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Studies on the mechanism and enzymology of metabolic ilmprofen isomerization constituted the focus of this 
investigation. Comparative in vivo studies revealed that this biotransformation proceeded via a proton abstraction 
mechanism in all tested species of mammals, which is in agreement with the previous reports. Direct evidence 
supporting this conclusion stemmed from the in vitro epimerization of ilmprofen-CoA thioester in rat liver 
homogenates. Chemically synthesized (R)-ibuprofen-CoA thioester was rapidly transformed to its (S)-counterpart 
by subcellular hepatic preparations. Examination of this epimerase activity in various rat tissue homogenates 
indicated that this enzyme was highly tissue specific. This biochemical reaction mainly took place in the liver and 
kidney, whereas low levels of e n z ~ e  activity were associated with other tissues. Nevertheless, the liver and kidney 
homogenates failed to invert (R)-ihaprofen directly even in the presence of all the necessary cofactors. Presumably, 
the failure to characterize this bioconversion was due to the lack of enzymatic acyl-CoA synthesis in these 
homogenates. It is noteworthy thgt the '2-aryipropionyI-CoA epimerase' catalyzed the transformation from either 
direction and with high turnover rates. The catalytic efficiency of (S)-ibuprofen CoA epismerization appeared to be 
greater than that of the (R)-counterpart. These in vitro findings suggest that the step of acTI-CoA formation assume 
a pivotal role in controlling the stereoselectivity and emciency of the in vivo metabolism. As the responsible 
acyI-CoA synthetase(s) in different species of animals may exert the reaction with different degrees of enantiomeric 
preference and efficiency, the resulting stereochemical outcome and metabolic rates of this bioinversion vary 
accordingly. Consequently, in guinea pigs, this biotransformation proceeds in both directions with nearly equal 
efficiency, whereas it is virtually unidirectional and slow in humans. Currently, the purification and characteriza- 
tion of this novel '2-arylpropionyI-CoA epimerase' from rat livers constitute the focus of this investigation. 

Introduction 

The biochemical isomerization of 2-arylpropionic 
acids represents an intriguing example of stereoselec- 
tive biotransformation [1,2]. In the body, the (R)-anti- 
pode which is pharmacologically inactive undergoes 
stereochemical inversion to form its active (S}-isomer. 
Essentially, this metabolic inversion accounts for a 
bioactivation process, and may contribute to enhancing 
the adverse consequences of these therapeutic agents 
in metabolically compromised patients. For instance, it 
has been reported that various types of acute kidney 
failure could be elicited by short-term use of ibuprofen 
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in patients with mild renal dysfunction [3,4]. Conse- 
quently, the biochemical and clinical implications of 
this metabolic reaction warrant close scrutinization. To 
date, although extensive pharmacokinetic studies on 
this bioconversion have been conducted [1,2,5], existing 
data on the enz~anology and mechansim are still lack- 
ing or rather fragmentary. Several lines of evidence 
obtained from both in vivo [6,7] and in vitro [8,9] 
experiments have indicated that ibuprofen epirneriza- 
tion proceeds via proton abstraction at the C-2. More 
recently, Sanins et al. [91 and Muller et al. [10] have 
demonstrated the biochemical inversion of ibuprofen 
in isolated rat hepatocytes. Nonetheless, a number of 
questions still remain unclear regarding this biochemi- 
cal process: (a) Do all species of mammals share the 
same general mechanism of epimerization? (b) Is this 
metabolic inversion truly unidirectional? (c) What en- 
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zymes are involved in this bioconversion and which 
enzymatic step effects the stereochemical discrimina- 
tion? td) What organs are responsible for this biotrans- 
formation? Therefore, this study was directed toward 
providing useful insight into these questions to gain 
better understanding of this unique metabolism. 

