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Abstract

Poly(D,L)lactide nanocapsules (NCs) have been proposed as an alternative carrier for many drugs. We investigated
the influence of this formulation on the pharmacokinetics of ketoprofen in the plasma and cerebrospinal fluid (CSF).
Male Wistar rats were given intraperitoneal dose of ketoprofen (5 mg/kg) in a suspension of NCs or in a
carboxymethylcellulose (CMC) solution (reference preparation). Blood and CSF samples were collected at different
times up to 24 h after dosing. The unbound fraction of ketoprofen in plasma ( fu) was determined using ultrafiltration.
The total (CT) and free (CF) concentrations of ketoprofen in plasma and the simultaneous CSF concentrations (CCSF)
were measured by a HPLC method and the areas under the curve (AUCT, AUCF, AUCCSF) were calculated. AUCT

of ketoprofen-loaded NCs in plasma was similar to that of the reference solution, while AUCF of the former (5.41
mg/l×h) was higher than that produced by the latter (4.03 mg/l×h). Accordingly, the unbound fraction ( fu) was
higher after administration of NCs than that of the solution (2.5 and 1.8%, respectively). Finally, AUCCSF were
identical for both formulations. These findings suggest that the binding of ketoprofen to plasma proteins is not the
major factor that governs its blood-to-CSF exchanges. © 2002 Published by Elsevier Science B.V.
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1. Introduction

Various drug polymeric colloidal carriers, par-
ticularly nanocapsules (NCs), have been devel-
oped in order to ensure a controlled release of
pharmaceutical agents and/or exert a preventive

effect against the harmful side-effects induced by
a direct contact of tissues with a strong amount of
drug [1–3].

To act on the central nervous system, drugs
have to cross the blood–brain barrier, which sep-
arates the brain and the cerebrospinal fluid (CSF)
from bloodstream [4]. Non steroidal anti-inflam-
matory drugs (NSAIDs), apart from their classi-
cal peripheral site of action, were shown to
display a central analgesic effect [5,6]. Moreover,
various central nervous system adverse reactions
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have been ascribed to NSAID therapy [7]. All
these features justify the penetration of NSAIDs
through the blood–brain barrier to be studied.
An earlier investigation of our group has shown
that the diffusion of a series of arylpropionic
NSAIDs into the CSF in rats depends primarily
on their molecular lipophilicity [8]. According to
Bonati et al. [4], the pharmacokinetics of a drug in
the plasma may influence its pharmacokinetic in
CSF. Since the polymeric formulation of an
NSAID would result in changes in its plasma
pharmacokinetic profile, we conducted a study
investigating the plasma and CSF pharmacokinet-
ics of a new polymeric formulation of ketoprofen
in rats. These pharmacokinetic characteristics
were compared with those of ketoprofen in
solution.

2. Materials and methods

2.1. Chemicals

Racemic ketoprofen was purchased from Sigma
(St. Quentin Fallavier, France). Benzyl ben-
zoate was supplied by Sigma, poly(D,L-lactide)
polymer (mol. wt. 110 000) was obtained from
Boehringer Ingelheim (Germany). Phospholipids
(Epikuron®200) and poloxamer 188 (Synper-
onic®F68) were furnished by Lucas Meyer (Ham-
burg, Germany) and ICI (Clamart, France),
respectively. All other chemicals and solvents were
of analytical or HPLC grade. Water was deion-
ized and doubly-glass distilled.

2.2. Nanocapsules

2.2.1. Preparation
We used a suspension of poly(D,L)lactide NCs,

which is a biodegradable and biocompatible drug
carrier of lactid acid polymers [9]. NCs containing
ketoprofen were prepared by interfacial deposi-
tion of a preformed poly (D,L-lactide) polymer, as
described by Fessi et al. [10]. Briefly, the poly(D,L-
lactide) polymer (250 mg), ketoprofen (25 mg)
and phospholipids (250 mg) were dissolved in 25
ml of acetone. The mixture was dissolved in 1 ml
of an oily phase (benzyl benzoate) at 40 °C. The

resulting organic solution was poured, with mod-
erate magnetic stirring (400 rpm), into 100 ml of
water containing poloxamer 188 (250 mg) used as
non-ionic surfactant. This operation was repeated
six times. These suspensions were mixed and
filtered through a sintered glass funnel (grade 4).
Acetone and water were removed under reduced
pressure at 38 °C to obtain the final desired con-
centration [11,12].

