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ABSTRACT Flurbiprofen (FL) is a chiral 2-arylpropionate used clinically as the
racemate (rac-FL). This study was undertaken to investigate the influence of sustained
release formulation on the pharmacokinetics of flurbiprofen enantiomers (�)-R-FL and
(+)-S-FL. Therefore, a stereoselective high-performance liquid chromatographic (HPLC)
method was developed and validated for the rapid, quantitative determination of (�)-R-FL
and (+)-S-FL in rat plasma. Flurbiprofen-loaded poly(D,L-lactide-co-glycolide) nano-
particles (rac-FL–PLGA) were prepared by in emulsion–solvent evaporation technique.
Optimum conditions for rac-FL–PLGA nanoparticle preparation were considered, and
the in vitro release of rac-FL, R-FL, and S-FL were followed up to 48 h in phosphate buffer
(pH 7.4). The three tested formulations revealed approximately zero-order release of
either (�)-R-FL or S-FL up to 24 h with r z 0.97. Surprisingly, there was no significant
difference between t50% of the three formulations (21.6 F 1.1 h). The stereoselective
disposition of the sustained release rac-FL delivery systemwas investigated in rats. There
was a rapid release ofR-FL, S-FL, or rac-FL followed by a slower one andCmax values were
observed after 2.5 F 2.5, 8.3 F 3.4, and 8.86 F 3.6 h of (�)-R-FL, (+)-S-FL, and rac-FL,
respectively, after nanoparticle administration. PLGA nanoparticles increased the mean
retention time (MRT) of S -FL by 2.7-fold, from 6.8 to 16.3 h, compared to rac-FL. Although
the dose of rac-FL–PLGA nanoparticles was only 2.5 times higher than that of the drug in
the suspension, the mean (+)-S-FL concentration after 12 h was 3.4 times higher in the
case of nanoparticles than after the free form, 10.35 F 1.6 and 3.04 F 1.1 mg/l,
respectively. The area under the concentration-time curve (AUC) values of (+)-S-FL and
rac-FL were about 2.5-fold higher after the nanoparticles compared to suspension, while
the AUC of the (�)-R-FL was about 3.5 times higher. This difference may indicate that
the two enantiomers have different absorption kinetics. The present study provides
evidence that the sorption of racemic flurbiprofen to PLGA nanoparticles was successful
in maintaining (at least up to 12 h) elevated plasma drug concentrations of (+)-S-FL in
rats. Chirality 16:119–125, 2004. A 2004 Wiley-Liss, Inc.
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INTRODUCTION

Significant research interest in the development of
subcutaneously implantable polymeric devices for long-
termmaintenance of therapeutic drug levels coincides with
the increased medical and public acceptance of such
systems.1,2 Implantable controlled release systems provide
advantages over conventional drug therapies.3 Their
advantages and the emerging applications in controlled
drug delivery have been reviewed.4 Biodegradable nano-
particles based on polyester polymers such as poly(lactide-
co-glycolide) (PLG), a copolymer of polylactic acid and poly
(glycolic acid) (PLA), are the most widely used biodegrad-
able synthetic polymers for 1ong-term parenteral (partic-

ularly subcutaneous) delivery of different classes of drugs
in the form of microspheres and nanoparticles.5–11 Poly-
ester polymers, approved by the Food and Drug Admin-
istration, have raised great interest due to their
physicochemical and biological properties.12,13 In addition
to their biocompatibility, the possibility of modulating drug
release profiles by selecting the appropriate polymer is
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particularly interesting for the development of parenteral
drug products.

Enantioselective analysis has become increasingly im-
portant in the analysis of drugs. It is well known that many
drugs are marketed as racemic mixtures despite the
significant differences in the pharmacodynamics and
pharmacokinetics of the individual enantiomers. It must
be taken into account that one of the enantiomers can be
more active, toxic, or totally inactive than its antipode.14

