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Drug controlled release technologies (DCRTs) represent an opportunity for designing new therapies.
Main objectives are dose number optimization and secondary effects reduction to improve the level of
patient/client acceptance. The present work studies DCRTs based in blended polymeric implants for
single dose and long-term therapies of florfenicol (FF), a broad spectrum antibiotic. Polymers used were
PLGA and Eudragit E100/S100 types. Eudragit/PLGA and FF/PLGA ratios were the main studied factors in
terms of encapsulation efficiencies (EEs) and drug release profiles. In addition, morphological and
physicochemical characterization were carried out. EEs were of 50e100% depending on formulation
composition, and the FF releasing rate was increased or diminished when E100 or S100 were added,
respectively. PLGA hydrolytic cleavage products possibly affect Eudragit solubility and matrix stability.
Different mathematical models were used for better understanding and simulating release processes.
Implants maintained the antimicrobial activity against Pseudomonas aeruginosa up to 12 days on agar
plates. The developed DCRTs represents a suitable alternative for florfenicol long-term therapies.

© 2020 Published by Elsevier Inc. on behalf of the American Pharmacists Association.
Introduction

The main objective of the studies on drug controlled release
technologies (DCRTs) is the development of systems with the ca-
pacity to reach and maintain the active principles (PAs) levels in a
therapeutic range, during a specified time and at a particular site of
the organism. Between the many possibilities, biodegradable-
biocompatible polymers are one of the most interesting due to
the versatility without toxicity risk and end-therapy dispositive
removal. In addition, polymeric DCRTs can be a platform for
controlled drug delivery of many PAs characterized by different
physicochemical properties. In this sense, several investigations
deal with the determination of synthesis conditions in order to
obtain devices with controlled and predictable release rates.1e3

Furthermore, polymeric DCRTs can be designed with multiple
sizes and geometries as particles, beads or implants, allowing the
use of different administration pathways like parenteral, oral or by
D.A. Estenoz).
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inhalation.3e5 Depending on the components and synthesis tech-
nique selection, the systems can be pre-fabricated (ex situ) or pre-
pared in the application site (in situ).

In the last years, in situ formed polymeric implants (ISFIs) have
been widely investigated for many biomedical applications such as
tissue repair, scaffolds, cellular encapsulation and drug controlled
release.6 These kinds of DCRTs show important characteristics as
easy application, long-term releases, improved patient compliance
and site-specific releasewithout disadvantages associatedwith oral
or intravenous administration pathways.7,8 ISFIs allow injecting or
depositing a low viscosity material that solidifies to form a solid or
semisolid drug deposit. The formation technique for ISFIs can be
principally classified into phase separation, crosslinking and orga-
nogel solidification.8

Between the phase separation systems, the ISFIs prepared by
solvent exchange (ISFIs-SE) are being widely studied by the phar-
maceutic industry. The precursors of ISFIs-SE are hydrophobic
polymers and PAs combined with partially water-soluble organic
solvents. When the solution comes in contact with aqueous or-
ganism fluids, the solvent-water exchange causes the polymer
precipitation and the PAs entrapment, forming a dispositive which
sociation.

mailto:destenoz@santafe-conicet.gov.ar
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xphs.2020.11.006&domain=pdf
www.sciencedirect.com/science/journal/00223549
http://www.jpharmsci.org
https://doi.org/10.1016/j.xphs.2020.11.006
https://doi.org/10.1016/j.xphs.2020.11.006


F. Karp et al. / Journal of Pharmaceutical Sciences 110 (2021) 1270-1278 1271
can release the drug in a controlled manner and avoiding critical
formation conditions as temperature, ions presence or specific pH.6

However, an important drawback is the time required for complete
the polymer precipitation, allowing a fast release of drug associated
not only to matrix diffusion but also to the solvent exchange. This
phenomenon is known as burst effect and it is usually undesirable
when strict PAs levels are needed.8,9

The hydrophobic polymer PLGA (poly(lactic-co-glycolic) acid) is
an interesting candidate for ISFI-SE due to its biocompatibility,
biodegradability and FDA approved condition.9e11 Even though
different characteristics of PLGA can be obtained depending on
lactic/glycolic ratio, the glass transition temperature is normally
above 37 �C, maintaining a relative solid structure in a wide range
of biological conditions. In addition, the PLGA hydrolytic degrada-
tion produces the erosion of the polymeric matrix. This process is
enhanced by the accumulation of the resultants acidic groups
(autocatalytic effect) and depends on implant shape and size.12e15

Polymer degradation and matrix erosion are important factors
that influence the drug release rates. Different applications of ISFI-
SEs for controlled release of many PAs such as proteins,11 antibi-
otics,16 analgesics9 and opioids17 are reported.