Materials and Methods 

Chemicals 
Racemic ibuprofen (2-(4'-isobutylphenyl)propionic 

acid) was prepared from commercial ibuprofen tablets 
and further purified by recrystallization from petroleum 
ether. Raeemic [3,3,3--' Hlibuprofen and [2-2 H]ibupro- 
fen were synthesized according to the procedures pre- 
viously described [11]. Optically active ibuprofen and 
its deuterated derivatives were prepared by the enzy- 
matic resolution of the corresponding racemic methyl 
esters [11]. The enantiomeric excess (ee) of these opti- 
cally enriched compounds was no less than 97%. Cal- 
culation of ee was based on the equation, ee = (A - 
B) / (A  + B), where A and B are the concentrations of 
the major and minor isomers, respectively. 

The CoA thioesters of (R)- and (S)-ibuprofen were 
synthesized from the mixed anhydride of the corre- 
sponding acids by a modification of the method de- 
scribed by Goldman and Vagelos [12]. in a typical 
experiment, to a solution of dry methylene chloride (15 
ml) containing optically active ibuprofen (0.56 mol) and 
2,6-1utidine (0.56 mol) was added ethyl chloroformate 
(0.56 tool) in methylene chloride (5 ml). The mixture 
was stirred at room temperature for 30 min, and was 
then taken to dryness under reduced pressure, The 
residue was dissolved in 13 ml of freshly distilled 
tetrahydrofuran and added dropwise to 13 ml of water 
solution (pH 7.5) containing 100 mg of CoA. The pH of 
the solution was maintained at 7.2-7.5 by adding 0.5 M 
NaOH. After stirring at 25°C for 15 min, the solution 
was acidified to pH 5 with 1% perchioric acid and most 
of the tetrahydrofuran was removed under reduced 
pressure. The aqueou~ solution was further treated 
with 1 ml of 10% perci~t~ric acid and the prccipitate 
was collected by centrifugation at 12(X)0×g for 10 
rain. The resulting precipitate was washed consecu- 
tively with 5 ml of 1% oerchloric acid, acetone-ethyl 
ether (1:2) and ethyl ether to remove unreacted CoA 
and ibuprofen, respectively. The chemical yields ranged 
from 40 to 50% based on the amount of CoA added. 
This chemically synthesized CoA thioester gave a sin- 
gle UV-absorbing spot with an R~ of 0.8 on thin laycr 
ccllulose platcs (butanol-acetic acid-H20 , 10:3:5, 
v/v), indicating no free CoA (Rf-~ 0.2) remaining in 
the sample. The acid moiety was liberated from the 
thioester by treating the compound with hydroxyl- 
amine, followed by HCI hydrolysis. Subsequent enan- 
tioselecti~e HPLC analy,~is of the resultihg acid accord- 

ing to the method described below revealed that no 
appreciable racemization of ibuprofen occurred during 
the synthesis. The procedure for preparing the hydrox- 
amic acid standard was essentially the same as de- 
so ibed above except that CoA was replaced by five 
equivalents of ~droxylamine and the reaction was 
terminated by extracting the solution three times with 
equal vols. of ethyl acetate. The resulting hydroxamic 
acid derivative was purified by silica gel chromatogra- 
phy (hexane-ethyl acetate, l : !). ~H-NMR (90 MHz, 
CDCi0 1.06 (d, 6H, 1 = 7.5 Hz), 1.63 (d, 3H, J =  7.5 
Hz), 1.78-2.35 (m, lH), 2,6 (d, 2H, J = 6Hz), 3.62 (q, 
1H, J = 7.5, 12 lhz), 7.29 (s, 4HL 8.0-9.0 (br, lH). 

All other chemical and biochemical reagents and 
solvents were obtained from commercial sources. The 
chemical structures of optically active ibuprofen and its 
derivatives mentioned in this paper are summarized in 
Fig. I. 

