Research Paper

Spray-dried Ketoprofen Lysine-incorporated PLGA
Nanoparticles; Formulation, Characterization,
Evaluation and Cytotoxic Profile

AKIN ELMASKAYA, A. ALPER OZTURK!, GULAY BUYUKKOROGLU? AND EVRIM YENILMEZ'*

Anadolu University, Graduate School of Health Sciences, 'Anadolu University, Faculty of Pharmacy, Department of
Pharmaceutical Technology, 2Anadolu University, Faculty of Pharmacy, Department of Pharmaceutical Biotechnology, Eskisehir,

Turkey

Elmaskaya et al.: Formulation, Characterization, Evaluation and Cytotoxic Profile of KL-PLGA
Nanoparticles

Ketoprofen lysine because of a short half-life (1-2 h) multiple dosing regimens are required for oral
administration. For this reason, this study is concerned with the preparation of poly lactic-co-glycolic acid-
based spray-dried nanoparticles to extend the activity of the ketoprofen lysine. Nanoparticles were produced
with a spray dryer (B-90, Biichi, Switzerland) and solid state properties of nanoparticles were analysed using
scanning electron microscopy, particle size, polydispersity index, zeta potential, nuclear magnetic resonance
spectroscopy, X-ray and differential scanning calorimetry. Drug release from nanoparticles was studied
using the dialysis bag method in simulated gastrointestinal environment (pH 7.4). Ketoprofen lysine-loaded
particles demonstrated nanostructured and spherical shape while in vitro release studies showed extended
release (~8 days) of ketoprofen lysine incorporated and also a fairly good entrapment efficiency (~59-78
%) was detected. Peppas-Sahlin kinetic model was found to fit the best using DDSolver software program.
This research may be useful for long-term and optimum use of oral non-steroidal antiinflammatory drug in

chronic inflammatory diseases.
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Ketoprofen lysine (KL; fig. 1) is one of the most
commonly used non-steroidal antiinflammatory drugs
for the treatment of various chronic inflammatory
diseases such as osteoarthritis and rheumatoid arthritis
for analgesic activity. It is the water-soluble lysine
salt of ketoprofen!?. Compared with ketoprofen, KL
showed better pharmacokinetic profile and excellent
tolerability, increased absorption rate and improved
gastric tolerancel®!. Besides these good features, it has a
short half-life of 1-2 h. In oral administration, multiple
dose regimens are required, leading to fluctuations in
drug blood levels and adverse effects due to toxicity,
and sometimes inadequate treatment and poor patient
compliance¥. Because of these features; KL is a
candidate drug for prolonged-release dosage forms.

Nowadays nanosized polymeric nanoparticle (PNPs)
systems are one of the effective prolonged-release
technologies. PNPs, which attracted the attention
of many research teams can be prepared by several
methods. Selection of the method depended on a
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number of factors such as particle size, particle size
distribution, as desired®. Spray drying technique was
used in this study for the preparation of nanoparticles.
Spray drying technique enables the conversion of a feed
from a fluid state into dried particulate form by spraying
the feed into a hot drying medium. The feed can be a

0 0

OH
H,N
2" /u,, OH
0]

H5N

Fig. 1: Structure of KL
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dispersion, suspension, emulsion or the solution, which
is mostly used. Dried yield can be in the form of powder,
granule or agglomerate devolving on the chemical
and physical properties of the feed, the dryer design
and final powder properties desired®”. Many natural
and synthetic polymers are used in the preparation of
PNPs!®!. By providing controlled release and extended
release of drug active substance into the polymer, the
most commonly used biodegradable polymers in the
production of PNPs are polyglycolic acid, polylactic
acid, and their copolymers, poly lactic-co-glycolic acid
(PLGA)®1. Depending on the properties of PLGA
used in PNP drug delivery systems, an advantageous
situation can be achieved by prolonging drug release and
providing controlled release!'”!. The crystal structure of
PLGA depends on the molar ratio of the monomers in
the copolymer chain. Copolymers containing less than
70 % polyglycolic acid are amorphous and readily
soluble in organic solvents such as dichloromethane,
ethyl acetate. Polylactic acid is more hydrophobic
because it carries an additional methyl group in the
side chain than polyglycolic acid, and biodegradation
takes place much longer than polyglycolic acid!".