Combination of various polymer with different physicochemical
features can improve the control over the release of PAs and
properties of the matrixes as solubility, viscosity and glass transi-
tion temperature. In this sense, Eudragit polymers are good can-
didates for blending due to their wide range of properties with
interesting applications in pharmaceutics.18,19 Particularly, the use
of ionic Eudragit polymers in blends can contribute to enhance and
tune attributes related with the matrix behavior in aqueous media.
Eudragit E100 (EuE100, Supplementarymaterial Figure SM1-A) and
Eudragit S100 (EuS100, Supplementary material Figure SM1-B) are
cationic and anionic, respectively. EuE100 presents an increased
solubility under pH ¼ 5 while EuS100 solubilizes over pH ¼ 7.6 In
the bibliography, investigations about PLGA-Eudragit blending are
found but no one investigated possible application for ISFI-SE
synthesis.20,21

Antibiotics are an important group of PAs for controlled release
technologies due to problems related with concentrated formula-
tion preparation and high number of doses.3,22 In particular, flor-
fenicol (FF) is a widely used antibiotic in veterinary applications
and presents certain drawbacks associated to poor water solubility
and reduced plasmatic half-life.23e25 Note that these kind of
problems are reported in many PAs used in human health fields.
Some attempts have been made to design FF controlled release
systems but low FF encapsulation efficiencies and fast drug release
were reported.26e30 In this regards, ISFI-SE technologies are an
effective alternative for long-term FF therapies. The FF state of art
on FF release systems does not show studies for this kind of DCRTs
neither the use of PLGA and Eudragit polymer blending.
Table 1
Formulations for the IFIS-IS Syntheses, Using 2-Pirrolidone as Organic Solvent.

Formulation ID PLGA (% w/v) Florfenicol/PLGA (%

PLGA20 20 25
PLGA20 20 50
P25 40 25
P50 40 50
PE15-25 40 25
PE15-50 40 50
PE28-25 40 25
PE28-50 40 50
PS15-25 40 25
PS15-50 40 50
PS28-25 40 25
PS28-50 40 50
The aim of the present work was the synthesis and evaluation of
polymeric ISFI-SE based on PLGA and Eudragit polymer blends for
FF controlled release. The performances of the systems were
studied by measurements of encapsulation efficiencies and release
profiles. Morphological and physicochemical characterizations
were carried out using scanning electron microscopies, FTIR, DSC
and XRD studies. Empirical/semi-empirical equations were imple-
mented to simulate drug release and study involved release pro-
cesses. Furthermore, in vitro biological activity was tested against
Pseudomonas aeruginosa.
Materials and Methods

Materials

PLGA 75:25, average molecular weight (Mw) 15 kDa (Shanghai
Easier Industrial Development Co., Ltd.), EudragitR E100 with a Mw
of 47 kDa and EudragitR S100 with a Mw of 125 kDa (Evonik in-
dustries, Germany) were utilized. Florfenicol (FF, 99.1%, Romikin
S.A.), 2-pirrolidone (pro-analysis grade, Ciccarelli) and methanol
(HPLC-grade, Sintorgan) were used. All reagents were utilized as
received. Ultrapure water was used for all solutions and dilutions.
FF Quantification

An HPLC instrument (Prominence Series 20A, Shimadzu, Japan)
equipped with a UV detection diode array (SPD- M20Avp) was used
for FF analysis. The wavelength was set at 224 nm. Mobile phase
was a methanol:water (50:50) solution at pH ¼ 2.5 with a flow rate
of 0.75 mL/min (LC-20AT pumps). Zorbax Eclipse XDB-C18 column
(4.6 � 150 mm; 5 mm) was used and maintained at 35 �C using a
CTO-10Asvp column oven. The calibration curve (R2 ¼ 0.998) was
performed using FF standard solutions.
Preparation of In Situ Formed Implants

Implants were prepared in vitro by solvent exchange method.
First, 0.110e0.220 g of FF and 0.220e0.400 g of PLGA were co-
dissolved in 1.1 mL of 2-pirrolidone, under constant agitation and
using a 70 �Cwater bath. For blendedmatrixes, a mass of EuE100 or
EuS100 was added to the organic solution reaching proportions of
15 or 28% (w/w1 of PLGA). Then, cylindrical glassmolds with 0.5 g of
the polymeric solution were immersed in 100 mM phosphate
buffer (pH 7.4), at 37 �C and under orbital agitation, allowing to
solvent exchange. After 24 h, the finished implants were retired and
the supernatants were filtered and stored at 4 �C until non-
encapsulated FF determination. The different prepared formula-
tions are listed in Table 1.
w/w) Eudragit Type Eudragit/PLGA (% w/w)

e e

e e

e e

e e

EuE100 15
EuE100 15
EuE100 28
EuE100 28
EuS100 15
EuS100 15
EuS100 28
EuS100 28



Fig. 2. Florfenicol release profiles from (C) P25 and (-) P50 formulations.

Fig. 1. Encapsulation efficiencies (EE%) obtained for ISFI-SE formulations (PLGA 40% w/
w) using different florfenicol/PLGA and Eudragit/PLGA proportions.
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Encapsulation Efficiency

The synthesis supernatants were analyzed by HPLC to quantify
non-encapsulated FF. Encapsulation efficiencies (EEs) were calcu-
lated as follows:

EE ð%Þ¼ wFFi ðgÞ �wFFne ðgÞ
wFFi ðgÞ

x100

where wFFi is the initial mass of drug added and wFFne is the non-
encapsulated drug.

In Vitro Release Assays

With the aim of evaluate the release kinetics, implants were
immersed in 50 mL of fresh 100 mM phosphate buffer (pH 7.4), at
37 �C and under constant orbital agitation at 150 rpm. Every
24e48 h, the release mediumwas sampled and replaced with fresh
medium for maintain sink conditions. Samples were filtered and
stored at 4 �C for FF determination by HPLC. Assays were done by
triplicate. Statistical analyses were performed using f1-f2 test for
the determination of significant differences between release pro-
files. The f1 parameter (difference factor) measures the percentage
error between two profiles along a time period while the f2
parameter (similarity factor) is the logarithmic transformation of
the squared sum of the errors of the differences between two
profiles in different time points. Release profiles are considered
similar when f1 and f2 are between 0-15 and 50e100,
respectively.31

Structural and Morphological Analyses

The morphology of implants was investigated by Scanning
Electron Microscopy (SEM; Phenom World PRO X). Lyophilized
implants were placed in a graphite tape and observed at 15 kV.

