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ABSTRACT Although it has been assumed that the effects of nonsteroidal antiin-
flammatory drugs (NSAIDs) are mainly the result of their action on local synthesis of
prostaglandins, there is growing evidence to suggest that they may also exert a central
analgesic action. Some authors have suggested that inhibition of prostaglandin synthesis
in the brain could contribute to the analgesic action. The effect of dexketoprofen tro-
metamol (tromethamine salt of the enantiomer (+)-S-ketoprofen) on prostaglandin
synthesis was investigated in rat brain fragments and in cyclooxygenase preparations
from rat brain microsomes. Effects of the (−)-R-enantiomer and the racemic mixture
were also evaluated. Significant levels of prostaglandin F2a (PGF2a) were synthesized in
rat brain fragments after 10 min of incubation at 37°C. Dexketoprofen was found to
be a potent inhibitor of this PGF2a production in rat brain (IC50 = 6.2 nM), and it
completely suppressed PGF2a production at 1 µM concentration. In addition, inhibition
of PGF2a synthesis by dexketoprofen was highly stereoselective since the enantiomer
(−)-R-ketoprofen was significantly less potent (IC50 = 294 nM); with this enantiomer, even
at high concentrations such as 1 µM, less than 60% inhibition was achieved. These
results correlated with those obtained in the study of racemic ketoprofen and its enan-
tiomers on cyclooxygenase activity of rat brain microsomes, where dexketoprofen also
inhibited enzymatic activity stereoselectively. IC50 values obtained for dexketoprofen,
(−)-R-ketoprofen, and rac-ketoprofen were 3.5 µM, 45.3 µM, and 5.8 µM, respectively.
The above results could be related to the potent analgesic effect of dexketoprofen
observed in vivo, which was also stereoselective. Taken together, these findings suggest
that prostaglandin synthesis inhibition in rat brain by dexketoprofen could be associated,
at least in part, with the analgesic effect of this NSAID. Chirality 9:281–285, 1997.
© 1997 Wiley-Liss, Inc.
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Although several mechanisms have been proposed to
explain the pharmacological effects of nonsteroidal antiin-
flammatory drugs (NSAIDs), the suppression of prosta-
glandin synthesis is believed to be of the greatest impor-
tance in the antiinflammatory and analgesic activities of
these compounds.1 In fact, it has been demonstrated in
various experimental models that inhibition of cyclooxy-
genase correlates with the therapeutic effects as well as
with some of the side effects of NSAIDs. However, whereas
the antiinflammatory potency of NSAIDs can be correlated
to the inhibition of this enzyme, the relation between their
antinociceptive activity and their potency as cyclooxygen-
ase inhibitors is more controversial. It has been assumed
that the analgesic behavior of NSAIDs is the result of their
effect on local synthesis of prostaglandins; in fact, the an-
tinociceptive effect of NSAIDs is well correlated with their
antiinflammatory activity.2,3 However, there is growing evi-
dence to suggest that NSAIDs may also exert a central
action in addition to a peripheral action,4–7 and some au-
thors have suggested that prostaglandin synthesis inhibi-
tion in the brain could contribute to the analgesic effects.8

Previous studies have demonstrated that inhibition of
cyclooxygenase by the NSAID ketoprofen is highly
enantioselective and that this effect is caused by the enan-
tiomer (+)-S-ketoprofen (dexketoprofen).9–11 In addition,
enantioselectivity was observed in vivo, and not only the
antiinflammatory action but also the analgesic effect of
ketoprofen in several animal models has been found to
be predominantly due to (+)-S-ketoprofen.12 Taking to-
gether all these findings and that prostaglandins synthe-
sized in the brain are presumably involved in nociception,
we have investigated the effect of the tromethamine salts of
(+)-S-ketoprofen, the (−)-R-enantiomer, and racemic keto-
profen on prostaglandin synthesis in rat brain fragments
and in the inhibition of cyclooxygenase activity isolated
from rat brain microsomes. These in vitro studies have
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been used in order to avoid the inversion process of (−)-
R-ketoprofen in the rat,13,14 which would be observed ex
vivo.