The 2-arylpropionic acid (2-APA) class of nonsteroidal
anti-inflammatory drugs (NSAIDs) possesses a chiral car-
bon and exists as racemates. With virtually all marketed
chiral NSAIDs, anti-inflammatory activity is attributed
almost entirely to the (+)-S-enantiomer.15 However, it has
been suggested that analgesic activity may be exerted by
both enantiomers.16 Flurbiprofen (rac-FL), a potent NSAID
of the 2-APA class, is a nonselective inhibitor of prosta-
glandin biosynthesis in humans and is indicated for the
acute or long-term treatment of the signs and symptoms of
rheumatoid arthritis and osteoarthritis. Interestingly, there
is renewed attention in the utilization of NSAIDs, including
the enantiomers of flurbiprofen, in the treatment of various
types of cancers, especially colorectal and prostate
cancers.17–20 rac-FL displays significant stereoselective
pharmacokinetics in humans and rats.21 In humans, after
oral administration of the racemate, a significant difference
was observed in AUC between the two enantiomers. After
intravenous administration of the racemate to rats, a 3-fold
difference in the AUC of the (+)-S-enantiomer over the anti-
pode was observed.22–24

Despite the relatively widespread appreciation that drug
enantiomers may have differing pharmacokinetic proper-
ties, there has been much less descriptions of the influence
of sustained release formulations on their pharmaco-
kinetics.25 – 30 To our knowledge, no study has been
published describing the stereoselectivity of FL after
sustained or prolonged release formulations in humans or
animals. Therefore, this investigation was undertaken to
prepare and evaluate in vitro the release of rac-FL-load-
ed PLGA nanoparticles. The stereoselective disposition of
(�)-R- and (+)-S-FL nanoparticles after subcutaneous
administrations to rats was also investigated using a vali-
dated developed rapid and specific reversed phase stereo-
selective HPLC method. Subcutaneous administration was
used because the selected formulation would be utilized for
implant preparation for convenient future cancer treatment.

EXPERIMENTAL
Materials

Flurbiprofen (rac-FL) and piprofen were purchased from
Sigma Chemical Company (St. Louis, MO). (�)-R-FL and
(+)-S-FL were kindly supplied by BASF, PLC (Nottingham,
U.K.). Poly(D,L-lactide-co-glycolide) 50:50 v/v of 0.2, aver-
age molecular weight of 8,000 (Resomer RG 502 H) was a
generous gift from Boehringer Ingelheim (Ingelheim,
Germany). Span 80 was purchased from Fluka Chemie
(Buchs, Switzerland), and Arlacel 186 was obtained from
Atlas Chemicals (San Diego, CA). All other reagents and
chemicals were analytical grade and were used as received.

In Vitro Study: Nanoparticle Preparation and

Characterization

Nanoparticle preparation. FL–PLGA nanoparticles
were prepared by emulsion solvent evaporation. The
polymer solution (3 ml) was prepared by dissolving a
fixed amount of the polymer (600 mg) in acetonitrile. The
polymer concentration in acetonitrile was kept constant
(20%) in all formulations to avoid any change in polymer
viscosity which could affect the droplet size of the inner
phase and hence the particle size of the final nanoparticles.
The inner phase was prepared by dissolving different
amounts of drug in the polymer solution, based on drug-to-
polymer ratios of 1:2, 1:3, and 1:4. This phase was added
using a 3-ml syringe to heavy liquid paraffin (40 ml)
containing 0.25% Span 80 heated to 50–55jC and stirred at
a constant stirring rate of 800 rpm, using a mechanical
stirrer (Fisher Scientific, Fairlawn, NJ, connected to Fisher
Dyna-Mix for speed adjustment). Stirring was continued
for 1.5 h to ensure complete evaporation of acetonitrile.
Nanoparticles were collected by centrifugation at 20,000
rpm for 30 min at 10jC and washed twice with n-hexane
containing 1% Arlacel to remove mineral oil, and twice with
n-hexane to remove any traces of surfactant. Nanoparticles
were filtered, dried, and stored under refrigeration in a
desiccator until used. Each formulation was prepared
in triplicate.

Nanoparticle yield. Nanoparticles were sieved to re-
move any polymeric sheets and nanoparticle aggregates
formed. The yield was calculated as a percentage of the
original amount of polymer and drug. Measurements was
performed in triplicate.

Drug content. Flurbiprofen content of the FL–PLGA
nanoparticles was assessed by HPLC after dissolving
nanoparticles, equivalent to 100 mg of rac-FL, in 10 ml of
acetonitrile containing the internal standard (IS). There
was no interference from the polymer with either the drug
or the IS peak. Drug content was calculated as the mean
percentage of three replicates.

