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ABSTRACT The enantiomeric bioinversion of ketoprofen (KP) enantiomers and their 
incorporation into triacylglycerols were investigated in the rat (1) in vitro, using liver ho- 
mogenates, subcellular fractions, and hepatocytes, and (2) in vivo, in different tissue samples 
after oral administration of the radiolabelled compounds. In liver homogenates or subcellular 
fractions, the enantiomer (S)-ketoprofen (S-KP) was recovered unchanged, whereas (R)- 
ketoprofen (R-KP) was partially converted into its Coenzyme A (CoA) thioester and inverted 
to S-KP. Both processes occurred mainly in the mitochondrial fraction. This supports the 
mechanism of inversion via stereoselective formation of CoA thioesters of R-KP, already 
described for other non-steroidal anti-inflammatory drugs. Incorporation into triacylglycerols 
was detected after incubation with intact hepatocytes in the presence of added glycerol. 
The process was stereoselective for R-KP vs. S-KP (covalently bound radioactivity 
26,742 2 4,665 dpm/106 cells vs. 6,644 f 3,179 dpm/106 cells, respectively). However, no 
incorporation was found in liver samples after oral administration of either R-KP or S-KP. On 
the contrary, in adipose tissue samples a sigmficant and stereoselective formation of hybrid 
triacylglycerols was observed 11,076 f 2,790 dpm.g-' for R-KP vs. 660 2 268 dpm.g-' 
for S-KP. The incorporated R/S ratio, higher in adipose tissue (WS = 17) than in hepatocytes 
(R/S = 4), indicates that fat may be the main tissue store for the xenobiotic R-KP in rats. 
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Ketoprofen [(RS)-2-(3-benzoylphenyl)propionic acid] is a 
non-steroidal anti-inflammatory drug that exists as a pair of 
(R)- and (S)-enantiomers; like other 2-arylpropionic acids 
(APAs), its anti-inflammatory activity resides almost exclu- 
sively in the (S)-isomer. 1-5 Several APAs are able to undergo 
metabolic unidirectional inversion in vivo from the R to the S 
configuration and a number of in vivo studies have demon- 
strated that this metabolic process is species and compound- 
dependent. The proposed mechanism of (R)- to (S)-enanti- 
omer inversion of APAs involves stereoselective formation of 
a Coenzyme A (CoA) thioester, subsequent epimerization and 
hydrolysis to regenerate the free acid. w' Alternative mecha- 
nisms have been proposed involving the formation of oxidative 
products such as 2,3-dehydroarylpropionic acids or the non- 
enzymatic dissociation of the a-methine p r o t ~ n . ~ ' ~ ~ ' ' ~  How- 
ever, these mechanisms do not seem to play a major role in 
the in vivo bioinversion process. 

A phenomenon which is closely related to the enantiomeric 
inversion is the stereoselective incorporation into lipids for 
some APAs in animals.'4'15 This process, which may have 
some toxicological sigmficance, takes place from the same 
acyl-CoA intermediate mentioned above and, via esterification 
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with glycerol, leads to the formation of hybrid triacylglycer- 
01s. 16,17 Several in vitro experiments have been reported in 
order to gain information about the possible site of inversion 
and the enzymes involved in the reaction. Stereoselective 
arylthioester formation with subsequent epimerization has 
been demonstrated for Wfenoprofen and @)-ibuprofen, but 
not for (R)-flurbiprofen, in rat liver mitochondria and mi- 
crosomes. l8 The in vitro studies dealing with the interaction 
of profens with the metabolism of fatty acids have been re- 
cently reviewed.15 These studies demonstrate that the 
profens can be recognized by some enzymes of the lipid bio- 
chemical pathways and this can lead to the incorporation of the 
xenobiotic acid into lipids, with unknown toxicological conse- 
quences. 

The initial aim of our investigations was to determine the 
subcellular location of both ketoprofenyl-CoA formation and 
inversion processes, as well as the stereoselectivity of this 
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biotransformation in rat liver. In addition, we have studied the 
stereoselectivity of ketoprofen incorporation into lipids as hy- 
brid triacylglycerols using freshly isolated hepatocytes incu- 
bated with pure (R) and (S) enantiomers in the presence of 
glycerol. Finally, we have undertaken an in vivo approach, 
analyzing liver, plasma, and adipose tissue samples after re- 
peated oral administration of radiolabelled (R)- and 6)-keto- 
profen to rats. 

MATERIALS AND METHODS 
Chemicals 

Racemic ketoprofen was obtained from Interquim (Barce- 
lona, Spain). Enantiomers of ketoprofen were synthesized in 
the Chemistry Section of Laboratorios Menarini by enzymatic 
resolution of the racemic trifluoroethyl ester.lg The optical 
purity of both enantiomers, measured by a direct enantiospe- 
cilic HPLC method using a Chiralcel-OJ'" column (Daicel 
Chemical Industries Ltd., Tokyo, Japan) was >99%." 
['4C]01eic acid (55 mCi.mmo1-'), va~-['~C]ketoprofen (57 
mCi.mmo1-'), and (S)-[14C]ketoprofen (57 mCi.mmo1-') 
were obtained from Amersham International (Buckingham- 
shire, UK) whereas (R)-['4C]ketoprofen (57 mCi.mmo1-') 
was obtained from rat-[ ''C]ketoprofen by semipreparative 
HPLC using the same column mentioned above. Optical purity 
of both radiolabelled enantiomers was >99%. Co-A, ATP, 
bovine serum albumin, sodium pentobarbital, glycerol, as well 
as all the inorganic salts employed in buffers were purchased 
from Sigma (St. Louis, MO). Collagenase was from Boeh- 
ringer Mannheim (Indianapolis, IN). HPLC grade solvents 
were from Scharlau (Barcelona, Spain) as well as Tissue 
Solve@ solution. Trifluoroacetic acid was purchased from 
Fluka (Buchs, Switzerland). Oxalyl chloride, Ellman's reagent 
5,5'-dithiobis-(Z-benzoic acid) (DTNB), and sodium Coen- 
zyme A (CoA) were purchased from Aldrich Chemical Com- 
pany Inc. (Arlington Heights, IL). 

