phase HPLC’O*” prompted us to carry out a detailed study of 
the optimum mode of separation of paracetamol and its metabolites in synthetic 
mixtures and in urine, where numerous endogenous compounds would be expected 
to interfere. 

In particular, the present study provides evidence for the superiority of octa- 
decyl bonded silicas whose residual silanol groups have been extensively substituted 
by trimethylsilyl gmups (ODS/TMS silica) over the more conventional ODS silicas, 
‘which have not been “capped” and possess a substantial fraction of unreacted siIanoI 
groups9. Data are also presented which indicate how the retention patterns of para- 
cetamol and its metabolites may be altered by changing the composition of the eluent 
and by means of inorganic salts. In a forthcoming paper the effects of added detergents 
will be described”. Throughout the work identification of metabolites has been a 
major problem, but where possible solute peaks have been trapped out and the 
metabolite of interest has been submitted to mass spectroscopy. In this way additional 
metabolites have been detected in overdose urines. The identity of the material 
thought to be the mercapturic acid conjugate has now been fully confirmed_ The study 
as a whole indicates that the problem of paracetamol metabolism is compIex and that 
considerable further work will be required to elucidate the details. 

EXPERIMENTAL -HPLC STUDIES 

The high-performance liquid chromatograph consisted of the high-pressure 
gas-driven intensifier pump of a Du Pont 830 liquid chromatograph and a Cecil 212 
UV spectrophotometer as detector. Columns and the septum injector were made 
according to designs developed by the Wolfson Liquid Chromatography Unit 
(WLCU) and Shandon Southern Products (Runcorn, Great Britain). Columns were 
125 mm in iength and 5 or 7 mm in bore. They were made of stainless steel, internally 
polished, and were terminated at the lower end by wire woven stainless-steel cloth, 
Type 325/2.500 (Sankey Green Wire Weaving Co., Warrington, Great Britain) which 
will retain particles of 2 ,um and above. Columns were operated at ambient tempera- 
ture and injection volumes were in the range 1 to 30& 

Packing materials were based upon a 6-pm spherical silica gel developed in 
the WLCU (surface area 200 m2 *g-l, pore diameter 10 nm), from which an ODS 
material was made by exhaustive reaction with octadecyltrichlorosilane_ After 
hydrolysis this material, referred to below as ODS silica, gave identical results to 
Spherisorb ODS (Phase Separations, Queensferry, Great Britain). The ODS silica 
made in the WLCU contained a substantial number of silanol groups which had a 
significant adsorptive capacity for hydrophilic groups. These were effectively re- 
moved by exhaustive silanization to give what is designated below as ODS/TMS 
silica. This material is similar in chromato_mphic properties to ODS-Hypersil 
(Shandon Southern Products). 

Mobile phases comprised methanol-water or isopropanol-water mixtures 
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Compound W is a minor metabolite whose mass spectrum shows the charac- 
teristic ions of paracetamol metabolites at n?/e = 109 and 151. The ions at pn/e = 197 
and 284 suggest that W bears the same relationship to C as does Z to M, that is it is 
the cysteine metabolite containing an additional CH, group in the side chain. This is 
confirmed by the additional presence of the fragment with m/e = 155. The ions with 
m/e = 118 and 134 could correspond to side chain fragments but have no analogues 
in the mass spectra of M, C or 2 (see Fig. 8). 

Compound X is another minor metabolite which has not been fully identified. 
A characteristic ion at m/e = 181 suggests that it contains a methoxy group while 
the ions at m/e = 155 and 197 are characteristic of W and Z. X appears to contain 
the cysteine or mercapturic acid side chain and, in addition, a methoxy group. 

Compound Y, as noted above, eluted as a wide asymmetric peak well after 
M. It is a major component in overdose urines roughIy equivalent to M and C to- 
gether. Y is eluted only when using eluents having a very low alcohol content and is 
thought to be a compound or group of compounds which are precipitated by 
alcohol, for example protein conjugates. The mass spectrum obtained from a collec- 
tion of the entire peak is shown in Table VII. It contains characteristic ions for a 
paracetamol metabolite (m/e = 43, 109, 151); it contains ions characteristic of M 
and Z (m/e 141, 155, 183, 197). It contains the ion m/e 59 representing NH-CO-CH,’ 
as well as ions characteristic of Q, methoxyparacetamol, (m/e 181, 139, 124). The 

~ ion m[e = 194 has not been identified. Compound Y gives no ions corresponding to 
/ sulphur-containing side chains of M and Z (m/e = 87 and lOl)_ The structure of Y 
cannot be deduced from the mass spectrum, but it is undoubtedly a major component 

I- m the samples of overdose urines available to us. At this stage, we cannot be certain 
that it arises itz viva as it could have been formed during storage through bacterial 

: action. 
The importance of Y, if formed itz vim, is that it may be more directly asso- 

ciated with liver damage in overdose cases than is M or C. It is, for example, possible 
that Y may be a further degradation praduct (in addition to M and C) of the product 
of reaction of the paracetamol intermediate with the glutathione within ‘the liver 
ce112*13*xJ, or it may be the degradation product of the conjugate formed when the 
intermediate reacts directly with liver protein. This occurs” when the giutathione 
level has fallen to 20-30% of its normal level. The chromatographic behaviour of Y 
supports the second suggestion, but until further work is carried out these suggestions 
must be regarded as highly speculative. 

