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ABSTRACT 

The potential of coupled high-performance liquid chromatography-nuclear magnetic resonance spectroscopy for the detection and 
identification of drug metabolites has been investigated by direct analysis of human urine collected following administration of 
antipyrine. This approach provided a rapid method of characterizing the major human urinary metabolites of this drug and promises to 
be of widespread value in structural studies of xenobiotic metabolites. 

INTRODUCTION 

Antipyrine is frequently used as a probe of 
drug metabolism, in particular of the P450 family 
of enzymes in studies of enzyme induction. The 
metabolism of antipyrine and the pattern of me- 
tabolic conjugation have therefore been studied 
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extensively in rat and man [1-4], in which a pat- 
tern of N-dealkylation, hydroxylation, glucuro- 
nidation and sulphation is observed. Whilst the 
rat principally forms sulphate conjugates, it ap- 
pears that only glucuronides are formed in man. 
The major urinary metabolites detected in man 
are the glucuronic acid conjugates of the N-de- 
methylated compound norantipyrine, 4-hydroxy- 
antipyrine and 3-hydroxymethylantipyrine. The 
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Fig. 1. Structures of antipyrine (AP) and its 
conjugates. 

3-hydroxymethyl-AP 
metabolites in man. Hydroxylated substances are mainly present as glucuronic acid 

structures of these compounds are given in Fig. 1. 
Norantipyrine can tautomerise to the 5-enol, and 
it is this O-glucuronide that is formed rather than 
an N-glucuronide [4]. 

The direct coupling of HPLC with NMR spec- 
troscopy has waited for a number of technologi- 
cal developments to make it a feasible routine 
technique. In the late 1970s and early 1980s, a 
number of studies were carried out [5,6] but they 
suffered from the fact that the then highest pos- 
sible NMR sensitivity was barely adequate for 
routine work and from the need to use expensive 
deuterated solvents for the HPLC because the 
solvent suppression pulse sequences available in 
NMR could not cope with 100% protio solvents. 
Since then, major advances have promised to 
make the routine use of on-line NMR detection 
of HPLC fractions a useful adjunct to the armou- 
ry of analytical methods. Experiments can be car- 
fled out in one of three modes, direct on-line 
NMR detection of the HPLC eluent (on-flow), a 
stopped-flow approach or finally the eluted frac- 
tions can be stored in capillary tubes for later 
recall for detailed N M R  spectroscopic studies. 
No compromise needs to be made in the chro- 
matographic conditions, and programmed gra- 
dient elution profiles can be accommodated. 
There have been improvements in sensitivity due 

to increases in magnetic field strength and ad- 
vances in NMR receivers, as well as improved 
solvent suppression techniques and modifications 
to the NMR flow-cell design. All of  these factors 
have combined to yield a sensitivity level of  de- 
tection with double solvent suppression of about 
10 #g of compound in the on-flow mode and in 
the nanogram range in stopped-flow mode. 

Recently, the first application of this metho- 
dology to the identification of drug metabolites 
was described [7,8]. Thus, it was possible to struc- 
ture the major human urinary metabolites of the 
anti-inflammatory drug, ibuprofen [2-(4-isobu- 
tylphenyl)propionic acid] and, under stopped- 
flow conditions, NMR spectra were obtained for 
ibuprofen glucuronide and for the glucuronides 
of the hydroxylated and side-chain oxidised me- 
tabolites of ibuprofen. In addition, evidence was 
gained for the presence of unconjugated forms of 
these metabolites from the NMR spectra. 

