In Vitro
of Ketoprofen
Rev. Med.
Chir. Evaluation
Soc. Med. Nat.,
Ia[i  2010Controlled
 vol. 114,Release
nr. 3 from Various Formulations

ªTIINÞE FUNDAMENTALE

ARTICOLE ORIGINALE

IN VITRO EVALUATION OF KETOPROFEN CONTROLLED
RELEASE FROM VARIOUS FORMULATIONS
Ana-Maria Oprea, Raluca Petronela Dumitriu, Cãtãlina Cheaburu, Cornelia Vasile
P. Poni Institute of Macromolecular Chemistry Iaºi
Physical Chemistry of Polymers Department
IN VITRO EVALUATION OF KETOPROFEN CONTROLLED RELEASE FROM VARIOUS FORMULATIONS (Abstract): The aim of this study is to investigate the potential utility
of some hydrogels, based on chitosan, chitosan modified with phthalic anhydride and 75/25
poly(N-isopropyl acrylamide)/alginate, for preparing drug release systems containing ketoprofen, as model drug. Material and method: The in vitro release profiles and swelling
studies were done in ethanol medium, where the studied drug presents high solubility, at 250C
(room temperature). The ketoprofen release was observed by monitoring the absorbance at l max
= 254 nm as a function of time. Results: The experimental results indicated that the smallest
amount of drug was released from chitosan matrices, appreciatively 31%. Conclusions: The
composition of hydrogels had an important effect on ketoprofen release. Key words: ALGINATE, CHITOSAN, SWELLING, CONTROLLED RELEASE, KETOPROFEN

Among the temperature-sensitive hydrogels reported to date, poly (N-isopropyl
acrylamide) (PNIPAAm) and its copolymers
have been widely used for cell separation
as well as for pharmaceutical and tissue
engineering applications because of their
unique thermo-responsive properties (1,2,
3). PNIPAAm undergoes a reversible temperature-sensitive coil-to-globule transition
in aqueous solutions at approximately 320C
(its lower critical solution temperature, LCST),
which lies between room temperature and
physiological temperature (370C). The LCST
of PNIPAAm can be increased by copolymerization with hydrophilic monomers or
decreased by using hydrophobic monomers
(4,5,6).
Alginate, a polysaccharide extracted from
brown algae has been used as a hydrophilic
component of hydrogels for many biomedical applications. The ability of alginate
sodium salt to pharmaceutical industry, being
applied as a carrier (hydrophilic matrix) for
controlled release of oral dosage forms. Ma-

trices incorporating alginate salts or a combination of alginate with other polymers
have been employed to successfully prolong release of many drugs (7,8).
Since chitosan itself is non-toxic (9),
biodegradable (10) and biocompatible (11),
several biological applications have been
reported for chitosan, including chelation
processes (12), a cholesterol trap (13) and a
drug carrier (14,15). Recently, there has
been a growing interest in chemical modification of chitosan to improve its solubility
and widen its applications (16,17). The chemical modification is a powerful tool to
control the interaction of the polymer with
drugs, to enhance the drug loading efficiency as well as tailor the drug release
period. Chemically modified chitosans have
great utility in controlled release and targeting studies of almost all class of bioactive molecules.
Chitosan has been modified by ionic
crosslinking (e.g. with tripolyphosphate, TPP)
to prepare intelligent drug delivery systems
829

Ana-Maria Oprea et al.

