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Abstract

The aim of this work was the preparation of the inclusion complex of naproxen with 2-
hydroxypropyl-B-cyclodextrin (HP-B-CD) in order to improve the physical and chemical
properties of naproxen. The molecular inclusion complexes of naproxen with HP-B-CD
were prepared by using the co-precipitation method in the solid state with the molar ratio
of 1:1. The structure of the obtained complex was characterized by using FTIR, "H NMR,
UV-Vis and XRD methods. The testing of naproxen photostability by the UV-Vis method
indicated the degradation to aromatic ketone, 2-acetyl-6-methoxynaphthalene. FTIR
analysis showed that the degradation has started 15 days after the exposure of naproxen
to daylight while the inclusion complex of naproxen:2-hydroxypropyl-B-cyclodextrin was

photostable for a period of 30 days.
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Naproxen, (+)-(5)-2-(6-methoxynaphthalen-2-yl)-
propanoic acid, is a derivative of 2-arylpropionic acids
(profen drugs) which, in therapeutic doses, reduces the
biosynthesis of prostaglandin and fever [1]. It exhibits
anti-inflammatory and analgesic effects, relieves the
symptoms of rheumatic diseases and other conditions
accompanied by inflammation and the acute pain of
moderate severity. Of two enantiomers of naproxen
only the S-form is active.

Naproxen is a photosensitive and low soluble mole-
cule which can be degraded under the influence of light
by giving pharmacologically inactive products. A great
number of published works were presented in the ways
to improve the solubility of naproxen. For the improved
solubility Mura and colleagues developed solid nap-
roxen and chitosan systems [2,3] and triple systems of
naproxen, amino acids and hydroxypropyl-f-cyclodex-
trin [4]. Various synthetic polymers were used as drug
carriers in order to achieve the efficient and targeted
delivery systems for a satisfactory therapeutic appli-
cation. Agglomerated crystals of naproxen with hyd-
roxypropy! cellulose improved the compactness [5]. A
diblock copolymer of poly(ethylene-#methacrylic acid)
(PEO-APMAA) was synthesized by the atom transfer
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radical polymerization and applied to the pH-depen-
dent release of naproxen embedded into the core of
the micelle [6]. The obtained results provided the pot-
ential use of the PEO-#PMAA micelle system for a
targeted delivery of various hydrophobic drugs in the
small intestine. The interactions of poly(vinylpyrro-
lidone) (PVP) with ibuprofen and naproxen were also
studied [7]. The influence of the drug on the glass tran-
sition, solubility and specific types of hydrogen bonding
interactions were analyzed [8].

Cyclodextrins and their derivatives are suitable drug
carriers because their molecule can host another sub-
stance in its cavity. The inclusion complex of naproxen
with fcyclodextrin increased the solubility and the
drug release rate [9,10]. The interactions in inclusion
complexes of a-cyclodextrin, f-cyclodextrin, jcyclo-
dextrin and dimethyl-#cyclodextrin with naproxen,
ibuprofen and panadol were examined [11]. The inc-
lusion complexes of cyclodextrin and its derivatives
were used to improve the physical and chemical pro-
perties of the drugs (solubility, vapor, odor, stability,
etc.). A great number of researches proved that the
solubility and stability of the drugs are increased, e.g.,
atenolol [12-14], nifedipine, nicardipine [15-17], amlo-
dipine [18,19] and allicin [20]. The solubility of the
usnic acid was improved by complexation with Acyclo-
dextrin (£-CD:UA) which is incorporated in liposomes
[21].

It was observed that naproxen absorbed UV irradi-
ation up to 360 nm and, in the presence of oxygen, lead
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to its direct degradation. As a result of photodegra-
dation, the obtained molecules were more hydropho-
bic with the increased toxicity which, compared to nap-
roxen [22], reduced the pharmacological activity and
safety of the drug administration. Photodegradation
products of naproxen include 4-isobutylacetophenone,
1-(6-methoxy-2-naphthyl)ethanol and 2-acetyl-6-meth-
oxynaphthalene. Both keto analogues of naproxen
belonged to the group of aromatic ketones, that pre-
sence increases the rate of photodegradation during
the light exposure. Aromatic ketones moved the molar
absorptivity towards higher wavelengths and conse-
quently acted as more photosensitive agents [23]. A
recent research showed the improved photostability of
the usnic acid and piroxicam in the inclusion complexes
with 2-hydroxypropyl-S-cyclodextrin (HP-3-CD) [24,25].