Drug administration and sample collection 
Male Wistar rats (225-250 g) and Hartley guinea 

pigs (201-250 g) of either sex were obtained from 
Charles River Laboratories (Wilmington, MA). Dutch 
male rabbits (2-3 kg) were supplied by Mill Brook 
Farm (Amherst, MA). These animals were fasted for 
12 h before drug administration. Each animal received 
optically active ibuprofen orally as a 1% aqueous fine 
suspension containing 0.05% Tween 80 through gav- 
age. As the pharmacokinetic behavior of ibuprofen in 
different species of animals varied [5], it was found 
that, under these conditions, the optimal times for 
recovering the metabolites from the sera after dosing 
were approx. 30 min, 30 min and 15 min for rats, 
guinea pigs and rabbits, respectively. The rats and 
guinea pigs were then anesthetized with diethyl ether 
and the rabbits were treated with ketamine, (2-(2-chlo- 
rophenyl)-2-(methylam ino)-cyclohexanone),  (50 
mg/kg). Total blood was withdrawn from the portal 
vein with a heparinized syringe. The plasma was imme- 
diately seoarated by centrifugation (12 000 x g, 20 rain) 
at 4°C for further aralysis. 

The human metabolic study was conducted in Na- 
tional Taiwan University Hospital. This study received 
approval from the Institutional Review Board on Hu- 
man Subjects of both institutions prior to the experi- 
ment. Four healthy adult volunteers participated in the 
study. All the subjects were Oriental, with ages ranging 
from 25 to 37 years old. The subjects were in':.'.ructed to 
fast for 12 h before the start of the study. Each subject 
received capsules containing 800 mg of optic~,lly active 
ibuprofen. At 30 rain, 1 h and 2 h after the drug 
administration, 10 ml blood samples were collected by 
individual peripheral venopunctures with heparinized 
syringes. The plasma was prepared by centrifugation at 
2500 rpm for l0 rain for further analysis. 
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Isolation and enantioselectit'e HPLC analysis of ibupro. 
fen metabolites m plasma 

The plasma samples were acidified with i M HCI to 
pH 1, and heated in a boiling water bath for 10 rain. 
The resulting turbid solution was saturated with sodium 
chloride, and extracted three times with equal vols. of 
ethyl acetate. The organic solvent fractions were com- 
bined, dried over anhydrous sodium sulfate and con- 
centrated under reduced pressure. To the residue was 
added three drops of t~,ionyl chloride, and the mixture 
was incubated at 60°C for 30 rain. The remaining 
thionyl chloride was removed under reduced pressure. 
(1R,2S,5R)-(-  )-Menthol (5 rag), dissolved in 100/~1 of 
methylene chloride and 1 drop of pyridine were then 
added to the residue. The solution stood at room 
ter~perature for 15 rain and was passed through silica 
gel (J g) fitted in a pasteur pipette. The column was 
eluted with 6 mi of hexane-diethyl ether (20: 1) and the 
collected solvent was evaporated under a stream of 
nitrogen. The resulting menthyl esters were analyzed 
by HPLC using a Model 501 pump (Waters Associates} 
equipped with a Rheodyne injector, two Whatman 
Partisil columns (10 p)  in tandem (2 x 4.6 mm × 25 
cm) and a Model 481 UV/Vis  detector (Waters Asso- 
ciate). The columns were eluted with a mobile phase 
consisting of hexane-diethyi ether (100:1) at a flow 
rate of 0.8 ml/min.  The retention times for the menthyl 
esters were: R-ibuprofen: 29 min 50 s; S-ibuprofen: 32 
rain; R-tert-hydroxyibuprofen: 33 rain 40 s; S-tert-hy- 
droxyibuprofen: 36 rain. Low resolution electron im- 
pact (El) and chemical ionization (CI) mass spectra of 
these eluted compounds were obtained on a Kratos 
MS-80RFA spectrometer, Chemical Instrument Cen- 
ter, Yale University. 