(18), and by carboxymethylation for repair
and regeneration of bone tissues (19) or use
as antioxidant agent (20).
The aim of the present investigation to
compare the kinetics of swelling and ketoprofen release from different matrices as
N-isopropyl acrylamide (NIP)/alginate (Alg)
hydrogel (75/25), chitosan (C) and chitosan
modified with phthalic anhydride (CF) matrices.
EXPERIMENTAL
Materials
The monomer N-isopropyl acrylamide
(Aldrich) 97% (NIPAAm), the polysaccharide alginic acid extracted from brown algae
(Fluka), Mw = 48 000 - 186 000 with reduced viscosity at 25 0C of 2.41 mL·g-1, c
= 0.2 g/dL (Alg) and the crosslinking agent
N,N-methylene bis-acrylamide (Fluka) were
all used as received.
Chitosan  (Aldrich) with weight average
molecular weight Mw = 400 000 and acetylating degree of 68% was used.
Phthalic anhydride-modified chitosan was
synthesized as follows: the N- substituted
chitosan derivative was obtained by treating
chitosan with phthalic anhydride, an Aldrich
product, in dimethylsulfoxide (DMSO) under
nitrogen flow and mixing for 6 hours at
80 oC according to Hiranos method (21).
The obtained modified chitosan was further
purified by reprecipitation in ice-distilled
water and sodium carbonate (Na2CO3); then
the precipitate was collected, centrifuged
and washed with ethyl ether and then dyalized against acetone for 3 days in order to
remove the traces of solvent. The structure
of obtained product was confirmed by of
FT-IR and H-NMR spectra (22).
Ketoprofen is a classical nonsteroidal
anti-inflammatory (first generation), analgesic and antipyretic drug efficient in the
treatment of the rheumatoid arthritis and
osteoarthritis, spondylitis, as well as soft
tissue injuries and also to reduce fever. It is
830

Fig. 1. Structure of ketoprofen (23)

a water insoluble substance but it dissolves
in solvents like ethanol, methylene chloride, dimethylsulphoxide (DMSO) and dimethylformamide (DMF). The structure of ketoprofen is presented in fig. 1.
METHODS
Swelling kinetics
The kinetics of the swelling was carried
out by weight measurements performed at
room temperature in ethanol. The equilibrium swelling degree was calculated according to the Eq. (1).
Q max (%) = (Wt  Wd)/Wd100
(1)
where Wt is the weight of the swell samples
at time t and Wd is the dry weight of the
sample.
To determine the kinetics of solvent diffusion into the matrices (swelling) the following equation was used (24):

Ft =

Wt
= k sw t n sw
Weq

(2)

where Wt and Weq represent the amount of
ethanol solution, absorbed by the matrices
at time t and at equilibrium, respectively,
ksw is the swelling constant characteristic of
the system and nsw is the power law diffusion
exponent which takes into account the type
of solvent transport. Eq. (2) applies to initial
states of swelling (swelling degree less than
60%) and linearity is observed when log Ft
as a function of log t is represented.
Drug loading and in vitro release
studies
The drug loading of the hydrogel matrices was carried out by mixing ketoprofen
with dried hydrogel in powder form. During
the drug release study, at predetermined
time intervals, 1 mL sample was withdrawn
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from the release medium and concentration
of ketoprofen at 254 nm in the release medium were determined using a UV-VIS spectrophotometer HP 8450A.
The concentrations of the drugs were
calculated based on calibration curves determined for drug at specific maximum absorption wavelengths.
A simple, semi-empirical equation using
Korsmeyer and Peppas model was used to
kinetically analyze the data regarding the
drug release from studied matrices system
which is applied at the initial stages (approximately 60 % fractional release) (25,
26,27,28,29,30,31):

M t / M¥ = k r t n r

(3)

where Mt/Má represents the fraction of the
drug released at time t, Mt and M8 are the
absolute cumulative amount of drug released at time t and at infinite time (in this
case maximum release amount in the experimental conditions used, at the plateau of
the release curves), respectively, k r is a
constant incorporating characteristics of the
macromolecular matrix and the drug n r is
the diffusion exponent, which is indicative
of the release mechanism. In the equation
above a value of nr = 0.5 indicates a Fickian
diffusion mechanism of the drug from matrix, while a value 0.5 < nr < 1 indicates
4000
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Fig. 2. Swelling profiles of studied hydrogels in
ethanol medium, at 25 0C