The aim of this work was the preparation of the
inclusion complex of naproxen with HP-B-CD, its struc-
tural characterization and the naproxen photosensi-
tivity enhancement. The molecular inclusion complex
based on naproxen and HP-3CD, as a complexing
agent, was prepared by the chemical co-precipitation
method in the solid state and in the molar ratio of 1:1.
For the structural characterization of the complex, a
complexing agent, naproxen, the corresponding phys-
ical mixture of naproxen and HP-CD, the methods of
nuclear magnetic resonance (‘H-NMR), X-Ray diffrac-
tion (XRD) and Fourier transform infrared spectrometry
(FTIR) were used. For the investigation of the impact in
the photostability of naproxen, the FTIR method and
ultraviolet and visible spectroscopy (UV-Vis) were used
for the analysis of photosensitive groups of naproxen in
a pure and complexed form.

EXPERIMENTAL

Material and methods

Naproxen was supplied from Megafine Pharma Ltd.
(99.67% purity), while 2-hydroxypropyl-#cyclodextrin
(97%) and potassium bromide (spectroscopic grade)
were supplied from Merck, Darmstadt. Other solvents
and reagents used were of p.a. purity.

Preparation of inclusion complex

The inclusion complex of naproxen:2-hydroxypro-
pyl-Acyclodextrin was obtained by the co-precipitation
method with the molar ratio of the reactants 1:1. The
measured amounts of naproxen (230.259 mg) and
2-hydroxypropyl-cyclodextrin (1541.54 mg) were sus-
pended in distilled water (150 cm®). The solution was
mixed at room temperature for 48 h, protected from
the light. In order to carry out the dissolution and due
to the poor solubility of naproxen, the prepared sol-
ution was then subjected to ultrasound for 1 h. The
ultrasound device Sonic (NiS, Serbia), and an ultrasonic

362

bath with the dimensions A:B:H = 300 mmx151
mmx200 mm, with 8 dm?® volume, were used under the
following conditions: the temperature 30 °C, the ultra-
sound wave frequency 40 kHz and the power of 150 W,
the total nominal power of 3x50 W. After the treat-
ment by ultrasound, this solution was evaporated in a
vacuum evaporator at 50 °C protected from the light,
to the volume of approximately 20 cm®, and then dried
in a desiccator above the concentrated sulfuric acid at
25 °C. After drying, a white crystalline complex was
obtained and as such it was used for further investi-
gations in this work.

Preparation of physical mixture

Physical mixtures were prepared by simple mixing
of naproxen with 2-hydroxypropyl-f-cyclodextrin as
complex agents in the mole ratio of 1:1.

Fourier transform infrared spectrometry (FTIR)

FTIR spectra of the samples were recorded by using
the technique of thin transparent pills with potassium
bromide, spectroscopic purity, under vacuum at the
pressure of 200 MPa. Using this method, the following
was analyzed: naproxen, 2-hydroxypropyl-fcyclodex-
trin, the inclusion complex naproxen:2-hydroxypropyl-
-f-cyclodextrin and a physical mixture of naproxen and
2-hydroxypropyl-f-cyclodextrin with the measured 150
mg KBr and 0.2 mg samples. KBr tablets, with naproxen
and the complex naproxen:2-hydroxypropyl-/cyclo-
dextrin, were exposed to daylight and, in certain time
intervals, FTIR spectra were recorded.

For all the samples, the recording was carried out in
the area of wave numbers from 4000 to 400 cm™* on
the FTIR spectrophotometer Bomem Hartmann &
Braun MB-series. The spectra were processed by using
the Win-Bomem Easy software.

