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Flurbiprofen (FLB), a NSAID, widely used for preventing pain generally for arthritis or dental problems.
In this study, FLB loaded chitosan microspheres were prepared by ionotropic gelation method. In
this method, microspheres were formed by dropping chitosan solutions containing FLB into sodium
alginate solutions including sodium tripolyphosphate (TPP). A variety of formulation parameters like
drug:polymer ratio, drug concentration, polymer’s molecular weight, polymer concentration, pH and
the concentration of TPP solutions, drying method and stirring time were analyzed. The dissolution
studies were performed in a shaking water bath in pH 7.4 phosphate buffer saline (PBS) at 37 °C.
Laser diffractometer was used for particle size analysis, and scanning electron microscope (SEM) was
used for morphological properties. Drug loading and loading efficiency were calculated by using UV
spectrophotometer. The particles obtained were spherical with 0.7-1.3 mm size range, and the loading
efficiency was approximately 21-79%. The dissolution studies conducted revealed that drug:polimer ratio
and the polymer type and concentration affected the drug release from microspheres. It was observed
that increasing the polymer concentration, polymer’s molecular weight and TPP concentration decreased

the FLB release from microspheres, which was according to Higuchi kinetics.
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INTRODUCTION

Controlled release systems have been developed
against the problems commonly associated with
conventional dosage forms (dosage frequency, side effects
etc) (Ozalp, Ozdemir, 2001; Ozdemir, Sahin, 1997). One
of these systems, implant systems, enables targeting in
local applications, as well as improving the treatment
effectiveness. Implantable controlled release systems are
basically polymeric implants wherein active substance
release is controlled by various polymers or polymeric
membranes (Danckwerts, Fassihi, 1991). Giving the active
substance within a polymeric system to ensure controlled
release or targeting has now been quite widespread.
Polymers used in implant systems, which are capable
of controlled release, are categorized into two: synthetic
and natural (Wood, 1980; Davis, Hunneyball, Ratcliffe,
1985; Bogdansky, 1990; Doppalapudi ef al., 2014). An
attractive feature of polymers used in the preparation of
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implantable dosage forms is their being biocompatible
and biodegradable. Although biodegradable synthetic
polymers have been developed, natural polymers are
widely used due to their many advantages. For example,
they are not antigenic, can be metabolized, have high
stability and allow for high loading for water soluble
active substances (Muller et al., 1996). Chitosan, a
natural biodegradable polymer, is often used in the
preparation of particular dosage forms (Bodmeier, Oh,
Pramar, 1989; Aral, Akbuga, 1998; Shu, Zhu, 2002;
Norkar, Sher, Pawar, 2010; Sharma et al., 2012; Al-Qadi
etal.,2012, Zhang, Wang, Pan, 2014; Vivek et al., 2014;
Koppolu et al., 2014; Xue et al., 2015; Chen et al., 2016;
Ganguly, Kulkarni, Aminabhavi, 2016). A cationic linear
bioamino polysaccharide, chitosan, is obtained by means
of alkali distillation of chitin (Illum, 1998). Chitosan,
composed of glucosamine and N-acetyl glucosamine
units, is a weak base. Though it is not dissolved in organic
solvents, neutral and alkali pH’s, it can be dissolved in
diluted acids (Chandy, Sharma, 1990). Chitosan becomes
positively charged when the free amino groups, which
it naturally possesses, turn into a soluble state because
of their protonation in acidic conditions, as a result of

Page 1/12


mailto:nozdemir@pharmacy.ankara.edu.tr

which it may react with negatively charged polymers or
negatively charged surfaces such as mucosa and substrates
such as fats and lipids in gastrointestinal tract that may
affect lipid concentration (Bokura, Kobayashi, 2003;
Hejazi, Amiji, 2003; Sumiyoshi, Kimura, 2006; Anraku
et al., 2010). Chitosan is an anti-allergenic polymer
which is biologically compatible with living tissues, and
biodegradable. Its biodegradation products are harmless
amino sugars that can be absorbed by the body (Hejazi,
Amiji, 2003). Chitosan is widely used to prepare particular
drug delivery systems such as microparticules (Yuan,
Chessnut, Utturkar, 2007; Ma, Liu, 2010; Park, Lee, Lee,
2012; Caetano, Almeida, Gongalves, 2016; Gadalla ef al.,
2016; Jeon et al., 2016).

