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ABSTRACT To determine the effect of arthritis on the disposition of flurbiprofen
(FP) and its acyl glucuronide (FPG) as well as formation of covalent adducts with plasma
protein, a pharmacokinetic study was carried out in adjuvant-induced arthritic (AA) rats.
In control animals the pharmacokinetics of FP were stereoselective following intrave-
nous bolus injection of rac-FP: (–)-(R)-FP showed higher plasma clearance (CLtot) and
shorter mean residence time (MRT) compared to (+)-(S)-FP. The CLtot and clearance for
the glucuronide formation (CLglu) of both enantiomers in AA rats were extremely in-
creased compared to those in control rats. Increased total clearance in AA rats was due,
at least in part, to a remarkable increase in the plasma unbound fraction of FP, consistent
with a decrease in the plasma albumin level. The yield of covalent binding of FP to
plasma protein in AA rats was less than that in controls, being consistent with the
decrease in the plasma acyl glucuronide level. Chirality 15:423–428, 2003.
© 2003 Wiley-Liss, Inc.
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In clinical situations 2-arylpropionate nonsteroidal anti-
inflammatory drugs (2-APA) except for naproxen are com-
monly used in their racemic form, even though it is well
known that the desired therapeutic properties of 2-APA
reside almost exclusively with the (S)-enantiomer. A spe-
cial characteristic of 2-APA is the formation of a covalent
adduct with protein via reactive acyl glucuronide metabo-
lites. It seems that these covalent adducts are responsible
for some immunological side effects of NSAIDs.1 Although
enantioselective pharmacokinetic studies for 2-APA have
been extensively performed in animals and humans,2–9

there are few reports regarding the pharmacokinetics of
the acyl glucuronide of 2-APA and the following covalent
adduct formation in arthritis.

Inflammations such as rheumatoid arthritis reduce he-
patic clearance of many drugs, with unknown therapeutic
consequences. Adjuvant-induced arthritis (AA) in rats is an
accepted model for human rheumatoid arthritis. Several
reports have shown that the pharmacokinetics of propran-
olol,10,11 acebutolol,12 and cyclosporine13 are altered in AA
rats. Mechanisms involved in these altered pharmacokinet-
ics include changes in plasma protein binding and an im-
paired metabolism by cytochrome P-450. Most 2-APA
drugs are highly bound to albumin and are mainly elimi-
nated by glucuronidation in liver. Meunier and Verbeeck
have recently reported the stereoselective glucuronidation
of ketoprofen in AA rats.14 They showed that AA in rats
leads to a significant impairment in the in vivo glucuroni-
dation of ketoprofen. Consequently, the disposition of

drugs that exhibit low hepatic extraction, such as NSAIDs,
can be especially affected by pathophysiological changes in
arthritis.

This study was carried out to examine the effect of AA on
the stereoselective pharmacokinetics of FP and a metabo-
lite, acyl glucuronide (FPG), after i.v. administration of rac-
FP. In addition, it was designed to determine whether the
covalent binding of FP to protein formed via acyl glucuro-
nide would be affected in AA. To simplify the pharmacoki-
netic interpretation, we selected FP as the model com-
pound, which is inverted in rats only to a negligible extent
from the (R)-enantiomer to the (S)-enantiomer, unlike ke-
toprofen and ibuprofen.

MATERIALS AND METHODS
Materials

Rac-FP was purchased from Wako Pure Chemical Indus-
try (Osaka, Japan) and FP enantiomers were kindly sup-
plied by Sumitomo Pharmaceuticals Co. (Osaka, Japan).
The chemical purity exceeded 99.0% for each enantiomer
as determined by HPLC. The optical purities of (–)-(R)-FP
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and (+)-(S)-FP were 97.1% e.e. and 97.5% e.e., respectively.
Naproxen and etodorac, internal standards for HPLC, were
obtained from Sigma Chemical Co. (St. Louis, MO) and
Nippon Shinyaku Co. (Kyoto, Japan), respectively. All
other chemicals and solvents were of the best purity com-
mercially available or of HPLC grade.