Nuclear magnetic resonance spectrometry (‘H-NMR)

'"H-NMR spectra of the samples of the inclusion
complex naproxen:hydroxypropyl-£-cyclodextrin, 2-hyd-
roxypropyl-fcyclodextrin and naproxen were made on
the Bruker AC 250 E NMR spectrometer with operating
frequencies of 250 MHz, in a 5 mm diametar glass cuv-
ette at room temperature. D,O was used as a solvent.

X-ray diffraction (XRD)

X-ray diffraction was performed on the Phillips PW
1030 powder diffractometer by exposing the samples
to monochrome CuKo, radiation, A = 1.54178 A, and
analyzed under the angle 268 between 5 and 45° with
0.05° increments and recording time, 7= 5 s. The vol-
tage and the strength of the electric current were 40 kV
and 20 mA, respectively.
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Ultraviolet and visible spectrophotometry (UV-Vis)

The sample was prepared by dissolving 2.5 mg of
naproxen in 10 cm® of distilled water. The quartz glass
cuvette of dimensions 1 cmx1 cmx4.5 cm was used.
The recordings were performed in the wavelength
range of 200-800 nm using the Varian Cary 100 spec-
trophotometer while distilled water was used as a blind
test.

RESULTS AND DISCUSSION

The structural characterization of the obtained
molecular inclusion complex naproxen:2-hydroxypro-
pyl-Acyclodextrin, a complexing agent, naproxen and
the corresponding physical mixtures were carried out
by FTIR, lH—NMR, XRD and UV-Vis methods. For moni-
toring the formed photodegradation products of nap-
roxen, FTIR and UV-Vis methods were applied. XRD
diffraction patterns of naproxen, 2-hydroxypropyl-/
-cyclodextrin, the physical mixture and the inclusion
complex naproxen:2-hydroxypropyl-/fcyclodextrin are
shown in Figure 1.

The comparative analysis of XRD diffraction pat-
terns (Fig. 1) was used to observe the difference at
some peaks in the diffraction patterns of the complex
naproxen:2-hydroxypropyl-f#-cyclodextrin,  naproxen,
2-hydroxypropyl-fA-cyclodextrin and the physical mix-
ture of naproxen and 2-hydroxypropyl-/Acyclodextrin.
Diffractogramm of 2-hydroxypropyl-/cyclodextrin (Fig.
1, data d) had two wide peaks with the maxima at 11.7
and 18.5° which did not show clearly defined reflec-
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tions and the disordered crystal structure corres-
ponded to the amorphous structure. The presence of
well-structured sharp peaks with the maxima at 6.5,
12.6, 13.4, 16.6, 18.0, 18.8, 19.9, 20.6, 22.1, 22.5, 23.5,
23.9 and 28.2° with clearly defined reflections in the
XRD diffractogram of naproxen (Fig. 1, data c) con-
firmed its crystalline structure. In the XRD diffrac-
togram of the physical mixture of naproxen and 2-hyd-
roxypropyl-f-cyclodextrin (Fig. 1, data a) characteristic
peaks of naproxen with the maxima at 6.6, 12.6, 18.9,
20.6, 22.5 and 23.5° and wide peaks with the maximum
at 11.7 and 18.5° derived from 2-hydroxypropyl-/-cyc-
lodextrin were present. The results of the physical mix-
ture indicated that there was no molecular interaction
between the molecules of the guest and the host, i.e.,
the diffraction of the physical mixture presented the
sum of diffraction patterns of naproxen and 2-hyd-
roxypropyl-f#cyclodextrin. The diffraction pattern of
the inclusion complex of naproxen:2-hydroxypropyl-#
-cyclodextrin did not contain the peaks that are charac-
teristic for diffractograms of naproxen and HP-£-CD.
The loss of the peaks at 6.5, 13.4, 16.6, 18.0, 19.9, 21.1,
23.9 and 28.2°, and the peaks with the reduced int-
ensity present at 12.6, 18.8, 20.6, 22.5 and 23.5°, which
originated from naproxen in the diffraction pattern of
the inclusion complex of naproxen:2-hydroxypropyl-#
-cyclodextrin (Fig. 1, data b), indicated that the drug
molecules were protected from X-rays by the inclusion
of the guest molecules in the hydrophobic cavities of
the host molecule.