Drug Release Profile

Twenty milligrams of FL–PLGA formulations was placed
in closed vials containing 20 ml of 0.01 M phosphate buffer
(pH 7.4) and kept on a shaking water bath set at 37jC and
60 oscillations per min. At each sample time interval, an
exact volume of sample (0.5 ml) was withdrawn (through a
0.22-mm Millipore filter) from each vial and immediately
replaced with an identical volume of fresh medium, kept
under the same conditions to maintain sink conditions up
to 48 h. The (�)-R-FL and (+)-S-FL released were deter-
mined by HPLC using the conditions below (placebo PLG
nanoparticles were treated in the same manner. Each
experiment was performed in triplicate.

In Vivo Study: Animals and Dosing Scheme

Animal handling was fully complied with our institu-
tional policies. After a pilot study, a nanoparticle formu-
lation with polymer-to-drug ratio 3:1 was selected for the
in vivo study since it showed an acceptable in vivo per-
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formance compared to the other ratios 4:1 or 2:1, i.e., not
too slow or not too fast in vivo release. Although there was
no significant difference in the in vitro release between 2:1
and 3:1 formulations, the latter provided slower in vivo
drug release. The polymer to drug ratio 4:1 gave the
slowest in vivo drug release. Therefore, FL–PLGA nano-
particles of the 3:1 formulation, equivalent to 20 mg of FL,
were suspended in sterile water for injection (SWFI)
containing acacia mucilage. FL suspension (20 mg/ml)
was also prepared in the same vehicle. Thirty-two male
Wistar rats (166 F 33 g) were used in this study. Rats
were randomly divided into 2 groups, GP1 and GP2
(n=16), for the two studies, and each group was divided
into two subgroups (n=8) for different sampling times.
Each subgroup was marked and housed in one cage. Food
and water were available ad libitum at all times during the
experiment. GPI received a subcutaneous (sc) injection at
the nape of the rat’s neck (10 mg/kg) of rac-FL
suspension, while GP2 received equivalent to 25 mg/kg
of rac-FL–PLGA nanoparticles by the same route.
Immediately before each injection the suspension was
vortexed for few seconds. Blood samples (0.5 ml) were
collected in microtainer, containing lithium heparin, at 0,
0.5, 1, 4, and 8 h and at 0.75, 2, 6, and 12 h from the first
and second subgroups of GP1, respectively, after drug
administrations. Blood samples were collected at 0.5, 2, 8,
24, and 48 h and at 1, 4, 12, and 36 h from the first and
second subgroups of GP2, respectively, after drug admin-
istrations. Blood samples were collected from the orbital
venous plexus, under light halothane anesthesia. Only
three blood samples were collected from each rat per day
to avoid any damage to the eye. Therefore, each data point
is the mean of 8 replicates. Plasma samples were
separated by centrifugation at 8,000 rpm for 15 min and
stored at �4jC until assayed.

Drug Analysis: Instruments

Two Waters HPLC systems were used in this study.
The first system was set for the determination of the rac-
FL, and the second system for the determination of (�)-R-
FL and (+)-S-FL. Each system was equipped with a Waters
484 variable UV absorbance detector (260 nm for rac-FL
and 254 nm for the (�)-R-FL and (+)-S-FL and a Waters
717 Plus autosampler. A Waters 515 solvent delivery
system was used to operate the isocratic flow for each
system. The m Bondapak C18 column (3.9 � 300 mm) was
packed with 10-mm spherical particles and protected by a
C18 guard column for the rac-FL determination, with a flow
rate of 1.1 ml/min and a sample run time of 15 min.
Acetonitrile (50%) in 0.2% acetic acid solution was used as
the mobile phase. (�)-R-FL and (+)-S-FL were separated
on a reversed-phase Chiralcel OD-R column from Daicel
(250 mm � 4.6 i.d., 10 mm particle size) protected by a
C18 guard column (3.9 � 50 mm). The flow rate was
0.7 ml/min, and the sample run time was 27 min.
Acetonitrile (44.5%) was added to HPLC-grade water
containing 0.22% acetic acid, 0.2% isopropyl alcohol, and
0.22% triethylamine as the mobile phase. Chromatograms
were recorded on a Waters 746 Data Module integrator.
The HPLC systems were operated at ambient temper-

ature. Degassing of the mobile phases was achieved by
sonication after filtration through a 0.22-mm filter. The
injection volume was 40–70 ml.