DSC, FTIR and X-Ray Diffraction Studies

Fourier Transform Infrared (FTIR) spectra were recorded in the
range of 4000e400 cm�1 in a FTIR-8001 PC spectrometer (Shi-
madzu, Japan). Sample (3.0e4.0 mg) and potassium bromide were
blended and compressed to obtain suitable discs for FTIR analyses.

Differential Scanning Calorimetry (DSC) spectra were carried
out using a DSC Q2000 calorimeter (TA Instruments, Tx, USA).
Hermetic aluminum sealed capsules with 4.0e5.0 mg of sample
were heated at a rate of 10 �C/min under nitrogen atmosphere
(50mL/min flow rate). The heat flowwas recorded in a temperature
range of 0e300 �C.

For X-Ray diffraction (XRD) studies, samples were scanned at
speed of 1�/min, using 1.54098 Å wavelength at 40 kW and 45 mA
in a Panalytical Empyrean X-ray diffractometer in the 2q of 4e40�

range.

Mathematical Modeling

FF release kinetics were modeled with zero order, first order,
Higuchi and Korsmeyer-Peppas equations. Models which achieved
R2 � 0.9 were considered adequate.

Microbiological Studies

With the aim of evaluating the antimicrobial efficiency in a
semi-solid medium, selected implants were immersed in 50 mL of
inoculated Mueller-Hinton agar. Pseudomonas aeruginosa ATCC
15422 was chosen as bacteria strain due to its widely reported
association with injury infections, biofilm production and gener-
alized sepsis, among others.32e34 During 1e12 days, photographic
registers of the inhibition zones were obtained for qualitative an-
alyses. Control of bacteria growth without formulations was
performed.
Results and Discussions

During ISFI-SE preparation, two stages are well defined: the
process of polymer precipitation during the exchange of organic
solvent by water, where polymeric matrix and organic solution co-
exist, and the release of the PA after the complete precipitation of
the polymer, where the processes involved are more related to the
properties of the matrix.7

Fig. 1 shows the encapsulation efficiencies (EEs) obtained for the
different studied formulations. The PLGA concentration in the
organic phasewas defined taking into account that the formation of
the implants was impeded with 20% (w/v). When PLGA was used
alone at 40% (w/v), the increment of drug/polymer proportion from
25% to 50% (w/w PLGA) caused an improvement in EE from 50.6 to
78.9%, respectively. These results could be associated to the higher
FF concentration that promotes an increase of precipitated drug.
The bibliography presents different attempts to develop PLGA in
situ formation systems for PA controlled release. It was reported
that increments of the PA concentration allow to obtain higher EEs
during implant formation because solid drug presence and
increased viscosity.7e9,17 In this way, the solid drug dissolution
process can act as a release control step diminishing the burst ef-
fect.35 The burst effect is an undesirable and uncontrolled release,



Fig. 3. Forfenicol release profiles from PLGA-EuE100 ISFI using (a) 25% and (b) 50% FF/PLGA (w/w) and from PLGA-EuS100 ISFI using (c) 25% and (d) 50% FF/PLGA (w/w). ISFI
polymer composition: (C) PLGA; (-) 15% Eu/PLGA; (:) 28% Eu/PLGA.

Table 2
Statistical Comparison Between Florfenicol Release Kinetics from Different IFIS-IS
Formulations Using f1-f2 Test.

Kinetic 1 Kinetic 2 f1 f2

P25 P50 100.00 25.99
P25 PE15-25 26.49 50.13
P25 PE28-25 13.92 48.70
P50 PE15-50 75.10 30.86
P50 PE28-50 44.72 29.54
P25 PS15-25 46.24 37.82
P25 PS28-25 57.60 36.06
P50 PS15-50 6.04 85.33
P50 PS28-50 16.14 70.19
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which can be associated with many secondary effects as local irri-
tations and toxic drug plasma levels as well as technical drawbacks
like low EEs and shorter release times.

With the aim of achieving new technological properties for ISFI-
ES, two Eudragit polymer types were added to the PLGA formula-
tions. Encapsulation efficiency results can be seen in Fig. 1. The
addition of EuE100 caused a global increment of the EEs, yielding
results of 85e100%. However, 28% EuE100 formulations reached
lower EEs when are compared to 15% EuE100. On the other hand,
the incorporation of EuS100 generated similar EEs to pure PLGA
formulations. These striking erratic behaviors related to FF and
Eudragit variations suggest multiple factors that affect the encap-
sulation of PA. Specific information about IFIS-IS synthesized with
Eudragit/PLGA blends has not been reported. Solorio et al. (2012)
investigated blends of PLGA, with different Mw, for fluorescein
encapsulation and concluded that the implant osmolarity, poly-
mers hydrophobicity and solvent affinities play important roles in
the EEs obtained.36 Particularly, Eudragit polymers present
different physicochemical characteristics as Mw, ionization, pH-
responsivity and aqueous solubility, resulting in different behav-
iors during the phase inversion when compared to pure PLGA
matrixes.