Instrumentation 
'H-NMR spectra were recorded on a Varian Gemini 300 FT 

NMR spectrometer in deuterated DMSO. 'H-NMR chemical 
shifts are reported in ppm (6)  relative to tetramethylsilane. 
Analytical HPLC on reversed stationary phase was performed 
using a Hewlett-Packard (Corvallis, OR) HP 1090 (Series 11) 
or in a Beckman (Fullerton, CA) System Gold equipped with 
Beckman 171 radioisotope detector with a Spherisorb ODS 
column 25 x 0.4 cm (Scharlau) at a flow rate of 1 ml.min-', 
and measuring uv absorbance at 254 nm. Analytical HPLC 
with chiral stationary phase was performed using a Beckman 
System Gold with a Chiral-AGP column 10 x 0.4 cm, 5 pm 
(Chromtech AB, Norsborg, Sweden) at a flow rate of 0.7 
ml.min-' and measuring uv absorbance at 254 nm. 

Synthesis, Identification, and Purification of 
(rat)-Ketoprofenyl-CoA and (R)-Ketopro fenyl-CoA 
(rat)-Ketoprofenyl-CoA was synthesized by the method of 

Tracy and Hallz0 used for the synthesis of ibuprofenyl-CoA, 
with slight variations. Oxalyl chloride (1 ml) was added to a 
solution of (vat)-ketoprofen (186 mg, 0.73 mmol) in benzene 
(1 ml). The solution was stirred for 1 h under an argon atmo- 
sphere and then evaporated to an oily residue with a stream of 

argon. The residue containing ketoprofenyl chloride was 
added dropwise into a stirred solution of sodium Coenzyme A 
(50 mg, 0.06 mmol) in HzO (10 ml) adjusted to pH 8.9 with 0.5 
M NaOH. Argon was continually bubbled through the reaction 
mixture, and the pH was maintained at 8.9 by adding 0.5 M 
NaOH. The evolution of reaction was monitored measuring 
the disappearance of free CoA with DTNB. When free CoA 
could no longer be detected, the reaction was adjusted to pH 2 
or 3 with 1M HCl and the unreacted ketoprofen was removed 
by extraction with ethyl acetate (5 X 20 ml). The remaining 
aqueous layer was lyophilised and the resulting white powder 
solid was analysed by gradient HPLC chromatography in a C18 
10 pm Spherisorb column (25 X 0.4 cm). Linear gradient 
consisted of 17.5:82.5 acetonitrile: 10 mM KZHPO4 (pH 6) at 
the injection time (t = 0 min) to 3070  acetonitrile:lO mM 
K,HPO, (pH 6) at t = 15 min, with an additional 5 min for 
system reequilibration to the initial conditions. Analysis of the 
lyophilised solid showed only one mean peak with a retention 
time of 5.7 min. Two minor peaks were also detected at 1.7 
min (unreacted CoA) and 16.7 min (non identified impurity). 
The elution time of the main peak was different from those 
corresponding to CoA (1.7 min) and ketoprofen (11.8 min). In 
order to remove any unreacted starting products, the lyophi- 
lised solid was purified by column chromatography under re- 
versed stationary phase conditions (C,,-silica gel, 1090  ace- 
tonitrile:lO mM ammonium acetate, pH 6). Those fractions 
containing the peak detected at 5.7 min by HPLC were first 
evaporated under reduced pressure and, finally, lyophilised to 
give a white powder solid. The isolated solid was identified by 
'H-NMR as ketoprofenyl-CoA. 

'H-NMR (DMSO-d,J G(ppm): 0.64 (s, 3H); 0.96 (s, 3H); 
1.45 (d, J = 7.0 Hz, 3H); 2.24 (t, J = 7.1 Hz, 2H); 2.88 (m, 
2H); 3.12-3.30 (c.s., 5H); 3.79 (m, 1H); 3.82 (s, 1H); 3.93 
(m, 2H); 4.19 (m, ZH), 4.67 (m, 1H); 4.78 (m, 1H); 5.90 (d, 
J = 6.3 Hz, 1H); 7.30 (broad s, 2H); 7.51-7.75 (c.s., 9H); 7.81 
(broad t, 1H); 8.15 (s, 1H); 8.26 (broad t, 1H); 8.41 (s, 1H). 

(R)-ketoprofenyl-CoA was prepared from (R)-ketoprofen 
as described above for the synthesis of the epimeric mixture 
(rac)-ketoprofenyl-CoA. 

Chiral-HPLC Analysis of (rat)-Ketoprofenyl-CoA and 
its (R) Epimer 

(74-Ketoprofenyl-CoA and (R)-ketoprofenyl epimer were 
analysed by c k a l  stationary phase HPLC using a Chiral-AGP 
column. The epimeric mixture of (rut)-ketoprofenyl-CoA was 
resolved to baseline employing a mobile phase of acetonitrile 
(5%) and 150 mM KBHP04 (pH 6) (95%) at a flow rate of 0.7 
ml.min-'. The retention time for the epimer (R) was 9.9 min, 
and 13.9 min for the epimer (S). Analysis of epimer (R)- 
ketoprofenyl-CoA, synthesized from (Rbketoprofen of 99.5% 
enantiomeric excess, showed a diastereomeric excess of 
88.8%, revealing that some epimeritzation had occurred dur- 
ing its preparation. 

Synthesis of Hybrid Triacylglycerol 
Containing Ketoprofen: 

1,2-Dipalrnitoyl-3-S-Ketoprofenyl-sn-Glycerol 
Thionyl chloride (0.045 ml) was added to a solution of 6)- 

ketoprofen (45 mg, 0.18 mmol) in CCl, (4 ml). The solution 
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was refluxed for 4 h under an argon atmosphere and then 
evaporated under reduced pressure. The residue containing 
ketoprofenyl chloride was dissolved in CHzClz (1 ml) and 
added into a solution of 1,2-dipalmitoyl-sn-glycerol (100 mg, 
0.18 mmol) in a mixture of CHzClz (2 ml) and pyridine (0.2 ml) 
cooled with ice. The solution was stirred for 18 h at room 
temperature and poured into 0.2M HCl. The mixture was 
extracted with EtOAc and the organic layer was washed with 
brine, dried, and evaporated under reduced pressure. The 
residue was chromatographed on silica gel eluting with a mix- 
ture of n-hexane-ethyl ether (955) to give 1.2-dipalmitoyl-3- 
S-ketoprofenyl-sn-glycerol(lO8 mg, 75% yield) as a colorless 
semisolid oil. 

