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ABSTRACT 

A benzhydrolic metabolite of ketoprofen, formed by reduction of the keto group of the drug, has been identified by gas chromatogra- 
phy-mass spectrometry in equine plasma and urine. After partial synthesis, its structure has been confirmed by UV, IR and 1H NMR 
spectroscopy. The kinetics of ketoprofen and this metabolite have been monitored in plasma by high-performance liquid chromatogra- 
phy. The two products were quantified in plasma up to 4 and 3 h, respectively, and were detected in urine up to 72 and 24 h, respectively, 
after a single intravenous administration to horses at the dose of 2.2 mg/kg. Simultaneous detection of both compounds increases the 
reliability of antidoping control analysis. 

INTRODUCTION 

Ketoprofen [2-(3-benzoylphenyl)propionic 
acid] (Fig. 1) is a non-steroidal anti-inflammatory 
drug widely used in humans. It has been recently 
introduced in equine medicine, in the form of a 
solution injected intravenously. This drug is also 
used to dope horses because of its potent analges- 
ic properties, which can mask lameness due to 
varied kinds of lesions. Its metabolism has been 
studied in humans, rats, dogs and rabbits after 
oral administration [1,2], but has not been de- 
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Fig. 1. Molecular structure of ketoprolen. 

scribed in equine species. Because of this lack of 
information, it was decided to explore the metab- 
olism of ketoprofen in this animal species. In- 
deed, the simultaneous detection of the un- 
changed drug and metabolites can help to sup- 
port a positive result during antidoping control 
procedures. The second aim of this study was to 
monitor the elimination of the metabolite from 
blood and urine. This procedure can define the 
period within which routine detection of the dop- 
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ing agent and its metabolite in plasma and urine 
is possible. 

As shown in a comprehensive review [3], ke- 
toprofen is currently determined in biological ex- 
tracts by GC, GC-MS or HPLC. If the drug is 
directly analysed by GC, partial decomposition 
results. This can be overcome by working with 
the methyl ester [4] or the trimethylsilyl ester [5], 
prepared quantitatively from ketoprofen. An 
OV-17 phase is often used [4-7]. GC-MS is also 
of great interest for dosing the compound in bi- 
ological extracts [8-10]. HPLC analysis of keto- 
profen is usually performed on a reversed phase 
[3,11]. Recently, this last method has been largely 
applied to separate ketoprofen enantiomers in 
plasma or urine extracts, using a chiral [12] or 
non-chiral [13] stationary phase. The choice of a 
non-chiral phase involves derivatization of the 
extracts with chiral reagents, before HPLC anal- 
ysis. 

EXPERIMENTAL 

Drug administration and sample collection 
Four healthy geldings aged between 15 and 16 

years, and weighing 450, 480, 530 and 550 kg, 
were selected for the study. They were dosed in- 
travenously with a single dose of 2.2 mg ketopro- 
fen/kg body weight (Ketofen; Rh6ne M6rieux, 
Lyon, France). Blood samples were collected by 
jugular venipuncture 0, 2, 4, 8, 15, 20, 30, 40, 50, 
60, 70, 80 and 90 min after drug administration. 
The samples were immediately centrifuged for 10 
rain at 900 g, and the plasma was stored at 
-20°C until analysis. Urine samples were nat- 
urally collected by using a urinal at 0, 3, 6, 12, 24, 
48, 72 and 96 h. Aliquots of 500 ml were taken for 
analysis after homogenization and were stored at 
- 2 0 o c .  • 

Plasma and urine sample preparation 
Plasma and urine samples of 2.5 ml were ex- 

tracted, purified and methylated using previously 
described methods [14,15]. 

Identification of  the metabolite in plasma and urine 
A 1-#1 aliquot of each methylated sample was 

injected into the gas chromatograph of the GC-  
MS system (Hewlett Packard 5890-5970). The 
chromatograph was equipped with a 25 m x 0.32 
mm I.D. column, in which the film thickness of 
the stationary phase was 0.2 #m (SE 30, Spiral). 
The operating temperatures were as follows: in- 
jector, 250°C; oven, from 75°C to 160°C at 30°C/ 
min, then from 160"C to 2500C at 4°C/min, then 
from 250°C to 280°C at 30°C/min, and finally 
280°C for 3 min; interface, 250°C; source, 280°C. 
The carrier gas was helium at a flow-rate of 1.8 
ml/min. The mass spectra were obtained at 70 eV 
and scanned from 40 to 400 a.m.u, at a rate of 
1.52 ms/a.m.u. The limit of detection was 0.4 #g/ 
ml. 