Animal Experiments
Male Wistar rats weighing 200–250 g (6–8 weeks old)

were used. For AA induction, animals were immunized
under light ether anesthesia by injecting into the right hind
footpad and tail base 0.05 ml in each of a suspension of 10
mg/ml heat-killed Mycobacterium butyricum (Difco, De-
troit, MI) in Bayol F oil. The control group received 0.05 ml
of Bayol F oil. To follow the development of arthritis, hind-
paw swelling of the contralateral ankle was measured using
a plethylsmometer. Hindpaw swelling was calculated from
the following formula: Percentage swelling = (V – V0)/V0 ×
100, where V0 and V represent hindpaw volume before and
after adjuvant injection, respectively. On the day before
drug administration, a cannula (silicone tubing; I.D., 0.5
mm, O.D., 1.0 mm) was implanted in the right jugular vein
under pentobarbital anesthesia (40 mg/kg, i.p.). On day 21
after AA induction, animals received i.v. rac-FP (20 mg/kg)
through the jugular vein cannula, followed by 0.3 ml of
sterile heparinized saline to flush the tubing. Blood
samples were withdrawn in syringes containing heparin
and centrifuged without delay at 13,000 rpm for 45 sec.
Because of the instability of acyl glucuronides in biological
fluids, plasma was separated immediately and transferred
to a sample tube containing 5 µl of 17% phosphoric acid.
This mixture was immediately frozen on dry ice and stored
at –80°C until analysis. For the studies on biliary excretion,
an additional cannula (PE-50 polyethylene tubing) was
placed in the bile duct of a second group of animals. Intact
rats for plasma disposition studies were sham-operated,
but no cannula were introduced in the bile. For up to 10 h
after administration, bile samples were collected from the
bile duct-cannulated rats into preweighed vials containing
20 µL of 17% phosphoric acid. The vials were kept on dry
ice to freeze the bile specimens, which were kept frozen
until analysis.

Reversible and Irreversible Protein-Binding Study
In vitro binding of rac-FP (at a total concentration of 24

µg/ml) was determined by ultrafiltration of plasma
samples from control and AA rats untreated with FP
(MINICENT-10, Tosoh, Tokyo, Japan). In vivo plasma pro-
tein binding was also measured after i.v. administration of
rac-FP (20 mg/kg). Preliminary studies indicated that FP
did not bind to the ultrafiltration device. Plasma protein
and albumin concentrations were determined by the Lowry
and the bromocresol green binding methods, respectively.

In vivo irreversible binding of FP to plasma protein was
measured at 60 min postdrug dosing by the method of
Bischer et al.15

Glucuronidation Activities and Cytochrome P-450
Contents in Liver Microsome

Rat liver microsomal UDP-glucuronyl transferase (UGT)
activities toward FP enantiomers were determined. After

incubating 1 mM FP for 10 min in the microsomal suspen-
sion at pH 7.4 (0.1 M Tris-HCl buffer) including 1 mg/ml
microsome, 10 mM MgCl2, 0.2% Triton X-100, 2 mM phenyl
methyl sulfonyl fluoride, 20 mM 1,4-saccharolactone, and
10 mM UDP-glucuronic acid, the concentrations of formed
FPG were stereoselectively determined by HPLC. Rat liver
microsomal P-450 contents were determined by the
method of Omura and Sato.16

Analytical Methods

FP and its diastereomeric FPG in plasma and bile were
directly assayed using chiral (Chiral OJ-R, 4.6 × 150 mm;
Daicel Chemical Ind., Tokyo) and conventional ODS (Cos-
mosil 5C18-AR-II, 4.6 × 250 mm; Nacalai Tesque, Kyoto)
columns, respectively. Plasma and diluted bile samples
were treated as follows: an internal standard solution (100
µl, 100 µg/ml of naproxen for FP assay; 50 µl, 40 µg/ml of
etodorac for FPG assay) and methanol (100 µl) were added
to each acidified sample. The mixtures were vortexed for 1
min and centrifuged and the supernatant was injected onto
the HPLC column. HPLC analyses were performed using a
Shimadzu HPLC system equipped with a fluorescence de-
tector (Em. 320 nm and Ex. 260 nm). The mobile phases
(0.2 M phosphate buffer, pH 2.0/acetonitrile (67.5:32.5,
v/v) for the stereospecific column, and 0.05 M phosphate
buffer including 2 mM tetra-n-butylammonium hydrogen-
sulfate, pH 5.5/acetonitrile (65:35, v/v) for ODS column
were pumped at a flow rate of 1 ml/min.

Data Analyses

Pharmacokinetic parameters were calculated by non-
compartmental (moment) analysis. The formation clear-
ances (CLglu) of (R)- and (S)-FPG were calculated as
CLtot · fglu, where fglu represents the fraction of the dose
recovered as glucuronide in bile. Statistical analyses were
performed using an unpaired Student’s t-test and the sig-
nificance level adopted was P < 0.05.