'H-NMR (CDCI,) 6 (ppm): 0.87 (t, J = 6.7 Hz, 6H); 1.25 
(broad s, 52H); 1.54 (d, J = 7.2 Hz, 3H); 1.55 (m, 4H); 2.22 
(t, J = 8.1 Hz, 2H); 2.27(t, J = 7.8Hz, 2H); 3.81 (4, J = 7.1 
Hz, 1H); 4.01 (dd, J = 5.9 Hz, J' = 11.9 Hz, 1H); 4.16 (dd, 
J = 5.9 Hz, J' = 11.9 Hz, 1H); 4.21 (dd, J = 4.4 Hz, 
J' = 11.9 Hz, 1H); 4.31 (dd, J = 4.2 Hz, J' = 11.8 Hz, 1H); 
5.20 (m, 1H); 7.41-7.81 (complex m, 9H). 

Experiments With Liver Homogenates and 
Subcellular Fractions 

Sample preparation Liver tissue homogenates and sub- 
cellular fractions were prepared according to the method of 
Johnson and Lardy.'l Tissue processing was performed at 
4°C. Briefly, freshly obtained rat liver (Sprague-Dawley) was 
cut into small pieces and washed with 50 mM Tris-HC1 (pH 
7.4). The samples were weighted and homogenized in three 
times the tissue weight of 0.25 M sucrose in 50 mil4 Tris-HC1 
(PH 7.4) using a Polytron (Kinematica) for two 20 sec inter- 
vals. The homogenate was centrifuged for 15 min at 
2,000 x g and the supernatant, designed as the whole ho- 
mogenate fraction, was stored at -70°C. 

Whole homogenate was centrifuged for 15 min at 
15,000 x g and the pellet was resuspended in 3 volumes of 
sucrose-Tris buffer prior to repeat the centrifugation. The 
final pellet, designed as the mitochondrial fraction, was resus- 
pended in 3 volumes of sucrose-Tris buffer. The 15,OOOg 
supernatant was centrifuged 60 min at lO0,OOOg to obtain a 
supernatant which was designed as the cytosolic fraction. The 
resulting pellet was resuspended in sucrose-Tris buffer and 
the centrifugation was repeated to get a pellet designed as the 
microsomal fraction. All fractions were stored at -70°C until 
used. 

Protein concentration was determined by the Bradford 
methodz2 using bovine serum albumin as standard. 

Ketoprofenyl-CoA formation Rat whole liver homoge- 
nate and subcellular fractions (mitochondrial, microsomal, and 
cytosolic) were used as the enzyme source (acyl-CoA-syn- 
thetase for assessing the formation rates of ketoprofenyl- 
CoA. The incubation medium contained 1 mil4 labelled sub- 
strate [(I?)-, (S)-, ra~-[~~C]ketoprofen or ['4Clo1eic acid] and 
340 pg protein from each of the liver fractions in 100 mM Tris 
HCI (pH 8.0) containing KCI (150 mM) and MgCl, (15 mM) to 
make a final volume of 200 pl. Following a 5 min preincubation 
period, the reaction was initiated by addition of ATP (10 mM) 
and CoA (1.2 mM) and allowed to proceed for 30 min at 37°C. 
Incubations were stopped by the addition of 300 pl of water 
and 200 p11N HCI. Extraction was then performed with 4 ml 

of ethyl acetate and subsequent centrifugation for 5 min at 
3,OOOg. The radioactivity in the aqueous fractions was mea- 
sured by liquid scintillation counting and was identified as 
ketoprofenyl-CoA by HPLC chromatography in a CI8 Spher- 
isorb column using a gradient of acetonitrile:K,HPO, as de- 
scribed above. Under these conditions most of the radioactiv- 
ity of aqueous fractions co-eluted, at a retention time of 5.7 
min, with cold ketoprofenyl-Cob added to samples before 
injection as internal standard. In addition, no sigdicant radio- 
activity was observed in fractions corresponding to free keto- 
profen. In all cases a control assay was performed under 
identical conditions but without the addition of ATP and CoA 
in such control samples there was no radiolabelled product in 
the aqueous fraction. 

Hybrid triacylglycerol formation The synthesis of tri- 
acylglycerols containing ketoprofen or its enantiomers was 
studied using the same incubation conditions described plus 
the addition of 0.3 mM glycerol 3-P to the incubation medium. 
The organic fraction from the first ethyl acetate extraction 
was basilied with 500 pl 0.1 M NaHCO, and centrifuged for 5 
min at 3,OOOg. The free acid was removed in the aqueous 
fraction and the radioactivity corresponding to the hybrid tria- 
cylglycerols, present in the organic layer, was quantified by 
liquid scintillation counting. 

Enantiomeric inversion To assess the metabolic inver- 
sion of ketoprofen enantiomers, (R)- or (S)-enantiomer (2 
mM) were incubated with liver homogenate or subcellular 
fractions in the conditions already described. After 24 h at 
3TC, samples were removed from the water bath and sub- 
jected to alkaline treatment by addition of 25 pl 1N NaOH and 
275 pl of water for 45 min at 55°C to release any free acid 
from the corresponding t h i o e ~ t e r . ~ ~ ~ ~ ~  After cooling, samples 
were acidified with 200 p1 1N HCl and extraction was per- 
formed with 4 ml of ethyl acetate. The organic layer obtained 
by centrifugation (5 min, 3,OOOg) was evaporated to dryness 
and (R)- and 6)-ketoprofen were quantified by a direct HPLC 
method already describedz4 employing a chiral cellulose tris(4- 
methylbenzoate) ester as stationary phase (Chiralcel-OJ TM 
column, 250 x 4.6 mm) and a mobile phase of n-hexane: 
isopropanol(8020) containing 0.2% trifluoroacetic acid. The 
flow rate was 0.8 ml.min-' and eluates were quantified by 
ultraviolet absorption at 254 nm. Prelmnary incubations per- 
formed in the absence of ATP and CoA indicated that 99% of 
the free acid was recovered with the extractions. There was 
no detectable degradation or racemization of ketoprofen or its 
enantiomers under the incubation and extraction conditions. 

Experiments With Freshly Isolated Rat Hepatocytes 
Cell suspension preparation Rat hepatocytes were 

prepared from 24 h starved adult male Sprague-Dawley rats 
(weight range 200-250 g) by collagenase perfusion, according 
to the method of Berry and Friendz5 with minor modifica- 
tions.z6'8 Briefly, animals were anaesthetized using pento- 
barbital (50 mg.kg-', i.p.) and the hepatic portal vein ligated 
and cannulated. The liver was then perfused with oxygenated 
(95% OZ/5% CO,) Krebs-Henseleit bicarbonate buffer contain- 
ing glucose (0.09% w/v) maintained at 37°C. All subsequent 
operations were performed in these atmosphere conditions. 