Partial synthesis of  the metabolite 
Ketoprofen (Sigma K 1751, Saint-Quentin- 

Fallavier, France), 1.97 mmol, was placed in sus- 
pension in 25 ml of water, and 27 mmol of 
NaBH4 were slowly added. The mixture was 
shaken for 5 min at room temperature. The re- 
sulting solution was progressively acidified with 
12 M HC1, and twice extracted with 40 ml of 
diethyl oxide. The organic phase was finally 
evaporated under a nitrogen stream at 60°C, and 
the dry product was collected. The yield of the 
reaction was 98%. The analytical purity of the 
compound was evaluated by HPLC, using the 
method described below. The product was char- 
acterized by its melting point, its UV spectrum 
(Shimadzu MPS 2000), by TLC, IR spectroscopy 
(sample compressed with KBr, Perkin-Elmer 
1600 IR spectrophotometer), tH NMR spectros- 
copy [sample in dimethyl sulphoxide (DMSO) 
and 2 H 2 0  -+- DMSO, AM 300-MHz Bruker 
spectrometer], and by GC-MS (under the previ- 
ously described conditions). The spectra of ke- 
toprofen were obtained under the same condi- 
tions to allow comparison. 

Kinetics and determination of  ketoprofen and its 
metabolite in plasma 

Sample preparation. A 200-#1 plasma sample 
was added to 200 #1 of 100 mM H3PO4 in water. 
The mixture was then adsorbed onto Vac Elut 
system (Varian) C8 cassettes, previously activat- 
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ed with 750 #1 of methanol, then with 750 #1 of  
100 m M  H3PO4 in water. The cassettes were suc- 
cessively washed with 750 #1 of  100 m M  H3PO4 
in water, 750 #1 of  methanol-100 m M  H3POa in 
water (20:80), and 750 #1 methanol-water 
(20:80). They were then introduced into an ad- 
vanced automated sample processor (AASP, 
Varian). 

HPLC analysis. The analytes were eluted and 
injected into an HPLC system (Beckman 110 b 
pumps coupled to a Varian 2050 UV detector 
and a 3393 A Hewlett-Packard integrator). The 
chromatograph was equipped with a 25 cm × 4 
mm I.D. column (LiChrospher RP 18, 5 #m par- 
ticle diameter, Merck). The mobile phase was 
acetonitrile-100 m M  H3PO4 in water, with a 
flow-rate of  2 ml/min. A gradient was estab- 
lished, according to the following sequence for 
H3PO4: from 70 to 50% in 10 min, then from 50 
to 40% in 2 min, then 40% for 2 rain, then from 
40 to 75% in 1 min, and finally 70% for 5 rain. 
The UV detection wavelength was 220 nm. Ke- 
toprofen and its metabolite were quantified in the 
samples by comparison with a spiked plasma. 
The analytical standards used for this purpose 
were ketoprofen (Sigma K 1751, Saint-Quentin- 
Fallavier, France) and the synthetized metabo- 
lite. For the two compounds, the extraction rate 
was 95% and the method was linear between 0.5 
#g/ml and 10 #g/ml. The limit of quantification 
for ketoprofen and its metabolite was 0.5 #g/ml, 
and the limit of  detection 0. l #g/ml. The inter- 
assay and intra-assay precisions, at the concen- 
tration of 2 #g/ml, were 6.5% and 2.2%, respec- 
tively. The accuracy of  the method was 5%. 

Determination of ketoprofen and its metabolite in 
urine 

Reconstructed ion chromatograms were plot- 
ted for the sum of the selected ions m/z 209 and 
197, which represent the base peaks of ketopro- 
fen and the metabolite mass spectra, respectively. 
The mass spectra of  the drug and its metabolite 
were plotted for each time period. 