Preparation of rat tissue homogenates and in vitro incu- 
bation 

Wistar male rats (225-250 g) were sacrificed by 
decapitation after light ether anesthesia. Liver, lung. 
he'wt, kidneys, intestine and skeletal muscle were re- 
moved, and rinsed with chilled saline solution (pH 7.2). 
The tissues were homogenized in 2.5 times (v/w) the 
tissue weight of 10 mM potassium phosphate buffer 
(pH 7.2) containing 5% (w/v)  sucrose and 0.5 mM 
p-toluenesulfonyl fluoride (PMSF} [13] with a motor- 
ized tissue homogenizer at 4°C. The resulting ho- 
mogenates were centrifuged at 10000 x g for 10 rain at 
4 ° C  to remove tissue debris. Protein assays were per- 
formed by the Coomassie blue dye-binding method 
using a commercial protein assay reagent (Pierce 
Chemical) with bovine serum albumin (Sigma) as a 
standard, 

In our intial experiment, (R)-ibuprofen 11 mM) was 
incubated with rat liver homogenates (120 mg 
protein/ml)  in the presence of ATP (10 mM), Mg :~ 
(15 mM), and CoA (1.2 mM). After incubating the 

mixtme for I h, hydro~'lamine was added as a trapping 
agent [14] for acyI-CoA thioesters. The reaction mix- 
ture was extracted three times with equal vols. of ethyl 
acetate. Essentially. upon adding hydroxylamine, any 
acyI-CoA generated could be readily converled to the 
corresponding hydroxamie acid which is soluble in or- 
ganic solvents. In the acyI-CoA experiment, to 10 ml of 
freshly prepared tissue homogenates with appropriate 
dilutions was added chemically synthesized R-ibupro- 
fen CoA (5 #mol)  dissulved in 0.5 ml of 250 mM 
potassium phosphate buffer (pH 7.2). After incubating 
the mixture at 25°C for various time intervals, the 
reaction was terminated by adding 4 ml of 2.8 M 
hydroxylamine solution (pH 7.0). As indicated from 
cellulose and silica gel TLC, virtually all the thio,.ster 
was converted to the corresponding hydroxamic acid 
after 5 min. The resulting ibuprofen hydroxamic acid 
was extracted from the solution with ethyl acetate, 
followed by 6 M HC! hydrolysis to afford free ibupro- 
fen. The acid was then converted to its corresponding 
menthyl ester and the enantiomeric composition was 
determined accordingly. The diastereomers were quan- 
titated by reference to a calibration curve. It was 
assumed that ibuprofen and its tert-alcohol had identi- 
cal extinction coefficients. 

Results 

Mechanism of ibuprofen epimerization in rabbits and 
guinea pigs 

(R}-[3,3,3-2H]ibuprofen and (R)-[2-2H]ibuprofen 
were orally administered to rabbits and guinea pigs, 
respectively. Thus, monitoring the loss of deuterium 
from these deuterated molecules allowed a direct as- 
sessment of the epimerization mechanism. Unchanged 
ibuprofen and its tert-hydrox3' metabolite were isolated 
from the plasma and subjected to enantioselective 
HPLC separation after being converted to their di- 
astereomeric (l)-menthyl derivatives. The molecular 
species of these purified compounds were then identi- 
fied by mass spectral analysis. The results derived from 
both animals were virtually identical and were in line 
with the data reported for humans [6] and rats [7]. 
When (R)-[2-2H]ibuprofen was used as the substrate, 
loss of the deuterium label was observed in the result- 
ing (S)-ibuprofen and its tert-hydro~ dcrivativc: 
whereas for the (S)-ibuprofen derived from [R)-[3,3,3- 
Z H]ibuprofen metabolism, all the three deuterium 
atoms were retained. 