After liver perfusion with collagenase (0.4% w/v in the 
same buffer) at a flow rate of 45 ml.min-' during 15 min at 
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37"C, the liver was dispersed in Krebs-Henseleit buffer con- 
taining bovine serum albumin (15% w/v). Cell suspensions 
were filtered and collected by centrifugation for 90 s at 75g. 
Finally, the isolated hepatocytes were washed with Krebs- 
Henseleit buffer without bovine serum albumin and viabilities 
were assessed using the Trypan Blue exclusion method. Only 
preparations with cell viability greater than 85% were used. 
Cells were resuspended in Waymouth's medium and adjusted 
to a final concentration of 2 x lo5 viable cellsm-'. The total 
yield of hepatocytes ranged from 1.5 to 8 x 10' cells per liver 
of which 85 to 90% were viable. 

Hybrid triacylglycerol formation The incorporated 
fractions for each compound were assessed according to the 
methodology described by Sallustio e t  al. l7 Isolated hepato- 
cytes were transferred into polypropylene vials and allowed to 
equilibrate for 15 min in a shaking water bath at 37°C in an 
atmosphere of 95% 02/5% C02 Radiolabelled rac-ketoprofen 
or each one of its enantiomers (0.5 mM equivalent to 10 pCi) 
were added to the hepatocyte suspension (2 ml of Way- 
mouth's medium containing 4 x lo5 viable cells) and incu- 
bated for 2 min. Then, 24 p1 of Waymouth's medium contain- 
ing the substrate (1.6 mM glycerol) was added and the 
reaction was allowed to proceed for further 30 min. After 
stopping the reaction by centrifugation and washings of cell 
suspensions, total radioactivity present in cellular pellets was 
quantified by liquid scintillation counting. In order to deter- 
mine the radioactivity levels corresponding to hybrid triacyl- 
glycerols, samples were extracted with ethyl acetate as 
described above and acyl-CoA thioester, and hybrid triacyl- 
glycerols and free acid fractions were measured by liquid 
scintillation counting. In one experiment performed in the 
absence of glycerol no compound was detected as incorpo- 
rated ketoprofen, thus the possible incorporation in other lipid 
species was discarded. All the assays were done in duplicate. 

A preliminary set of experiments was carried out in order to 
select the incubation time for glycerol as well as the keto- 
profen concentration (0-20 mM). 

In Vivo Experiments 

Enantiomeric inversion after single administration 
of (R)- or (S)-ketoprofen to rats Adult male Sprague- 
Dawley rats (weight range 200-250 g, supplied by Biocentre, 
Barcelona, Spain) were treated orally by means of gastric 
gavage with a single dose of 5 mg.kg-' of (I?)- or (S)-keto- 
profen. Animals were sacriiiced at different time intervals 
from 0.05 to 48 h after drug administration and blood samples 
were collected into heparin containing tubes. Plasma samples 
obtained by centrifugation were frozen and stored at -20°C 
until analyzed using the direct stereospecsc HPLC methodol- 
ogy described above for the enantiomeric inversion assess- 
ment in liver homogenates and subcellular fractions. 

Hybrid triacylglycerols formation after repeated ad- 
ministration of (R) and (S)-ketoprofen to rats Adult 
male Sprague-Dawley rats (weight range 100-250 g) were 
treated orally as described above with either (R)- or (S)- 
[14Clketoprofen once daily for 5 days (average dose 7 
mg-kg-'.hy-', equivalent to 9 p.Ci.day-'). Before each ad- 
ministration, animals were fasted for 12 h. Four hours after 
the last treatment, they were sacrificed and blood, liver, and fat 
samples were immediately removed for further processing. 

The total radioactivity in plasma was measured directly by 
liquid scintillation counting. 

Tissue samples (of approximately 0.3 g) were cut into small 
pieces, washed with phosphate buffered saline, and dissolved 
by continuously shaking for 24 h in Tissue Solve.@ After 
addition of 1 ml of 1N HCl and 15 ml of scintillation liquid, 
samples were stored in darkness for 2 days to reduce the 
chemoluminiscence. Fmally, radioactivity was measured by 
liquid scintillation counting. 

To determine free and incorporated compound levels 
present in the samples, the organic fractions from the ethyl 
acetate extraction were pooled, evaporated to dryness under 
a stream of purified nitrogen, and redissolved with ethyl ace- 
tate and 0.1 M NaHCO, pH 8 (1:l). After vigorous stirring, 
samples were centrifuged 10 min at 3,000 g. The aqueous 
phase was extracted again by addition of ethyl acetate and this 
process was repeated at least 3 times. Radioactivity in the 
aqueous alkaline phase (assigned to free (I?)- or (S)-keto- 
profen) was then quantified by liquid scintillation counting; 
recovery in this step was >98% as demonstrated in experi- 
ments in which a known amount of free compound was added 
to control samples. 

The organic phases were pooled again and directly quanti- 
fied by liquid scintillation counting. Those which showed sub- 
stantial radioactivity levels (organic phases corresponding to 
the adipose tissue samples) were further evaporated as de- 
scribed and subjected to column chromatography in order to 
distinguish hybrid triacylglycerols from any residual free keto- 
profen. The dried sample was redissolved in a petroleum 
ether-ethyl ether mixture (9O:lO) and loaded on a silica gel 
chromatographic column. Three different elution systems 
were used (petroleum ether:ethyl ether 4:l v/v; petroleum 
ether: ethyl ether 1: 1 v/v; and hally ethyl ether) in order to 
get, respectively, the three following fractions: triacylglyc- 
erols, triacylglycerols-dylglycerols mixture, and free keto- 
profen enantiomers. Finally, the radioactivity in each fraction 
was measured by liquid scintillation counting. Most of the 
radioactivity was found in the fractions corresponding to the 
triacylglycerols or triacylglycerol-diacylglycerol mixture, thus 
indicating that radiolabelled compound had been incorporated 
as a glycerol ester. 

The identity of each chromatographic fraction coming from 
rat fat tissue was confirmed by NMR analysis. Previously we 
had recorded the NMR spectra of several standard samples of 
triacylglycerols, triacylglycerol-diacylglycerol mixture, and 
free ketoprofen. In addition, an experiment was carried out to 
con6rm that hybrid triacylglycerol containing ketoprofen co- 
eluted from the column with triacylglycerols. Thus, synthetic 
1,2-dipalmitoyl-3-S-ketoprofenyl-sn-glycerol was mixed with 
a sample of rat adipose tissue (1: 1 w/w) and chromatographed 
using the same procedure described above. The analysis by 
NMR showed that the first fraction, eluted with petroleum 
ether: ethyl ether 4: 1 v/v, corresponds to a mixture of tryacyl- 
glycerols and 1,2-dipalmitoyl-3S-ketoprofenyl-sn-glycerol. 