25 29 33 37 a1 45
28 ¢

Figure 1. XRD diffraction: physical mixture of naproxen and 2-hydroxypropyl--cyclodextrin (a), inclusion complex naproxen:2-hyd-
roxypropyl-f-cyclodextrin (b), naproxen (c) and 2-hydroxypropyl--cyclodextrin (d).
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The numbering of C atoms at naproxen and gluco-
pyranose units of 2-hydroxypropyl-#cyclodextrin was
shown in Fig. 2, while the results of ‘H-NMR analysis
are given in Table 1.

The '"H-NMR analysis of the complex of naproxen:2-
-hydroxypropyl-f#cyclodextrin (Table 1) showed the
presence of a multiplet at 6 7.0 to 7.85 ppm which
originated from the proton of naphthalene in the nap-
roxen structure, but of a significantly lower intensity.
The signal at & 1.52 ppm assigned to protons in the
position 3 of the CH; groups of naproxen is also present
in the "H-NMR spectrum of the complex, but of lower
intensity and shifted for +0.08 towards higher values of
6 units. On the other hand, all of the signals originating
from the protons of 2-hydroxypropyl-S-cyclodextrin
glucopyranose units are present in the spectrum com-
plex. The triplet at 6 3.975 ppm assigned to H; protons
and the doublet at § 1.125 assigned to Hg protons from
2-hydroxypropyl-fcyclodextrin complex, are moved to
higher values of § units (Table 1), to +0.045 and +0.065,
respectively. The greatest displacement (A6 = -0.1
ppm) in the spectrum of the complex showed the sig-
nals at 6 3.9 ppm, which corresponds to Hg protons of
2-hydroxypropyl-fcyclodextrin  glucopyranose units.
Compared to naproxen and 2-hydroxypropyl-/-cyclo-
dextrin, these movements in the '"H-NMR spectrum of
the naproxen:2-hydroxypropyl-£-cyclodextrin complex
indicated that there were non-covalent interactions
between H; protons of the guest molecules and Hs, Hg

and Hy protons of the host molecules, i.e., there was a
formation of a supramolecular structure by the type of
the inclusion.

In the FTIR spectrum of naproxen (Fig. 3, curve a)
there was a wide absorption band of the medium
intensity with the maximum at 3215 cm " attributed to
the valence vibrations of OH groups from carboxylic
acids, v(OH).

The weak absorption band at 3002 cm™ originated
from CH valence vibrations of the aromatic part of the
structure. In the FTIR spectrum of naproxen (Fig. 3,
curve a), the characteristic band with a very high inten-
sity and the maximum at 1727 cm " was the result of
the valence vibration of C=0 group from carboxylic
acids, v(C=0), which is consistent with the investiga-
tions of other authors [8,26]. The weak band at 1416
cm™ and the medium intensity band with the maxi-
mum at 1267 cm™ in the spectrum were caused by
coupling between C-0 valence vibrations and the OH
deformation vibration in the plane. The existence of
the condensed polycyclic aromatic structure (naphtha-
ene) confirmed the bands of C=C valence vibrations,
v(C=C), which occurred in the range of 1600-1450 cm
and were present in the spectrum with the maximal
peaks at 1605, 1505, 1484 and 1458 cm™’. OH deform-
ation vibrations in the plane, §(OH), and out of the
plane, Y(OH), in the spectrum of naproxen (Fig. 3),
provide the bands with the maximum at 1393 and 672
cm™, respectively [7]. The medium strength band at

OH

b |
CH>— CH— CH
7 2 8 9 8

Figure 2. The numbering of C atoms with naproxen (a) and glucopyranosy! unit 2-hydroxypropyl--cyclodextrin (b).