When synthesis stage was completed, FF release from the
different formulations was studied. Fig. 2 shows the results ob-
tained for pure PLGAmatrixes. At day 3, cumulative FF was 50e55%
and 15e20% for 25 and 50% FF (w/w PLGA), respectively. The higher
solid drug proportion can be the main factor that explains the
release delay when higher concentrations of FF are used because of
the dissolution effect on the FF transport from the polymeric
matrix.37

Fig. 3 shows the release profiles for the ISFI-SE with EuE100 and
EuS100 added. With the aim to statistically determine the differ-
ence between the different profiles, the f1-f2 test was carried out.
In general, values between 0-15 and 50e100 for f1 and f2,
respectively, indicate a high similarity degree between two
compared profiles.31 Profiles with equal proportions of FF were
compared in order to evaluate the Eudragit effects. Results of the f1-
f2 tests are shown in Table 2.

Fig. 3a shows the released FF from the EuE100 implants with the
drug proportion of 25% (w/w PLGA). Pure PLGA implants results
were included in all figures for comparison purposes. The accu-
mulated FF was of 50% for PE28-25 and P25 while for PE15-25 was
of 35%, after 3 days. However, the differences between formulations
tend to become less important as release times progress. Release
profiles for EuE100 implants with 50% FF (w/w PLGA) are shown in
Fig. 3b. As can be seen, the release rate is increased when more
EuE100 is used in the formulation. At day 3, PE28-50 showed an
increased release rate while P50 and PE15-50 yielded lower and
similar results, respectively. At day 10, FF released was of 40, 60 and
90% for P25, PE15-50 and PE28-50, respectively. While the assays
were carried out at 37 �C, a considerable polymer relaxation can be
expected because the used polymers present a transition glass
temperature of 37e48 �C. On the other hand, the solubility of
EuE100 is enhanced at pH values below 5.18 As it is well known, the



Table 3
Matemathical Modeling for the Studied Florfenicol Release Kinetics.

Formulation ID Best Adjusted Model Equationa Rb

P25 First order DRð%Þ ¼ � ðð� e0:20xtðhÞÞ � 1Þ 0.98
P50 Zero order DRð%Þ ¼ 4:12� tðhÞ 0.99
PE15-25 First order DRð%Þ ¼ � ðð� e0:24xtðhÞÞ � 1Þ 0.98
PE15-50 First order DRð%Þ ¼ � ðð� e0:07xtðhÞÞ � 1Þ 0.99
PE28-25 First order DRð%Þ ¼ � ðð� e0:28xtðhÞÞ � 1Þ 0.93
PE28-50 Zero order DRð%Þ ¼ 10:86� tðhÞ 0.99
PS15-25 Korsm-Peppasb DRð%Þ ¼ 28; :6 � ðtðhÞ0:23Þ 0.99
PS15-50 First order DRð%Þ ¼ � ðð� e0:05xtðhÞÞ � 1Þ 0.99
PS28-25 Korsm-Peppasb DRð%Þ ¼ 27:63� ðtðhÞ0:22Þ 0.99
PS28-50 Korsm-Peppasb DRð%Þ ¼ 18:02� ðtðhÞ0:18Þ 0.99

a DR: Drug released.
b Korsmeyer-Peppas.
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hydrolytic degradation of PLGA chains can produce acidic groups.
PLGA matrixes with reduced sizes cannot accumulate the acidic
groups due to their rapid diffusion. However, in systems with sizes
above 25 mm, these products can be accumulated producing an
acidic microenvironment, catalyzing the hydrolytic degradation
and generating new acidic groups and lower pH values (autocata-
lytic effect).13e15 Because of the acidic micro environment inside
the implants, the number of EuE100 positive charges can be
increased, generating a matrix destabilization due to the enhanced
solubilization and incremented repulsive forces. These structural
phenomena can induce a faster FF release.
Fig. 4. SEM images of P25 ((a) surface and (b) cross-section) and P50 ((c) surface and
The release profiles for the EuS100 formulations with 25% FF (w/
w PLGA) are shown in Fig. 3c. When EuS100 is added, the release
rate is diminished. At day 5, the implant P25 released 65% of the FF
while both blends released 35e40%. The same behavior is observed
when the FF proportion is of 50% (w/w PLGA) but the effect is less
noticeable (Fig. 3d). This phenomenon could be due to the rigidity
contributed by EuS100 (Tg > 180 �C), delaying the aqueous media
influx and drug diffusion.6 Furthermore, EuS100 is an anionic
polymer with a solubility above neutral pH. In contrast with
EuE100, the solubility of EuS100 can be diminished by the low pH
values produced by the hydrolytic PLGA degradation products. The
(d) cross-section) formulations. Black arrows indicate florfenicol solid structures.



Fig. 5. SEM images of (a) PE15-50 and (b) PE28-50 formulations, and (c) PS15-25 and (d) PS28-25 formulations.
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bibliography shows various attempts to develop different matrixes
based in PLGA-Eudragit blending. For example, nanoparticles based
in EuS100-PLGA for capecitabine vehiculization.20 The principal
results showed that, at pH 7.8, the increase of EuS100 proportion
produces an enhancement of the drug release. Other example is the
encapsulation and release of sodic diclofenac from polymeric
nanoparticles using the combination of PLGA with EuL100, a pH
responsive polymer similar to EuS100. The usage of this Eudragit
also incremented the release rate of the drug.21 However, both
reports utilized nanoparticles systems where the products of the
hydrolytic PLGA cleavage are not allowed to accumulate due to
their rapid diffusion, preventing low pH microenvironments. In
contrast, implant systems allow to accumulate the acidic products
which can maintain the EuS100 in the non-ionized form with a
reduced aqueous solubility, improving the matrix stability.13e15