Antipyrine, a widely used standard material, 
provides a further useful test of  the coupled 
HPLC-NMR approach as it should allow a rap- 
id unambiguous determination of the structures 
of the major metabolites of this drug and their 
pattern of conjugation to be determined rapidly 
and without any pretreatment of the human 
urine at a conventional therapeutic dose level. 
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EXPERIMENTAL 

A single 1-g dose of  antipyrine was taken oral- 
ly by a healthy volunteer and urine collected over 
48 h in time periods of 0-2, 2-4, 4-8, 8-12, 12-24 
and 24-48 h. The sample investigated here was 
from the 4-8 h period and was freeze-dried, and 
for the H P L C - N M R  experiments was reconsti- 
tuted into 2.5 times its original concentration us- 
ing 2HEO-CEHaOEH (l:l). The freeze-drying 
was carried out principally for ease of  sample 
transportation and the concentration step al- 
lowed a smaller sample injection. Also, the use of 
the small amount of  deuterated solvent was con- 
venient for any N M R  measurements on whole 
urine samples. None of  these factors was neces- 
sary for the success of the study. No chemical 
shift reference compound was added. A 30-#1 ali- 
quot of  this concentrate was used for the analy- 
sis. 

Chromatography was carried out at 303 K, us- 
ing a Bruker (Rheinstetten, Germany) LC22C 
pump, an LC53 autosampler and an LC313 vari- 
able wavelength UV detector with a Spherisorb 
ODS-II 5 mm column of dimensions 250 × 4.6 
mm (Merck, Poole, UK) and gradient elution. 
The solvents were  2 H 2 0  (Cambridge Isotope 
Labs., Wessel, Germany), containing 0.05 M 
KH2PO4 at pH 2.47 and acetonitrile (Riedel de 
Haen, Germany) with a gradient changing from 
1% to 55% acetonitrile in 35 min at a flow rate of  
1 ml/min. Detection was by UV at 210 nm and 
1H N M R  using a 60-#1 active volume cell. The 
N M R  spectroscopy was carried out using a 
Bruker AMX-500 instrument operating at a tH 
N M R  frequency of  500 MHz. Solvent suppres- 
sion was achieved through the use of a standard 
one-dimensional solvent suppression sequence ir- 
radiating at both the water and acetonitrile reso- 
nance positions. During the gradient elution 
these resonance frequencies change, and a blank 
run was carried out first in order to obtain these 
frequencies. Acquisition parameters were: time 
domain points 32K with no zero-filling, a spec- 
tral width of 12 195 Hz and a recycle time of 3.7 
s. Typically, 128 transients were acquired for 
each spectrum, leading to a total acquisition time 

of about 470 s, although longer acquisitions up to 
20 min were also measured. A line broadening of 
1.0 Hz was applied to the free induction decay 
before Fourier transformation. Chemical shifts 
were referenced to that of  acetonitrile at 62.00. In 
our experience, stopped-flow operation does not 
cause any problems of band broadening due to 
diffusion if the flow is halted for less than 2 h, 
even with several stops. 

RESULTS 

In this investigation, the stopped-flow tech- 
nique was used. In this technique, when a peak is 
detected on the UV trace, the solvent flow is halt- 
ed and the fraction corresponding to the UV 
peak is transferred to the in-line N M R  probe for 
measurement of the XH N M R  spectrum. This ap- 
proach, rather than on-flow, was used in order to 
obtain sufficient N M R  spectral digital resolution 
and a suitable signal-to-noise ratio for full char- 
acterisation of  the metabolites. On-flow detection 
is possible but, because of  the time resolution 
needed, both parameters would have had to be 
restricted. The fractions have been investigated 
by NMR,  and many of the UV-absorbing peaks 
correspond to natural metabolites which have 
been identified; these results will be published 
separately. However, the object of this study was 
to detect and identify metabolites of  antipyrine, 
and therefore three peaks were studied in more 
detail by XH N M R  because their high UV absor- 
bance suggested aromatic species which may be 
drug-related. 