2.2.2. Colloidal system characteristics

2.2.2.1. Particle size. The NC size presented a
mean value of 416�110 nm. These measurements
were carried out with laser-light scattering using a
Coulter N4 MD Super-nanosizer Coultronics
(Electronics, Margency, France) calibrated with a
standard latex nanoparticule suspension (300 nm).

2.2.2.2. Particle stability. After 3 months of stor-
age at +4 °C, several stability tests, including
size measurements, drug loading, drug loss and
morphological examination were performed. No
changes in the content and size of particles were
observed during the storage, indicating that the
nanoparticle suspensions remained stable over at
least 3 months.

2.2.2.3. Determination of ketoprofen concentrations
in nanoparticle suspensions. Non-incorporated ke-
toprofen was isolated by the combination of dif-
ferent ultrafiltration and centrifugation
procedures, and measured in the ultrafiltrate. Af-
ter a complete dissolution of nanoparticles in
acetone and precipitation of polymer by
methanol, the mixture was centrifuged at 12 000
rpm for 20 min. Total concentrations of ketopro-
fen in the nanoparticle suspensions were measured
in the supernatant. The concentrations of keto-
profen were determined by a RP-HPLC method
[13]. Indomethacin was used as an internal stan-
dard. The compounds were chromatographed on
a C18 reversed-phase column by a mobile phase
consisting of a mixture of acetonitrile and phos-
phate buffer 0.06 M at pH 7.4 (30/70, v/v) after a
direct injection of samples. The concentration of
ketoprofen incorporated into nanoparticles was
calculated by the difference between the total and
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non-incorporated concentrations. NCs showed a
high ketoprofen-entrapment efficiency (98%,),
with a final concentration of 2 mg/ml.

2.3. Pharmacokinetic study

2.3.1. CSF and blood sampling
The present research adhered to the Principles

of Laboratory Animal Care (NIH publication c
85–23, revised 1985). Experiments were carried
out on male Wistar rats (Iffa Credo, Arbresle,
France), weighing approximately 200 g. The rats
had free access to tap water and food pellets. Rats
were randomly divided into two groups. All re-
ceived a single intraperitoneal (i.p.) dose of keto-
profen (5 mg/kg) either in carboxymethylcellulose
(CMC) 5% solution or in NC suspensions. In
both cases, ketoprofen was at a concentration of 2
mg/ml.

The rats were anesthetized with pentobarbital
(5%). A single blood and CSF sample was drawn
concomitantly from each animal at 0.5, 1, 3, 6, 10
and 24 h after drug administration. Four animals
were used per sampling time for the two different
formulations. CSF was drawn according to the
method described by Nohjoh et al. [14]. The heads
of animals were fixed on a stereotaxic apparatus
and a 3 in. needle attached to a short length of
plastic tubing was inserted into the cisterna
magma.

The CSF samples were collected in a
polypropylene microtube and frozen at −80 °C
until analysis. The blood samples were obtained
by cardiac puncture that was performed immedi-
ately after CSF withdrawal. They were collected
in heparinized tubes and centrifuged at 2500×g
for 10 min. After centrifugation, the plasma was
frozen at −80 °C until analysis.

2.3.2. Determination of the unbound fraction of
ketoprofen in the plasma

The fraction of ketoprofen unbound to plasma
proteins was determined by ultrafiltration (Cen-
trifree, Amicon, USA). Ultracentrifugation was
performed at 37 °C during 1 h at 3000×g. The
ultrafiltrates were collected and frozen at −80 °C
until analysis.

2.3.3. Determination of ketoprofen concentrations
in biological samples

The free (ultrafiltrate) and total concentrations
of ketoprofen in plasma and the total concentra-
tions in CSF were determined by the above men-
tioned RP-HPLC method [13]. Before injection
into the chromatograph, the drug was extracted
from acidified biological samples with diethylether
in the presence of indomethacin (internal stan-
dard). The limit of quantification was 10 �g/l in
total plasma, ultrafiltrate and CSF.