Table 3 shows the predictions of mathematical models. Most of
the profiles followed a first order kinetic, indicating the drug con-
centration evolution is related to the dissolution of PA particles due
to superficial interactions with the aqueous media.38 However, the
results of P50 and PE28-50 formulations presented a good agree-
ment with a zero order model, related to a constant drug saturation
with a determined rate of release. These kind of models are inter-
esting due to the possibility of equalize the dosage with the
depletion of the drug using the amount of administered PA. In
addition, for PS15-25, PS28-25 and PS28-50 the best fitting was
achieved with the Korsmmeyer-Peppas model, with the parameter
n > 0.5, indicating that the FF release possibly depends on a com-
bination of swelling and diffusion processes.39

With the objective of performing a structural characterization,
the different IFIS-IS were studied by Scanning Electron Microscopy
(SEM). Fig. 6 shows the images obtained from P25 and P50 formu-
lations. There is a noticeable difference in surface porosity. P25
implant (Fig. 4a, b) showed intense superficial and internal porosity
while P50 (Fig. 4c, d) presented a compact structure and an
increased solid FF presence. The composition of the PA precipitate
was confirmed by elemental analysis (Supplementary material,
Figure SM12). The increased viscosity of the P50 formulation,
associated with the higher quantity of PA, could possibly reduce the
rate of organic solvent diffusion during synthesis stage, producing a
less porous matrix.6,8 These results are in good agreement with the
release profileswhere P25 presented a faster FF release possibly due
to an increased porosity and a diminished solid drug presence.37

SEM images for EuE100 and EuS100 implants are shown in
Fig. 5. As was mentioned, an increment in EuE100 proportion
induced a faster drug release. This result can also be associated to
the differences between PE15-50 and PE28-50 structures (Fig. 5a, b,
respectively). When more EuE100 is added, the polymeric matrix
presents a less compact structure with an incremented porosity.
These characteristics can enhance the drug diffusion to the aqueous
media.
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Fig. 5c, d shows the SEM images of EuS100 implants. As could be
seen in the profiles studies, the EuS100 addition reduced the
release rate of FF. When EuS100 proportion is incremented, the
implants present less porosity and higher density in the polymeric
matrix. The mentioned structural characteristics can reduce the
surface exposed to the aqueous media, diminishing the diffusion
rate of the PA.

Fourier Transformed Infrared Spectra (FTIR) studies for the
different implant formulations are shown in Fig. 6. The results for
pure PLGA formulations and their components can be observed in
Fig. 6a. FF presents the 3450, 3320 and 1680 cm�1 characteristic
band associated to N-H, O-H and amide vibrations, respectively.
PLGA spectra shows the principal bands at 3000-2000 and
1780 cm�1 due to C-H and C]O vibrations, respectively. When
implant results are analyzed, positional band changes cannot be
identified but a notorious increment in the respective FF bands
(black arrows) is observed.

FTIR studies for EuE100 and EuS100 are shown in Fig. 6b and c,
respectively. EuE100 spectrum presents the characteristic bands at
1730 and 2770-2820 cm�1 associated to ester and diethylamine
Fig. 6. FTIR spectrum results for (a) PLGA, (b) EuE100/PLGA and (c) EuS100/PLGA based
formulations. Pure components diffractograms are included.
groups.40 On the other hand, EuS100 peaks are observed: 2950,
1730 and 1450 cm�1 due to carboxylic oxydryl, ester and methyl
groups, respectively.41 Black arrows indicate shifts from 1780-1730
to 1760 cm�1 which can be associated to polymers interactions
related to the blend formation.

X-ray diffraction (XRD) results are presented in Fig. 7. The
selected formulations were those with interesting differences in
the release profiles. Principal FF signals are observed at 8.10, 16.21 y
26.85�.42When EuE100 is added to the formulations (Fig. 7a), the FF
signals are less perceptible. This phenomenon indicates that
EuE100 can be inducing the amorphous precipitation of FF.43,44 On
the other hand, EuS100 (Fig. 7b) allows the formation of FF crystals
during the synthesis of the implants.45 As the presence of drug
crystals can be associated with reduced release times, the release
profiles are in good agreement with the XRD results.

Differential Scanning Calorimetry (DSC) results for selected
formulations are shown in Supplementary material (Figure SM3) .
FF fusion peak can be observed at 152 �C.42,46 The glass transition
temperature of PLGA is 37e38 �C.47 The formulation P50 presents a
fusion peak at 155 �C and can be associated with crystalline FF. The
difference with pure FF is possibly related to interactions with the
polymeric matrix. The absence of fusion peak, in formulation PE28-
50, is in concordance with the presence of amorphous FF. In
contrast, the formulation PS28-50 presents a fusion peak at 160 �C
associable to crystalline FF. Interactions with the blended matrix
can cause the temperature shift. The results of DSC are in good
agreement with FTIR and XRD studies. The absence of polymeric
events is possibly due to polymer proportions and temperature
intervals used.

Microbiological assays were carried out using selected EuE100
formulations (PE15-50 and PE28-50) due to markedly differences
Fig. 7. X-ray diffraction studies for (a) EuE100 y (b) EuS100 formulations. Pure com-
ponents diffractograms are included.