Even though preparation of KL sustained/extended
release formulation presented a great challenge due to
its very high aqueous solubility, PLGA-based PNPs
could be formulated in this study with an aim to prolong
release of KL for efficient treatment of pain potentially
with low side effects.

MATERIALS AND METHODS

KL was obtained as a gift from Berko Ilag¢ (istanbul/
Turkey). PLGA (Resomer® RG 504H) was purchased
from Sigma-Aldrich (Germany). Acetone, acetonitrile,
dimethyl sulfoxide and deuterated chloroform were
purchased from Merck (Germany). All other chemicals
used were of analytical grade.

Preparation of nanoparticles:

PLGA-based PNPs were prepared by the spray drying
technique with some modifications®™. Accurately
weighed PLGA was dissolved in acetone for 30 min
under 250 rpm stirring condition. KL was dissolved
in distilled water then added, under mild agitation for

were given in Table 1 and the composition of PLGA-
based PNPs was given in Table 2.

High performance liquid chromatography (HPLC)
conditions:

HPLC (Shimadzu Corporation-20A, Kyoto, Japan)
with reversed-phase InertSustaine® column (4.6x
150 mm, C , Gravity, 5 um; LiChrosper®100 RP) was
used for the determination of KL using a modified
method"?. Mobile phase of the HPLC system was
a mixture of acetonitrile:KH, PO, buffer (0.03 M;
60:40, v/v; pH 3.0) was adjusted with orthophosphoric
acid) prepared daily, degassed by sonication and
filtered through 0.45 pm membrane filter just before
testing. Flow rate was set at 1 ml/min resulting in a
run time of 15 min per sample and injection volume
was 20 pl. 242 nm wavelength was used for detection
and samples were analyzed at 20°. HPLC method used
was validated for linearity, precision, accuracy and
specificity!'®,

Encapsulation efficiency (EE %):

KL-loaded to PLGA PNPs was determined by reversed
phase-high performance liquid chromatography
(RP-HPLC) method described in the previous section.
KL, the active agent of PLGA PNPs was evaluated by
coordinate extraction of KL from PNPs. Spray-dried
PNPs (5 mg) were precisely measured, 1 ml acetone
was added and vortexed to break up the particles in
the natural stage. Complete solution was filtered
through 0.22 pm polyamid filter and analyzed using
HPLC. Encapsulation efficiency was expressed as EE
(%) following Eqn. 1U% EE % = (actual amount of
KL loaded in PLGA PNPs/theoretical amount of KL
loaded in PLGA PNPs)x100.

In vitro dissolution/release study:

In vitro dissolution/release study of KL from PLGA

TABLE 1: SPRAY DRYING CONDITIONS
Pump Aspirator

Inlet Outlet Flow rate

.. control control
temperature temperature (ml/min) level level
100° 50° 450 3 3

TABLE 2: COMPOSITION OF PLGA-BASED PNPS

5 min. Final transparent solution was then spray dried  co4e  PLGA (mg) KL (mg) Acetone (ml) Distilled
using a B-90 instrument (Biichi, Switzerland) with an water (ml)
. o S blank* 500 - 99 1
inlet temperature of 100° and an outlet temperature of s1 500 25 99 1
SQ°. Blank PNPs.v.vere also prepared as dc?scribed gbpve 52 500 50 99 1
without the addition of KL. Spray drying conditions  *giank is the formulation without KL
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PNPs were carried out through a dialysis bag method™'.
In vitro release study was continued for 8 d. PLGA
PNPs (S1 and S2) containing 5 mg of KL and pure KL
(5 mg) was placed in a cellulose acetate dialysis bag
(MW: 12-14 kDa, Sigma) where 1 ml of dissolution
media was also added to the bag and the bag was then
sealed at both ends. Dialysis bag was then placed into
an amber glass beaker containing 100 ml phosphate-
buffered saline (PBS, pH 7.4). Samples of 1000 ul were
withdrawn at suitable time intervals for 8 d, and the
same volume of freshly prepared medium was added.
Stirring was continued at 37+0.5° at 100 rpm. Samples
were then tested using the validated HPLC method.
In vitro dissolution/release study was conducted on six
different batches of PNPs; mean values and standard
deviation were evaluated. Data obtained in the in vitro
drug release studies was further investigated for release
kinetics using DDSolver software program!>!5:16,