One method used to prepare particular systems with
chitosan is ionotropic gelation. This method involves
development of particles by dropping the chitosan solution,
prepared in acetic acid, into tripolyphosphate (TPP)
or into any anionic solution at various concentrations.
Microspheres form as a consequence of TPP’s, a nontoxic
polianion, reacting with chitosan and getting crosslinked.
Then, they are filtered out, washed with distilled water,
and dried (Aral, Akbuga, 1998, Kawashima et al., 1985a;
Kawashima et al., 1985b; Mi et al., 1999; Shu, Zhu, 2000;
Shu, Zhu, 2001).

In this study, flurbiprofen (FLB), a nonsteroidal
antiinflammatory substance, was selected as the model
drug. Our purpose is preparing implantable fluriprofen
containing chitosan microspheres by ionotropic gelation
method for postoperative pains. We studied the effect of
parameters like molecular weight and concentration of
chitosan, the concentration of TPP and the drug-polymer
ratio on the encapsulation efficiency, size distribution,
particle morphology, release behavior of the drug and
release kinetics.

MATERIAL AND METHODS
Material

Chitosans (low, medium and high molecular
weight) were obtained from Aldrich, Germany. Sodium
tripolyphosphate and sodium dioctyl sulphosuccinate
were purchased from Sigma,Germany. Flurbiprofen was
obtained from Sanovel Drug Ltd., Turkey. Other reagents
were all analytical grade.

Formulation

Determination of active substance characteristics
For the in vitro release studies, the solubility of
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FLB was determined in pH 7.4 phosphate saline buffer
solution (PBS) (EP 6.0), which is used as the dissolution
environment to satisfy the sink condition. For this purpose,
first the stability of the active substance was confirmed
in a three-month study conducted in 37 °C PBS medium.
Then, excessive amount of FLB was poured into sealed
flasks including buffer solution and mixed in a 37 °C
shaker water bath. The active substance content of
samples filtrated out at various times was measured by UV
spectrophotometry at 247 nm. Based on the concentration
values recorded when the system reached equilibrium
state, the solubility of FLB was calculated (n=3). The
analytical method used in this study was validated for
accuracy, precision, linearity, range, limit of detection and
limit of quantification according to ICH Q2 (R1) (2005)
(Table I).

TABLE | - Analytical validation parameters

Parameters Results
PBS  Ethanol

Concentration range (pg/mL) 2 12
Slope 0,077 0,077
Intercept 0,012 0,023
Determination coefficient (R?) 0,9997  0,9995
SE of slope 0,001 0,002
SE of intercept 0,006 0,006
Limit of Detection (LOD) (pg/mL) 0,389 1,180
Limit of Quantification (LOQ) (ng/mL) 0,456 1,380

SE=Standard error

Preparation of chitosan microspheres

Chitosan microspheres containing flurbiprofen were
prepared by ionotropic gelation method (Bodmeier, Oh,
Pramar, 1989). FLB was added into chitosan solutions
by varying molecular weights prepared by dissolving
in 1% (v/v) acetic acid and mixed until homogenized.
The chitosan solution with active substance which does
not contain any air bubble was dropped into the TPP’s
watery solution, which is in the mean time being mixed.
To improve the surface characteristics and obtain smaller
particles, sodium alginate was added to the external
phase (Aral, Akbuga, 1998). The resultant particles were
filtrated, which are then dried in oven at 37 °C for 24 hours
(Table II).

In this study, the effect of chitosan’s molecular
weight (LMw, MMw, HMw) and concentration (1%, 2%,
3 % w/v), pH of TPP solutions (pH 5, pH 7 and pH 8.8),
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TPP concentration (1% and 2% w/v), drug concentration
(15%, 30% and 50% w/w), and mixing duration (0.5,
1 and 2 hours) on the drug release from the particular
systems prepared were investigated. The formulations are
presented in Table I1.

Determination of the amount of drug in the
microspheres prepared and incorporation
efficiency

10 mg of microspheres milled into powder state
was mixed by the magnetic mixer in ethanol for a certain
amount of time (n=3). Then, the solution was filtrated,
and spectrophotometric quantity determination was
conducted in 247 nm. The active substance content of the
microspheres was calculated as incorporation efficiency
(IE %) by means of the equation below (Leonardi et al.,
2009; Park et al., 2016).

Theoretical drug content (a) = (drug amount/total
solid amount) in the internal phase x 100.