RESULTS 
Quantitation of Ketoprofenyl-CoA Formation in Liver 

Homogenates and Subcellular Fractions 
The effect of substrate concentration of thioester formation 

was preliminarily examined by incubating the mitochondrial 
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TABLE 1. Percent of CoA-thioester formation from oleic acid (1 mM), rac-ketoprofen (1 mM), (It)-ketoprofen (1 mM), 
and (S)-ketoprofen (1 mM) after 30 min incubation with the indicated rat liver fractionsa 

% CoA-Thioester formation 

Rat liver fraction Oleic acid ruc-Ketoprofen (R)-Ketoprofen WKetoprofen 

Homogenate 29.5 f 0.2** 2.6 f 0.1* 3.8 5 0.2** 0.1 f 0.1 
Microsomal 33.2 f 2.1** 1.9 f 0.3* 6.2 f 2.6** 0.4 f 0.2 
Mitochondria1 35.3 f 1.2** 4.4 f 0.1** 14.5 f 5.5** 0.4 f 0.1 
c ytosolic 7.1 f 2.2 0.6 f 0.1 0.4 f 0.2 1.1 f 0.4 

"Values represent the mean i: SD of at least three determinations. 
* P  < 0.05 and **P < 0.01, Student's t-test, si@cantly different from control devoid of ATP and CoA. 

fraction with different initial concentrations of substrate [(R)- 
or (S)-['4Cl-ketoprofen] from 0 to 3 mM. Data reported pre- 
viously indicated that this subcellular fraction was the most 
efficient in profenyl-CoA formation. '' Thioester formation 
was linear with respect to the (R)-enantiomer concentration 
up to 2 mM. Very low thioester formation was observed with 
the (S)-enantiomer, regardless of the concentration used. 
Then, the influence of prolonging the reaction time was stud- 
ied using ruc-ketoprofen as the substrate. The percent of 
thioester measured was not enhanced by increasing reaction 
time; on the contrary, some metabolism of the thioester com- 
pound seemed to occur at long reaction times (more than 90 
min). In fact, after 24 h of incubation all the CoA thioester had 
been hydrolyzed. 

To study the subcellular location of the CoA thioester for- 
mation process, 1 mM (I?)-, (S)-, and rac-[14C]ketoprofen, as 
well as ['4C]oleic acid, were incubated for 30 min with rat liver 
homogenate and the corresponding subcellular fractions (mi- 
crosomal, mitochondrial, and cytosolic). The formation of ke- 
toprofenyl-CoA and oleoyl-CoA by these subcellular fractions 
was identified and evaluated as described in Materials and 
Methods, and is shown in Table 1. 

As expected, rat liver mitochondrial fraction showed to be 
the most efficient in synthesizing ketoprofenyl-CoA (14.5%) 
from (R)-ketoprofen. On the other hand, only a slight 
thioester formation was detected in the rat liver cytosol, thus 
indicating an apparent absence of the synthetase enzyme in 
this subcellular fraction. Similar results were obtained with 
oleic acid as substrate as previously described. l8 In the three 
active liver fractions, no signdicant ketoprofenyl-CoA formation 
was detected when (S)-ketoprofen was used as the substrate, 
thereby conlirming the stereoselectivity of the enzyme. 

In all cases a control assay was performed under identical 
conditions but without the addition of ATP and CoA. No radio- 
activity was detected in any of the aqueous fractions thus 
indicating the lack of thioester formation in the absence of 
ATP and CoA. 

The epimeric composition of ketoprofenyl-CoA synthesized 
from (R)-ketoprofen by the mitochondrial fraction was also 
determined. Ketoprofenyl-CoA eluted from the Spherisorb 
column was collected for analysis of epimeric ratio employing 
a chiral AGP column as described in Materials and Methods. 
(R)- and (S)-ketoprofenyl-CoA were resolved to baseline and 
quantitation was achieved by measuring radioactivity and peak 
area ratios were used to determine the epimeric ratio. After 
30 min of incubation of (R)-ketoprofen with mitochondrial 
fraction, epimeric composition of the resulting ketoprofenyl- 

CoA was 52.3 k 2.1% of (R)- ketoprofenyl-CoA and 
47.7 k 2.0% of the S-epimer, indicating that the epimeriza- 
tion is very fast, reaching an essentially 1:l mixture of 
epimers after only 30 min. From our data on inversion (see 
below) it would appear that the hydrolysis of the two epimers 
proceeds much more slowly and is non-stereoselective. 

Metabolic Inversion in Liver Homogenates and 
Subcellular Fractions 

The inversion of (R)- and (S)-ketoprofen was investigated 
in rat whole liver homogenate and the same subcellular frac- 
tions used to study the acyl CoA thioester formation. Prelimi- 
nary experiments indicated that longer reaction times (24 h) 
were required to maximize inversion. As reported for ibu- 
profen, 23 an alkaline treatment was performed after the incu- 
bation, in order to hydrolyze all remaining ketoprofen 
thioesters. A control experiment using synthetic (R)-keto- 
profenyl-CoA showed that alkaline hydrolysis in the conditions 
used for the inversion experiments results in approximately 
20% epimerization. The extent of this chemical epimerization 
during hydrolysis is in good agreement with the results re- 
ported for other profenyl-CoA thioesters. '' Nevertheless, 
this partial racemization has no relevance here, since in sepa- 
rate experiments it was shown that no radioactivity remained 
in the aqueous fractions of the extraction at the end of the 24 h 
incubation period, i.e., all the ketoprofenyl-CoA had been 
hydrolyzed before the addition of sodium hydroxide. Conse- 
quently, the enantiomeric mixtures obtained came from the 
spontaneous epimerization and hydrolysis of ketoprofen 
thioesters during the biochemical reaction. 