Particle size, size distribution, zeta potential and
morphology:

Average particle size, size distribution and zeta potential
values of formulations prepared were analyzed using
Zetasizer Nanoseries (Malvern Instruments, England).
Measurements were repeated in triplicate. The particle
shape and surface properties of the freshly prepared
nanoparticle formulation and KL were investigated
by SEM (Zeiss Ultra Plus Fesem, Germany) after
spreading the formulation and KL onto the double-
sided carbon tape pre-affixed on a specimen stub and
were then allowed to dry at room-temperature. Samples
were coated with a thin layer of gold (100 A) by a
sputter coater under 50 mA for 2 min before observed
under SEM. Images were taken at high vacuum mode
with varying magnifications at an accelerating voltage
of 3.0-5.0 kV.

Differential scanning calorimetry (DSC) analysis:

Physical state of KL incorporated was characterized
by DSC (DSC-60, Shimadzu Scientific Instruments,
Columbia, MI, USA). Aluminum crucibles with 5 mg
samples were analyzed under nitrogen gas (50 ml/min)
and heating rate of 10°/min at a temperature range of
30 and 300°. Pure KL, pure PLGA, physical mixture
and blank formulation were also analyzed.

X-ray diffraction (XRD) analysis:

XRD analyses were performed (Rikagu Corporation
(D/Max-3C, Japan) within the range of 5-55° at 2 6
with 2°/min scanning rate and using 40 kV voltage with
20 mA current intensity level. XRD spectra were also
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obtained for pure PLGA, pure KL, physical mixture
and blank formulation and were used as references.

Fourier-transform infrared spectroscopy (FTIR)
analysis:

FTIR spectra were recorded using Shimadzu IR
Prestige-21 (Shimadzu Corporation, Kyoto, Japan) at
the wavelength range of 4000-500 cm™. Pure polymer
(PLGA), pure active agent (KL), physical mixture and
blank formulation were also analyzed and were used as
references.

Nuclear magnetic resonance ("H-NMR) analysis:

"H-NMR analyses were performed using UltraShield™
CPMAS NMR (Brucker, Rheinstetten, Germany).
Samples were prepared by dissolving formulations in
deuterated chloroform (CDCI,). Pure KL, pure PLGA,
physical mixture and blank formulation were also
analyzed.

Cytotoxicity of PNPs:

The colorimetric  3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) method was used
for the quantitative determination of cell cytotoxicity.
MTT (Greiner, Sigma-Aldrich) was dissolved in PBS
(pH 7.4) with a concentration of 5 mg/ml. NIH/3T3
mouse fibroblasts cell line was grown in Dulbecco's
modified Eagle media medium supplemented by
10 % fetal bovine serum, 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (25 mM), NaHCO,
(3.7 g/l) and penicillin (100 units/ml) and then seeded
onto 96-well plates (Greiner, Sigma-Aldrich) at a
density of 2x10* cells per well in growth medium
(100 pl). Cells were incubated at 37° (under 5 % CO,
and 95 % air) for 24 h in a humidified atmosphere
containing 5 % CO,. When the desired cell confluence
was reached, the growth medium spent was removed
from each well and replaced with growth medium,
which contained different concentrations of KL and
PNPs. KL was dissolved in culture medium while
PNPs was dispersed in culture medium at the loaded
KL quantities of them and incubated for 48 h. Each
formulation was tested eight times. After the incubation
period, 20 pl of MTT dye was added to each well
and incubated for more 2 h for the transformation of
MTT to formazan salt by the presence of the living
cells. Spectrophotometry-grade dimethyl sulfoxide
(200 ul) was then added to each well to dissolve
formazan crystals. Following 30 min of incubation,
absorbance of the plates was measured at 570 nm
using a spectrometric microplate reader (Cytation 5
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Cell Imaging Multi-Mode Reader, US). Results were
expressed as percent absorbance of the control cells.