Table 1. Chemical shifts (6 / ppm) of protons in the IH-NMR spectrum of naproxen, 2-hydroxypropyl-f-cyclodextrin and inclusion
complex naproxen:2-hydroxypropyl-[-cyclodextrin and changes in chemical shift (A6 / ppm); s - singlet, d — doublet, dd — doublet of
doublets, t — triplet, g — quartet, m — multiplet, HP-3-CD — 2-hydroxypropyl-[-cyclodextrin

C-atom Naproxen Complex AS C-atom HP-B-CD complex AS
1 7.25(s,1H)  7.25(s, 1H) - 1 5.15 (d, 1H) 5.15 (d, 1H) -

2 3.84 (g, 1H) - - 2 3.62 (t, 1H) 3.62 (t, 1H) -

3 1.52 (d, 3H) 1.6 (d, 3H) +0.08 3 3.975 (t, 1H) 4.02 (t, 1H) +0.045
3 7.13 (dd, 1H) - - 4 3.46-3.53 (m, 1H) - -

4 7.71(d, 1H)  7.71(d, 1H) - 5 - - -

5' 7.68 (s, 1H) 7.68 (s, 1H) - 6 3.9 (s, 2H) 3.8 (s, 2H) -0.1
7' 7.4 (dd, 1H) 7.4 (dd, 1H) - 7 - - -

8' 7.76 (d, 1H)  7.76 (d, 1H) - 8 - - -
11 3.92 (s, 3H) - - 9 1.125 (d, 3H) 1.19 (d, 3H) +0.065
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Figure 3. FTIR spectrum of naproxen (a), 2-hydroxypropyl--cyclodextrin (b) and inclusion complex of naproxen:2-hydroxypropy!-[

-cyclodextrin (c).

924 cm ', which also originating from the OH group
out-of-plane deformation vibration, indicates the
possibility of dimeric forms of naproxen.

The FTIR analysis of the spectrum of 2-hydroxy-
propyl-f-cyclodextrin (Fig. 3, curve b) showed the
characteristic wide band of high intensity with the
maximum at 3431 cm’, which originated from the
valence vibration of OH groups, v(OH). The bands of
valence vibrations of CH groups, v(CH), in the of 2-hyd-
roxypropyl-B-cyclodextrin were present at 2970 and
2927 cm_l, while the bands of deformation vibrations
in the plane, 8(CH), appeared at 1458 and 1374 cm .
The intensive band with the maximum at 1155 cm ™
was the result of valence vibrations of C—O-C bond,
and this is the characteristic of saturated cyclic ethers.
In the range of 1200-1000 cm™" there was a complex
band with the maxima at 1155, 1083 and 1036 cm™
resulting from the coupling of asymmetric valence
vibrations C—0, C—0—C, C—C-0 and C—C—C bonds. In the
FTIR spectrum of the host (Fig. 3, curve b) the existence
of glucopyranose units was confirmed by the bands in
the area of 700-1000 cm_l, whereas the C1 of chairs
conformation indicated the bands appearing in the
spectrum at 950 and 855 cm .