MAJOR CONCLUSIONS 

(I) Excellent resolution of paracetamol and its metabolites is obtained on 
microparticulate reversed-phase packing materiaIs. The order of elution is S, G, P, C, 
M or S, G, P, M, C. The sulphate metabolite is eluted close to the unretained solute. 

(2) Optimum elution conditions are obtained by adjustment of the methanol 
content of the aqueous eluent. The addition of methanol reduces retention. 

(3) The presence of acid, formic or acetic acid is necessary for good elution 
conditions. With concentrations of formic acid above about 0.1 o/0 and of acetic acid 
above about 1 0/0 there is little effect on k’ values. 

(4) The addition of salts reduces the k’ of strongly retained metabolites but 



670 J. H. KNOX, J. JURAND 

increases the retention of S, thereby making the elution pattern on ODS/TMS silica 
more compact. Salt addition is valuable for fine tuning of the elution pattern. 

(5) While good resolution of paracetamol and its metabolites can be obtained 
on ODS silica, much improved resolution is obtained if the ODS silica is further 
treated by vigorous silanization to remove residual hydroxyl groups, which tend to 
interact disadvantageously with basic functional groups. 

(6) For analysis of urine samples the superiority of ODSjTMS silica over 
simpIe ODS silica is very marked. 

(7) With ODS/TMS silica the excretion of paracetamol and its metabolites 
after therapeutic doses of paracetamol is readily followed for at least 24 h. 

(8) Mass spectrometric analysis using selective high-resolution mass analysis 
for selected ions has given unequivocal proof of the identity of the mercapturic acid 
conjugate and excellent proof of identity of the other metabolites used as standards. 

(9) The standard samples of M have been shown to contain an impurity having 
an additional CHz group in the side chain. It is not certain whether this is natural or 
formed during storage. 

(10) Methoxyparacetamol has been identified as a metabohte in overdose 
cases. One major and two further minor metabolites have been observed. The mass 
spectrum of the major metabolite indicates the presence of -OCH, and -SCHs 
groups in the molecule. 

ACKNOWLEDGEMENTS 

We are greatly indebted to Mr. 0. Thomas for his painstaking work in carrying 
out the mass spectral analyses of a large number of samples. We also thank Dr. R. S. 
Andrews (Sterling Winthrop), Dr. B. Reynolds (McNeil Laboratories) and Dr. L. 
Prescott (Edinburgh Royal Infirmary) for samples of paracetamol metabohtes, Dr. 
Prescott for providing urine samples from overdose cases and Dr. A. Ryde for 
synthesis of the ODS/TMS silicas. 

REFERENCES 

1 M. Davis, C. J. Simmons, N. G. Harrison and R. Williams, Quurr. J. Med., 178 (1976) 181. 
2 M. Davis, D. Labadarios and R. S. Williams, J. Imt. Med. Res., 4, Suppl. 4 (1976) 40. 
3 R. S. Andrews, C. C. Bond, J. Burnett, A. Saunders and K. Watson, J. Int. Med. Res., 4, Suppl. 

4 (1976) 34. 
4 0. R. Jagenburg and K. Toczko, Biochem. J., 92 (1964) 639. 
5 0. R. Jagenburg, A. Nagy and S. Rodier, &and. J. Clitz. Lab. Invest., 22 (1968) 11. 

6 J. E. Mrochek, S. Katz, W. H. Christle and S. R. Dinsmore, Chin. Chenz., 20 (1974) 1086. 
7 D. Howie, P. I. Adrianssens and L. F. Prescott, J. P/zurm. P/zurttrucol., 29 (1977) 2; 235. 
8 D. Howie, M. Phil. Thesis, University of Edinburgh, 1977. 
9 J. H. Knox and A. Pryde, J. Chrontatogr., 112 (1975) 171. 

10 J. H. Knox and J. R. Laird, J. Chromatogr., 122 (1976) 17. 
11 J. H. Knox and J. Jurand, J. Chromutugr., 125 (1976) 89. 
12 J. H. Knox and J. Jurand, J. Chronmtogr., in preparation. 
13 E. Boyland and L. F. Chasscaud, AdvaJf. EJIZYJJL Relet. Areas Mol. Biol., 32 (1969) 173. 
14 D. H. Joilow, J. R. Mitchell, N. Zampaglione and J. K. Gilette, Pfrartnucolugy, 11 (1974) 151. 
1.5 J. R. Mitchell, D. J. Jotlow, W. 2. Potter, J. R. Gillette and B. B. Brodie, J. Phurntacol- Ekp_ 

Ther., 187 (1973) 195. 