RESULTS AND DISCUSSION

In the HPLC validation study, linearity was determined
to be at a concentration range of 5-900 pg/ml with
the linearity Eqn., y=51438x+70090 (1r*=0.9999).
The method was decided to be precise due to RSD
values of <2 % for both repeatability and intermediate
precision. HPLC method used showed an accuracy
of 99.653+0.081, 100.092+0.143, and 100.324+
0.219 % for the concentrations of 100, 200, and
300 pg/ml, respectively (n=6). Recovery of the method
was found to be satisfactory owing to <2 % RSD

110
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80

70

% Cumulative Release

Time (d)

Fig. 2: In vitro dissolution/release profiles of pure KL and the
formulations prepared
(=—=o—) KL, (=—m=—) S1, (— A —) S-2

value. Limit of detection and limit of quantitation
was determined to be 0.00002 and 0.00005 pg/ml,
respectively. EE % values calculated according to
Eqn. 1. In vitro dissolution/release profiles of pure KL
and the formulations prepared are presented in fig. 2.
Rate constant (k), coefficient of determination (Rsqr,
R2, or COD), the adjusted coefficient of determination
(Rsqr_adj or R? adjusted), the Akaike Information
Criterion (AIC), the model selection criterion (MSC)
and n for only Korsmeyer-Peppas model values are
given in Table 3. PS, PDI, zeta potential and EE %
values calculated according to Eqn. 1 are shown in
Table 4. SEM images of KL, PLGA and formulations
prepared are presented in fig. 3. DSC thermograms,
XRD profiles, FTIR and 'H-NMR spectra of KL,
PLGA, physical mixture and formulations prepared are
presented in figs. 4, 5, 6 and 7, respectively.

In order to establish whether the preparing of particle
may modify the toxicity profile of the KL having
any cytotoxic effect, PNPs were assayed using
NIH/3T3 mouse healthy fibroblasts cells. NIH/3T3
cells were treated with increasing concentrations of
KL as control, S Blank, formulations S1 and S2 in
concentrations ranging from 5 to 30 pg (expressed as
ketoprofen content). Cell viability was determined by
absorbance values obtained in cell culture and results
were demonstrated in fig. 8 together with their standard
deviations. All data are shown as mean+SD of three
independent experiments, each done in duplicate.

TABLE 3: IN VITRO KINETIC DATA FOR FORMULATIONS

Evaluation criteria

Code Model and Equation

? sdjusted AlC MsC n/m*
S1 Zero-order model 0.971 148.260 3.446
S2 0.957 155.518 3.066
S1 First-order model 0.234 220.224 0.175
S2 0.023 224.476 0.068
S1 Higuchi model 0.827 187.538 1.661
S2 0.738 195.500 1.249 -
S1 Korsmeyer-Peppas 0.891 178.318 2.080 0.396
S2 0.740 196.249 1.215 0.372
1 Korsmeyer-Peppas with Tlag model 0.924 171.083 2.409 0.368
S2 0.913 173.120 2.266 0.317
S oo 0T M3 M o
: IR R S
S1 Hopfenberg model 0.922 170.853 2.419
S2 0.936 165.426 2.616 -
S1 Peppas-Sahlin model 0.996 103.913 5.462 0.542
S2 0.982 137.977 3.864 0.450

m*: diffusional exponent and similar exponent like n, m use in Peppas-Shalin model equation only
July-August 2019
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Different proportions of acetonitrile and 0.03 M
KH,PO, buffer and flow rates were tested for method
optimization and it was found that acetonitrile:0.03 M
KH,PO, buffer in the proportion of 60:40 v/v and a

TABLE 4: PARTICLE SIZE, PDI, ZETA POTENTIAL
VALUES AND EE %

Code PS PDI ZP EE %
> 490.30+2.20 0.27+0.02 -28.00+0.21 -
Blank

S1 512.60+5.20 0.43+0.03 -27.00+1.13 % 78.789+0.953
S2 518.30+3.10 0.44+0.02 -20.00£1.21 % 59.634+1.624

PS: particle size, PDI: poly dispersity index, ZP: zeta potential, EE
%: encapsulation efficiency (%), meanzSD, n=3