In t'ivo study on the stereochemcml preference of ibupro- 
fen epimerization 

In general, this metabolic event has been assumed 
to be a highly stereoselective process, i.e., from R to S 
but not vice versa. Lately. evidence regarding the oc- 
currence of the reverse reaction has been presented to 
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j COOH COOH 

X X 
X = H R- Ibupro len  X = H S - I bup ,o fen  

= OH R- te r t -hydroxy -  = OH S-tert-hydroxy. 
Ibuprofen Ibuprofen 

COOH 

R-[3,3,3-2Hl  I bu p r o f e  n 

~ H 

COOH 

R-12 -2H l l bup ro fan  

~ COX 

~ COX X = SCoA Sqbuprofen CoA 
= NHOH S-ibuprofeh hydroxamic acid 

Fig. 1. Chemical structures of compounds referred to in the text. 

X : SCoA R-Ibuprofan CoA 
= NHOH R-Ibuproferl hydroxamlc acid 

dispute this assumption [7,15]. In this study, in light of 
possible species variation arising from differences in 
the disposition routes [16], this stereoselective metabo- 
lism was scrutinized in four different animal species 
including rats, guinea pigs, rabbits and humans. It has 
been documented that in humans, rabbits and guinea 
pigs, renal excretion accounts for the major clearance 
of the 2-arylpropionates, whereas rats excrete the com- 
pounds mainly in the feces via the bile [16]. 

In each experiment, (R)- and (S)-ibuprofen were 
orally administered to different subjects of the same 
species, respectively, ibuprofen and its tert-hydroxy 

metabolite were then isolated from the sera and sub- 
jected to stereoselective HPLC analysis. As depicted in 
Table I, significant discrepancy in the efficiency and 
stereochemical outcome of this biotransformation was 
observed among these animals. In humans, this bio- 
chemical reaction was virtually unidirectional and ap- 
peared to be slower than other animals, which is in 
agreement with the previous reports [17,18]. Even 
though trace amounts of R-ibuprofen and its corre- 
sponding tert-alcohol were detected from (S)-ibupro- 
fen metabolism in humans, they might arise from the 
slight optical impurity in the (S)-ibuprofen r-eparation 
(ee = 97%). In contras,, ~,uinea pigs could effect the 
inversion of both (R)- and (S)-ibuprofen with nearly 
the same efficiency, and were the most efficient in- 
verter among the animals lested. In both rats and 
rabbits, (S)-ibuprofen metabolism gave rise to small 
but significant levels of (R)-antipodes. 

In citro metabolic epimerization of ibuprofen 
In an attempt to further substantiate the mechanism 

elucidated from the in vivo experiments, we turned our 
attention toward the development of active subcellular 
preparations. Recently, the occurrence of this metabolic 
event in isolated rat hepatocytes has been demon- 
strated [9,10], which agrees with the general supposi- 
tion derived from the pharmacokinetie studies that the 
liver and kidney are the major organs responsible for 
this bioconversiop. [19]. Nonetheless, in our study, when 
ibuprofen was incubated with liver homogenates in the 
presence of all the necessary cofactors, no acyl-CoA 
formation was detected by the hydroxylamine trapping 
method, nor were changes in the enantiomerie compo- 

TABLE I 

Percent plasma distributions of R- and S-ib,profen and their corresponding tert-hydroxy metabolites lotlowing oral administration of antipt~lal 
ibuprofen to ;arious attimals " 

Antipode R-Ibuprofen S-lbuprofen 
administered 

R-lbu t, S-lbu r-OH t-Otf R+llou S-lbu t-OH t-OH 
c~ Distribution R-Ihu t, S-Ibu R-IBu S-Ibu 

in plasma 

Rats 8.2 5.3 56.5 3fl.0 3.5 23.9 5.8 66.8 
(n = 3) ( _+ 1.2) (+0.7) (+7.8) ( + 5.4,~ ( + 1.2) (-+5.4) (±  1.1) (_+8.5) 

Guinea pigs 25.4 36.5 18.4 19.7 19.2 37.9 7,0 35.9 
( n =  3) (-+2.8) {-+5.2) (+_3.5) (-+ 1.9) (+_3.2} (_+7.8) (+_i.5) (-+9,8) 