Determination of Flurbiprofen

rac-FL, (�)-R-FL, and (+)-S-FL concentrations in rat
plasma were measured using a modification of a previously
developed assay for diclofenac and ketoprofen.31 Briefly,
200 ml of rat plasma samples was spiked with 25 ml of the
internal standard (IS) (piprofen, 40 mg/ml) in a 1.8-ml
disposable polypropylene microcentrifuge tube. The tube
was vortexed for 30 sec. The solution was mixed with 600
ml of acetonitrile, vortexed at high speed for 2 min, and
centrifuged at 20,000 rpm for 15 min. The supernatant was
transferred to a 15-ml centrifuge tube, placed in a water
bath (50jC), and evaporated to dryness under a stream of
nitrogen. The residue was reconstituted in 150 ml of the
rac-FL mobile phase. The reconstituted solution was
assayed by the two HPLC systems above for the deter-
mination of rac-FL, (�)-R-FL, and (+)-S-FL. The rac-FL
assay was fully validated. The percent intra-day relative
standard deviation (R.S.D. %) was <8%, and the inter-day
R.S.D. % was <10% at three different plasma concentrations
(P < 0.05). The mean percentage recovery of 0.05 to 10
mg/ml (n = 6) of FL were 92 F 7 (R.S.D. % = 7.6). The
mean retention times of FL and IS were 10.3 and 11.4 min,
respectively. The detection limit was 25 ng/ml.

Data Analysis

All in vitro data were reported as the mean F SE of at
least three parallel studies. The results were calculated by
linear regression without weighting, using the formula: Y =
�0.04 + 0.443X (r = 0.9998) and Y = �0.38 + 0.439X (r =
0.9998) for (�)-R-FL and (+)-S-FL, respectively where Y is
the peak area of the drug and X is the concentration of FL.
The amount of FL obtained from the drug dissolution
studies, was calculated from the obtained linear regression
equation. The in vitro dissolution data (n = 3) were fitted to
Peppas’ equation32 to determine the order of release.

Mt

M1
iKtn; ð1Þ

where Mt/Ml is the fractional drug released, K is the
release kinetic constant, t is the release time, and n is the
release exponent characteristic for the drug. The release
kinetic constant was calculated from the equation that best
fitted the release data and, accordingly, the time for 50% of
the drug to be released was calculated (T50%).

All in vivo results are expressed as mean F SE.
Pharmacokinetic parameters were estimated by noncom-
partmental analysis33 using a BASIC program developed
in-house and RSTRIP, version 5.0 (Micromath Scientific
Software, Salt Lake City, UT). The terminal elimination
rate constant (ln) was estimated by linear regression
analysis of the terminal portion of the log-linear plasma
concentration–time profile of flurbiprofen. The areas
under each drug concentration time curve (AUC, mg
ml�1 h) to the last data point were calculated by the linear
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trapezoidal rule and extrapolated to time infinity by the
addition of CLast/ln, where CLast is concentration of the
last measured plasma sample. The area under the first
moment (AUMC) was determined by RSTRIP using the
same rules followed for the AUC calculation. The mean
residence time (MRT) was estimated from MRT = AUMC/
AUC, and the elimination half-life (tl/2) was calculated
fromtheterminaleliminationrateconstantusingtheformula
tl/2 = 0.693/ln. The apparent body clearance (Cl/F) was
calculated using standard noncompartmental equations,
where Cl/F = Dose/AUC.

All data were compared using ANOVA, t-test, and
Dunnett’s tests. Statistically significant differences were
assumed when P < 0.05.

RESULTS AND DISCUSSION
In Vitro Evaluation

A stereoselective high-performance liquid chromato-
graphic (HPLC) method was developed and validated for
the rapid quantitative determination of (�)-R-FL and (+)-S-

FL in rat plasma (Fig. 1). The FL peaks are free frommatrix
interference, and baseline resolution of (�)-R-FL and (+)-S-
FL was achieved. Using the chromatographic conditions
described, the mean retention times of IS, (�)-R-FL, and
(+)-S-FL were 14.3, 16.5, and 21.9 min, respectively.