ESB Grid= 1017V Mag= 1.00 KX EHT=3.00 kv 20 pm

WD = 5.1 mm Signal A = SE2 Width = 301.6 pm}_|

ESB Grid = 1017 V Mag= 30.00 KX EHT=3.00 kV 1 pm
WD = 5.0 mm Signal A = SE2 Width = 10.03 ym

Fig. 3: SEM images of KL, PLGA and formulations
a: KL, b: PLGA, c: S blank, d: S1, e: S2

DSC
mW

ESB Gnd 1017V Mag= 1.00 KX EHT- 3.00 kV

WD = 5.1 mm Signal A = SE2 Width = 301.6 ym |_|

flow rate of 1 ml/min gave admissible retention time
(R) and good resolution for the mobile phase, placebo
formulations and KL.

Correlation coefficient (1?) of 0.9999 was highly
significant in linearity study. RSD values for both
intermediate precision and repeatability were <2 %.
Perfect precision and accuracy was assessed through
statistical analysis of linearity, precision, accuracy.
Validation tests based on ICH Q2 (R1) guidelines
indicated the potential use of the method developed
for routine analysis of KL in pure and pharmaceutical

preparations and formulations!". In conclusion,

ESB Grid = 1017 V Mag- 30.00 KX EHT=3.00kv 1 MM

WD = 50 mm Signal A = SE2 Width = 10.03 pm|_|

ESB Grid =1017 V Miag= 30.00 KX EHT=3.00 kV 1 pm
WD = 50 mm Signal A = SE2 Width = 10.03 ym
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Fig. 4: DSC results
a: KL, b: PLGA, c: physical mixture, d: S blank, e: S1, f: S2
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Fig. 5: XRD Results
a: KL, b: PLGA, c: physical mixture, d: S blank, e: S1, f: S2

procedure proposed in this study could be used for
routine, simultaneous and concurrent KL determination.

Drug loading capacity to PNPs is an important factor in
formulations because higher loading requires smaller
amounts of NPs for a given dosel'”l. Higher values
were obtained for all NPs prepared as a percentage
of EE %. EE % varied from 59 to 78 %, depending
upon the polymer:drug ratio. In the prepared PNPs
formulations, it was observed that the amount of KL
encapsulated in the polymer decreased as the amount
of KL increased. With respect to the amount of KL
initially used (5 and 10 % w/w), EE decreased as
the KL concentration increased. This means that the
presence of the drug in the maximum amount that can
be trapped in the polymer matrix in the dispersed state;
that is, the polymer has a limit of miscibility with the
active drug substance!'#,

The release properties of all formulations of the
prepared KL nanoparticles were evaluated in vitro.
Release studies were performed using the diffusion
technique in pH 7.4 phosphate buffer on a magnetic
stirrer. KL release profile from PLGA-based PNPs
is shown in fig. 2. It has been observed that as the
polymer concentration increased, drug release from the
formulation decreased and all formulations showed a
biphasic release pattern with an initial burst effect!').
The mechanism of burst release is thought to depend on
two factors. The first of these factors is caused by the KL
that has absorbed on the surface of the nanoparticles.

July-August 2019

The second factor is thought to depend on the leakage
of the KL from the nanoparticles'®. To evaluate the
release characteristics in a different way; careful
examination of fig. 3 revealed an inverse relationship
between release rate and nanoparticle size. It has been
shown in the literature that larger microspheres are
degraded faster than smaller microspheres. This is
probably due to the accumulation of acidic products that
increase in polymer hydrolysis in large microspheres.
The hydrolysis that occurs in PLGA-based systems
starts immediately in water. Hydrolysis produces acids
that further catalyze hydrolysis. This autocatalytic

1759.08:

2866.22

1751.36.