Actual drug content (b) = (drug amount measured/
total solid amount used in the measurement) x100.

TABLE Il - The formulations used in the study

Incorporation efficiency (IE%) = (b/a) x 100 or
(actual drug content / theoretical drug content) x 100.

Analysis of shape and surface morphologies of
the particles

From among the formulations prepared, the suitable
ones were subject to scanned electron microscope (SEM)
analysis before and after the release studies to identify
their shape and surface morphologies. To this end, electron
micrographical images of dry particles were taken in the
SEM machine after they are gold coated (JSM - 6400,
JEOL, JAPAN) (Figures 1- 4).

Determination of particle size and size
distribution

Sympatec Laser Diffraction was used (Table I1I).
Because the polymer and the active substance used is
insoluble in water, measurements were made in water
(n=3).

. Sodium
Code Drug conc. TPP conc. igt::;l;f Chitosan Cl;l(:;)lscan Cl:osslinlfing ST)VZ::;. alginate Drying
(Yow/w) (%w/v) Type o time (min) o conc. method
phase (Yow/v) (%vIv) (Yowiv)
Dl 15 1 5.0 HMw 1 30 - 0.5 Oven, 37°C
D2 15 1 7.0 HMw 1 30 - 0.5 Oven, 37°C
D3 15 1 8.8 HMw 1 30 - 0.5 Oven, 37°C
F1 15 1 5.0 HMw 1 30 - 0.5 Oven, 37°C
F2 15 2 5.0 HMw 1 30 - 0.5 Oven, 37°C
F3 15 2 5.0 HMw 1 30 - 0.5 Under
vacuum,
at37°C
F4 15 2 5.0 HMw 1 60 - 0.5 Oven, 37°C
F5 15 2 5.0 HMw 1 120 - 0.5 Oven, 37°C
F6 30 2 5.0 HMw 1 30 - 0.5 Oven, 37°C
F7 50 2 5.0 HMw 1 30 - 0.5 Oven, 37°C
F8 15 2 5.0 LMw 1 30 - 0.5 Oven, 37°C
F9 15 2 5.0 MMw 1 30 - 0.5 Oven, 37°C
F10 15 2 5.0 MMw 2 30 - 0.5 Oven, 37°C
F11 15 2 5.0 MMw 3 30 - 0.5 Oven, 37°C
F12 15 2 5.0 MMw 3 30 1 0.5 Oven, 37°C
F13 15 2 5.0 MMw 3 30 2 0.5 Oven, 37°C
F14 15 2 5.0 MMw 3 30 3 0.5 Oven, 37°C
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FIGURE 1 - Scanning electron micrographs of F2 coded chitosan microspheres before dissolution test: (A) general appearance
and surface morphology (B, C).
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FIGURE 2 - Scanning electron micrographs of F6 coded chitosan microspheres (containing 30%FLB)before dissolution t‘est (A,
B) and its cross sectional micrograph (C).
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FIGURE 3 - Scanning electron micrographs of cross sections of F2 coded chitosan microspheres: (A), before dissolution test and
after 24 hours from dissolution test (B).

In vitro release studies approximately 10 mg active substance were weighed,
and put into 250 mL sealed flasks containing 100 mL

The static method was used for the in vitro release ~ PBS (n=3). The flasks were placed into shaker water
studies under sink conditions. Particles containing bath set to 37°C, which can do 50 releases per minute,
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FIGURE 4 - Scanning electron micrographs of F2 coded chitosan microspheres after 24 hours in dissolution test: (A) general
appearance and surface morphology (B, C).

TABLE lll - Particle size analysis and incorporation efficiencies of formulations

Mean particle size Actual drug content Incorporation efficiency

Formule Code

(um=SE) (% W/WSE) (%=SE)
F1 743.0 + 1.20 5.08 % 0.002 38.9 +0.004
) 702.0+ 1.16 8.94 + 0.006 68.5+0.026
F3 780.0+ 1.16 7.11 +0.003 54.5+0.007
F4 732.0+1.14 8.60  0.004 65.9 %+ 0.009
F5 773.0 + 1.20 7.56+0.003 57.940.008
F6 713.0+ 1.16 18.20 + 0.001 57.9+0.001
F7 861.0 % 1.30 22.09 +0.001 78.8+0.003
F8 710.1+ 1.32 5.90 + 0.002 452 +0.005
F9 770.0 + 1.28 6.24 +0.001 47.8+0.003
F10 759.0+ 1.18 3.56 +0.004 27.3+0.009
Fl1 1086.0 + 1.14 2.79+0.003 21.4+0.006
FI12 1069.0 £ 1.16 3.98 4 0.004 30.5+0.010
F13 976.0+ 1.17 2.79+0.003 21.4+0.008
Fl4 1152.0+ 1.37 2.65+0.003 20.3+0.007