The intra-day relative standard deviation (R.S.D. %),
determined at three concentration levels (0.25, 2.0, and
5.0 mg/ml of (�)-R-FL or (+)-S-FL) was <6% for both
enantiomers and the inter-day R.S.D. was <9.5% for both
enantiomers at the three different plasma concentrations
(P < 0.05). The intra-day accuracy of the method expressed
as percentage recovery of 0.1–10 mg/ml (n = 6) of (�)-R-
FL or (+)-S-FL was 90 F 8 (R.S.D. % < 7.6). The detection
limit was 50 ng/ml for either (�)-R-FL or (+)-S-FL. The
standard curve of either (�)-R-FL or (+)-S-FL showed good
linearity over the concentration range from 100 ng/ml to
10 mg/ml with correlation coefficient > 0.994. The results
showed the precision, accuracy, and efficiency of this
method for the determination of (�)-R-FL and (+)-S-FL in
rat plasma.

No significant difference was observed in the nano-
particle yield (73 F 4%) for all tested drug-to-polymer
ratios of rac-FL. This finding is in agreement with
previously published work using this polymer.34

To determine optimal drug loading, various ratios of
initial drug loading to polymer (1:2, 1:3, and 1:4) were
investigated. The drug content was 26.7 F 3.6% for all
drug-to-polymer ratios of rac-FL, whichmay be attributed to
the solubility of rac-FL in the dispersion medium (heavy
liquid paraffin).

The percent of (�)-R-FL or (+)-S-FL released as a factor of
drug-to-polymer ratio, in phosphate buffer, pH 7.4, from rac-
FL–PLGA was followed up to 48 h. It should be mentioned
that there was no significant difference between the (�)-R-
FL or (+)-S-FL released. None of the formulations studied
showed a burst effect, showing that no drug was adsorbed
on the surfaces of the spheres. This was reported earlier by
Choi and co-workers.35 A steady drug releasewas observed-
for the studied ratios and there was no significant difference
between the drug released of 1:2 and 1:3 drug-to-polymer
ratios. Only the percent drug release of the 1:4 ratio was
significantly different. Fitting the release of the three tested
ratios (Fig. 2) to Equation (1) showed approximately zero
order release up to 24 h with an n equal to about 1 and the
correlation coefficient (r) in the range of 0.968–0.996.
Surprisingly no significant difference between the T50% of
the three tested ratios (21.6F 1.1 h) was observed, and the
three percent-release curves were parallel, i.e., constant
percent drug released per unit time. It should bementioned
that FL did not show an stereoselective dissolution kinetics
for the three tested formulations. This may be related to the
data of Maggi et al.36 for verapamil dissolution from
different matrix compositions.

In Vivo Evaluation

The ability of PLGA nanoparticles to act as a drug
delivery system releasing drugs in a prolonged manner was
investigated in rats after s.c. administration. The utilization
of NSAIDs, including the enantiomers of flurbiprofen, in the

Fig. 1. Representative chromatograms, analyzed on Chiralcel OD-R
columns, of extracted drug-free plasma (A) samples (spiked with IS) taken
12 h from rat after s.c. administration of 25mg/kg rac-FL–PLGA nano-
particles (B). I;IS;II; (�)-R-FL;III; (+)-S-FL.
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treatment of various types of cancers especially colorectal
and prostate cancers,17–20 will be aided by the development
of an implant. Figure 3 presents flurbiprofen plasma
concentration (mean F SE) time profiles in the rat after
s.c. injection of 10mg/kg drug suspension [(�)-R-FL, (+)-S-
FL and rac-FL] and 25 mg/kg of drug-loaded PLGA
nanoparticles suspension [(�)-R-FL–PLGA, (+)-S-FL–
PLGA, and rac-FL–PLGA]. The pharmacokinetic parame-
ters of flurbiprofen suspension in the rat after 10 mg/kg se
are presented in Table 1. After subcutaneous administration
of rac-FL suspension, the (�)-R-FL, (+)-S-FL, and rac-FL
were rapidly absorbed, distributed, and eliminated. There
were a significant differences between the plasma concen-
trations of (�)-R-FL and (+)-S-FL, with curves of different
curve shapes. The maximum concentrations (Cmax ) of (�)-
R-FL, (+)-S-FL, and rac-FL were 9.96F 2.4, 16.40F 3.8, and
35.34 F 6.5 mg/liter, achieved after 0.91 F 0.46, 1.7 F 1.1,
and 1.13F 0.55 h, respectively, and no drug was detected 12
h after dosing. The t1/2 of (�)-R-FL was higher than that of
(+)-S-FL or rac-FL. This results was not in agreement with
Berry and Jamali17 [t1/2 of (�)-R-FL was 2.55 F 0.79 h
versus t1/2 of (+)-S-FL was 3.07 F 1.2] or Knihinicki et al.18

