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ABSTRACT |

Objectives: This study aimed to prepare chitosan-flurbiprofen micro-nano spheres as environmentally friendly for drug releasing by spray-drying method without
any cross-linking agent. It was also aimed to reveal the favorable binding geometries of chitosan and flurbiprofen using molecular modeling.

Materials and Methods: In this study, flurbiprofen was encapsulated with chitosan using spray-drying technique. The used chitosan, flurbiprofen and obtained
spheres were characterized via fourier transmission infrared spectrometer (FT-IR), thermogravimetric analysis (TGA), X-ray diffractometer and scanning electron
microscopy (SEM). Drug entrapment efficiency was carried out for determination of the drug amount in the micro-nano spheres. /n vitro release studies of CS-FP
spheres were also examined in the simulated biological fluid at pH 7.4. Encapsulation process of flurbiprofen was combined with the docking studies to investigate
the possible binding sites of the chitosan.

Results: FT-IR results confirmed that H-bonding system was formed between chitosan and drug. CS-FP spheres with spherical shape were observed by SEM.
TGA analysis results showed that thermal stabilities of flurbiprofen and chitosan were decreased after the encapsulation process. The spheres were used for
in vitro releasing studies in simulated biological fluids. All these analysis results clearly showed that encapsulation was successfully carried out with 73.28%
efficiency. Molecular modeling studies showed that CS-FP stable complexes was formed through a hydrogen bonding system between OH group of the drug
molecule and chitosan hydroxyl (OH) group with a binding energy of -3.90 kcal/mol. Our computational results supported to spectroscopic results obtained by FTIR.
Conclusion: This study proved that micro-nano spheres can be prepared without using cross-linking agent by spray-drying method. The results of the drug
releasing studies showed that release of encapsulated flurbiprofen was completed within 48h. The results of docking analysis can be suggested for the design of
new drug carrier systems with chitosan.
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OZ |

Amag: Bu galisma, herhangi bir gapraz-baglama ajani kullanmadan puskirterek kurutma teknigi ile ilag salinimi igin, kitosan-flurbiprofen mikro ve nano kireleri
hazirlamay1 amaglamaktadir. Ayrica molekiler modelleme kullanarak kitosan ve flurbiprofen arasindaki baglanma geometrisini agiklamayr amaglamaktadir.

Gereg ve Yontemler: Bu galismada, pUskirterek kurutma teknigi kullanarak flurbiprofenin kitosan ile enkapsulasyonu yapildi. Kullanilan kitosan, flurbiprofen ve
elde edilen kirecikler fourier dontstumlu kizilstesi spektroskopisi (FT-IR), termogravimetrik analiz (TGA), X-ray difraktometre ve taramali elektron mikroskopisi
(SEM) ile karakterize edildi. Mikro-nano kiireciklerdeki ilag miktarinin belirlenmesi icin ilag tutunma verimi calisildi. fn vitro salinim calismalari pH 7.4 te simdile
edilmis biyolojik sivi igerisinde gergeklestirildi. Flurbiprofenin enkapstlasyon prosesi, kitosanin muhtemel baglanma bélgelerini agiklamak igin doking galismalari
ile birlestirildi.

Bulgular: FT-IR sonuglari kitosan ve flurbiprofen arasinda H-bag sisteminin olustugunu gstermektedir. Kiresel sekilde CS-FP kirecikler SEM ile agiklandi. TGA
analizi sonuglari flurbiprofen ve kitosanin termal kararliliklarinin enkapstilasyon sonrasi azaldigini géstermektedir. Kirecikler simdle edilmis biyolojik sivida in vitro
olarak salinim galismalari igin kullanilmistir. Tum bu analizler enkapsiilasyonun %73.28 etki ile basarili bir sekilde gergeklestirildigini géstermektedir. Molekiler
modelleme calismalari baglanma enerjisi -3.90 kcal/mol olarak kitosan OH grubu ile ilacin hidroksil (OH) grubu arasinda H-bag sisteminin olusmasi ile CS-FP
kararli kompleks yapisinin olustugunu géstermektedir. Bilgisayar hesaplamalari sonuglari FT-IR dan elde ettigimiz spektroskopik sonuglari desteklemektedir.
Sonug: Bu alisma puiskiirterek kurutma yéntemi ile capraz-bag ajani kullanmadan mikro ve nano kiireciklerin hazirlanabilecegini gostermistir. llag salinim galismasi
sonuglari, enkapstle olmus flurbiprofenin saliniminin 48 saat iginde tamamlandigini géstermistir. Doking analizi sonuglari kitosan ile yeni ilag taslyici sistemlerin
tasarlanmasi igin Gnerilebilir.