The analysis of the FTIR spectrum of the inclusion
complex naproxen:2-hydroxypropyl-cyclodextrin (Fig.
3, curve c) showed that there was a difference in com-
parison to the FTIR spectra of naproxen (Fig. 3, curve a)
and 2-hydroxypropyl-f-cyclodextrin (Fig. 3, curve b).
The band of OH group valence vibrations, v(OH), from
2-hydroxypropyl-fcyclodextrin in the spectrum of the
complex (Fig. 3, curve c) at 3415 cm - was shifted to
lower wave numbers by 16 units, compared to the pos-
ition of the same band in the spectrum of the host. This
band covers the band of OH group valence vibrations
from carboxyl groups of naproxen. In the spectrum of
the complex, the valence vibrations of C=0 group of
naproxen provided a low intensity band with the
maximum at 1711 cm_l, the centroid of which was
shifted towards smaller wave numbers by 16 units,
compared to naproxen. This shift may indicate a non-
covalent interaction of the host molecule with the
guest molecule. In the spectrum of the complex, there
was a characteristic band from the condensed polycyc-
lic aromatic structure of naproxen, as a single band of
low intensity which occurred at 1505 cm ™. In the spec-
trum of the complex there was also a low intensity
band with the maximum at 1267 cm_l, which was the
result of coupling between the valence vibration of C-0
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groups and the deformation vibrations of OH groups
from naproxen. Compared to the same bands in 2-hyd-
roxypropyl-fcyclodextrin spectrum (2970 and 2927
cm™), the medium intensity band with the maxima at
2965 and 2928 cm_l, which were attributed to CH val-
ence vibrations, showed a movement of the centroid
towards smaller wave numbers for 5 and 1 units, res-
pectively. This shift may be the result of establishing a
hydrogen bond between the CH groups of complexing
agents which are proton donors and the guest mole-
cules.

The differences in the FTIR spectra indicated the
formation of supramolecular structures by the type of
inclusions and they were in compliance with the inves-
tigations of "H-NMR and XRD analysis.

Marrota et al. studied the photosensitivity of nap-
roxen and kinetics of photodegradation. In the aqueous
medium, 2-acetyl-6-methoxynaphthalen and 1-(6-meth-
oxy-2-naphthyl)ethanol were determined as the main
photodegradation products [27]. The scheme of photo-
lytic degradation of naproxen is given in Fig. 4 [23].

Naproxen is a photosensitive molecule that, in the

HaC
\
C
C/
@\ \
OH CH,
|
H3C
C
Y QQ
(o) O\
CH,

Figure 4. Photodegradation route of naproxen.
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presence of oxygen, gives two degradation products,
aromatic alcohol and ketone (Fig. 4). By decarboxyl-
ation of naproxen (1) a product is formed (ll), i.e., 1-(6-
-methoxy-2-naphthyl) ethanol. By further oxidation of
the resulting alcohol the photodegradation product
(1),  2-acetyl-6-methoxynaphthalen was obtained,
which may be derived directly from naproxen. By
photodegradation of naproxen, the molecules with
higher toxicity of naproxen which reduce the pharma-
cological activity and the safety of the drug application
were obtained [23].

In these investigations the photostability of nap-
roxen in the pure state and in the complex was moni-
tored by FTIR spectroscopy during 30 days of exposure
to daylight. The structure change of naproxen under
the influence of daylight was monitored using UV—-Vis
spectrophotometry. The results of this testing are given
in Fig. 5.

In the UV-Vis spectrum of naproxen, which was not
exposed to daylight (Fig. 5, curve a), three absorption
maxima at 208, 256 and 328 nm originating from the
n—n* transitions of naphthalene were found. The

LI O B B B B

200 225 250 275

LI O B B B B B B B

300 325 350 375

Wavelength, nm

Figure 5. UV-Vis spectrum of naproxen not exposed to daylight (a) and after exposure to 30 days (b).
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presence of C=0 of carboxyl group in naproxen which
originated from the n—m* transitions was confirmed
by the maximum absorbance at 232 nm. In the UV—-Vis
spectrum of naproxen which was exposed to daylight
for 30 days (Fig. 5, curve b) the absorption maxima at
the same wavelengths as naproxen were observed but
of a bit greater intensity. These maxima corresponded
to m—n*and n—n* transitions of naphthalene and
keto groups, respectively, which means that these func-
tional groups were retained in the photodegradation
product of naproxen. Based on the UV—-Vis analysis it
can be concluded that under the influence of daylight
naproxen most probably formed aromatic ketone,
2-acetyl-6-methoxynaphthalen (lll), which is in accord-
ance with the studies of other authors [23].

FTIR spectra naproxen and naproxen which was
exposed to daylight for a period of 30 days are given in
Fig. 6.