[t1/2 of (�)-R-FL was 3.06 F 0.33 h versus t1/2 of (+)-S-FL
was 4.55 F 3.4] data obtained after intravenous admin-
istration to rats. This contradiction, between the studies
may be attributed to the difference in experimental setting
and or to the different route of administration used.
Wechter et al.37 demonstrated a significant difference
between the pharmacokinetics of (+)-S-FL after oral and
sc administration of rac-FL to rats. The bioavailability, as
evaluated by AUCs, favored the s.c. route. Different

pharmacodynamic effects between the two routes were
also reported, which could not be simply explained on a
pharmacokinetic basis.

Jamali et al.16 and Berry and Jamali17 reported, after i.v.
administration of rac-FL to rats, a 3-fold difference in the
AUC of the (+)-S-FL over that of the antipode. (�)-R-FL
Cl/F was 2.5-fold greater than that of (+)-S-FL, which
agrees witn that Knihinicki et al.18

Table 2 summarizes the pharmacokinetics of (�)-R-FL,
(+)-S-FL, and rac-FL-loaded to poly(D,L-lactide-co-glyco-
lide) nanoparticles in rats after 25 mg/kg rac-FL-PLGA
nanoparticle sc administration. Following rac-FL–PLGA
nanoparticle loading, the mean (+)-S-FL concentration was
[7.1 F 0.8 mg/l] after 2 h, which increased after 8 h to
10.2 F 1.2 mg/l. This plasma drug concentration was
successfully maintained up to 12 h in rats, and the
concentrations fell to 3.6 F 0.8 mg/l after 24 h. The Cmax

occurred at 2.5 F 2.5, 8.3 F 3.4, and 8.86 F 3.6 h for (�)-R-
FL, (+)-S-FL, and rac-FL, respectively.

MRT is the mean time for the intact drug molecule to
transit through the body and is a composite of all kinetic
processes, including release from the dosage form, drug
absorption into the body and drug disposition. MRT can be
used in a comparative way to evaluate the in vivo
performance of a sustained release dosage form.38 The
(�)-R-FL MRT was twice that of (+)-S-FL. PLGA nano-
particles increased the MRT of (+)-S-FL by 2.7-fold, from
6.8 to 16.3 h compared to rac-FL suspension. Although the
dose of rac-FL–PLGA nanoparticles was only 2.5 times
higher than that of the drug in the suspension, the mean
(+)-S-FL concentration after 12 h was 3.4 times higher in

Fig. 2. Percent (�)-R-FL or (+)-S-FL released, in phosphate buffer, pH 7.4, from nanoparticles prepared with different drug-to-polymer ratios (n = 3).
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case of nanoparticles than that of free form, 10.35 F 1.6
and 3.04 F 1.1 mg/l, respectively. This could be an
indication of slow drug release from the nanoparticles
and/or due to the existence of some aggregates of the
nanoparticles. The slow release of the drug from the
nanoparticles as well as the biodegradation of PLGA led to
a longer absorption and distribution period for the drug-
loaded nanoparticles than that of the free form.

It was interesting to notice that AUC of (+)-S-FL was
only 1.6 -fold higher than that of (�)-R-FL after rac-FL–
PLGA. The AUC of (+)-S-FL and rac-FL showed about
2.5 -fold increase than that of suspension while the AUC of
the (�)-R-FL was about 3.5 times higher. This difference
could indicate that the two enantiomers have different
absorption or elimination kinetics. The other pharmacoki-
netic parameters of (�)-R-FL, (+)-S-FL, and rac-FL after
nanosphere administrations showed the same trend
observed for the t1/2 and Tmax of (�)-R-FL and (+)-S-FL
of observed after the s.c. suspension. Inotsume et al.28

showed, in healthy young volunteers, that the value for
AUC of (+)-nicardipine was approximately 2.3–2.8 times
greater than that of the (�)-nicardipine (P < 0.05) when 20
and 40 mg of racemic nicardipine were administered in a
conventional preparation. Relative bioavailability of the
sustained release preparation versus the conventional
preparation was 28% and 44% for (+)- and (�)-nicardipine,
respectively, for the 40-mg dose. Busse et al.29 investigated
the disposition and pharmacologic effects of R/S-verapa-
mil in patients with chronic atria1 fibrillation and reported
that the cleareance of oral, but not intravenous, S- and R-
verapamil is significantly reduced with multiple doses
compared with a single dose. This indicates impairment of
presyshemic rather than hepatic metabolism as the
underlying mechanism. However, this kinetic change is
clinically compensated by a decrease in the responsive-
ness to S-verapamil observed upon repeat dosing. The
data suggest that despite accumulation of the drug