Anahtar kelimeler: Biyobozunur, ilag salinimi, molekiler modelleme, karakterizasyon
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INTRODUCTION

Although flurbiprofen is one of the non-steroidal anti-
inflammatory drugs which is used commonly worldwide
for reducing pain and treatment of rheumatoid arthritis and
osteoarthritis, it has some side effects on gastrointestinal
systems when it is administrated by oral way.? To minimize these
side effects, biodegradable polymeric micro- and nano spheres
have been developed for drug releasing.34 Chitosan is a kind of
biopolymer whichis withits edible, biodegradable, biocompatible
and nontoxic nature® and it was used for encapsulation of some
compounds such as doxorubicin,® curcumin,” glycyrrhizin,®
insulin® and cyclosporin A!° Chitosan has also been used for
delivery of some non-steroidal anti-inflammatory drugs like
ibuprofen," naproxen' and ketoprofen™ In a recently study,”
genipin cross-linked chitosan microspheres of flurbiprofen
was conducted but in that study, the used cross-linked agent
(genipin) has an acute toxicity but in the present study it was
tried to prepare chitosan-flurbiprofen microspheres for drug
releasing without any cross-linked agent.

Several studies of controlled release systems of flurbiprofen
have been reported for the preparation of encapsulated drugs
using different methods!>™® However, these methods are
complex and expensive, the adjustment of the particle size is
difficult. Compared with the other techniques, spray-drying
method is relatively simple, fast and cheap for preparation of
encapsulated drugs. One of the main advantages of the spray
drying method is adjustable of spherical particles size from
submicron to micron by controlling the process parameters.”

There are several types of intermolecular interactions
between two molecules, such as hydrogen bonds, van der
Waals interactions, hydrophobic interactions and electrostatic
interactions. The molecular docking study is an effective
method predicted these interactions and preferred orientation
when bound of ligand to macromolecular target to create a
stable complex.? In this study, the interaction of flurbiprofen
with chitosan will be explained by using molecular docking.

In the present work, we reported the preparation of
environmentally friendly chitosan-flurbiprofen  micro-nano
spheres by using spray-drying method without any cross-linked
agent. The morphology and bonding characterization of the
spheres were carried out by with scanning electron microscope
(SEM) and fourier transform infrared spectroscopy (FTIR)
analysis, respectively. The stability of spheres was tested using
thermo gravimetric analysis and X-ray diffraction (XRD) analysis.
In order to determine of delivering ability of carbon spheres CS-
FP spheres, in vitro drug release mechanism was examined in the
simulated biological fluid at pH 7.4. Encapsulation efficiency was
carried out for determination of the drug amount in the spheres.
It was also aimed to reveal the favorable binding geometries of
chitosan and flurbiprofen using molecular modeling to support of
the spectroscopic analysis of spheres.

MATERIALS AND METHOD

Materials

Low molecular weight chitosan (PCode: 1001654970) and
flurbiprofen (CAS number: 5104-49-4) were purchased from

Sigma Aldrich Co. (USA). Ethanol and acetic acid of analytical
grade were obtained from Merck Chemical Co. (Germany).

Preparation of CS-FP micro-nano spheres

In this study, CS-FP spheres were prepared by modification
of the method described by Kim et al.?’ CS-FP spheres were
prepared using a Buchi B-290 mini spray dryer. 1.0 g of
chitosan was added to 25 mL of acetate buffer (pH 5.5-6.0).
Flurbiprofen (0.75 g) was added in 25 g of ethanol/distilled
water in proportions of 10:15 w/w. Flurbiprofen was dissolved
by stirring at 500 rpm for 10 min and the final mixture was
heated to 70°C until a clear solution was obtained. The clear
solution was mixtured with chitosan solution using a magnetic
stirrer at 500 rpm and 70°C for 2 min. Prepared solutions
without a cross-linking agent were spray dried using a spray
drier at a flow rate of 5 mL/min. The process conditions such
as aspirator setting, pump setting, inlet and outlet temperatures
were set at 100%, 20%, 100°C and 70°C, respectively. When the
solution was evaporated, CS-FP spheres were formed. Dried
product was collected in a collecting flask.