2.3.4. Pharmacokinetic parameters
The plasma (total and free) and CSF concentra-

tions versus time profiles of ketoprofen were
defined and the following pharmacokinetic
parameters were determined:
� the observed maximal concentration (Cmax) and

the time to Cmax (tmax);
� the area under the concentration– time curve

(AUC), which was calculated for total plasma
(AUCT), free plasma (AUCF) and CSF
(AUCCSF) between 0 and 24 h by the trape-
zoidal rule (Siphar® program, Simed, Créteil,
France);

� the AUCCSF/AUCT (RT) and AUCCSF/AUCF

(RF) ratios were used to quantify overall drug
transit to CSF;

� the unbound fraction ( fu) in percentage was
given by the formula:

fu=
�AUCF

AUCT

�
100

3. Results

The total plasma, free plasma and CSF phar-
macokinetic profiles of ketoprofen for both for-
mulations are shown in Figs. 1–3, respectively.
The mean (S.D.) concentrations are listed in
Table 1. The pharmacokinetic parameters are re-
ported in Table 2.

3.1. Plasma pharmacokinetics

Ketoprofen was rapidly absorbed after ip ad-
ministration. The time to Cmax of total ketoprofen
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in plasma was observed at 30 min for NC suspen-
sion and CMC solution (Fig. 1). The free concen-
trations of ketoprofen were also maximum at 30
min after dosing (Fig. 2).

After administration of ketoprofen-loaded
NCs, there was a second, but lower peak of total
ketoprofen concentrations at 10 h. However, the
corresponding AUCT (215 mg/l×h) was com-
parable with that obtained with the CMC solu-
tion of ketoprofen (227 mg/l×h). The unbound
fraction ( fu) was higher after administration of
NC suspensions than after that of CMC solutions
(2.5 and 1.8%, respectively). Similarly, the former
resulted in a higher AUCF than the latter (5.41
and 4.03 mg/l×h, respectively).

3.2. CSF pharmacokinetics

Whatever the formulation applied, ketoprofen
entered rapidly the CSF, the maximum concentra-
tion being observed at the earliest sampling time

at 30 min. Furthermore, neither the CSF concen-
trations, nor the AUCCSF showed substantial dif-
ferences between the two formulations used. The
AUCCSF/AUC plasma ratio was shown to allow
the overall drug transit into CSF to be quantified
[15]. Regarding the total plasma concentrations of
ketoprofen, this ratio (RT) was 0.006 and 0.007
for the CMC solution and the NC suspension,
respectively. Considering the free plasma concen-
trations, this ratio (RF) was lower after adminis-
tration of ketoprofen-loaded NCs (0.28) than
after that of CMC solution (0.38).

4. Discussion

The present study aimed to determine the phar-
macokinetics of racemic ketoprofen in plasma and
CSF after an administration of a polymeric car-
rier (NC suspension) in comparison with a refer-
ence formulation (CMC solution).

Fig. 1. Total concentration vs. time curves of ketoprofen in plasma after administration of CMC solution and NC suspension.
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Fig. 2. Free concentration vs. time curves of ketoprofen in plasma after administration of CMC solution and NC suspension.

NCs are drug carriers of lactic acid polymers.
They are composed of an oily core surrounded by
a polymeric envelope. The inner of NCs being
oily, the diffusion of the drug through the poly-
meric wall into the aqueous medium is governed
by its partition coefficient [11,16].

The administration of NCs generated an AUCT

value very similar to that observed after injection
of the CMC solution (215 and 227 ml/l×h, re-
spectively). However, these formulations gener-
ated different pharmacokinetic profiles of
ketoprofen in plasma (Fig. 1). Ketoprofen admin-
istered in CMC solution was rapidly absorbed
and the Cmax was followed by a phase of elimina-
tion whereas two peaks of concentrations were
noted after administration of NC suspensions.
The second and lower peak might be due to a
progressive release of the drug from NCs during
the elimination phase.