MATERIALS AND METHODS
Chemicals

Tromethamine salt of (+)-S-ketoprofen dexketoprofen
trometamol was synthesized at the Instituto Quı́mico de
Sarria (Barcelona, Spain). Tromethamine salts of rac-
ketoprofen and (−)-R-ketoprofen were synthesized in Labo-
ratorios Menarini, S.A. The optical purity of both enantio-
mers, measured by a direct enantiospecific high-
performance liquid chromatographic (HPLC) method
using a Chiracel-OJTM column (Daicel Chemical Industries
Ltd., Japan) was >99%.15,16

Bovine serum albumin (BSA) (fatty acid poor), ethylene-
diaminotetracetic acid (EDTA), epinephrine, reduced glu-
tathione (GSH), arachidonic acid, as well as all of the in-
organic salts employed in buffers were obtained from
Sigma (St. Louis, MO). Prostaglandin F2a (PGF2a) was
measured by the Prostaglandin F2a-Monoclonal Enzyme
Immunoassay Kit from Cayman Chemical Company (Ann
Arbor, MI).

Release of PGF2a From Rat Brain Fragments

Inhibition of prostaglandin production in rat brain was
determined as follows: Male Sprague-Dawley rats (180–230
g) were killed by ether anesthesia, and brains without cer-
ebellum were rapidly excised. Organs were washed in ice-
cold saline and then cut into small tissue fragments (about
1–3 mm3). Fragments of one-half of the brain (500 mg)
were incubated in 3.0 ml of oxygenated Tyrode solution
(pH 7.4) at 37°C for 10 min in the presence of the inhibitor
or vehicle. Incubations were terminated by brief centrifu-
gation to remove tissue fragments. The resulting superna-
tants were stored at −80°C until levels of PGF2a were de-
termined by a specific competitive enzyme immunoassay

(EIA). Baseline levels were the levels of PGF2a (6824 ± 426
pg/g brain; Fig. 1) released from brain fragments at the
zero time of incubation in the absence of inhibitor. Baseline
was subtracted from all of the values obtained in the pres-
ence of different concentrations of compounds, after 10
min of incubation. Picograms of PGF2a/g brain were cal-
culated from data obtained by EIA. These values were used
to calculate the inhibition percentages with respect to the
control group in the absence of inhibitor. Percent inhibi-
tion values were plotted versus compound concentration
(Fig. 2), and IC50 for each treatment was estimated from
the plot.

Cyclooxygenase Activity in Rat Brain Microsomes

The enzymatic generation of PGF2a resulting from the
catalytic activity of the fatty acid cyclooxygenase was quan-
tified in microsomal preparations from rat brain, according
to the method described by Lysz et al.,17 with minor modi-
fications.

Preparation of microsomes Brains from Sprague-
Dawley rats (200–250 g) were dissected and hand-homog-
enized in 4 vol (1.4 g brain/7 ml) of cold 0.1 M potassium
phosphate buffer containing 1% BSA (essentially fatty acid-
free) and 10 mM EDTA, (pH 7.4). EDTA and BSA were
used to reduce the activity of calcium-dependent phospho-
lipase A and to protect the cyclooxygenase from autocata-
lytic destruction by released fatty acids. Homogenates
were centrifuged at 8000 g for 15 min at 4°C and the re-
sulting supernatant fraction at 100,000 g for 60 min at 4°C.
The pellet (microsomes) was washed three times with
0.1 M potassium phosphate buffer (pH 7.4) and resus-
pended in the same buffer. The protein concentration was
determined using the method of Bradford18 with BSA as
standard.

Fig. 1. Time course of PGF2a (pg/g tissue) release by rat brain frag-
ments. After extraction and excision, washed brain fragments were incu-
bated for different times in oxygenated Tyrode solution (pH 7.4) at 37°C,
in the absence of inhibitor, and levels of PGF2a were determined by en-
zyme immunoassay (EIA) as described in ‘‘Material and Methods.’’ Each
value represents the mean ± SEM of at least n = 4 animals. *P < 0.05
significant difference as compared to levels released at zero time.