RESULTS 

Identification of the metabolite 
Mass spectrometry. The metabolite was first 

characterized in both urine and plasma with the 
normalized and background-subtracted mass 
spectrum, obtained by electron-impact ioniza- 
tion, of  its dimethylated derivative. This spec- 
trum was compared with that of  the monometh- 
ylated ketoprofen derivative (Fig. 2), whose frag- 
mentation pathway has been described [3]. The 
retention time of  the dimethylated metabolite de- 
rivative was 8 min 45 s, and that of  the 
monomethylated ketoprofen derivative was 10 
min 30 s. 

Fig. 3 shows the various fragmentation path- 
ways of the ketoprofen metabolite, which is most 
probably a benzhydrolic compound. The molec- 
ular ion seems to be m/z 284, which can loseCH3, 
resulting in m/z 269. Two interesting ions appear 
at m/z 121 and 77. The comparison of  these ions 
with the corresponding ions at m/z 105 and 77 of  
the ketoprofen spectrum seems to indicate a me- 
tabolic reduction of the keto function of the drug 
to an alcoholic group. The ion at m/z 197 can lose 
CH3OH, resulting in m/z 165. The fragmentation 
pathway proposed for the metabolite suggests 
that the secondary alcohol function has been 
methylated as well as the carboxylic function. 

The mass and UV spectra, as well as the HPLC 
retention time of  the synthesized product, in 
which structure the keto group of ketoprofen has 
been reduced by NaBH4, were found to be identi- 
cal with those obtained with the extracted com- 
pound. Therefore, the two compounds certainly 
have the same structure. The metabolite was also 
characterized by studying the following physical 
properties of  the synthesized product. 

Melting point and analytical purity. The melt- 
ing point of the metabolite is 106-107°C. Com- 
parison with the lower values, 91-96°C, obtained 
for ketoprofen [3,16] accords with a benzhydrolic 
structure for the metabolite. The analytical puri- 
ty of  the product, evaluated by HPLC, was 
99.8%. 

UVspectroscopy. In methanol,/~min and 2max of 
the alcohol metabolite were found to be 245 and 



170 E. Benoit et al. / J. Chromatogr. 583 (1992) 167-173 

Abundznce 
1 o 0  

9O 

8 0  

7O 

6 0  

~0 

4 0  

3 0  
51 ,o [ 

10 
I ,  

0 40" 

77 

80 

105 

131 

t ' .i, 
120 

152 165 

180 
Mass/Charge 

• ..,.I 1 

191 

i.l. 
I 

20O 

'209 

235 

240 

268 

A 

t 0 0  - 

9 0  

8 0  

7 0  

6 0  

5 0  

4 0  

30  

2 0  

1 0  

O J~al 

77 

1 + 
+'  l _,L,..] . ,t,,, I, +..l.,al ,~ 

I 

IOQ 

, .ILl 

105 
121 

152 

I . , . I .  , ,  d.,,ll 

197 

207 
165 

193 

,,[. l.,,' 
, 

2 0 0  
Mass /Charge  

225 

tt L 

253 

269 28"1 

I 

3 0 0  

B 
Fig. 2. Mass spectra of (A) the monomethylated ketoprofen derivative, and (B) the dimethylated ketoprofen benzhydrolic metabolite 
derivative. 

260 nm, respectively. The corresponding values 
for ketoprofen were 235 and 252 nm. 

IR spectroscopy. The main absorption bands 
present in the spectrum of the metabolite are at 
3415, 1708, 1600, 1489 and 1453 cm -1. A strong 

band at 3415 cm - t  is indicative of an hydroxy 
function. The band at 1655 cm-1 present in the 
spectrum of ketoprofen, which is indicative of a 
keto function, is absent from the spectrum of the 
metabolite. 
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Fig. 3. Fragmentation of the dimethylated ketoprofen benzhy- 
drolic metabolite derivative. 

1H NMR spectroscopy. The metabolite spec- 
trum shows the shift of an OH proton, which 
appears at 5.7 ppm and is absent from the spec- 
trum of ketoprofen. This spectrum is in accord 
with the literature data [5,17]. For both com- 
pounds, the shift of  the carboxylic OH proton 
appears at 12.5 ppm. Both these signals disap- 
pear when 2H20 is added to the metabolite sam- 
ple. 