The first peak, with a retention time of  20.95 
min, gave an N M R  spectrum (Fig. 2, upper trace) 
consistent with a single species comprising the 
ether glucuronide of 4-hydroxyantipyrine. The 
2'-, 3'- and 4'-hydrogens from the phenyl ring res- 
onate at 67.33, 67.55 and 67.50 respectively, con- 
sistent with N-substitution; the 2-N-methyl reso- 
nance is observed at 63.11. The C1-H resonance 
of the anomeric proton of  the glucuronide is vis- 
ible as a doublet at 64.74 with a coupling con- 
stant of  about 7 Hz, indicating a fl-glucuronide, 
and the H2, H3 and H4 glucuronic acid protons 
resonate as a set of  overlapping bands between 
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Fig, 2. 1H N M R  spectra at 500 MHz corresponding to the drug-related chromatographic peaks. Measurements were made in stopped- 
flow mode: upper trace = 4-hydroxyantipyrine glucuronide; middle trace = norantipyrine glucuronide: lower trace = 4°hydroxyanti- 
pyrine and 3-hydroxymethylantipyrine glucuronide. 
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63.47 and 3.58, with H5 showing as a separate 
resonance at 63.82 as a doublet as expected. The 
3-methyl resonance can be observed as a singlet 
at 62.25. The intensity of this signal and that of  
the glucuronic acid H1 proton was reduced be- 
cause of partial suppression caused by the sat- 
uration of the closely adjacent acetonitrile and 
water solvent resonances, respectively. The 4-hy- 
droxy substitution is also confirmed by the ab- 
sence of a resonance for the 4-H olefinic hydro- 
gen. 

Fig. 2, middle trace, shows the 500-MHz pro- 
ton N M R  corresponding to a second peak elut- 
ing at 21.41 min, which is also of a single species 
and is consistent with norantipyrine glucuronide. 
Thus, the aromatic protons have chemical shifts 
of 67.55, 67.48 and 67.38 for the 2'-, 3'- and 4'- 
protons, respectively. These are quite different to 
those observed for the 4-hydroxyantipyrine be- 
cause the Ph-N.C = O functionality has been re- 
placed by Ph-N.COR.  The glucuronide reso- 
nances are also shifted somewhat relative to 
those shown in Fig. 2, upper trace, with the C 1-H 
being at 65.09 as a doublet with a coupling con- 
stant of 7.5 Hz indicating fl-glucuronidation. The 
2'-, 3'- and 4'-protons appear in a complex enve- 
lope between 63.47 and 3.58 with the H5' proton 
distinct at 63.97 as a doublet. The signal from the 
2-methyl group appears at 62.19, again partially 
suppressed by its close proximity to the aceto- 
nitrile peak. The olefinic hydrogen gives rise to a 
singlet at 65.89. The broad singlet which appears 
at about 63.6 and which could possibly be con- 
fused with an N-methyl resonance appears in 
many fractions in the HPLC separation and may 
arise from the column or the solvents used. 

A third chromatographic peak with a longer 
retention time gave the 500-MHz 1H N M R  spec- 
trum shown in Fig. 2, lower trace. This appears 
to contain two components. The major resonanc- 
es are consistent with unconjugated 4-hydroxy- 
antipyrine itself. Thus, the aromatic protons res- 
onate at 67.35 for the H2' protons, 67.55 for the 
H3' protons and 67.50 for H4'. The N-methyl 

group gives a resonance at 63.15 and the 3-meth- 
yl group appears at 62.28, and this major compo- 
nent does not corrtain a resonance for an olefinic 
hydrogen. This compound could arise from hy- 
drolysis of the glucuronide or be simply unme- 
tabolised drug. In addition, a minor component 
can be observed which shows an olefinic hydro- 
gen resonance at 66.28, glucuronide proton reso- 
nances at 63.81 (H5) and 63.5-3.6 (H2-H4). 
These could arise from the other known metabo- 
lite, namely 3-hydroxymethylantipyrine glucuro- 
nide. The methylene resonance which would be 
very diagnostic for this structure is not observed 
and would be expected at about 65.4 and may be 
obscured by the artefact peak always observed at 
about this chemical shift. 

CONCLUSIONS 

Using standard HPLC conditions on a Cls 
column, it has proved possible to detect and char- 
acterise the major human metabolites of  a drug 
using the coupled HPLC procedure with 
stopped-flow N M R  spectroscopy. This is a rapid 
method and promises to be of  great value in iden- 
tifying drug metabolites non-destructively and 
without the need to use radiolabelled com- 
pounds. 
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