an anomalous or non-Fickian behaviour.
When nr = 1 a case II transport mechanism
is involved while nr > 1 indicates a special
case II transport mechanism (32,33,34,35).
The corresponding drug-release profiles
were represented through plots of the cumulative percentage of drug release versus time.
FT-IR spectroscopy
The hydrogels loaded with ketoprofen
were analyzed by FT-IR spectroscopy, using
the KBr pellet technique. The spectra were
scanned on a Bruker VERTEX 70 (USA)
device, over a 4000-500 cm-1 range, at a
resolution of 4 cm-1.
RESULTS AND DISCUSSIONS
Swelling kinetic studies
The swelling behaviour of the tested matrices in ethanol medium at 250C is shown
in fig. 2.
To determine the swelling behavior, the
chitosan-based matrices were tested in saturated ethanol vapors atmosphere, at 25 0C.
The swelling of chitosan in ethanol is very
low of only 4%. It is evident that the character of swelling curves for both chitosan
matrices is different, because of modifying
process with phthalic anhydride, the swelling
ratio in this case increased being of 58%.
For 75/25 NIP/Alg hydrogels, the swelling
studies were done by immersing the samples
in ethanol solution at 250C, reaching a
stable equilibrium after 30 minutes with a
swelling degree of 3800 %.
In tab. I, the kinetic parameters of swelling
for studied hydrogel are given.
The values obtained for swelling parameter (nsw) in ethanol medium at 250C varies
in range between 0.01-0.15 indicating an
anomalous mechanism of swelling.
In vitro release studies
In case of chitosan-based matrices, the
modification process with phthalic anhydride, determines a difference between
amounts of drug released, the highest percent, about 43%, being obtained for CF831
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TABLE I
Kinetic parameters of swelling for studied
hydrogels
-n
Hydrogels
nsw
ksw (min )
C
0.01
0.94
CF
0.05
0.65
75/25 NIP/Alg
0.15
0.53

released (%)

90

Ketoprofen

-based matrices and the lowest for chitosan
matrix. Release profiles are similar with the
swelling ones. To explain this behaviour
FT-IR spectroscopy is used. Appreciatively
96% amount of drug released characterizes
the 75/25 NIP/Alg hydrogels.
Infrared spectroscopy was used to study
the interactions between the drug and the
polymers. The spectra of the studied systems are given in fig. 4.
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Fig. 3. The release profiles of ketoprofen in
ethanol from studied hydrogels, at 250 C

Ketoprofen has a carboxylic acid group,
which can interact with the functional groups
of the polymers. For ketoprofen, the chaa
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Fig. 4. FT-IR spectra in two representative spectral region of (a) ketoprofen, and studied matrices:
(b) 75/25 NIP/Alg, (c) chitosan modified with phthalic anhydride, (d) chitosan, loaded with
ketoprofen
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TABLE II
The kinetic parameters of ketoprofen released from studied matrices
Korsmeyer-Peppas equation
First order kinetic model
Hydrogels
R
kr10 3 (min-n)
kr10 3 (min-1 )
R
nr
C
0.72
0.99
55.25
33.04
0.98
CF
0.83
0.99
14.14
8.16
0.99
75/25 NIP/Alg
1.18
0.99
4.43
7.52
0.98

racteristic bands appeared at 2876 cm-1 due
to CH stretching of CH3 group masked by
symmetric OH, 1697 cm-1 due to the C=O
stretching vibration of the carboxylic group,
a band observed at 1655 cm-1 represented
by the carbonyl C==O stretching vibrations, and a wide band between 811 cm-1642 cm-1, characteristic to C-H deformation
of aromatic ring (fig. 4a).
In case of NIP/Alg (75/25) ketoprofen
loaded hydrogels, the IR spectra showed
characteristic peaks of ketoprofen at 2974
cm-1-2876 cm-1, 2169 cm-1-2125 cm-1, 1650
cm-1 regions and 839 cm-1-1094 cm-1 band
(fig. 4b).
For chitosan-phthalic anhydride ketoprofen loaded matrices, the IR spectra showed
characteristic peaks of ketoprofen at 2978
cm-1-2877 cm-1 band, 1384 cm-1, 1651 cm-1,
and the region 834 cm-1-615 cm-1, respectively (fig. 4c).
The spectra of ketoprofen loaded hydrogels prepared with chitosan showed that the
peaks at 1697 cm-1 and 1655 cm-1 were
found at 1652 cm-1 and 1646 cm-1 respectively and the band 811 cm -1- 642 cm-1 is
replaced by 758 cm-1-502 cm-1 bands, respectively (fig. 4d) which indicate major modifications in the structure after loading.
These bands correspond to amide groups
indicating formation of a new compounds
and possible drug-matrix interactions through