Fig. 2. Concentration-response curves for inhibition of PGF2a synthesis
in rat brain fragments by dexketoprofen (d), (−)-R-ketoprofen (s), and
rac-ketoprofen (j). Compounds were incubated with brain fragments for
10 min at 37°C in oxygenated Tyrode solution (pH 7.4), as described in
‘‘Materials and Methods.’’ Basal levels of prostaglandin production (zero
time) were subtracted from all of the values. Results (mean ± SEM of n =
4–10 animals) are expressed as percentage inhibition with respect to the
control group in the absence of inhibitor. Statistically significantly differ-
ences from percent inhibition caused by dexketoprofen: *P < 0.05.
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Cyclooxygenase activity: synthesis and determination
of PGF2a Inhibitors were first dissolved in a small vol-
ume of ethanol and diluted before use. Compounds were
incubated with microsomal preparations (0.3 mg protein)
for 5 min at room temperature. Then, the enzymatic reac-
tion was started by addition of substrate, exogenous ara-
chidonic acid (24 µM), and cofactors—epinephrine (1 mM)
and GSH (1 mM)—in 200 µl final volume. After 60 min at
37°C, the reaction was terminated by freezing at −80°C.
PGF2a production was determined by EIA. Baseline was
determined in reaction mixture without enzyme prepara-
tions. Inhibitory potencies, expressed as percent inhibition
with respect to the control group in the absence of inhibi-
tor, were calculated from EIA data and plotted versus
tested concentrations. IC50 for each treatment was esti-
mated from the plot.

Statistics
Results obtained in studies with COX from rat brain mi-

crosomal preparations were shown as the means ± SD. The
n values indicate the number of experiments. In the case of
rat brain fragments, results were plotted as the mean with
standard error of the mean (SEM), where n is the number
of animals used. Statistical analysis of individual percent
inhibition values was performed by Student’s unpaired t
test, with a probability value of P < 0.05 regarded as sig-
nificant. IC50 values were estimated from the plot of log
drug concentration versus percent inhibition by a simple
regression analysis, and 95% confidence limits were given.

RESULTS

In order to elucidate if prostaglandins were synthesized
after extraction and fragmentation of the rat brain, a pre-
liminary experiment was conducted. Levels of PGF2a re-
leased from rat brain fragments after different periods of
incubation in oxygenated Tyrode solution (pH 7.4) at 37°C
(0–60 min) were determined in the absence of compound.
Results (Fig. 1) demonstrated that the synthesis of PGF2a

was time-dependent in brain fragments. Although the pro-
duction of PGF2a continued throughout the 60 min incu-
bation period, significant amounts were detected after 10
min of incubation (16245 ± 2077 pg PGF2a) compared with
levels released at zero time (6824 ± 426 pg PGF2a/g brain).
Therefore, the inhibitory effect of dexketoprofen and other
NSAIDs on prostaglandin production in rat brain frag-
ments can be quantified.

Inhibition of PGF2a synthesis in fragments of rat brain
by the tromethamine salts of ketoprofen enantiomers was
then assessed. In all cases, amounts of PGF2a synthesized
at zero time of incubation were subtracted from values
obtained after 10 min of incubation in the presence of com-
pound. Results, plotted in Figure 2, show that dexketopro-
fen markedly inhibited PGF2a production in rat brain frag-
ments under our experimental conditions, with IC50 = 6.2
nM. Moreover, the generation of PGF2a was completely
suppressed when 1 µM dexketoprofen was incubated with
portions of tissue. This inhibition of PGF2a production is a
highly stereoselective process. Thus, dexketoprofen was
four times as active as the racemate (IC50 = 24.7 nM), and
the (−)-R-enantiomer was significantly less potent (IC50 =

294 nM) and did not reach 60% inhibition at concentrations
such as 1 µM (Table 1).

These results correlate with those obtained after study-
ing the effect of dexketoprofen, (−)-R-ketoprofen, and rac-
ketoprofen on cyclooxygenase activity purified from rat
brain microsomes (Fig. 3). Dexketoprofen was a potent
inhibitor of rat brain cyclooxygenase (PGF2a synthesis),
with IC50 = 3.5 µM (Table 2), and it entirely blocked enzy-
matic activity above 100 µM. Cyclooxygenase activity of rat
brain microsomes was also stereoselectively inhibited by
dexketoprofen since (−)-R-ketoprofen was 13 times less
active than the cyclooxygenase inhibitor, its IC50 being
45.3 µM.