Fig. 8. Evolution of antimicrobial activity over Pseudomonas aeruginosa ATCC 15422 for (aec) implants without FF, (def) PE15-50 and (gei) PE28-50 formulations, at 1, 3 and 12
days. (Color Figure).
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observed in the in vitro release profiles. Fig. 8aec shows the evo-
lution of a Pseudomonas aeruginosa population in contact with an
implant without FF. At 24 h, all agar plate is colonized by the bac-
teria strain. After 48 h, the production of green pigment (dark
zones) can be observed and it is associated to quorum sensing ac-
tivity, related to intense biofilm formation and bacterial adapta-
tion.48 Finally, after 12 days, bacteria population colonized the
implant. These results are due to the absence of PA and inefficiency
of polymers to inhibit bacteria growth in the experimental condi-
tions. Microbiological assays for PE15-50 and PE28-50 are shown in
Fig. 8def and gei, respectively. Implants are capable of maintain an
inhibition zone during 24 h. In addition, PE28-50 reached a higher
diameter in the initial inhibition halo. After 12 days, the microor-
ganisms colonize the surrounding area of the implants but avoid
the zone in direct contact with the formulation. These results
indicate the effective release of the PA and the conserved activity of
FF after ISFI-SE synthesis process.
Conclusions

Drug controlled release systems, based in polymeric in situ
formed implants (ISFI), represent important options for optimizing
human and animal health therapies. In addition, the combination of
different materials allows to obtain versatile technologies. In the
present work, ISFI were synthesized using the solvent exchange
technique (ISFI-SE). PLGA and ionic Eudragits E100/S100 were used
as polymers while florfenicol was the encapsulated drug. The
different polymers combinations and drug proportions exhibited
various behaviors in terms of encapsulation efficiencies and drug
release rates. While PLGA/EuE100 avoided burst effect, PLGA/
EuS100 reached encapsulation efficiencies similar to those of PLGA
implants. However, FF release rate was increased when cationic
EuE100 was used and diminished when anionic EuS100 was
applied. This phenomenon can be due to the pHmicroenvironment
generated by acidic PLGA degradation products. On one hand,
EuE100 solubility is enhanced by low pH values causing a desta-
bilization of the polymeric implants. On the other hand, EuS100
loses aqueous solubility in acidic environments maintaining the
polymeric matrix composition. In addition, qualitative antimicro-
bial studies show the ISFI-SE capacity for inhibit Pseudomonas
aeruginosa growth. The antibiotic activity was maintained during
12 days in Mueller-Hinton agar plates. The designed polymeric
systems represent an interesting approach to FF single dose and
controlled release applications.
Acknowledgement

The authorswish to express their gratitude to AgenciaNacional de
Promoci�on Científica y Tecnol�ogica (ANPCYT), Consejo Nacional de
Investigaciones Científicas y T�ecnicas (CONICET), Universidad Nacio-
nal de La Plata (UNLP) and Universidad Nacional del Litoral (UNL) of
Argentina, for the financial support granted to this contribution.

Declaration of Interest: None.
Appendix A. Supplementary Data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.xphs.2020.11.006.

https://doi.org/10.1016/j.xphs.2020.11.006


F. Karp et al. / Journal of Pharmaceutical Sciences 110 (2021) 1270-12781278
References

1. Rodrigues de Azevedo C, von Stosch M, Costa MS, et al. Modeling of the burst
release from PLGA micro- and nanoparticles as function of physicochemical
parameters and formulation characteristics. Int J Pharm. 2017;532(1):229-240.

2. Fu Y, Kao WJ. Drug release kinetics and transport mechanisms of non-
degradable and degradable polymeric delivery systems. Expet Opin Drug
Deliv. 2010;7(4):429-444.

3. Winzenburg G, Schmidt C, Fuchs S, Kissel T. Biodegradable polymers and their
potential use in parenteral veterinary drug delivery systems. Adv Drug Deliv
Rev. 2004;56(10):1453-1466.

4. Hans M, Lowman A. Biodegradable nanoparticles for drug delivery and tar-
geting. Curr Opin Solid State Mater Sci. 2002;6(4):319-327.

5. Patel H, Panchal DR, Patel U, Brahmbhatt T, Suthar M. Matrix type drug delivery
System: a review. JPSBR. 2011;1(3):143-151.

6. Thakur RRS, McMillan HL, Jones DS. Solvent induced phase inversion-based in
situ forming controlled release drug delivery implants. J Control Release.
2014;176(1):8-23.

7. Parent M, Nouvel C, Koerber M, Sapin A, Maincent P, Boudier A. PLGA in situ
implants formed by phase inversion: critical physicochemical parameters to
modulate drug release. J Control Release. 2013;172(1):292-304.

8. Patel A, Ansari T, Vimal P, Goyani M, Deshmukh A, Akbari B. Review on PLGA
based solvent induced in- situ forming implant. Inven Spreading Knowl.
2015;2015(4):1-14.

9. Sun Y, Jensen H, Petersen NJ, Larsen SW, Østergaard J. Concomitant monitoring
of implant formation and drug release of in situ forming poly (lactide-co-gly-
colide acid) implants in a hydrogel matrix mimicking the subcutis using
UVevis imaging. J Pharm Biomed Anal. 2018;150:95-106.

10. Astaneh R, Erfan M, Moghimi H, Mobedi H. Changes in morphology of in situ
forming PLGA implant prepared by different polymer molecular weight and its
effect on release behavior. J Pharm Sci. 2009;98(1):135-145.