Rabbits 20.8 7.7 44 +,'~ 26.9 4.5 16.9 11 .(t 67.6 
(~ - 3) ( -+ 3 .4)  ( + 1.2) ( ± 7.7)  ( ~: 5 ,2)  ( _+ 0+7) ( _+ 25) 1 +_ 2.1 ) ( + 12.3) 

Humans 32.(t 6.9 46 3 14.8 < 2 a 25 < 2 d 71 
(n = 4) (+7.8) ( +~ 1.5) (+9.2) (-+3.71 (-+ I1) (-+ 13) 

" The plasma samples v,.ere prepared at 30, 15.30 and 120 rain after dosing for rats, rabbits, guinea pigs and humans, respectively according to 
the procedure de~.ribed under "Materials and Me~hods"+ 
Ibu: ibuprofen; t-OH lbu: tert-hydroxylated ibuprofen. 

' Values represent the mean of three to four subjects. 
'J The values can not be determined accurately dae to the presence ot r.ainute quantities of intertering impurities. 



sition of the recovered ibuprofen noted (ee _> 97%). 
The lack of bioconversion of ibuprofen prompted us to 
examine this metabolic transformation using ibupro- 
fen-CoA thioester as the substrate. Evidently, this 
thioester substrate could allow us to bypass the enzy- 
matic acyl-CoA formation and to assess the epimeriza- 
tion directly. 

The chemically synthesized CoA thioester of (R)- 
ibuprofen was incubated with rat liver homogenates 
without the addition of any cofactor. Only small 
amounts of ibuprofen were detected after incubating 
the mixture for 2 h, indicating the presence of weak 
thioesterase activity in the subcellular preparations. At 
various time intervals, the CoA ester in the solution 
was recovered as its corresponding hydroxamic acid 
which was then subjected to acid hydrolysis to yield 
ibuprofen. Enantioselective HPLC analysis of the re- 
covered ibuprofen revealed rapid declines in the R/S  
ratio. As evideaced from Fig. 2A and B, the extents of 
conversion depended on both protein concentration 
and incubation time. This enzyme preparation also 
catalyzed the epimerization of (S)-ibuprofen-CoA with 
even greater efficiency under the same conditions. The 
apparent catalytic rates were 0.24 and 0.60 ttmol/5 
t i n  per mg protein for (R)- and (S)-ibuprofen-CoA, 
respectively, in crude liver homogenates. Also, it is 
interesting to note that this epimerization reaction 
reached an equilibrium slightly in favor of (R)-ibupro- 
fen-CoA, of which the biochemical significance re- 
mains to be explored. The speculative role of a nonen- 
zymatic process [1] in effeeting the inversion was ex- 
cluded by the control experiment where (R)-ibuprofen- 
CoA ester was exposed to a boiled enzyme prepara- 
tion. Even after prolonged incubations, no appreciable 
amounts of (S)-ibuprofen-CoA could be detected. 

Identification of organs responsible for ibuprofen epimer- 
ization 

Tissue homogenates prepared from rat kidney, in- 
testine, heart, lung and muscle were tested for the 
epimerase activity. Table II thus shows the apparent 
conversion rates of both (R)- and (S)-ibuprofen-CoA 
esters in various cell-free preparations. A:, shown, this 
biotransformation mainly occurs in the liver and k:.:l- 
ney. Only low le,,els of epimerase activ'~ty were de- 
tected in other tissues, accounting for approx. 5% of 
that in the liver or kidney. It should be noted that, in 
all the tissues tested, the apparent conversion rates for 
(S)-ibuprofen-CoA were higher than those for the R- 
counterparts, and the ratios of these two rates ap- 
peared to be consistent (approx. 2.5). 