Ketoprofen was extensively bound to plasma
proteins, the unbound fraction being no more
than 2.5%. Similar findings have already been

reported in humans with an average unbound
fraction of about 1% [18]. Of note, the extent of
ketoprofen binding to plasma proteins appeared
to be somewhat lower after administration of
NCs. Since organic acids may displace ketoprofen
from its protein binding sites, it could be hypoth-
esized that benzyl benzoic acid, the oily phase of
NCs, might act as a displacer [19,20]. Moreover,
benzoic acid is a precursor of hippuric acid, which
was shown to produce a two-fold increase in the
free concentrations of both ketoprofen enan-
tiomers [21].

If only the free drug in the plasma is able to
cross the blood–brain barrier [14,15,17], an in-
crease in the free plasma concentrations would be
expected to result in an increase of its concentra-
tions in CSF. The central nervous compartments
are surrounded by a diffusional barrier, which is
mainly constituted of lipid bilayers. Thus the
blood–CSF barrier has been compared with a
second cell membrane [15,22]. Accordingly, the
main process by which a drug passes into and out
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of the CSF is passive diffusion [14,15,17]. Keto-
profen entered rapidly the CSF after administra-
tion of each formulation. However, the extent of
ketoprofen binding to plasma proteins did not
appear to influence the overall drug transit into

CSF as estimated by AUCCSF/AUCplasma ratio
(RT or RF). Similar findings have been reported
for oxicam NSAIDs [23] and other classes of
drugs [24], suggesting that the fraction of drug
that may permeate into the central nervous system

Fig. 3. Concentration vs. time curves of ketoprofen in CSF after administration of CMC solution and NC suspension.

Table 1
Mean (S.D.) concentrations (mg/l) of total (CT) and free (CF) ketoprofen in plasma and in CSF (CCSF) at the different sampling
times

Time (h)Formulations

24106310.5

Ketoprofen CMC
CT 8.14 (1.45)12.87 (1.38)14.65 (0.87)21.69 (6.10)35.80 (6.34) 3.48 (0.46)

0.050 (0.020)0.47 (0.11) 0.15 (0.04)CF 0.34 (0.11) 0.22 (0.03)0.23 (0.07)
0.12 (0.09) 0.06 (0.01) 0.06 (0.03) 0.022 (0.006)CCSF 0.16 (0.09)0.26 (0.08)

Ketoprofen NC
2.60 (0.89)CT 11.78 (3.49)22.94 (5.94) 10.77 (3.58)9.67 (4.10)14.21 (2.62)

0.17 (0.05) 0.074 (0.031)0.38 (0.22)0.35 (0.07)1.06 (0.29) 0.50 (0.13)CF

0.06 (0.01) 0.02 (0.007)CCSF 0.27 (0.04) 0.17 (0.07) 0.08 (0.01) 0.09 (0.03)

CMC, carboxymethylcellulose solution; NC, nanocapsule suspension.
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Table 2
Mean (S.D.) pharmacokinetic parameters of ketoprofen in plasma (total concentrations), ultrafiltrate (free plasma concentrations)
and CSF after ip administration of two formulations

Cmax (mg/l)Formulations AUC (mg/l×h)Tmax (h) fu (%)

Ketoprofen CMC 1.8
Plasma 0.5 35.8 (6.34) 227.21

0.47 (0.11) 4.03Ultrafiltrate 0.5
0.26 (0.08) 1.530.5CSF

Ketoprofen NC 2.5
22.94 (5.94) 215.320.5Plasma

Ultrafiltrate 0.5 1.06 (0.29) 5.41
0.27 (0.04) 1.530.5CSF

CMC, carboxymethylcellulose solution; NC, nanocapsule suspension.

through the blood–brain barrier is not only the
unbound fraction but also the fraction dissociated
from the proteins in the capillaries [22]. In other
words, both the plasma unbound and initially
bound fractions of ketoprofen might be available
for transfer into CSF. CMC solution and NCs
resulted in very similar AUCT and AUCCSF.
These findings are consistent with the hypothesis
that drug lipophilicity seems to be the main
parameter that governs the blood-to-CSF ex-
changes [8,17,22].
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