from which 1,5 mL samples were taken at predetermined
time intervals. Then, the FLB amount released from the
particles was calculated spectrophotometrically. The fresh
medium was added back into the flasks in the same amount
of samples taken (n=3).

Sterilization

As the formulations prepared are intended to be
implanted, they need to be sterilized. However, polymeric
structure can be subject to change as a result of sterilization,
which can affect the active substance release. Therefore,
the resultant formulation was sterilized by gamma light,
which is the optimum sterilization method for polymeric
type drug carrying systems. Sterilization was conducted
by ®Co gamma ray source and Issolodovatejl PX-y-
system with 0.51 Mrad/sa-hr dose rate. Microspheres to
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be sterilized were placed into the radiation area, which is
in the amber color glass bottles, and 2.5 Mrad was chosen
as the ray dose, commonly accepted to be optimum for
polymeric materials. To identify the effect of sterilization
conditions on the dissolution rate, dissolution rates were
measured for the formulations that were sterilized.

RESULTS AND DISCUSSION
Formulation studies

The analytical validation parameters for the UV
spectrophotometric determination of FLLB were given in
Table 1. Analyzes at a concentration range of 2-12 pg/
ml showed that the final R? values were close to 1, the
standard error (SE) of the slope and intercept was low,
and the relative standard deviation (RSD) values were less
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than 2. Only the active substance showed peak at 247 nm,
indicating that the chosen method had selectivity for FLB.

Chitosan is a cationic polysaccharide, forming gel
with negatively charged ions. Thus, TPP was used as cross-
linking agent, and chitosan microspheres were prepared by
ionotropic gelation method in the present study. Chitosan
solution in 1% (v/v) acetic acid was dropped onto TPP
solution, which caused ionic reaction between TPP and
chitosan (Hosseinzadeh et al., 2012; Joseph, Sangeetha,
Gomathi, 2016), resulting in the formation of particles. In
formulation studies, first, mixing rate speed and external
phase pH were decided on. The formulations prepared are
given in Table II.

The effect of mixing speed

The particles were prepared in two different
stirrer (Stirpac) after a mixing process at 100, 300, 500,
1200, 1500, 2000, and 5000 rpm. It was observed that
microspheres do not form at such high mixing speed as
5000 rpm and that particles tend to have a perfect spherical
form as the mixing speed decreases. As a result, the
optimum microsphere preparation speed was decided to
be 100 rpm (Stirpac).

Determination of external phase characteristics

External phase pH, where TPP is located, has a
direct effect on the incorporation efficiency as it will
prevent transition to the external phase also because of the
solubility of the active substance. In this study, the pH of
TPP solutions was set at 5.0, 7.0, and 8.8 to prepare D1,
D2 and D3 formulations, respectively. It was observed that
the loading activity of 42.8% in the prepared formulation
coded as D1 decreased to 16.5% in D2, and to 0.3% in D3.
It was found out that, when external phase pH increases,
encapsulation efficiency decreases because the solubility of
FLB increases in the external phase (Bodmeier, Oh, Pramar,
1989; Bodmeier, Paeratakul, 1989). Therefore, external
phase pH was kept constant at 5.0 in all studies to obstruct
the passage of the active substance to the external phase and
to keep it within the microspheres that developed.

Volume of the external phase

The internal phase:external phase ratios were
changed to 1:10, 1:20, 1:30 in the formulation studies, and
it was observed that the incorporation efficiency decreases,
though not markedly, when the external phase volume
was increased (Table III). Thus, for the ease of study, the
internal:external phase ratio was decided to be 1:10.
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Crosslinking agent effect

Chitosan solutions with varying molecular weights
and concentrations were used to obtain microspheres.
The study intended to use 2% (w/v) HMW, in particular,
to prepare the formulations, yet microspheres could not
be made due to the high viscosity of chitosan solution.
It was also observed that, when 1% (v/v) Tween 80 was
added to this solution in order to decrease the viscosity and
increase the flow characteristics, microspheres develop
although they are deformed during the drying process.
For this reason, the HMW chitosan percentage used was
found out as 1%.