TABLE 1. Pharmacokinetics of flurbiprofen suspension in
the rat after 10 mg/kg subcutaneous administrations (n = 8)

FL suspension

Parameters (�)-R-FL (+)-S-FL rac-FL

Cmax, mg/liter 9.96 (2.4) 16.4 (3.8) 35.34 (6.5)
Tmax, h 0.91 (0.46) 1.7 (1.1) 1.13 (0.55)
t1/2, h 3.9 2.89 2.95
AUC0– t, mg h/liter 34.8 91.4 148
AUC, mg h/liter 39.9 97.9 156
AUMC, mg h2/liter 253 669.4 922.9
MRT, h 6.4 6.84 5.9
Cl/F, ml/h/kg 257 102 64

Fig. 3. Flurbiprofen [(�)-R-FL, (+)-S-FL, and rac-FL] plasma concen-
tration (mean + SE) time profiles in the rat after s.c. injection of 10 mg/kg
drug suspension and 25 mg/kg of drug-loaded PLGA nanoparticle
suspension [(�)-R-FL–PLGA, (+)-S-FL–PLGA, and rac-FL–PLGA] (n = 8).

TABLE 2. Pharmacokinetics of flurbiprofen loaded to
poly(D,L-lactide-co-glycolide) nanoparticles in the rat after

25 mg/kg subcutaneous administrations (n = 8)

FL–PLGA nanoparticles

Parameters (�)-R-FL (+)-S-FL rac-FL

Cmax, mg/liter 5.23 (1.63) 9.72 (3.53) 21.2 (6.63)
Tmax, h 2.5 (2.5) 8.3 (3.4) 8.86 (3.6)
t1/2, h 34.2 13.8 7.65
AUC0– t, mg h/liter 102 210 402
AUC, mg h/liter 140 229 409
AUMC, mg h2/liter 5141 4184 5424
MRT, h 36.6 18.3 13.1
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individual verapamil doses can be maintained during long-
term oral rate control therapy.

The present study provides evidence that the sorption of
racemate flurbiprofen to PLGA nanoparticles successfully
maintains (at least up to 12 h) elevated plasma drug con-
centrations of (+)-S-FL in rats. Therefore, a parenteral pro-
longed release preparation (rac-FL–PLGA) could be used
for the intermittent dosage for flurbiprofen or other drugs
when the oral route is not accessible. Future experiments
to develop an implant dosage form of rac-FL –PLGA are
necessary to build up more information about the factors
that influence the disposition behavior of (�)-R-FL and,
(+)-S-FL incorporated into PLGA nanoparticles.

ACKNOWLEDGMENT

The authors express their gratitude to the administra-
tion of King Faisal Specialist Hospital and Research Centre
for its support of the Pharmaceutical Analysis Laboratory
research program. The first author expresses her grati-
tude to Dr. Ahmed Mitwalli Ibrahim for his endless sup-
port during this study.

LITERATURE CITED

1. Tice L. Long acting biodegradable steroid microcapsules for par-
enteral administration. Polym Reprints 1985;26:198–199.

2. Langer R. New method of drug delivery. Science 1990;240:1527–1533.

3. Danckwerts M, Fassihi A. Implantable controlled release drug sytem:
review. Drug Dev Ind Pharm 1991;17:1465–1502.

4. Leong KW, Langer R. Polymeric controlled drug delivery. Adv Drug
Del Rev 1987;1:199–233.

5. Jalil It. Biodegradable poly(lactic acid) and poly(lactide-co -glycolide)
polymer in sustained drug delivery. Drug Dev Ind Pharm 1990;16:
2353–2367.

6. Brannon-Peppas L. Recent advances on the use of biodegradable
microparticles and nanoparticles in controlled drug delivery. Int J
Pharm 1995;116:1–9.
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