Entrapment efficiency

In order to decide the amount of flurbiprofen in drug loaded
spheres, drug entrapment efficiency study was carried out by
modification of method of Kawadkar and Chauhan For this
purpose, 10 mg of CS-FP spheres was weighted and ingested 5
mL of 3N hydrochloride. It was stirred using magnetic stirrer at
50°C for 1 h and cooled up to the room temperature. The mixture
was taken into the extraction flask and 5 mL of chloroform was
added to mixture for extraction process. It was strongly shaken
to complete extraction of flurbiprofen. After the separating of
two phases, organic extract was distinguished from the other
phase. Chloroform was completely evaporated at 70°C. The
organic extract was dissolved in ethanol and filtered using 125
pum pore size filter membrane. 0.2 mL of clear solution was
diluted to 5 mL. The absorbance of filtered clear solution was
measured at 247 nm. Entrapment efficiency was calculated
using equation [1] given below??:

o gE= Calculated amount of flurbiprofen %100
Total amount of flurbiprofen

Characterization of CS-FP micro-nano spheres

Scanning electron microscopy analysis

Surface morphologies of the used chitosan, flurbiprofen and
spray-dried CS-FP spheres were investigated using a SEM,
FEI, Quanta FEG 250. These materials were made electrically
conductive by coating with gold as a thin layer using a Gatan
Precision Etching Coating System.

Thermo gravimetric analysis

The EXSTAR S11 TG/DTA 7300 system was used for the thermal
characteristics of chitosan, flurbiprofen and CS-FP spheres. In
order to obtain TG curves, samples were analyzed at a heating
rate of 10°C/min from 25 to 650°C under a nitrogen flow.

Fourier transform infrared spectroscopy

Interactions between the active agent of drug and biopolymer
were examined by FTIR spectroscopy (Perkin Elmer mark
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FTIR Spectrophotometer, USA). The spectra were recorded for
flurbiprofen, chitosan and CS-FP spheres at the scanning range
of 4.000-650 cm™.

X-ray diffraction
A Bruker AXS D8 Advance Model XRD was used for
investigation of the effect of encapsulation on crystallinity of
drug. XRD peaks of chitosan, flurbiprofen and CS-FP spheres
were obtained at 40 kV, 30 mA and the scanning angle range
of 5-90°C of 26.

In vitro drug release studies

In vitro drug release studies were performed in phosphate
buffer saline (PBS) medium at pH 7.4 for a period of 48 h. 10
mg of CS-FP spheres were reconstituted in 25 mL of PBS and
moved in dialysis bag. The dialysis bag was placed in 300 mL
of the same PBS at 37°C and stirred at 100 rpm using magnetic
stirrer. In order to determine the amount of FP released from
the dialysis bag at different time intervals (1 min, 5 min, 10 min,
15 min, 20 min, 30 min, 1 h, 2 h, 6 h, 24 h, 48 h), 2 mL of the
samples was picked up and then replaced with the 2 mL of
fresh PBS buffer. The concentration of drug released to the
medium was determined by measuring the absorbance at 247
nm using a ultraviolet spectrophotometer. A calibration curve
of FP released to the medium was plotted by concentration
against the absorbance. Releasing percentage of FP was
calculated from the following equation [2]:

- Released FP x 100
Total FP

Drug release (%)

Molecular docking studies

To determine the interactions between chitosan and
flurbiprofen, molecular docking analysis were performed using
ArguslLab 4.0.1 docking software which is a free molecular
modeling package.?® The chemical structure of chitosan was
obtained from the literature.?* The three dimensional structures
were constructed for flurbiprofen and chitosan using Spartan
06 V1.2.0 software.®® Geometrical optimization of energy
minimized structures of the molecules was performed using
semiemprical PM3 method in Spartan'06 V1.2.0 software.
Whole structures of the lowest energy conformer of chitosan
and flurbiprofen were defined as a potential binding site and
a ligand, respectively. Argusdock exhaustive search docking
engine with grid resolution of 0.40 A was used for docking runs.
Docking precision was set to high precision with a maximum
of 150 candidate poses and flexible ligand docking mode was
activated for docking runs. A score was used as the scoring
function estimated the free binding energy and binding site box
size was set to automatically as 15x15x25.