T L N TT T T T T T T
14000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

Fig. 6: FT-IR results
a: KL, b: PLGA, c: physical mixture, d: S blank, e: S1, f: S2
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Fig. 7: '"H-NMR results
a: KL, b: PLGA, c: physical mixture, d: S blank, e: S1, f: S2

process leads to faster degradation of the surface at
the center of the matrix of the PLGA structure. This
effect becomes more pronounced as the size of the
nanoparticle system increases!'*!'). It is observed in
fig. 2 that the formulation S2 has larger particle size
and is relatively faster to degrade and has a higher
release rate than the formulation S1. Regarding the
release of KL from PNPs, a biphasic profile consisting
of a rapid phase followed by a slow release phase was
observed and release was observed over the 8 d period
of dissolution whereas the pure KL exhibited a rapid
release profile of 100.1534+0.244 % (mean+SD) in
last first day. The release rates from the formulations

646 Indian Journal of Pharmaceutical Sciences

S1 and S2 were, 99.465+0.054 and 99.972+
0.143 % (mean+SD), respectively, after 8 d, fig. 3
clearly showed that sustained release was obtained
relative to pure KL from the two formulations prepared.

When a new oral dosage form is developed, its
dissolution behavior should be quantitatively analyzed.
Dissolution analysis involves comparison of the
dissolution profiles and the application of mathematical
models to identify the drug release pattern. In this
study, DDSolver named application, which is an Excel
add-on software package designed to analyze the data
obtained from dissolution experiments, was used!®
The selection of a suitable model for fitting dissolution
data is essential, not only for quantitative evaluation
of drug release characteristics but also for comparison
of dissolution profiles using model-dependent
approaches!". The DDSolver provides a number of
statistical criteria for evaluating the conformance
of a model, including the correlation coefficient
(R_obs-pre), the coefficient of determination (Rsqr,
R?, COD), the adjusted coefficient of determination
corrected (Rsqr_adj, R?, gusea AN square error, AIC
and MSCP">'%l. Among these criteria, R*, e AIC and
MSC were the most popular in the resolution model
definition™). In this study, zero-order kinetics, first-
order kinetics, Higuchi, Korsmeyer-Peppas model,
Korsmeyer-Peppas with T, model, Korsmeyer-Peppas
with F, model, Hopfenberg, Hixon-Crowell and
Peppas-Sahlin models were selected for evaluation in
DDSolver program. After calculation of cumulative
amount released, data obtained was transferred to
DDSolver program to determine important criteria,
R?, gusiea» AIC, MSC and n/m for only Peppas models.
The highestR?, ustod and MSC values and the lowest AIC
values are used for the evaluation of the best fit. When
examined and compared those models according to
the important criteria mentioned above, Peppas-Sahlin

80
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Cell viability (%)
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H 5
KL S-Blank s1 s-2
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Fig. 8: Effect of KL and formulations on NIH/3T3 mouse
fibroblasts cell proliferation and viability

(2D 5 ng, &) 10 pg, () 12.5 pg, (29 15 pg, (4 17.5 pg, H
20 pg, (D 25 pg, (M) 30 pg
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model was selected to be the best kinetic model. Table 3
also showed the diffusional exponent (n/m) for KL
release from PNPs. According to the literature, when
n/m=0.43 the drug release mechanism is governed
by the Fickian diffusion, when 0.43<n<0.85 it is
anomalous (non-Fickian) transport, and when n=0.85
it is case II transport?®. ‘m’ values for formulations
S1 and S2 were, 0.542 and 0.450, respectively. In the
formulations prepared, the exponential coefficient
m was determined to be related to the non-Fickian
diffusion basel?”. As a result, for formulations S1 and
S2, the best fit was observed with the Peppas-Sahlin
model showing that the drug delivery mechanism was
controlled by non-Fickian diffusion.

Particle size and distribution is one of the important
physical properties of colloidal systems such as PNPs.
The particle size distribution of the PNP formulation
plays an important role in the physical stability and
activity of the colloidal systems. It has also been found
that the size of PNPs plays an important role in the
adhesion and interaction with biological cells®!!. The
mean particle size of all formulations ranged from
490.3+2.2 to 518.3+£3.1 nM (mean+SD) with a relative
monodisperse distribution (Table 4). The smaller
particles have a higher surface area/volume ratio, which
facilitates the release of the encapsulated drug from
the nanoparticles by diffusion and surface erosion and
also has the advantage of penetrating into drug-loaded
nanoparticles and penetrating into physiological drug
barriers??2, The polydispersity index (PDI) value,
which defines particle size distribution is in the range
of 0.01 and 0.5-0.7 for monophasic systems; values
higher than 0.7 are indicative of a very wide particle size
distribution and the values close to zero means narrow
particle size distribution®*!. All PNP formulations
prepared in this study presented PDI values lower than
0.44 and therefore particle size distribution was found
to be uniform.