The comparative analysis of the FTIR spectra of
naproxen (Fig. 6, curve a) and naproxen exposed to
daylight (Fig. 6, curve b) showed that in the spectrum
of naproxen exposed to daylight for 15 days (Fig. 6,
curve b) bands at 3213, 1393 and 924 cm™* from the OH
valence and deformation vibration were observed,
which were less intensive than in the spectrum of nap-
roxen (Fig. 6, curve a). The centroid of the band attri-
buted to valence vibrations of OH group (3213 cm ™) in
the spectrum of naproxen which was exposed to day-
light for 15 days was shifted to lower wave numbers by
2 units. These changes in the spectrum might indicate

that a certain extent of naproxen was succumbed to
photodegradation.

It is evident that there is no loss of the band from
C=0 valence vibrations in the spectrum of naproxen
which is exposed to daylight for 15 days, which leads to
the conclusion that in the structure of photodegrad-
ation products a keto group, C=0 is still present.
According to the studies of other researchers this cor-
responds to the photodegradation products Il [23] (Fig.
4). The spectrum of naproxen which is continuously
exposed to daylight for 30 days (Fig. 6, curve c) showed
the additional reduction of the band intensity with the
maxima at 3216, 1393, 924 and 672 cm_l, while the
band of the C=O group at 1727 cm ' remained
unchanged, compared to the same band in the spec-
trum of naproxen and naproxen exposed to daylight for
15 days. Based on the obtained results it can be sug-
gested that photodegradation is heading towards the
product Ill, i.e., 2-acetyl-6-methoxynaphthalen, which
is consistent with the UV-Vis analysis in this paper.

In order to determine the stability of naproxen in
the inclusion complex with 2-hydroxypropyl-A-cyclo-
dextrin, the change of the bands using the FTIR spectra
was monitored for 30 days. Periodical recording was
carried out and the results are shown in Fig. 7.

Comparing the FTIR spectra of the inclusion com-
plex which was not exposed to daylight (Fig. 7, curve a)
and the inclusion complex which was exposed to
daylight for 30 days (Fig. 7, curve b), it is evident that
there is no loss of the bands as well as their changes in

LTLl
LLT

3
[=N

LTLL

. 300
Transmittance / Wavenumber {cm’ )

2000 1000

Figure 6. FTIR spectrum of naproxen not exposed to daylight (a) and after exposure to daylight for 15 (b) and 30 days (c).
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Figure 7. FTIR spectrum of the inclusion complex of naproxen:2-hydroxypropyl-f3-cyclodextrin not exposed to daylight (a) and after

exposure to 30 days (b).

the intensity and position or the appearance of new
bands. These results indicate that the inclusion com-
plex of naproxen:2-hydroxypropyl-f#cyclodextrin is
photostabile and preserves naproxen for 30 days, while
the uncomplexed naproxen is largely degraded for the
same period.

CONCLUSION

The molecular inclusion complex was prepared by
the co-precipitation method in the solid state at 1:1
molar ratio of the reactants. The loss of peaks in the
complex naproxen:2-hydroxypropyl-B-cyclodextrin at
6.5,13.4,16.6, 18, 19.9, 22.1, 23.9 and 28.2°, which is a
characteristic of naproxen in the XRD diffractogram,
indicates that the drug is sheltered from the X-rays and
shows that there was an inclusion of the drug in the
hydrophobic cavity of 2-hydroxypropyl-/fcyclodextrin.
Chemical shifts of the signals from Hj, Hg and Hq pro-
tons of glucopyranose units, as well as the signals of
protons from CH; group of naproxen at position 3 in
the 'H-NMR spectrum of the complex, suggest the
presence of non-covalent interactions of the host mole-
cule with the guest molecule. The loss of characteristic
bands in the FTIR spectrum of naproxen:2-hydroxypro-
pyl-A-cyclodextrin also demonstrates the formation of
supramolecular structures, which is consistent with the
results of the previous analysis. The results of the
investigation of photodegradation of naproxen by FTIR
and UV-Vis methods show that naproxen is photo-
unstable and that the main degradation product is the
aromatic ketone, 2-acetyl-6-methoxynaphthalen (ll).
The inclusion complex of naproxen:2-hydroxypropyl-/
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-cyclodextrin showed the increased photostability of
naproxen, compared to the uncomplexed naproxen.
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1ZVvOD