Discussion 

To date, three distinct proposals [1,2] have been 
raised to account for this epimerization mechanism, in 
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Fig. 2. lbuprofen-CoA epimerization as a function of (A) time and 
(B) of protein concentration. In the t ime-dependency study (A), 
curve a represents  the enzymatic inversion of R-ibuprofen-CoA in 
rat liver homogenates .  The tbioester (2.5/zmol) was incubated with 5 
ml of  the cell free preparation (2.8 mg pro te in /ml)  for the indicated 
time intervals and the reaction was terminated by adding 2 ml of 2.8 
M hydrox'ylamine (pH 7.0) to the solution. The enantiomeric compo- 
sition of the  resulting ibuprofen was determined according to the 
procedure described under  Materials and Methods. Curve b is the 
progressive curve for S-ibuprofen-CoA inversion. The experimental 
conditions were virtually the same as described above except that the 
concentration of the liver homogenale  was 1.5 mg /ml .  In the protein 
concentration profile (B), R- and S-ibuprofen-CoA (25 umol) ,  rep- 
resented by curves a and b, respectively, were exposed to 5 ml of  
liver homogenates  with various dilutions. The mixture was incubated 
for 5 min and the reaction was terminated according to the afore- 
mentioned procedure. Experimental details are described under  
Materials and Methods. The  experimental values are the mean of 
duplicate determinations from two separate experiments, e. R- 

ibuprofen-CoA; U~ S.ibupn~fen-CoA. 

which the nature of the reaction intermediate consti- 
tutes the focus of dispute. Nonetheless, based on the 
present evidence and the previously reported data [6- 
9], the proton abstraction mechanism appears to be 
responsible for this metabolic event in all tested species 
of mammals despite marked discrepancy in their phar- 
macokinetic behavior. The alternative oxidoreductive 
mechanisms are clearly refuted by the results from the 
deuterium-labeling studies. In addition, direct evidence 
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giving support to this view came from the in vitro 
epimcrization of ibuprofen-CoA thioester in liver sub- 
cellular preparations. Fig. 2 clearly illustrates the piv- 
o~.al role of 2-a~'lpropionyI-CoA epimerase in catalyz- 
ing the configurational inversion, It is interesting to 
note that the epimerase mediates the conversion from 
either direction. 

2-a ~-!propionyI-CoA 
epimcra.,,c 

R-ibuprofen-CoA ~ S-ibuprofcn-CoA 

Relatively, the catalytic efficiency of (S)-ibuprofen-CoA 
epimerization is greater than that of the (R)-counter- 
part, which is in line with the observation that the 
reaction attained equilibrium in favor of (R)-ibupro- 
fen-CoA. 

Examination of this epimerase activity in various 
tissue subcellular preparations indicated that the en- 
zyme was higl-dy tissue specific. This reaction mainly 
took place in the liver and kidney, whereas only low 
levels of enzyme activity were associat-'d with other 
tissues. This finding is in favor of the systemic transfor- 
mation proposed by several investigators [19,20]. Nev- 
ertheless, even though the inversion occurs in a sys- 
temic manner, a progressive increase in the S / R  ratio 
upon the administration of the (R)-isomer may not be 
observed due to the reversible nature of this reaction, 
which contradicts the kinetic model formulated by Ja- 
malt and his co-workers [21]. In our previous report [7] 
in which the time course of (R)-ibuprofen metabolism 
in rats was studied, the S / R  ratios of the recovered 
ibuprofen and its tert-hydroxy metabolite appeared to 
be unchanged within the period of investigation (90 
mini. Presumably, during the inversion, the CoA 
thioester formation inside the cells is the rate-limiting 
step and the subsequent epimerization reaches an 
equilibrium almost instantaneously. This speculation is 
,'urrently under investigation in this laboratory using an 
in vivo NMR technique. 

On the other hand, attempts to effect ibuprofen 
racemization in tissue homogenates were not successful 
in this study even when all the necessary cofactors were 
present. This is consistent with the results reported by 
a number of groups [22-24]. Apparently, the failure to 
characterize this bioconversion resalts from the lack of 
enzymatic acyI-CoA synthesis in the homogenates. 
Many acyt-CoA synthetases displaying distinct sub- 
strate specificity have been identified in mammalian 
cells [25-28]. As most of these activities are associated 
with the ~articulate fractions, it is probable that the 
responsible enzyme(s) fails to gain access to the sub- 
strate a n d / o r  cofactors due to the compartmentational 
arrangement of the membrane structures. 