11. Eliaz RE, Kost J. Characterization of a Polymeric PLGA-Injectable Implant Delivery
System for the Controlled Release of Proteins. J Biomed Mater Res.; 1999.

12. Anderson JM, Shive MS. Biodegradation and biocompatibility of PLA and PLGA
microspheres. Adv Drug Deliv Rev. 2012;64(Suppl):72-82.

13. Makadia HK, Siegel SJ. Poly lactic-co-glycolic acid (PLGA) as biodegradable
controlled drug delivery carrier. Polymers. 2011;3(4):1377-1397.

14. Park TG. Degradation of poly(lactic-co-glycolic acid) microspheres: effect of
copolymer composition. Biomaterials. 1995;16(15):1123-1130.

15. Busatto C, Pesoa J, Helbling I, Luna J, Estenoz D. Heterogeneous hydrolytic
degradation of poly(lactic- co -glycolic acid) microspheres: mathematical
modeling. J Appl Polym Sci. 2017;134(43):45464.

16. Ramchandani M, Robinson D. In vitro and in vivo release of ciprofloxacin from
PLGA 50: 50 implants. 1998;54:167-175.

17. Koocheki S, Madaeni SS, Niroomandi P. Development of an enhanced formu-
lation for delivering sustained release of buprenorphine hydrochloride. Saudi
Pharm J. 2011;19(4):255-262.

18. Patra CN, Priya R, Swain S, Kumar Jena G, Panigrahi KC, Ghose D. Pharma-
ceutical significance of Eudragit®: a review. Futur J Pharm Sci. 2017;3(1):33-45.

19. Sonje A, Chandra A. Comprehensive review on Eudragit® polymers. Int Res J
Pharm. 2013;4(5):71-74.

20. Sonia P, Mattha S, Mansha U, Arti G, Hetal P, Jitendra Y. Cell line and augument
cellular uptake study of statistically optimized sustained release capecitabine
loaded Eudragit S100/PLGA(poly(lactic- co-glycolic acid)) nanoparticles for
colon targeting. Curr Drug Deliv. 2017;14:887-899.

21. Cetin M, Atila A, Kadioglu Y. Formulation and in vitro characterization of
Eudragit ® L100 and Eudragit ® L100-PLGA nanoparticles containing diclofe-
nac sodium formulation and in vitro characterization of Eudragit ® L100 and
Eudragit ® L100-PLGA nanoparticles containing diclofenac sodi. AAPS
PharmSciTech. 2010;11(3):1250-1256.

22. Smith AW. Biofilms and antibiotic therapy: is there a role for combating bac-
terial resistance by the use of novel drug delivery systems? Adv Drug Deliv Rev.
2005;57(10):1539-1550.

23. Feczk�o T, T�oth J, D�osa G, Gyenis J. Optimization of protein encapsulation in
PLGA nanoparticles. Chem Eng Process Process Intensif. 2011;50(8):757-765.
24. Sidhu P, Rassouli A, Illambas J, et al. Pharmacokinetic-pharmacodynamic
integration and modelling of florfenicol in calves. J Vet Pharmacol Ther.
2014;37(3):231-242.

25. Wang S, Chen N, Qu Y. Solubility of florfenicol in different solvents at tem-
peratures from (278 to 318) K. J Chem Eng Data. 2011;56(3):638-641.

26. Song M, Li Y, Ning A, Fang S, Cui B. Silica nanoparticles as a carrier in the
controlled release of florfenicol. J Drug Deliv Sci Technol. 2010;20(5):349-352.

27. Kou X, Li Q, Lei J, et al. Preparation of molecularly imprinted nanospheres by
premix membrane emulsification technique. J Memb Sci. 2012;417e418:87-95.

28. Rogel C, Mendoza N, Troncoso J, Gonz�alez J, Von Plessing C. Formulation and
characterization of inclusion complexes using hydroxypropyl-b-cyclodextrin and
florfenicol with chitosan microparticles. J Chil Chem Soc. 2011;56(1):574-579.

29. Ling Z, Yonghong L, Changqing S, et al. Preparation, characterization, and
pharmacokinetics of tilmicosin- and florfenicol-loaded hydrogenated castor
oil-solid lipid nanoparticles. J Vet Pharmacol Ther. 2017;40(3):293-303.

30. Karp F, Busatto C, Turino L, Luna J, Estenoz D. PLGA nano- and microparticles
for the controlled release of florfenicol: experimental and theoretical study.
J Appl Polym Sci. 2019;136(12):47248.

31. Helbling IM, Ibarra JCD, Luna JA. The use of cellulose membrane to eliminate
burst release from intravaginal rings. AAPS J. 2016;18(4):960-971.

32. Islan GA, Ruiz ME, Morales JF, et al. Hybrid inhalable microparticles for dual
controlled release of levofloxacin and DNase: physicochemical characterization
and in vivo targeted delivery to the lungs. J Mater Chem B. 2017;5(17):3132-3144.

33. Turner KH, Everett J, Trivedi U, Rumbaugh KP, Whiteley M. Requirements for
Pseudomonas aeruginosa Acute burn and chronic surgical wound
infectionGarsin DA, ed. PLoS Genet. 2014;10(7):e1004518.

34. Cross A, Allen JR, Burke J, et al. Nosocomial infections due to Pseudomonas
aeruginosa: review of recent trends. Clin Infect Dis. 1983;5(Supplement_5):
S837-S845.

35. Zhang Q, Tang SS, Qian MY, et al. Nanoemulsion formulation of florfenicol
improves bioavailability in pigs. J Vet Pharmacol Ther. 2016;39(1):84-89.