Zeta potential value associated with short/long term
stability of PNPs demonstrating high positive or low
negative (+30/-30 mV) values lead to high stability
owing to the power of repulsion/attraction forces and
also zeta potential of nanoparticles is commonly used
to characterize the surface property of PNPs. Zeta
potential values of PLGA PNPs (Table 4) were found
to be negative resulting from the total negative charges
of chemical groups on PLGA polymer in Milli-Q
water. Similar results were seen in the literaturel'**4.
The zeta potential of PNPs was found to be below
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—20 mV, indicative of high stability of the PNPs
suspended in aqueous medium!#,

Fig. 3 represented the surface images of PLGA
PNPs obtained by SEM. SEM images showed that
all PNPs prepared were in spherical shape with
smooth surfaces. KLs crystalline structure was not
observed in the formulations indicating successful
incorporation of KL into both polymers®*!. Fig. 4
showed DSC curves, which provided quantitative
and qualitative information about physical structure
of the active substance in the nanoparticles and in the
control samples, i.e. the raw material (pure KL and
pure PLGA) and physical mixture. Pure KL showed a
sharp endothermic peak that corresponded to melting
at 170°, indicating its crystalline nature. In addition,
endothermic peak of KL at 170° was compatible with
the literature®?). Pure PLGA exhibits an endothermic
event (60°) corresponding to the relaxation light peak
following the glass transition. The reason for not
observing the melting peak is the amorphous nature of
PLGAPS. Peak appearance of KL in physical mixture
and complete disappearance of KL peak may be due to
either the homogeneous polymeric matrix formation or
to the dilution effect by the polymer”. Disappearance
of endothermic KL peak in all DSC curves of PNPs
prepared indicated incorporation of KL, homogenous
matrix formation and amorphous structure?®?1, DSC
curves of the PM (physical mixture) of the KL with
PLGA showed the stability of the active agent in the
polymeric carrier owing to the presence of KL in the
crystalline structure*”,

XRD is the most important and well-defined analytical
method frequently used in nanotechnologic research
because it clarifies molecular structure of nanoparticles,
examines crystal state/investigates polymorphism and
also provides information about stability so diffraction
pattern gives detail of the -crystalline/amorphous
structure of the nanomaterials®3%. Structural changes
need to be monitored, as polymorphic changes of
active agents are important factors that may affect the
drug dissolution rate and bioavailability of the drug®.
XRD diffraction profiles shown in fig. 5 indicated that
KL showed sharp peaks at 20-angles representing
crystal structure. Nevertheless pure PLGA showed
amorphous state as seen in fig. 5. No crystal peak/
signal were detected in the diffraction spectrum of
S1 and S2 showing that the KL was dispersed within
the amorphous polymer matrix as indicated by DSC