In the reactions performed with (R)-ketoprofen as sub- 
strate, a decline of the (R)-enantiomer concentration was 
detected by HPLC. Net inversion of (R)-ketoprofen to the 
6)-enantiomer occurs, reaching a 15.9% in the mitochondrial 
fraction (Table 2). In contrast, there was no sigdicant re- 
verse inversion of the (S)-enantiomer to the (R)-enantiomer 
(data not shown). Although no CoA thioesters were detected 
in the cytosolic fraction in the experiments using 30 min incu- 
bation, some inversion of (R)-enantiomer was observed after 
24 h (4.5%, statistically non-sigmficant), suggesting the oc- 
currence of an alternative mechanism in the cytosol. 7*12 

Synthesis of Hybrid Trimylglycerols by Freshly 
Isolated Hepatocytes 

Additional in vitro experiments with ketoprofen or its enan- 
tiomers were performed in rat liver subcellular fractions in the 
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TABLE 2. Percent of inversion by rat liver fractions for 
24 h of incubation with (Rbketoprofen (2 mM initial 

concentration)a 

Rat liver fraction % Inversion 

Homogenate 
Microsomal 
Mitochondrial 
cYtosolic 

9.7 2 2.3* 
4.7 * 0.1* 

15.9 f 1.9* 
4.5 * 0.5 

"Values are mean -1- SD of at  least three determinations. 
*P < 0.01, Student's t-test, sign&antly different from control in the absence 
of ATP and CoA. 

presence of glycerol. In all cases no incorporation into lipids 
was detected. Therefore, we decided to use freshly isolated 
hepatocytes for this purpose. 

Using the intact cell system, we first assessed the influence 
on the synthesis of hybrid triacylglycerols of the incubation 
time with glycerol, as well as that of the concentration of 
rac-ketoprofen. Although incorporation increased with time 
up to 60 min (data not shown), we considered 30 min as the 
optimum glycerol incubation period, avoiding possible cell 
damage due to longer exposures. Using this incubation time of 
30 min, we observed lower levels of incorporation, measured 
with respect to total radioactivity retained by cells, when high 
concentrations of ketoprofen were used (up to 20 mM, Fig. 
l), which was presumed to be due to some cytotoxic effect of 
the test compound at these concentrations. Such an effect 
was confirmed in the corresponding cytotoxicity assay which 
shows a decrease in percent of cell viability from 85.5 2 0.7 
(at 0.5 mM ketoprofen) to 56.5 f 7.7 (at 5 mM ketoprofen). 
After these experiments, we decided to study the stereose- 
lectivity of ketoprofen incorporation in the 0.25 - 0.5 mM 
concentration range for test compounds, 30 min being the 
incubation period for glycerol. 

Table 3 shows the results obtained after incubation with 
labelled rac-ketoprofen and its enantiomers, expressed as 
acyl-thioester, hybrid triacylglycerol, and free compound frac- 
tions. Total radioactivity in cellular pellets was only moderate, 
75,641 f 24,212 dpm/106 cells for rac-ketoprofen, 74,695 2 
11,893 dpm/106 cells for (Rbketoprofen, and 42,298 k 
6,586 dpm/106 cells for (S)-ketoprofen. However, incorpora- 
tion of rac-ketoprofen or (R)-ketoprofen into lipids as hybrid 
triacylglycerols was fairly high, about 25,000 dpd106 cells in 
both cases, representing approximately one third of the total 
radioactivity present in the hepatocytes. On the other hand, 
after incubation with (S)-ketoprofen, the radioactivity present 
in the triacylglycerol fraction was relatively low, 
6,644 f 3,179 dpm/106 cells, thus indicating that the biosyn- 
thesis of hybrid triacylglycerols is a stereoselective process 
(WS ratio = 4). The difference in incorporation between R 
and S was statistically sigdicant (P < 0.001). 

In Vivo Synthesis of Hybrid Triacylglycerols in Liver 
and Adipose Tissue 

Hepatic tissue When rat livers were analyzed after mul- 
tiple oral administration of radiolabelled enantiomers of keto- 
profen to rats, total radioactivity levels were similar for the 
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Fig. 1. Levels of incorporation of ruc-ketoprofen into lipids with respect to total 
radioactivity retained by the cell, in freshly isolated rat hepatocytes. Cells (4 X lo5) 
were incubated for 2 min as described in Materials and Methods with ['4Clrac- 
ketoprofen at the different concentrations indicated and 1.6 mM glycerol was added 
for further 30 min. After extraction, triacylglycerol (0) and acyl-CoA (m) fractions 
were analyzed by liquid scintillation counting. Results (mean -1- SD) are expressed 
as percent of total radioactivity bound to the cell (3 to 8 determinations). 

(R)- and for the (3-enantiomer. Direct counting of liver tissue 
fragments gave 49,294 -+ 7,308 dpm.g-' after (R)-keto- 
profen and 60,377 2 21,398 dpm.g-' after (S)-ketoprofen 
treatments. These levels parallel those found in plasma 
(32,144 2 4,053 and 39,848 f 14,012 dpm.rn-', respec- 
tively), indicating a distribution equilibrium. Moreover, when 
a different set of hepatic samples was further processed by 
extraction procedure (Table 4), almost all radioactivity was 
detected for both enantiomers on the aqueous phase corre- 
sponding to the free compound fraction: 82% for (R)-keto- 
profen and 84% for (S)-ketoprofen. The organic phase corre- 
sponding to compound incorporated into triacylglycerols 
showed very low levels (around 0.5-1%) and the remaining 
1517% was found in the aqueous phase. However, an HPLC 
analysis of these aqueous fractions showed that the amount of 
ketoprofenyl-CoA present was much lower and stereoselec- 
tive, three times higher in the samples from the (R)- 
(1,059 2 335 dpm.g-' than the (S)-ketoprofen treatment 
(359 f 146 dpm.g-'). The remaining water-soluble radioac- 
tivity eluted in the chromatographic front and was not charac- 
terized. The sum of radioactivity measured in the three frac- 
tions (Table 4) indicated a recovery of 90-95% during fraction 
separation. 

Adipose tissue In contrast with the results obtained in 
liver, experiments performed with rat adipose tissue after 
multiple oral administration of radiolabelled enantiomers of 
ketoprofen evidenced a signtticant difference (P < 0.001) be- 
tween total radioactivity levels obtained after (R)-ketoprofen 
treatment (21,299 2 4,955 dpm.g-') compared with (3-ke- 
toprofen (3,267 +- 200 dpm.g-'), being approhately 6-fold 
greater for the first enantiomer. 