36. Solorio L, Olear AM, Hamilton JI, et al. Noninvasive characterization of the effect
of varying PLGA molecular weight blends on in situ forming implant behavior
using ultrasound imaging. Theranostics. 2012;2(11):1064-1077.

37. Karp F, Turino LN, Estenoz D, Castro GR, Islan GA. Encapsulation of florfenicol
by in situ crystallization into novel alginate- Eudragit RS ® blended matrix for
pH modulated release. J Drug Deliv Sci Technol. 2019;54(August):101241.

38. Sackett CK, Narasimhan B. Mathematical modeling of polymer erosion: con-
sequences for drug delivery. Int J Pharm. 2011;418(1):104-114.

39. Mathematical models of drug release. In: Strategies to Modify the Drug Release
from Pharmaceutical Systems. Amsterdam, Netherlands: Elsevier; 2015:63-86.

40. Romero VL, Pons P, Bocco JL, Manzo RH, Alovero FL. Eudragit® E100 potentiates
the bactericidal action of ofloxacin against fluoroquinolone-resistant Pseudo-
monas aeruginosa. FEMS Microbiol Lett. 2012;334(2):102-110.

41. Pawar P, Sharma P, Chawla A, Mehta R. Formulation and in vitro evaluation of
Eudragit® S-100 coated naproxen matrix tablets for colon-targeted drug de-
livery system. J Adv Pharm Technol Res. 2013;4(1):31.

42. Sun Z, Hao H, Xie C, et al. Thermodynamic properties of form A and form B of
florfenicol. Ind Eng Chem Res. 2014;53:13506-13512.

43. Valizadeh H, Nokhodchi A, Qarakhani N, et al. Physicochemical characterization
of solid dispersions of indomethacin with PEG 6000, myrj 52, Lactose, sorbitol,
dextrin, and Eudragit® E100. Drug Dev Ind Pharm. 2004;30(3):303-317.

44. Goddeeris C, Willems T, Houthoofd K, Martens JA, Van den Mooter G. Disso-
lution enhancement of the anti-HIV drug UC 781 by formulation in a ternary
solid dispersion with TPGS 1000 and Eudragit E100. Eur J Pharm Biopharm.
2008;70(3):861-868.

45. Thakral NK, Ray AR, Majumdar DK. Eudragit S-100 Entrapped Chitosan Micro-
spheres of Valdecoxib for Colon Cancer. J Mater Sci Mater Med.; 2010:2691-2699.

46. Marciniec B, Stawny M, Hofman M, Naskrent M. Thermal and spectroscopic
analysis of florfenicol irradiated in the solid-state. J Therm Anal Calorim.
2008;93(3):733-737.

47. Prudic A, Lesniak AK, Ji Y, Sadowski G. Thermodynamic phase behaviour of
indomethacin/PLGA formulations. Eur J Pharm Biopharm. 2015;93:88-94.

48. Smith RP. Aeruginosa quorum-sensing systems and virulence. Curr Opin
Microbiol. 2003;6(1):56-60.

http://refhub.elsevier.com/S0022-3549(20)30692-4/sref1
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref1
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref1
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref2
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref2
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref2
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref3
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref3
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref3
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref4
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref4
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref5
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref5
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref6
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref6
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref6
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref7
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref7
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref7
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref8
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref8
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref8
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref9
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref9
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref9
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref9
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref9
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref9
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref10
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref10
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref10
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref11
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref11
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref12
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref12
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref13
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref13
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref14
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref14
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref15
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref15
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref15
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref16
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref16
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref17
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref17
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref17
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref18
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref18
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref19
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref19
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref20
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref20
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref20
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref20
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref21
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref21
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref21
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref21
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref21
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref22
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref22
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref22
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref23
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref23
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref23
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref23
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref23
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref24
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref24
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref24
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref25
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref25
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref26
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref26
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref27
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref27
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref27
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref28
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref28
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref28
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref28
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref29
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref29
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref29
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref30
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref30
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref30
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref31
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref31
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref32
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref32
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref32
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref33
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref33
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref33
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref34
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref34
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref34
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref35
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref35
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref36
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref36
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref36
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref37
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref37
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref37
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref38
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref38
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref39
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref39
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref40
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref40
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref40
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref41
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref41
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref41
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref42
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref42
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref43
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref43
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref43
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref44
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref44
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref44
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref44
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref45
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref45
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref46
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref46
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref46
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref47
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref47
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref48
http://refhub.elsevier.com/S0022-3549(20)30692-4/sref48

	In situ Formed Implants, Based on PLGA and Eudragit Blends, for Novel Florfenicol Controlled Release Formulations
	Introduction
	Materials and Methods
	Materials
	FF Quantification
	Preparation of In Situ Formed Implants
	Encapsulation Efficiency
	In Vitro Release Assays
	Structural and Morphological Analyses
	DSC, FTIR and X-Ray Diffraction Studies
	Mathematical Modeling
	Microbiological Studies

	Results and Discussions
	Conclusions
	Acknowledgement
	Appendix A. Supplementary Data
	References