RESULTS

To confirm the induction of adjuvant-induced arthritis,
the hindpaw swelling of ankles was measured for 20 days.
As shown in Figure 1, 10 days after the adjuvant injection
swelling of the left noninjected hindpaw (secondary inflam-
mation) was observed in AA rats.

Figure 2 shows the plasma concentration–time curves of
FP enantiomers and their glucuronides following i.v. bolus
injection of rac-FP (20 mg/kg). The noncompartmental
pharmacokinetic parameters are summarized in Table 1.
The pharmacokinetics of FP were stereoselective: (–)-(R)-
FP showed a much higher plasma clearance (CLtot) and
shorter mean residence time (MRT) than did (+)-(S)-FP.
There were no statistically significant differences in distri-
bution volumes at steady-state between enantiomers. In AA
rats the plasma concentrations of both enantiomers were
lower than those of the controls. For both (R)- and (S)-FP,
the CLtot calculated based on total (bound plus unbound)
plasma concentration was significantly affected by AA: CLtot
values were increased about two times and the resultant
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elimination half-life (t1/2) times were shorter in AA rats
compared to the controls (Table 1).

Although plasma concentrations of the glucuronides of
both enantiomers were much lower than those of un-
changed FP, no differences in plasma concentrations of
glucuronides were observed between (R)- and (S)-FPG in
both control and AA rats. AA also resulted in significant
decreases in the plasma concentrations of both (R)- and
(S)-FPG compared to those of controls. The plasma levels
of FPG relative to those of FP (AUCFPG/AUCFP) of (R)-
enantiomer were higher than those of (S)-enantiomer in
both control and AA rats (Table 1). The results obtained in
this study showed that the AUC ratio of FPG to FP trended
to slightly decrease in AA rats. No isomeric conjugates of
FPG were detectable in plasma.

Biliary recoveries of (R)- and (S)-FPG are shown in Fig-
ure 3. Only negligible quantities of unchanged (R)- and
(S)-FP were excreted in bile (<1%) in both control and AA
rats. Biliary excretion of (R)- and (S)-FPG for 10 h post-
dosing accounted for 8.3 ± 0.4 and 16.3 ± 0.3%, respectively,
of the administered dose. AA resulted in a slight but sta-
tistically significant reduction of the biliary excretion of
(R)- and (S)-FPG (–18% and –17%, respectively). The for-
mation clearances of (R)- and (S)-FPG (CLglu) were calcu-

lated based on the biliary recoveries. Although the recov-
ery of (S)-FPG in bile was greater than that of (R)-FPG, the
CLglu for (S)-FPG was less compared to that of its antipode.
In AA rats, CLglu of both (R)- and (S)-FPG increased to
about double those of the control values ((R)-FPG, 32 ± 0.3,
(S)-FPG, 23 ± 0.1 ml/h/kg in control; (R)-FPG, 60 ± 0.6,
(S)-FPG, 41 ± 0.8 ml/h/kg in AA rats).

The effect of AA on covalent binding of FP to plasma
proteins was investigated. As shown in Figure 4, the bind-
ing yields of both (R)- and (S)-enantiomers at 60 min post-
dosing in AA rats decreased compared to the controls,
which was in accord with the decreases in plasma FPG
concentrations (Fig. 2).

Since protein binding and metabolic enzyme activities
are the important factors affecting the disposition of drugs,
the protein binding of FP, glucuronidation activities, and
P-450 contents were measured. Plasma albumin concentra-
tions were significantly lower in AA rats compared to the
controls (2.81 ± 0.06 g/dl in control rats and 2.21 ± 0.18
g/dl in AA rats, n = 6), while total plasma protein levels in
AA rats were higher than those in the controls (4.7 ± 0.2
g/dl in control rats and 5.5 ± 0.4 g/dl in AA rats, n = 6). As
a result, both the in vitro and in vivo unbound fractions of
rac-FP in plasma were remarkably increased in AA rats
compared to controls (Table 2). On the other hand, AA
resulted in a significant decrease in glucuronidase activi-
ties for both (R)- and (S)-FP, although the P-450 contents
also trend to a decrease (Table 3).