DISCUSSION

In the present study, we have shown that the in vitro
generation of PGF2a in rat brain is markedly and stereo-
selectively inhibited by dexketoprofen ([+]-S-ketoprofen)
in two different systems. First, in fragments of tissue incu-
bated under appropriate conditions, prostaglandins being
formed from endogenous substrate and second, when ex-
ogenous arachidonic acid was added and converted into
prostaglandins by cyclooxygenase-enriched preparations
of rat brain microsomes.

It is well known that the peripheral inhibition of prosta-
glandin synthesis in inflammatory cells and tissues may
explain the analgesic effect of NSAIDs, but the role of
these mediators in their central actions is still under dis-
cussion. NSAIDs such as ketoprofen cross the blood-brain
barrier and can reach the brain structures involved in the
regulation of pain sensation.19 In addition, the existence of
a central component in the analgesic action of ketoprofen
has been evidenced, and supraspinal structures appear to
be crucial in the mechanisms of this central effect.20 We
found that rat brain portions, under appropriate conditions,
are able to generate prostaglandins (PGF2a) in a time-
dependent manner, as was previously observed by Peskar
et al.8 in several rat organs. These authors demonstrated
that prostaglandin production in several organs, including
brain, was inhibited by flurbiprofen. Although brain PGE2
levels have been measured by several authors, the time
course of PGF2a biosynthesis paralleled the rate of PGE2
formation in the microsomes prepared from the rat brain,
as previously shown by Lysz et al.17 These authors also
observed that rat brain PGE2 and PGF2a production were

TABLE 1. Inhibitory potencies, expressed as IC50, of
dexketoprofen, (−)-R-ketoprofen, and rac-ketoprofen, on

PGF2a production by rat brain fragments

Compound IC50 (nM)
95% Confidence

limits

Dexketoprofen 6.2 1.18–18.24
(−)-R-etoprofen 294 N.D.
rac-ketoprofen 24.7 7.48–55.8

Compounds were incubated with brain fragments for 10 min at 37°C as
described in ‘‘Materials and Methods.’’ IC50 values were estimated from
the plot of Figure 2 by a simple regression analysis, and 95% confidence
limits were given.
N.D., not determined.
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inhibited to the same extent in response to NSAID treat-
ment. To compare the effects of the pure enantiomers
of ketoprofen on prostaglandin release from brain, ex vivo
experiments cannot be performed in the rat since a
high degree of bioinversion is observed when the
(−)-R-enantiomer is administered orally.13,14,21 Thus, for
better comparison we assessed the effects of these com-
pounds when brain portions were incubated in oxygenated
Tyrode solution in the presence or absence of compounds
at 37°C for 10 min, according to a procedure previously
described elsewhere.8 At this time point, PGF2a production
in the absence of inhibitor was significantly different from
production at zero time, and inhibition by dexketoprofen
was also significant. Under our conditions, dexketoprofen
stereoselectively inhibited prostaglandin release from rat
brain. These findings demonstrate that the ability of keto-
profen to inhibit prostaglandin biosynthesis in rat brain is
mainly due to the (+)-S-enantiomer as it occurs in other
cells and tissues.9–11 In fact, dexketoprofen is 47 times
more active than (−)-R-ketoprofen when IC50 values were
compared.

The stereoselective inhibition of prostaglandins released
from rat brain was confirmed with preparations of cycloox-
ygenase from rat brain microsomes, to which exogenous
arachidonic acid was added as substrate. COX activity pu-
rified from rat brain microsomes was quantified as PGF2a

generation. We found that COX activity was stereoselec-
tively inhibited by dexketoprofen, the (+)-S-enantiomer be-
ing 13 times more potent than the (−)-R-enantiomer. In this
system, (−)-R-ketoprofen inhibited COX activity, but this
effect was significant only at high concentrations (>100
µM), suggesting that this inhibitory action was due to non-
specific effects rather than to direct enzymatic interaction.
These results parallel the steroselectivity observed in cells