POBOLISANA FOTOSTABILNOST NAPROKSENA U INKLUZIONOM KOMPLEKSU SA

2-HIDROKSIPROPIL-S-CIKLODEKSTRINOM

SneZana S. IIic’—Stojanovic’l, Vesna D. Nikolic’l, Ljubisa B. Nikolic'l, Aleksandar S. Zdravkovic’z, Agnes J. Kapor3,

Mirjana M. Popsavin4, Slobodan D. Petrovi¢®

"Univerzitet u Nisu, Tehnoloski fakultet, Leskovac, Srbija
*Visoka strukovna $kola za tekstil, Leskovac, Srbija

3Univerzitet u Novom Sadu, Prirodno-matematicki fakultet, Departman za Fiziku, Novi Sad, Srbija
*Univerzitet u Novom Sadu, Prirodno-matematicki fakultet, Departman za Hemiju, Novi Sad, Srbija

® Univerzitet u Beogradu, Tehnolosko-Metaluriki fakultet, Beograd, Srbija
(Naucni rad)

Naproksen, (+)-(S)-2-(6-metoksinaftalen-2-il)propionska kiselina, je derivat
2-arilpropionske kiseline (profena) iz grupe nesteroidnih antiinflamatornih lekova
koji u terapijskim dozama smanjuje biosintezu prostaglandina i snizava povisenu
telesnu temperaturu. Ovaj slabo rastvoran i fotoosetljiv molekul se transformise
pod uticajem svetlosti dajuci farmakoloski neaktivne proizvode. Cilj ovog rada je
priprema inkluzionog kompleksa naproksena sa 2-hidroksipropil-B-ciklodeks-
trinom (HP-/-CD) u cilju pobolj3anja fizitko-hemijskih svojstava naproksena. Mole-
kulski inkluzioni kompleks naproksena i HP-3-CD pripremljen je metodom kopreci-
pitacije u ¢vrstom stanju u molskom odnosu 1:1. Za strukturnu karakterizaciju
kompleksa, kompleksirajuéeg agensa, odgovarajuce fizicke smese i naproksena,
koris¢ene su metode protonske nuklearne magnetne rezonance (lH-NMR), difrak-
cije rendgenskih zraka (XRD) i infracrvene spektrofotometrije sa Furijeovom trans-
formacijom (FTIR). FTIR i UV-Vis metode koris¢ene su za analizu fotoosetljivih
grupa naproksena u Cistom i kompleksiranom obliku radi ispitivanja uticaja na
fotostabilnost naproksena. Difraktogram inkluzionog kompleksa naproksen:2-hid-
roksipropil-f-ciklodekstrin ne sadrzi pikove koji su karakteristi¢ni za difraktograme
naproksena i HP--CD. Ovo ukazuje da je naproksen zaklonjen u Supljine doma-
¢ina prilikom molekularne inkapsulacije. Odsustvo karakteristi¢nih pikova napro-
ksena u FTIR spektru kompleksa ukazuje na formiranje supramolekularne struk-
ture po tipu inkluzije. Hemijska pomeranja u 'H-NMR spektru nakon inkluzije
naproksena u $upljine HP-3-CD, posebno H;, Hg i Hs protona i vodonika iz CHz u
HP--CD takode ukazuju na formiranje molekulskog inkluzionog kompleksa. Ispi-
tivanje fotostabilnosti naproksena, pomocu UV-Vis metode, ukazuje na degrada-
ciju do aromati¢nog ketona, 2-acetil-6-metoksinaftalena. FTIR analiza je pokazala
da degradacija naproksena pocinje nakon 15 dana izlaganja dnevnoj svetlosti i da
je molekularnom inkapsulacijom on zasti¢en od fotodegradacije za vremenski
period od 30 dana.
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