Sodium alginate was added to the external phase
along with the TPP by 0.5% (a/h) since the existing
literature has shown that this allows for particles with
narrow particle size distribution and smooth surfaces
(Aral, Akbuga, 1998).

On the other hand, when microspheres were
prepared by using TPP with 1% (F1) and 2% (F2) ratios
in the external phase, it was found out that particle size
decreases as TPP ratios increase (Table I11) (Jain et al.,
2016). Therefore, TPP concentration was set to 2% in
this study.

Particle size

In this study the particle size of microspheres
prepared varied between 700 and 1300 pm (Table I1I).
The effect of the formulation parameters on the particle
size was analyzed.

The effect of drug concentration

In the formulations prepared by 1% HMW, the
particle magnitude obtained were 702.05 um (F2), 713 um
(F6),and 861 um (F7) when the existent active substance
was 15%, 30%, and 50%, respectively (Table III). These
findings are somewhat in concordance with the studies
which report that cross linking density decreases, and
thus particle size increases, as a result of increasing drug
concentration, which leads to decreasing chitosan amount
in the dribble of the same volume (Bodmeier, Paeratakul,
1989; Wan, Lim, Soh, 1994; Jain et al., 2016; Joseph,
Sangeetha, Gomathi, 2016).

The effect of the molecular weight of chitosan
The existing literature has reported that porosity
and particle size increase as the molecular weight of

chitosan decreases because of the density of cross linking
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with TPP decreases. However, in the present study, the
particle sizes were found to be 702 um, 770 um, and 710
pum in the formulations prepared with 1% HMW (F2), 1%
MMW (F9), and 1% LMW (F8), respectively, which is not
indicative of any significant difference (p>0.05) (Shirashi,
Imai, Otagiri, 1993).

The effect of polymer concentration

As the polymer concentration used in the prepared
formulations was increased from 1% (F9) to 2% (F 10), the
following particle magnitudes were achieved, respectively:
770 um and 759 pm. No significant difference was found
between them. However, when the chitosan concentration
was 3% (F11), the particle size increased significantly to
1086 um (p<0.05). These findings were attributed to the
fact that TPP amount proved insufficient due to the increase
in the chitosan viscosity and decrease in the cross linking
density due to its being incapable of diffusing into the
particles (Shirashi, Imai, Otagiri, 1993, Gan et al., 2005;
Jain et al., 2016; Joseph, Sangeetha, Gomathi, 2016).

The effect of crosslinking agent concentration

It was observed that the particle size decreased when
TPP concentration was increased from 1% (F1) to 2%
(F2), increasing the crosslinking density (p>0.05). The
particle size of 743 um in F1 decreased to 702 pm in F2
(Jain et al., 2016).

The effect of Tween 80

To eliminate the problems with dropping
encountered during the preparation of F12 formulation
with 3% MMW, and the agglomeration that occurred in
the microspheres that developed, Tween 80 was added to
the internal phase, where lies the chitosan by 1% (F12)
and 2% (F13). The addition of Tween 80 by 1% and
2% resulted in significant reduction in the particle size.
The particle size was 1086 um in the F11 formulation.
It decreased to 1069 um in the existence of 1% tween
80 (F12), and to 976 um in the existence of 2% tween
80 (F13) (p<0.05). The agglomeration problem that
developed during the preparation process was also
observed to have vanished.

The effect of mixing duration
This duration was fixed at 30 minutes in the

formulations prepared because it was thought that the
mixing duration following the crosslinking agent addition
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would affect the crosslinking density, and thus the
particle size. IR analyses of the microspheres prepared
found the existence of P=0 peaks, which indicates cross
linking between chitosan and TPP. It was evidence to
the sufficiency of this duration. When the duration was
prolonged to 60 minutes (F4) for the preparation of the
formulations, no significant change occurred in terms of
the particle size. This also proved that the duration of 30
minutes was sufficient for cross linking (F2). Extension of
this duration into 120 minutes (F5) resulted in a significant
increase in the particle sizes, which can be explained by the
swelling of the microspheres during the mixing process.