In addition, as implied by the poor stereochemical 
discrimination in the epimerase catalysis, the step of 
acyl-CoA formation assumes a crucial role in control- 
ling the stereoseleetivity and turnover rate of this 
metabolism. This conclusion is suppor'~ed by the recent 
evidence of stereoselective ibuprofen-CoA formation 
catalyzed by rat liver microsomes [29,30]. Nevertheless, 
it is possible that the responsible acyI-CoA synthetase(s) 
in different species of animals may exert the reaction 
with different degrees of enantiomeric preference and 
efficiency. As a consequence, the resulting stereochem- 
teal outcome of this metabolic inversion varies accord- 
ingly. As shown in Table I, for animals such as guinea 
pigs, this biotransformation proceeds in both directions 
with nearly the same efficiency, whereas it is virtually 
unidirectional in humans. In addition, the species vari- 
ation in the rate of metabolic inversion may also be 
accounted for by the catalytic efficiency of the thioester 
synthetases in different animals. 

A final note regarding the hydroxylamine trapping 
techniqoe employed in this study is that it provides a 
facile method for isolating the acid moiety from acyl- 
CoA under mild and neutral conditions, since CoA 
thioester can not easily be recovered. One ought to 
bear in mind that since the alpha-proton of ibuprofen 

TABLE 11 

Apparent Rates of R. and S-ibuprofen.CoA epimerizarton in rarious rat tissue homogenate.~ a 

S-ibuprofen-CoA R-ibuprofen-CoA Vs / i/g b 
(#tool/rag protein per 5 mini (/.tmol/rag protein per 5 mini 

Liver 0.60 ±0J, t7 0.24 _+0.02 2.5 
Kidney 0.95 _+0.03 0.37 +_0.02 2.6 
Intestine 0.025 ± 0.006 0,0! 1 -+ 0.003 2.3 
Muscle 0.037 ± 0.004 0.015 +_ 0.004 2.5 
Lung 0.043 ± 0.011 0.(117 _+ 0.005 2.5 
Heart 0.045 ± 0.013 0.020 + 0.0118 2.3 

" R- and S-ibuprofen-CoA were exposed to various tissue homogenates with appropriate dilutions, resl~ectively. The mixture was incubated at 
25°C for 5 rain, and the reaction was terminated by adding hydroxylamine to the solution. Experimental details are de~ribed under Materials 
and Method,< 

h Vs / VR is the ratio of the apparent conversion rate of S-ibuprofen-CoA to that of the R-counterparl. 



thioester is fairly acidic (pK~ -- 10.3) [7], alkaline treat- 
ments to hydrolyze the acyI-CoA may lead to concomi- 
tant chemical racemization. On the other hand, it wa,,; 
indicated in our experiments that the acid hydrolysis 
gave rise to several unidentified impurities which might 
derive from CoA fragments. These contaminants 
caused interference in the subsequent HPLC analysis. 

in summary, the following conclusions can be put 
forth from the present study: (a) this metabolic inver- 
sion proceeds via a proton abstraction process medi- 
ated by a CoA-dependent epimerase whose identity 
still remains unclear; (b) the liver and kidney are the 
major organs where this bioconversion takes place; (c) 
since the epimerase-mediated reaction is reversible, 
stereoselectivity control of this metabolism lies in the 
step of acyI-CoA synthesis; therefore, (d) as reflected 
from the enantiomeric preference of the responsible 
acyl-CoA synthetase(s), individual ~pecies of animals 
exert the metabolic inversion with different degrees of 
stereochemical selectivity and efficienq'. 

At present, the purification and characterization of 
this '2-arylpropionyl-CoA epimcrase' from rat livers 
re~resent the focus of this irvestigation and the 
progress will be reported duly. 
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