analyses results™>273%,
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FTIR is widely accepted as a globally used technique for
the characterization of various nanoparticles including
PNPs, metallic nanoparticles, carbon nanomaterials,
as well as core-shell and hybrid nanoparticles. FTIR
allows the detection of functional groups and adsorbed
molecules on the surface of NPs as well as monitoring
of surface chemistry changes®!. FTIR analysis gives
crucial information on characterization by evaluating
the interactions between drug and polymer during the
preparation steps of nanoparticles, comparing changes
in frequency and intensity of materials to FTIR signals
of pure materials®¥. KL spectrum showed absorption
bands for C=O stretching vibration of acid, C=0
stretching vibration of ketone, O-H band and C=C
stretching vibration of the aromatic ring appeared at
1664, 1631, 3300-3100 cm™, respectively™]. Bands
at 1541-1575 and 1138-1195 cm™! were assigned to
N-H in-plane bending and C-N stretching of amine,
respectively®!. When examine FTIR spectrum of
PLGA polymer exhibited molecular vibrations of its
functional groups as shown in fig. 6. Carbonyl groups
gave intense bands at 1751 cm™ due to stretching
vibration present in both monomers while medium
density bands between 1384 and 1130 cm’ were
respectively attributed to asymmetric and symmetric
C-C(=0)-O stretches. Bands in those regions are
distinctive bands often used for the characterization
of esters®*!, The main difference between KL and
PLGA is the N-H bonds. N-H bonds were observed
in KL, physical mixture, S1 and S2; but were not
observed in PLGA and S blank. It was observed that
the characteristic KL peaks were observed and KL
crystallinity was decreased for all KL-loaded PNPs.
This indicated that KL is molecularly dispersed and
encapsulated in the polymeric structure supporting
DSC and XRD results and also no chemical interaction
between PLGA and KL could be found due to the
absence of new KL peaks in FTIR spectra of PNPs[>2737],
Physicochemical  properties of  nanoparticles,
interaction of active ingredients with polymers/
additives and molecular mobility can be determined by
NMR analysisP®. "TH-NMR analysis performed in this
study is important to determine any change of KL in the
polymeric structure or encapsulation and interaction
with the polymers®*®, "TH-NMR analysis performed
in this study is important to determine any change of
KL in the polymeric structure or encapsulation and
interaction with the polymers. No KL peaks at 7-8 ppm
range were observed in 'H-NMR spectra of S-blank
and PLGA while presence of KL specific peaks was
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observed in spectra of KL-loaded S1 and S2 PMPs.
"H-NMR results showed molecular KL dispersion in
the polymeric structures, which can also be interpreted
as encapsulation of KL into PLGA nanoparticles™.

The MTT assay was used for the quantitative
determination of cell cytotoxicity!®). The results
showed no reduction in cell viability by less than 50 %
(IC,,) for 48 h related the increased dose of KL and
formulations (fig. 8). KL, S blank and S1 demonstrated
higher cell viability values than the control group at 5
and 20 png/100 pl concentration suggesting cell renewal
property. Cell renewal property of KL was reported that
the presence of lysine in KL is an evident protection of
the epithelium without the observation of ketoprofen
free acid*!. Renewal property of formulation S2 with
lower KL EE % showed the highest viability values
when compared to KL, S blank and S1 at 5 and 12.5 pg.
The KL salt and its spray-dried form exhibited a
reduction in cell proliferation only at very high
concentrations when the compared ketoprofen free
acid. This situation was correlated with particles
engineering because of the reducing the cytotoxic effect
of the active compound after formulation!. It has
been shown that the lysine is associated with a marked
regulation of oxidative stress signals and has protective
effect on the cell*?. Results of this study indicated that
the encapsulation of KL in PLGA using spray drying
method gave synergistic effects on the proliferation
of cells with nontoxic and cell renewal properties
formulation. This revealed that the formulations S1
and S2 even at the highest concentration tested would
still be nontoxic even with a prolonged release pattern.

In this study KL incorporated PLGA-based PNPs
were formulated for extended analgesic activity on
oral application. In vitro characteristic properties
and cytotoxic profile of the PNPs were evaluated
in detail. Results demonstrated that nano-sized and
spherical particles were obtained using spray drying.
Solid state characterization (DSC, XRD, FTIR and
NMR) results supported each other and these results
proved that KL was loaded into the polymer. Due to
the high encapsulation efficacy of the nanoparticles,
KL release could be extended up to 8 d, which would
enhance the therapeutic efficacy of the formulations
prepared. Cytotoxic evaluation revealed the safety of
PNPs with relatively high cell viability data at certain
concentrations, because of the nontoxic S1 and S2
formulations even at the highest concentration for 48 h
demonstrated higher cell viability than the control
group and the KL. Therefore it could be concluded
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as KL-loaded PLGA-based PNPs are effective carrier
system for the oral application of KL for extended
release. However, in vivo experiments are necessary to
confirm the in vitro findings in order to make a final
decision.
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