covalent bonding and/or hydrogen bonding.
This explains the slower release rate and
smaller release amount of ketoprofen from
the chitosan matrix.
Kinetic mechanism
The kinetic parameters for ketoprofen
release in ethanol solution from tested hydrogels are presented in table II.
The values of the diffusion exponent (nr )
obtained for ketoprofen release from tested
matrices indicates an anomalous transport
mechanism for chitosan and chitosan modified with phthalic anhydride hydrogels, namely 0.72 and 0.83, respectively, which
appeared by coupling Fickian diffusion with
the relaxation of the hydrogel network. For
75/25 NIP/Alg hydrogel the nr value is 1.18
sugesting a case II transport mechanism.
CONCLUSIONS
Potential applications of chitosan-based
matrices and 75/25 NIP/Alg hydrogels in
controlled drug delivery were tested. The
composition of hydrogels had an important
effect on ketoprofen release.
The swelling exponent values n sw < 0.5
indicated a non-Fickian character of ethanol diffusion into the hydrogels.
The values of the diffusion exponent (nr )
obtained for ketoprofen release from chitosan-based matrices indicates an anomalous
transport mechanism and a case II transport
mechanism for 75/25 NIP/Alg.
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I ÎN TUMORI MALIGNE NON-TIROIDIENE?

Sistemul de transport Na/I (Na/I symporter, NIS) este o proteinã existentã în mod normal în
membrana celulelor tiroidiene, care mediazã influxul de iod, atât stabil, utilizat, ulterior,
fiziologic în sinteza hormonilor tiroidieni, cât ºi radioactiv ( 131I, 123I, 124I), permiþând vizualizarea
scintigraficã tiroidianã ºi mediind radioiodoterapia cancerului tiroidian. Captarea scintigraficã
tiroidianã de 99mTcO4- este, de asemenea, mediatã de proteina NIS. Studii experimentale recente
aduc în discuþie posibilitatea utilizãrii NIS pentru imagistica neinvazivã a expresiei genice ºi,
posibil, radioiodoterapia unor tumori maligne non-tiroidiene cãrora li s-a indus genetic expresia
membranarã a acestei proteine (Baril P, Martin-Duque P, Vassaux G. Visualization of gene
expression in the live subject using the Na/I symporter as a reporter gene: applications in
biotherapy. Br J Pharmacol 2010; 159 (4): 761-771) .
Cipriana ªtefãnescu
ACTIVITATEA UNEI NOI FLUOROCHINOLONE IN CERCETARE,
FINAFLOXACIN, ASUPRA UNOR IZOLATE DE ACINETOBACTER BAUMANII
Autorii studiului comparã activitatea unei noi fluorochinolone, finafloxacin, cu cea a ciprofloxacinului, asupra unor izolate de Acinetobacter baumanii, în condiþii de pH diferite: 7,2 versus 5,8.
Finafloxacinul a demonstrat o activitate superioarã ciprofloxacinului, în condiþii de aciditate.
Activitatea celor douã flourochinolone a fost comparabilã, în condiþii de pH 7,2. Finafloxcin
promite a fi un nou agent antimicrobian pentru tratamentul infecþiilor cu Acinetobacter baumanii în
compartimentele acide ale organismului uman (Higgins PG, Stubbings W, Wisplinghoff H, Seifert
H. Activity of the investigational fluoroquinolone Finafloxacin against Ciprofloxacin-sensitive
and resistant Acinetobacter baumannii isolates. Antimicrob Agents Chemother 2010; 54 (4):
1613-1615).
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