DISCUSSION

Following i.v. administration of rac-FP, plasma concen-
trations of (S)-FP were significantly greater than those of
(R)-FP. These findings are in agreement with published
observations in rat.6,17 The observed 2-fold difference in
total clearance between enantiomers cannot be attributed
to a chiral conversion of (R)-FP to (S)-FP, because only a
small concentration of (S)-FP was found in plasma after
administration of (R)-FP (data not shown). It is also un-
likely that this difference may be attributed to biliary ex-
cretion, as the biliary route contributed only a minor path-
way for elimination (Fig. 3). It is reported that 4�-hydroxy
FP, which is conjugated and constitutes 40–47% of the ad-
ministered dose, is a main metabolite of FP.18,19 Jamali et

Fig. 1. Change in paw edema in control (�, left; �, right) and AA rats
(�, left; �, right). Data are the mean ± SD of three rats.

Fig. 2. Plasma concentration–time profiles of
FP enantiomers (A) and their glucuronides (B)
after i.v. administration of rac-FP in control (�,
(–)-(R)-FP; �, (+)-(S)-FP) and AA rats (�, (–)-
(R)-FP; �, (+)-(S)-FP). Data are the mean ± SD
of three rats.
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al.6 have reported that for both conjugated FP and the
metabolite (presumably 4�-hydroxy FP), the (R)-enanti-
omer was predominant in urine. Thus, the stereoselective
pharmacokinetics of FP may be mainly due to the prefer-
ential metabolism to 4�-hydroxy FP and urinary excretion
of (R)-FP. To realize the difference in total clearance be-
tween (R)- and (S)-FP, it is important to estimate the pro-
tein binding of each enantiomer. Unfortunately, we were
unable to estimate the exact protein binding of FP enan-
tiomers due to our assay’s lack of sufficient sensitivity.
Knadler et al.20 showed that the (S)-enantiomer has in-
creased avidity toward the plasma proteins over that of the
(R)-enantiomer. Based on their report, it is also possible
that a higher CLtot of (R)-FP compared to that of (S)-FP
may be partially due to the stereoselective protein binding.

It is well known that AA alters drug disposition as a
result of changes in protein binding and the impaired drug
metabolism. A previous report has indicated that clearance
of total (bound plus unbound) ketoprofen is not altered,
along with a significant decrease in unbound plasma clear-
ance in AA rats.14 In this study AA produced a significant
increase in clearance of total FP. As both ketoprofen and
FP are compounds with low hepatic extraction ratios, their
total plasma clearances are approximately the products of
their unbound plasma fraction (fu) and the unbound intrin-

sic clearance (CLint). In our studies, induction of AA re-
sulted in significantly decreased plasma albumin levels
leading to 4-fold and 2–3-fold increases in unbound frac-
tions of FP in the in vitro and the in vivo studies, respec-
tively. Our observation that unbound fractions of (R)- and
(S)-FP in plasma are much higher in AA rats is consistent
with the results obtained with ketoprofen.14 The glucuron-
idation activities of (R)- and (S)-FP were reduced to the
same extent: 43% and 48% for the (R)- and (S)-FP glucuron-
idation, respectively, confirming the recent report that
glucuronidation of both ketoprofen enantiomers by rat
liver microsomes is significantly impaired in AA rats.21 The
P-450 contents also trended to decrease in AA rats.

Since CLint seems to reflect the intrinsic capacity of the
liver to eliminate (i.e., hydroxylation and glucuronidation)
unbound drug, CLint in AA rats may be decreased to about
half that of control values (Table 3). These observations
suggest, from the equation: CLtot ≈ fu·CLint that CLtot in AA
rats is increased to about 1.5–2-fold of that in control rats.
The CLtot estimated using a physiological approach to
pharmacokinetics was similar to that observed in this
study (Table 1). Consequently, the increases in total

TABLE 1. Pharmacokinetic parameters for FP enantiomers in control and AA rats

Parameter

Control AA

(−)-(R)-FP (+)-(S)-FP (−)-(R)-FP (+)-(S)-FP

T1/2 (h) 3.7 ± 0.7 5.3 ± 1.2 1.5 ± 0.3b 2.7 ± 1.1b

CLtot (l/h/kg) 0.21 ± 0.05 0.085 ± 0.012a 0.39 ± 0.09b 0.16 ± 0.04a,b

MRT (h) 4.8 ± 0.9 7.5 ± 1.2a 1.8 ± 0.3b 3.9 ± 1.0a,b

Vdss (l/kg) 1.1 ± 0.4 0.63 ± 0.04 0.69 ± 0.14 0.61 ± 0.11
AUCFP (µg � h/l) 48.3 ± 9.3 120 ± 18.3 29.3 ± 5.9a 79.3 ± 17.6a,b

AUCFPG (µg � h/l) 0.81 ± 0.12 0.92 ± 0.51 0.31 ± 0.15 0.22 ± 0.11
AUCFPG/AUCFP (%) 1.7 ± 0.3 0.80 ± 0.47a 1.1 ± 0.4 0.39 ± 0.26a

Data are expressed as the mean ± SD of three rats.
aP < 0.05 compared with its antipode.
bP < 0.05 compared with controls.