and are well correlated with the effect of other NSAID
enantiomers.8

Although inhibitory potencies (IC50) found using
microsomal preparations were very different from those
obtained in brain fragments, the stereoselective effect of
(+)-S-ketoprofen was evident in both systems. The fact that
rac-ketoprofen and its enantiomers were more potent in
inhibiting PGF2a production in rat brain fragments than
microsomal COX may well be due to the fact that the brain
fragments utilize endogenous sources of arachidonate,
whereas exogenous arachidonic acid was added to micro-
somes. Similar differences were previously observed by
several authors when the effect of COX inhibitors, such as
NSAIDs, were studied on intact cells and purified en-
zymes.22–24 These authors suggested that results from in-
tact cell and tissue preparations may correlate better with
biological activity in animals and humans.

It is well known that the inducible form of cyclooxygen-
ase (COX-2) is expressed in rat brain, and its distribution
has been mapped.25–27 However, the role of this isoenzyme
in the central nervous system remains unclear. In addition,
not only has the effect of rac-ketoprofen on COX-2 been
well described28–30 but it has been reported11,31 that COX-2
activity, evaluated in several biological systems, was ste-
reoselectively inhibited by (+)-S-ketoprofen in a similar
way to COX-1, suggesting that inhibition of the inducible
enzyme by rac-ketoprofen should be attributed to its
(+)-S-enantiomer. It appears to be very difficult to distin-
guish between the inhibition of two rat brain cyclooxygen-
ases in our in vitro systems, without the previous isolation
of the isoenzymes. Moreover, since the enantioselective
effect of (+)-S-ketoprofen on COX-1 paralleled the blockade
of COX-2 activity, no significantly different behavior would
be expected when comparing the effects of separate iso-
forms with the results obtained in brain fragments or mi-
crosomal preparations. Therefore, in this work using mi-
crosomal preparations, COX activities were not studied in-
dividually. However, it would be very interesting to
determine in further studies whether isoforms of cycloox-
ygenase purified from rat brain are inhibited in a similar
way to COX-1 and COX-2 from other cells or tissues.

On the other hand, the analgesic effect of several
NSAIDs of the 2-arylpropionic acid class have been de-

TABLE 2. Inhibitory potencies, expressed as IC50, of
dexketoprofen, R-(−)-ketoprofen, and rac-ketoprofen, on

cyclooxygenase activity (PGF2a synthesis) by rat
brain microsomes

Compound IC50 (µM)
95% Confidence

limits

Dexketoprofen 3.5 1.3–5.3
(−)-R-ketoprofen 45.3 21.6–78.3
rac-ketoprofen 5.8 2.2–10.8

Compounds were incubated with enzyme preparations for 5 min, and the
reaction was initiated by substrate and cofactor addition. Reaction was
terminated after 60 min at 37°C by freezing at −80°C as described in
‘‘Materials and Methods.’’ IC50 values were estimated from the plot of
Figure 3 by a simple regression analysis, and 95% confidence limits were
given.

Fig. 3. Concentration-response curves for inhibition of rat brain cyclo-
oxygenase activity (PGF2 a synthesis) from microsomal preparations by
dexketoprofen (d), (−)-R-ketoprofen (s), and rac-ketoprofen (j). Com-
pounds were incubated with enzyme preparations for 5 min. After this
period, enzymatic reaction was started by addition of substrate and cofac-
tors as described in ‘‘Materials and Methods.’’ After 60 min incubation at
37°C, the reaction was stopped by freezing at −80°C. Results represent
percentage inhibition with respect to the control group in the absence of
inhibitor, and values are the mean ± SD of at least three experiments
performed on different days. Statistically significant differences from per-
cent inhibition caused by dexketoprofen: *P < 0.05 and **P < 0.005.
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scribed in several animal models. In all cases, the (+)-S-en-
antiomers were more potent than the (−)-R-enantio-
mers.12,32,33 Therefore, taking together the stereoselective
antiociceptive action in vivo and the preferential inhibition
of brain prostaglandin production by dexketoprofen, it
could be suggested that the inhibition of cerebral prosta-
glandin synthesis by dexketoprofen could be related, at
least in part, to its analgesic effect.
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