Using a column chromatographic separation, we assessed 
the radioactivity present in the adipose tissue (different set of 
samples) as free compound, acyl-CoA thioesters, or hybrid 
triacylglycerols. As indicated in Table 4, the radioactivity 
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TABLE 3. Radioactivity (dpm/106 cells) in the free compound, acyl-CoA, and hybrid triacylglycerol fractions 
obtained from freshly isolated rat hepatocytes incubated with ['4C]rac-ketoprofen and its enantiomers (0.5 mM 

equivalent to 10 pCi)" 

Fraction ruc-Ketoprofen (R)-Ketoprofen (S)-Ketoprofen 

Total radioactivity 
Free compound 

Hybrid triacylglycerol 
Acyl-COA 

75,641 f 24,212 
48,094 f 16,639 
2,611 f 833 

24,936 f 8,764 

74,695 f 11,893 
44,813 f 9,505 
3,141 f 564 

26,742 f 4,665 

42,298 f 6,586 
34,195 & 4,136 

1,459 f 321 
6,644 & 3,179* 

"Results are expressed as mean 5 SD from 3 to 4 independent experiments performed in duplicate. 
*P s 0.001, Student's t-test, sigmticantly different from (Rbketoprofen. 

TABLE 4. Radioactivity in the free compound, acyl-CoA, and hybrid triacylglycerol fractions obtained from rat liver 
and adipose tissue after multiple oral administration of (R)- or (S)-['4Clketoprofen once daily for 5 days (average dose 7 

mg.kg-'.day-' equivalent to 9 pCi.day-')" 

Fraction 

Liver Adipose tissue 

(R)-Ketoprofen (S)-Ketoprofen (R)-Ketoprofen (3-Ketoprofen 

Free compound 39,014 * 4,030 45,550 f 10,485 4,435 f 2,514 2,625 * 304 
Acyl-COA 1,059 f 335b 359 f 146' 466 * 78 128 f 44 
Hybrid triacylglycerol 524 f 137 274 2 107* 11,076 ? 2,790 660 f 268** 
Total radioactivityd 47,643 f 3,651 54,278 f 9,116 15,977 ? 2,914 3,413 f 581 

"Results are expressed in d p d g  as mean 5 SD from 3-4 animals. 
bRadioactivity in the aqueous fractions was 8,105 t- 1,502 dpdg.  
'Radioactivity in the aqueous fractions was 8,454 * 2,958 dpdg.  
dSum of radioactivity found in aqueous and organic fractions. 
*P s 0.05, **P s 0.001 (Student's t-test) sigmticantly different from (R)-ketoprofen. 

present after treatment with (R)-['4C]ketoprofen was mainly 
found in the hybrid triacylglycerol fraction (11,076 f 2,790 
dpm.g-', 70.6% of total), whereas after (S)-[14Clketoprofen 
only a very small amount of radioactivity was incorporated into 
the fat (660 f 268 dpm.g-'). Radioactivity present in the 
acyl-CoA fraction was never sigtllficant and the amount of free 
(R)- or Wketcprofen remaining in the adipose tissue was 
somewhat higher in the case of the (R)-enantiomer, 
4,435 k 2,514 dpm.g-', compared with 2,625 f 304 
dpm.g-' for the 6)-enantiomer. 

Metabolic Inversion In Vivo 
Figure 2a and 2b show plasma levels of ketoprofen enanti- 

omers after the single oral administration of 5 mg. kg-' of (R)- 
or (S)-ketoprofen. Chromatographic analysis evidenced the 
absence of (R)-ketoprofen after the (S)-enantiomer adminis- 
tration (Fig. 2a). On the other hand, treatment with (R)- 
ketoprofen led to a rapid inversion to the (S)-enantiomer dur- 
ing the first 15 min with a subsequent maintenance of levels 
for further 16 h (Fig. 2b). The inversion factor was about 0.8, 
in good agreement with previously described experiments. 30 

DISCUSSION 
In the present study we report results from several in vitro 

and in vivo experiments concerning the inversion process of 
ketoprofen and its incorporation as triacylglycerols in the rat. 
Data obtained when compounds were incubated with rat liver 
homogenate and subcellular fractions demonstrate that the 
mitochondrial fraction is the most efficient in forming keto- 

profenyl-CoA thioester when Wketoprofen or the racemate 
are the initial substrates, whereas in the cytosolic fraction 
practically no thioester formation is detected. These results 
imply a subcellular distribution of the acyl-CoA synthetase 
enzyme responsible for the formation of ketoprofenyl-CoA 
(i.e., mitochondria and microsomes) similar to that reported 
for ibuprofenyl-CoA formation18 and are in good agreement 
with the known mechanisms of fatty acid activation via CoA- 
thioester in the rat.31 Our findings also show a clear stereoselec- 
tivity in the formation of profenyl-CoA in rat liver subcellular 
fractions, since no signi6cant formation of ketoprofenyl-CoA 
from (S)-ketoprofen is observed. Similar results have been 
reported for other AF 'AS . '~*~~-~  The identity of the keto- 
profen CoA thioesters present in the aqueous fractions from 
extraction was confirmed through reverse phase HPLC, com- 
paring with a sample of synthetic (rat)-ketoprofen CoA 
thioester. A close examination of our data shows a somewhat 
greater amount of ketoprofenyl-CoA after incubation of (R)- 
ketoprofen with rat liver mitochondrial fraction as compared 
with rac-ketoprofen. This could be a consequence of an inhibi- 
tion by (S)-ketoprofen, in agreement with previous observa- 
tions, which have shown that the (S)-enantiomers of APAs 
may inhibit the esterification of their antipodes in v i t r ~ . ~ ' * ~ ~  
After examination of epimeric composition of ketoprofenyl- 
CoA synthesized by mitochondrial fraction from (R)-keto- 
profen, it appears that after 30 min an almost 1:l mixture of 
epimers is obtained. This is in agreement with the accepted 
mechanism for the enantiomeric inversion of (R)-arylpropionic 
acids, involving epimerization of CoA thioester conju- 
gates.'-" 
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Fig. 2. Mean plasma concentration-time profiles of (Rbketoprofen (0) or (S)-ketoprofen (0) in rats following single oral 
administration of 5 mg.kg-' of (a) 6)-ketoprofen or (b) (Rkketoprofen (n = 3-5 animals in each group). Levels were 
measured as described in Materials and Methods (see reference 24). 