Fig. 3. Cumulative biliary excretion of FPG in control (�, (–)-(R)-FP; �,
(+)-(S)-FP) and AA rats (�, (–)-(R)-FP; �, (+)-(S)-FP). Data are the mean
± SD of three rats.

Fig. 4. In vivo covalent binding yields for (–)-(R)- and (+)-(S)-FP at 60
min postdosing with rac-FP (20 mg/kg) in control (open column) and AA
(hatched column) rats. Data are the mean ± SD of three rats.
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plasma (CLtot) and glucuronide formation (CLglu) clear-
ances of both FP enantiomers in AA rats could be ascribed
to the extensive increase in the unbound fraction of FP in
plasma. The difference in effect of AA on total clearance
between ketoprofen and FP may be due to the higher pro-
tein binding of FP compared to ketoprofen (FP; 1.38% and
3.58% in control and AA rats, respectively; ketoprofen; 5.4–
6.0% and 10.2–11.3% in control and AA rats,14 respectively).

The glucuronide formation clearance calculated using
total plasma clearance was enhanced in AA rats compared
to controls; the biliary excretion of (R)- and (S)-FPG were
nevertheless slightly but significantly reduced by induction
of AA. This can be explained by the reduced plasma con-
centration of FPG, as the biliary excretion rate should de-
pend on the plasma FPG levels (Fig. 2B). It is not clear that
AA resulted in impairment of the excretion transporter for
FPG in liver. Although no significant difference in plasma
levels between (R)- and (S)-FPG was observed, the AUC
ratio of (R)-enantiomer trended to be higher than the (S)-
enantiomer. This may indicate that (R)-FP is glucuronized
faster than the (S)-form. Hamdoune et al.22 have shown
that glucuronidation of (R)-FP proceeded at a higher Vmax
than the antipode by rat liver microsome with the same
affinity (KM) toward (R)- and (S)-FP.

Since acyl glucuronide, which is one of the main metabo-
lites of most acidic drugs possessing a carboxyl group, can
react with proteins such as plasma albumin to form cova-
lent products,23,24 we investigated the effect of AA on
plasma concentrations of glucuronides and the following
covalent binding formations. Due to the instability of the
acyl glucuronides of NSAIDs in plasma, there are just a few
reports regarding plasma concentrations of acyl glucuro-
nide after administration of NSAIDs. The reaction of some

acyl glucuronides with proteins to form covalent adducts in
vivo has been reported for zomepirac,25 tolmetin,26 feno-
profen,27 and carprofen.28 However, no information has
been reported for FP in arthritis, making this the first re-
port on the effects of AA on FPG after administration of FP.
In this study, FPG at levels of only a few percent relative to
the parent drug after administration of FP was observed in
plasma. Covalent adducts formation was also reduced in
AA as a result of decreased plasma concentrations of FPG.
The amount of covalent binding generally depends on both
concentration and residence time of acyl glucuronide in
plasma.25 AA decreased both the concentration and MRT
of FPG in plasma, resulting in a less covalent binding of FP
compared to control levels. The in vitro stereoselective
covalent binding properties of 2-APA to human serum al-
bumin have been found in naproxen,15 fenoprofen,29 and
carprofen.29 In this study, however, no stereoselective co-
valent binding of FP was observed in control and AA rats.

In conclusion, in AA rats the total plasma clearances of
(R)- and (S)-FP were significantly increased compared to
controls due to the extensive increase in the unbound frac-
tion of FP in plasma, although glucuronidation activities
and P-450 contents were slightly impaired. Covalent prod-
uct formation of FP in plasma seemed to decrease in AA
rats, in accord with the decrease in plasma concentrations
of the glucuronides. This study suggests that total clear-
ance of a highly bound drug to plasma protein may be
enhanced in arthritis even if the metabolic enzymes are
impaired.
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