RESULTS AND DISCUSSION

Encapsulation efficiency

The encapsulation efficiency explains that it is the percentage of
the amount of the drug that loaded to drug carrier agent. In this
study, it was found as 73.28%. Kawadkar and Chauhan™ found
the encapsulation efficiency of flurbiprofen loaded chitosan
microparticles between 63.39% and 80.97%. Our result was in
accordance with the previous study.

Morphology of CS-FP micro-nano spheres

The surface morphology of encapsulated drugs is one of the
most important elements in order to explain the effectiveness
of drug delivery systems. Intermolecular interactions between
polymer and drug molecule may change the surface morphology.
Therefore, SEM analysis was used to investigate the surface
morphology and shape of CS-FP spheres. SEM images of the
chitosan, pure drug and CS-FP spheres are shown in Figure 1.
Surface morphologies of chitosan were revealed in the form of
fibrous and porous, while flurbiprofen surface was consisted
of flake like appearance. As seen from the Figure 1, surface
morphology of CS-FP spheres was spherical in shape with their
diameter changed from 700 nm to 13 um. The appearance of the
spheres is fairly smooth throughout the surface. These results
indicate that the spheres are separated from the chitosan and
pure drug and the flurbiprofen successfully encapsulated into
chitosan particles.

Thermal stability

Thermal stability of chitosan, flurbiprofen and CS-FP spheres
were determined and the results are presented in Figure 2.
For chitosan, two decomposition phases were observed. The
first decomposition (7.18%) between 30 and 100°C was due to
evaporation of water and the second mass lose (56.32) between
250 and 650°C was because of degradation of polysaccharide
structure. The maximum degradation temperature for chitosan
was recorded as 298.2°C. For flurbiprofen, very small
degradation (0.1%) was recorded between 30 and 100°C and
99.7% mass loss was recorded between 130 and 260°C. This
small mass loss in the first step was because of evaporation of
little amount of water and the huge degradation in the second
step was due to degradation of flurbiprofen. After encapsulation,
CS-FP spheres were degraded in three stages. In the first stage,
7.4% mass loss was observed between 30 and 150°C (maximum

Figure 1. Scanning electron microscope pictures of (a, b) chitosan (c, d)
flurbiprofen (e, f) chitosan-flurbiprofen micro-nano spheres
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Figure 2. Thermal characteristics of (a) chitosan (b) flurbiprofen and (c) chitosan-flurbiprofen micro-nano spheres

degradation 102.4°C) and it can be attributed to evaporation
of water. In the second stage, 16.6% mass loss was recorded
between 150 and 250°C (maximum degradation 199.4°C) and
it can be attributed to the degradation of flurbiprofen. In the
third stage, 39.8% mass loss was observed between 250 and
650°C (maximum degradation 285°C) and it can be ascribed
to the degradation of chitosan. After encapsulation, thermal
stabilities of flurbiprofen and chitosan were decreased. These
characteristic degradations for both chitosan and flurbiprofen
in CS-FP spheres showed the successful encapsulation.

X-ray diffraction

XRD patterns of chitosan, pure drug and encapsulated sample
are given in Figure 3. The broad peak observed at 26=19" is
the characteristic peak for the chitosan. The XRD pattern of
flurbiprofen revealed the crystalline structure of drug observed
by five sharp peaks at 20 of 7°, 11°, 16", 21° and 24°. The XRD
pattern of flurbiprofen compared with the XRD pattern of
encapsulated sample, CS-FP spheres showed no sharp peaks,
whereas a broad peak from 11° to 24° was observed. Mean of
this broad peak is that flurbiprofen was kept in an amorphous
state in the chitosan. These results suggest that flurbiprofen
successfully encapsulated in the chitosan.

Fourier transform infrared spectroscopy

FTIR spectroscopy of flurbiprofen, chitosan and CS-FP spheres
were instructed to explain drug-biopolymer interaction. FTIR
spectrums of flurbiprofen, chitosan and CS-FP spheres
were compared in Figure 4. As seen from the Figure 4a, the
characteristic sharp peaks of flurbiprofen at 1694.7, 1414.7 and
12161 cm™ were due to C=0 stretching, O-H bending and C-F
stretching, respectively. The characteristic band of flurbiprofen
due to the hydrogen bonds of the carboxyl group appeared in the
range of the 3400-2400 cm”. Characteristic bands of chitosan
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Figure 3. X-ray diffraction pattern of (a) chitosan (b) flurbiprofen and (c)
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Figure 4. Fourier transform infrared spectroscopy spectrums of (a) chitosan
(b) flurbiprofen and (c) chitosan-flurbiprofen micro-nano spheres