Morphological properties

SEM images of chitosan microspheres are presented
in Figures 1, 2, and 3. They demonstrate that the active
substance is not dissolved in the matrix structure and
exists in crystalized form. They also show that the shapes
of the formulations are near-sphere. Figure 1 and Figure
2 indicate that, when the active substance amount was
increased from 15% (F2) to 30% (F6) in the formulations,
the surface roughness increases due to the decrease in the
polymer’s crosslinking density. The internal structure
density was also observed to have increased (Figure 2 and
Figure 3). Cracks formed both on the surface and in the
cross-sections of the microspheres. At the end of the 24-
hour dissolution rate studies, F2 coded formulations were
extracted from the dissolution medium and dried. SEM
analysis of these microspheres was conducted to examine
the surface morphology. After the release, the analysis of
the surface of the formulation showed that the polymer
got loose and swollen and the pores opened. It turned out
that the cracks that were observed on the surface and in
the cross sections before the release disappeared after the
release due to the swelling of the polymer (Figure 1, Figure
3 and Figure 4). Active substance crystals were not seen
after the release (Figure 4).

Release studies

The solubility of FLB was determined in the release
medium (pH 7.4, PBS) was 3.77£0.11 mg/mL (n=3).
The effect of formulation parameters on active substance
release from chitosan microspheres were analyzed with

release studies under sink conditions.

The effect of the molecular weight and
concentration of chitosan

High molecular weight, medium molecular weight,
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and low molecular weight chitosan was used with 1% (w/v)
ratio in F2, F8, and F9 formulations, respectively. F2 coded
formulation displayed the slowest release (p<0,05) (Figure
5A). As the molecular weight of chitosan increases, the
number of amino groups that go through ionic reaction
with TPP increases, which in turn boosts cross linking
density. Increased number of crosslinking also increases the
hardness of the structure, decreasing the active substance
release (Bodmeier, Oh, Pramar, 1989; Shirashi, Imai,
Otagiri, 1993; Ko, Parki Hwang, 2002; Geng, Kwon, Jang,
2005).

Figure 5 B shows the effect of polymer concentration
on the active substance release. The F9, F10, and F11
formulations displayed on the figure contain 1%, 2%,
and 3% MMW chitosan, respectively. As can be seen
here, active substance release decreased with increased
polymer concentration. Density of cross linking with TPP
increases when chitosan amount increases, which leads
to more intense structure formation in microspheres. This
ultimately decreases active substance release (p<0.05)
(Ko, Park, Hwang, 2002; Berthold, Cremer, Kreuter,
1996).

The effect of drug concentration

Figure 6 presents the dissolution profiles of
F2, F6, and F7 formulas prepared with 1% HMW
chitosan, which contain 15%, 30%, and 50% drug
concentration, respectively. When the drug amount
in microspheres was increased from 15% to 30%, no
significant difference was observed in terms of drug
release. Nevertheless, when it was increased to 50%,
drug release from microspheres increased significantly
(p<0.05). It was predicted that chitosan amount with the
same droplet volume would decrease due to an increase
in drug concentration, which in turn would decrease the
crosslinking density. The same results were obtained
for F12 and F15 prepared with 3% MMW (Joseph,
Sangeetha, Gomathi, 2016).

The effect of TPP concentration and mixing
duration

F1 and F2 formulations containing 1% and 2%
TPP, respectively, were prepared in the study (Figure
7). The lowest release rate was attained with the F2
formula. Cross linking was realized through the diffusion
of 5 anions that exist in the TPP molecule into chitosan
solutions (El-Gibaly, 2002). Therefore, the crosslinking
duration is important for the strength of dribbles that
develop.
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FIGURE 5 - Effect of the molecular weight and concentration of
chitosan on the FLB release from chitosan microspheres in PBS:
(A) F2 (1% HMw); F8 (1% LMw); F9 (1% MMw); (B) F9 (1%
MMw); F10 (2% MMw) and F11 (3% MMw).
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FIGURE 6 - Effect of the drug concentration on the FLB release
from chitosan microspheres in PBS: F2 (15%); F6 (30%) and
F7 (50%).