In all rat liver subcellular fractions studied, and especially in 
the mitochondria, unidirectional inversion of (R)- to (3-keto- 
profen was observed. The subcellular distribution of this process 
correlates with the formation of CoA-thioester from (R)-keto- 
profen. Although after alkaline hydrolysis of (R)-ketoprofen CoA 
thioester some racemization was observed, the NaOH treat- 
ment after the incubation did not alter the in vitro inversion, 
results because no ketoprofenyl-CoA was detected after this 
24 h period, and the final ketoprofen RIS mixture was already 
present in the incubation media. The alkaline treatment does 
not alter the stereochemistry of free ketoprofen enantiomers. 
Taken together, these data and the requirement for CoA and 
ATP for the stereoselective inversion of (R)- to (S)-keto- 
profen are consistent with the hypothesis that the inversion of 
several AF'As, among them ketoprofen, is controlled by the 
acyl-CoA synthetase. 10.15 

Racemic mixtures of several 2-arylpropionates have been 
described to inhibit cholesterogenesis and fatty acid synthesis 
in vitro, and a correlation between their ability to form hybrid 
triacylglycerols and their hypolipidemic action has been 
found.% In addition, it has been reported for fenoprofen that 
only the (R)-enantiomer is able to inhibit endogenous triacyl- 
glycerol synthesis in both isolated rat adipocytes and hepato- 
~ y t e s . ~ ~  Using rat liver subcellular fractions, we did not detect 
any synthesis of triacylglycerols containing ketoprofen, there- 
fore, we used intact rat hepatocytes for chis purpose. We 
found a clearly stereoselective incorporation of (R)-keto- 
profen into hepatocyte triacylglycerols (RIS ratio = 4, 
P < 0.001, Table 3), in a similar way as previously reported 
for fenoprofen in rat isolated adipocytes and hepatocytes. 17,37 

Nevertheless, the total incorporation levels found for keto- 
profen in hepatocytes were markedly lower than those re- 
ported for fenoprofen. This is not surprising since in a study 
by Fears and coworkers36 fenoprofen showed almost 3-fold 
higher interference than ketoprofen on the hepatic metabo- 
lism of fatty acids. In our experiments, the synthesis of hybrid 
triaCYl&YCerOlS with respect to the radioactivity retained by 
the rat hepatocytes showed a dependence on ketoprofen con- 

centration up to 0.5 mM, higher concentrations causing cell 
toxicity. A similar behaviour has been reported also for feno- 
profen, which resulted as toxic to rat adipocytes at concentra- 
tions 20.5 mM.17 The failure of in vitro incorporation of 
ketoprofen or its enantiomers into hybrid triacylglycerols in 
liver subcellular fractions could be due to the lack of certain 
factors and/or could result from the disruption of cellular 
boundaries during homogenization as reported by other au- 

On the other hand, although labelled triacylglycerol and 
acyl-CoA derivatives were detected after incubation of hepa- 
tocytes with (S)-ketoprofen, the levels are signhcantly lower 
than those observed for the R enantiomer or the racemic 
compound (Table 3). This finding could indicate a relatively 
low stereoselectivity for the enzyme CoA-synthase present in 
rat liver preparations. In addition, this result could also be 
related to the small amounts of ketoprofenyl-CoA thioester 
found after incubation of (S)-ketoprofen with rat liver cell 
fractions, especially the cytosol (Table 1). It has been de- 
scribed that in mice, a related species, ketoprofen does invert 
bidirectionally, 40 although the R to S process is still predomi- 
nant, and it could be possible that the S to R pathway was also 
present in the rat, in an extension too low to be detected in the 
standard pharmacokinetic bioinversion studies. Finally, an- 
other explanation for the presence of radioactivity in the lipid 
fractions after incubation with (S)-ketoprofen would be the 
selective formation of triacylglycerols from the contamination 
of R enantiomer present in the (S)-enantiomer (around 0.5%). 

Although stereoselective incorporation had been found in 
isolated rat hepatocytes, almost no radioactivity was detected 
in the hepatic lipid fractions after oral dosing of rats with either 
(R)- or (S)-ketoprofen (Table 4). The liver is considered to be 
one of the main sites of arylpropionic acid bioinversion, and 
the relatively high amounts of CoA thioester found in rat liver 
after (R)-ketoprofen treatment are consistent with this hy- 
pothesis. However, the pathway leading to triacylglycerol 
synthesis does not seem to be relevant in the hepatic tissue in 
viva. The lack of correlation between the in V i ~ o  and in viva 

t h o r ~ . ~ , ~ ~  
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incorporation could be due to the high glycerol concentrations 
(1.6 mM) added to the media in the experiments with isolated 
cells. 

figher levels of hybrid triglycerides were obtained when 
adipose tissue samples were analyzed, thus indicating that the 
incorporation process of ketoprofen enantiomers into rat lip- 
ids may take place mainly in fat. The uptake of ketoprofen 
enantiomers as hybrid triacylglycerols by the rat adipose tis- 
sue in vivo was found to be highly enantioselective. After 
treatment with (R)-[14C]ketoprofen, a sigmficant amount of 
radioactivity (11,076 ? 2,790 dpm.g-') was covalently incor- 
porated to the triacylglycerols fraction, whereas after admin- 
istration of (S)-[14C]ketoprofen almost no radioactivity could 
be found in this fraction. The calculated R/S enantiomeric ratio 
for the incorporation was greater than 17. Sirmlar results have 
been reported for ibuprofen in rats after repeated oral treat- 
ment with either (R)- or (S)-enantiomer: only (R)-ibuprofen 
was signhcantly incorporated into rat adipose tissue. The 
stereoselectivity found for the incorporation of (R)-keto- 
profen in rats is in agreement with our results of enantiomeric 
bioinversion in this species, which confirm the data previously 
described in the li~erature.~' In fact, (Rbketoprofen is able to 
invert extensively to the (S)-enantiomer (80% inversion ratio) 
whereas no inversions of (S)- to (R)-ketoprofen have been 
found after oral dosage to rats. 

In conclusion, rat liver homogenates are able to form keto- 
profenyl-CoA in a process stereoselective for the Wenant i -  
omer. The most efficient synthesis was observed in both 
mitochondna and microsomes, which is in accordance with the 
locations of fatty acyl-CoA formation. Furthermore, our stud- 
ies support the hypothesis that the inversion of (R)-keto- 
profen to the (S)-enantiomer occurs as a consequence of ste- 
reoselective CoA-thioester formation and subsequent 
racemization."-" In isolated rat hepatocytes there is a pro- 
cess for the synthesis of triacylglycerols containing keto- 
profen which also is stereoselective for the (R)-enantiomer. 
Nevertheless, after oral a h s t r a t i o n  of the compounds the 
covalent incorporation in liver was low compared to levels 
observed in adipose tissue which may represent the xenobi- 
otic tissue store for (R)-ketoprofen in rats. The pharmacolog- 
ical and toxicological consequences in man of the stereoselec- 
tive formation of these hybrid lipids observed in the rat are 
still unknown. 
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