4 B  
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Fig. 4. HPLC of a plasma extract sample, 50 min after an in- 
travenous dosage of 2.2 mg ketoprofen/kg body weight. The fig- 
ure shows the peaks corresponding to ketoprofen (KPF) and its 
benzhydrolic metabolite (Met). 
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Fig. 5. Plasma profiles of ketoprofen (KPF) and its benzhydrolic 
metabolite (Met), obtained by HPLC analysis, after an intrave- 
nous dosage of 2.2 mg ketoprofen/kg body weight. 

Therefore, the studied metabolite can be iden- 
tilied as 2-(3-(~-hydroxybenzyl))phenylpropionic 
acid. 

Determination of ketoprofen and metabolite in 
plasma and urine 

Kinetics and determination of ketoprofen and its 
metabolite in plasma. Under the HPLC condi- 
tions, the retention times of ketoprofen and its 
metabolite were 10.5 and 7.7 rain, respectively, as 
indicated in Fig. 4, showing a chromatogram of  a 
plasma sample extract. Fig. 5 shows the arithme- 
tic plots of ketoprofen and its metabolite plasma 
concentrations vs. time. The metabolite levels in- 
crease up to 30 min, reaching 2.3 pg/ml, then de- 
crease. The ketoprofen concentration profile 
shows a logarithmic decrease vs. time. Ketopro- 
fen is quantified by HPLC up to 4 h, and its me- 
tabolite up to 3 h, with a limit of  quantification of 
0.1 /~g/ml. 

Determination of ketoprofen and its metabolite 
in urine. The elimination of ketoprofen and its 
metabolite from urine was followed qualitatively 
with reconstructed ion chromatograms and mass 
spectra. The reconstructed ion chromatogram in 
Fig. 6 shows the two compounds in a sample tak- 
en from a horse 6 h after administration. Keto- 
profen can be detected up to 72 h and the metab- 
olite up to 24 h after administration. After these 
times, the mass spectra contain only low-abun- 
dance ions. Therefore, the estimated detection 
times for the anti-inflammatory drug and its me- 
tabolite in urine, i.e. the period during which the 
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molecules can be positively detected in this bi- 
ological fluid using a defnite analytical method 
[18], are 3 days and 1 day, respectively. 

DISCUSSION 

The benzhydrolic metabolite of ketoprofen has 
not been described in previous publications con- 
cerning other species: only phenolic and hydrox- 
ylated products of the propionic group have been 
described [1,2]. Nevertheless, the GC-MS study 
has indicated the existence of such metabolites in 
horse urine, but these compounds seemed to be 
present at lower concentrations than the benz- 
hydrolic metabolite. 

The derivatization procedure used [14] allows a 
flash methylation into the injector of the gas 
chromatograph, but a polyfunctional molecule 
usually gives rise to several methylated products. 
In this experiment, the carboxylic and alcohol 
functions of the metabolite were liable to react 
with the methylating agent. However, only one 
metabolite derivative was identified, according to 
the results obtained with tolfenamic acid, and in 
contrast with those obtained with flunixin 
[14,15]. Such variations may be explained by dif- 
ferences in the reactivity of the different func- 
tions. Indeed, the alcohol group is more easily 
methylated that the amino group present in flu- 

nixin and tolfenamic acid, which reacts erratical- 
ly. 

The metabolic reduction of ketones to alcohols 
is a common pathway that has been described for 
numerous substances, such as 5-keto-substituted 
benzimidazoles [19-22], fenofibric acid [23] and 
oxisuran [24]. This process occurs in laboratory 
animals as well as in humans [22] and sheep [21]. 
In the specific case of ketoprofen, this reduction 
is of  special interest because, as with fenofibric 
acid [25], two different alcohol stereomers (prod- 
uct stereospecificity) exist, possibly dependent on 
the parent R( - ) or S( + ) ketoprofen enantiomer 
(substrate stereospecificity). This leads theoreti- 
cally to four diastereomeric alcohol metabolites. 
We already know that, after administration of 
the racemate, the dispositions of the individual 
R ( - )  and S (+)  enantiomers of ketoprofen are 
obviously different in horses [26]. 

Regardless of the chiral aspect of the metabo- 
lism of ketoprofen, the present data showed that 
the maximum time available for detection of this 
drug in urine by GC-MS is 72 h. It is also appar- 
ent that, in antidoping control, simultaneous de- 
tection of ketoprofen and its reduced metabolite 
can provide an approximate value of the admin- 
istration time, at least within 24 h before urine 
sampling• 
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