The following formulas with varying mixing
durations were prepared: F2 (30 minutes), F4 (60
minute), and F5 (120 minutes). The duration increase
from 30 minutes to 60 minutes did not yield a significant
difference in terms of the dissolution rate values, whereas
an increase to 2 hours caused greater drug release from
the formulas developed (F5) (p<0.05) (Figure 8). This is
attributed to the fact that, although the hardening process
is completed within 30 minutes, the polymer continues
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FIGURE 7 - Effect of the concentration of tripolyphosphate and
drying method on the FLB release from chitosan microspheres
in PBS: F1 (1% TPP); F2 (2% TPP); F1 and F2 were dried in
the oven and F3 (2% TPP) was dried under vacuum.

to swell, causing the drug to diffuse over the surface in
the remaining time.

The effect of drying conditions

The existing studies showed that the drying
conditions have a major effect on the drug release and that
more surface cracks form with increased drying, which
results in increased release. As can be seen in Figure 7, the
drying conditions of the microspheres proved influential
in substance release. The analysis of the release profiles
of F2 formula dried in the oven (24 hours, 37 °C) and F3
formula dried in the vacuumed oven (24 hours, 37 °C)
reveals that the active substance release in the F2 formula
is less than that in F3 formula (p<0,05) (Figure 7). It was
attributed to the rapid evaporation of water in vacuum
during drying, and the consequent expansion of pores and
quick transmission of the active substance to the surface
together with water.

Sterilization effect

Dissolution rate experiment was conducted prior
to and after the sterilization process to examine whether
the drug release had changed or not. It was observed that
sterilization process had no effect on the drug release from
the 15% FLB containing F2 formulation (p>0.05). This
finding led to the use of the sterilization method, which
was considered suitable for microsphere formulations.

Analysis of the compatibility of kinetic
mechanisms

Data obtained in the dissolution rate studies
was analyzed by SPSS 11.5 in terms of compatibility
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FIGURE 8 - Effect of the crosslinking time on the FLB release
from chitosan microspheres in PBS: F2: 30 min. (2% TPP); F4:
60 min. (2% TPP) and F5: 120 min. (2% TPP).

with various kinetics (Table V). The majority of the
formulations were compatible with Higuchi Qvt kinetics
for heterogeneous matrix. It was observed that, as the
chitosan’s molecular weight and concentration and the
TPP amount used in the formulations increased, better
compatibility with QVt kinetics was displayed. An
increase in the crosslinking duration in the formulations
(from 30 to 120 minutes) was associated with greater
compatibility with first order kinetics, which could be
explained by the swelling of the polymer resulting in
the drug migration towards the surface. Being in matrix
structure, the particles prepared were expected to be
theoretically compatible with Qqt kinetics. The releases
displayed compatibility with Qnt kinetics rather than
zero order, which was thought to be an indicator of the
fact that dissolution rate was not solubility controlled
and a matrix structure was achieved in the formulation
studies.

CONCLUSION

Chitosan, which is a natural biodegradable
polymer, was used in the study, and the microsphere
formulas of flurbiprofen, which is not practically
dissolved in water, were prepared by means of the
ionotropic gelation method. It was observed that FLB’s
rate of release from microspheres decreased parallel
to an increase in chitosan’s molecular weight and
concentration, and TPP concentration. SEM analysis
of the microspheres revealed that they are spherical in
form, with cracks on their surfaces and cross-sections.
The drug release was found to be greatly compatible
with the QVt kinetics.
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TABLE IV - The kinetic assesment of release data
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Zero Order First Order Q- 1Vt
Formulation
kr® r r k r

F1 38.00 0.986 0.98 0.964 64.6 0.971
F2 0.07 0.516 0.19 0.916 28.2 0.953
F3 15.30 0.807 0.55 0.933 42.5 0.949
F4 8.41 0.784 0.18 0.863 29.6 0.920
F5 15.80 0.936 0.39 0.961 40.5 0.934
F6 11.80 0.875 0.24 0.917 34.1 0.917
F7 17.60 0.942 0.67 0.912 44.7 0.923
F8 11.10 0.588 0.98 0.946 57.5 0.950
F9 17.70 0.846 1.17 0.940 47.4 0.918
F10 11.75 0.916 0.25 0.989 34.0 0.966
F11 5.61 0.899 0.11 0.974 22.7 0.984
F12 7.29 0.518 0.08 0.586 18.3 0.707
F13 9.28 0.600 0.04 0.773 28.0 0.865
F14 6.30 0.567 0.12 0.681 23.2 0.827

kr® = zero-order release rate constant; kr = first-order release rate constant; k = rate constant obtained from Q-\/t kinetic;

72 = determination coefficient.
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