were seen from the Figure 4b at 3290.4 cm™, 1649.0 cm™, 1586.1
cm™and 1318.9 cm™ which correspond to OH and NH stretching,
amide | (C=0), amide Il (NH,) and amide IIl (C-N), respectively.?
Spectrum of CS-FP spheres (Figure 4c) compared with the
other spectrums, there are some changes indicating the
structural differences of chitosan after the encapsulation
process. It is seen that the O-H and N-H stretching bands
were shifted to lower wavenumbers at 3108.4 cm™ due to H
bonding system. Furthermore, peaks observed at 927.68 cm”,
765.27 cm?, 721.6 cm™ and 697.15 cm™ indicate the presence of
the substitute aromatic rings of flurbiprofen. These changes
greatly showed that flurbiprofen successfully encapsulated into
chitosan particles.

In vitro release

In order to determine the releasing behavior of drug from the
chitosan matrix, drug loaded spheres were examined in PBS to
simulate biological environment. The cumulative percentages
of CS-FP spheres released at pH 7.4 were presented in
Figure 5. As seen from the Figure 5, flurbiprofen released
from spheres was completed within 48h. Release profile of
CS-FP spheres was found to be biphasic, with an initial fast
releasing for 4h followed by a slower releasing rate. While
cumulative percentage of flurbiprofen released from chitosan
is about 54.9% for the first 4h, it is 99.37% for 48h. The main
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0
0 10 20 30 40 50
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Figure 5. Releasing profile of chitosan-flurbiprofen micro-nano spheres

Figure 6. The best docked complexes structures of chitosan-flurbiprofen
micro-nano spheres with AG binding energy=-3.90 kcal/mol

reason of the fast releasing of the first phase can be explained
by adsorption of flurbiprofen on the spheres surface. In the
second phase, flurbiprofen encapsulated in the chitosan was
passed to the dispersion environment. Dudhani and Kosaraju?
revealed that the releasing behavior of micro or nanoparticles is
generally biphasic. Biphasic patterns of drug-chitosan systems
were reported by earlier studies#®# Biphasic releasing
patterns were observed both in the present study and the study
by Kawadkar and Chauhan'* but the releasing velocity of the
present study was recorded about two times faster than that
of the study by Kawadkar and Chauhan.* While spray-drying
method was used for producing the spheres, cross-linked agent
was used in Kawadkar and Chauhan' study. It can be concluded
that this difference in the releasing velocity is because of the
spheres producing methods. Consequently, our results proved
that releasing behavior of flurbiprofen from CS-FP spheres
produced by using spray-drying method was effective in order
to improve controlled drug delivery system.

Molecular docking

The experimental results of encapsulation process of
flurbiprofen were combined with the docking studies to
investigate the possible binding sites of the chitosan. For this
purpose, flurbiprofen was docked with the chitosan. The flexible
docking results showed that flurbiprofen fitted into the active
sites of the chitosan. The binding modes of the best docked CS-
FP complexes with the lowest energy are shown in the Figure
6. The binding energy of the docked structures of the CS-FP
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stable complexes was calculated as a value of -3.90 kcal/mol.
As seen from the Figure 6 flurbiprofen was surrounded by the
chitosan and bonded to chitosan through a new hydrogen bond
between carboxyl oxygen of drug (O-174) and chitosan O-35
atoms. The distance of H bond is evaluated as 2.449 A. Our
docking results supported to the spectroscopic results obtained
by FTIR shown the H-bonding.

CONCLUSION

This study showed that it is also possible to produce CS-FP
micro and nano spheres by using spray-drying method without
any cross-linked agent. Structural details of the spheres were
examined by using SEM, XRD and FTIR analysis. /n vitro drug
releasing and encapsulation efficiency were also studied. Our
drug releasing results showed that release of encapsulated
flurbiprofen was completed within 48h. Also it was determined
that the releasing velocity of the spheres with spray-drying
method was much faster than releasing velocity of spheres
with genipin cross-linked. Here molecular docking explained the
interaction between chitosan and flurbiprofen. The results of our
docking studies can be useful for the design of new drug carrier
systems with chitosan. The results of molecular docking can
be suggested to use in further studies to explain of interactions
between chitosan and the others drug active agents.
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