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Articleinfo ABSTRACT

Background: Polyesters have been attractive for development of drug delivery
applications because of their biocompatible, biodegradable and non-toxic properties.
The objective of work is a comparative study on the release characteristics of two
drugs loaded poly (L-lactide) (PLLA) film. Progesterone (Pro) and lidocaine
Keywords: hydrochloride (LidH) were chosen as the hydrophobic and hydrophilic model drugs,
Drug Delivery Systems respectively. Methods: The PLLA films containing drugs (10% w/w) were prepared
i?(:’éc(;hsﬁ;ﬁ?chlonde using the solvent casting method after dissolution in dichloromethane. The PLLA

matrices were evaluated by scanning electron microscopy (SEM) and dynamic
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SEM mechanical thermal analysis (DMTA). In vitro drug release studies were carried out at
DMTA 37°C in ethanol/water for progesterone and phosphate buffer (pH 7.4) for LidH. The

release kinetics were explained using Higuchi, Korsmeyer-Peppas and Gallagher-
Corrigan equations. Results: In vitro drug release was found to be controlled by a
triphasic profile for LidH and biphasic profile for progesterone. The results revealed
that drug release was higher for the LidH-PLLA film than the progesterone- PLLA
film. SEM images confirmed that LidH-PLLA film degraded more than did
progesterone- PLLA film. Conclusion:The results of DMTA demonstrated a slight
drug-polymer interaction. The experimental results of drug release approximated three
commonly-used semi-empirical models: Higuchi, Korsmeyer-Peppas and Gallagher-
Corrigan equations. The R? values show that these mathematic models are suitable for
describing progesterone and LidH release from PLLA film.

Introduction

In the recent decades, polylactide has been utilized in
medicine and pharmaceutical products because it is
biocompatible, ~ biodegradable and  non-toxic.!
Polylactide as polyester contains an asymmetric a-
carbon in the D or L form and is a good candidate for
the design and performance of a biodegradable
controlled delivery system. Polymeric controlled drug
delivery systems improve the efficiency of treatment
and patient compliance with reducing dosing
frequency, and reduce side effects of a drug by
optimizing drug concentration for a long time. There
are some polyester-based drug delivery products that
are commercially available such as Atridox which
delivers doxycycline hyclate from PLA, Eligard which
delivers leuprolide acetate from polylactide-co-
glycolide (PLGA). A number of studies have carried
out to optimize of hydrolysis of polyesters and their
drug delivery profiles.®

Large number implantable drug delivery devices have
been developed over the years. The implants can be
introduced by different shapes: films, rods, discs,
pellets, and plugs. Several factors such as the thickness,
area and implant form, moreover the drug solubility

are affected on the drug release rate.” Potentially, thin
film implants have developed to delivery of sensitive
drugs that designed for oral, intravaginal and dermal
administrations. Currently, there are some implants that
have been approved by the FDA. Vaginal
Contraceptive Film, VCF, is a vaginal thin film device
for release of N-9, a potent spermicide. The advantage
of this films are accurate dose administration and easy
in use without an applicator, as well as good
portability, easy storage, discreet use, and low
production cost.?

Solvent casting and hot-melt extrusion are two methods
have been used to manufacture film dosage forms.
Solvent casting method is widely used due to its
easiness of processing, low cost, and convenient setup.
Speed of film casting and drying time can affect the
physicochemical characteristics of films such as
content uniformity and mechanical properties.®

It is important to understand the mechanism of drug
release to develop new polymeric drug delivery
devices. Three mechanisms have been identified thus
far for controlled drug release from polyesters: Fickian
diffusion through the polymer matrix; diffusion
through pores in the matrix; and drug release by
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polymer erosion.”™® Predicting precise drug release
profiles is difficult because they are managed by the
properties of the polymer, drug, and carrier system.’
Several factors have influence on the drug release
profiles, such as molecular weight and crystallinity of
polymer, solubility of the drug in biological fluid,
possible polymer—drug interaction, drug loading,
physical state of the drug in the polymer matrix,
porosity and internal structure of the matrix, polymer
composite and device geometry.® 12

However, studies have examined ways to optimize
drug release rates and the profiles of biodegradable
polymers such as PLGA- and PLLA-based film. Loo et
al.? fabricated PLGA and PLLA films for release study
of lidocaine base and lidocaine hydrochloride. The
electron beam irradiated films were applied to control
of hydrolytic degradation of polymer and thereby the
drug delivery. They found that an irradiated multi-layer
film system has the potential for attaining controlled
drug release.

Multi-layer PLGA/PLLA polymeric systems have been
developed using a sandwich configuration to achieve
controlled release of Sirolimus.”* Blending of diblock
copolymers with PLGA film was employed to optimize
drug delivery. Jackson et al.** blended PDLLA-PEG
into PLGA film to increase the initial drug release rate
as required in perivascular applications. In this blended
system, a slow sustained release was observed from the
30% (w/w) blended films of which 20% of the loaded
drugs were released. Release of sirolimus from PLGA
film was studied by Ro et al.”® They evaluated the level
of polymer and effect of drug crystallinity on the drug
release. They found that film with higher polymer
crystallinity eluted less drug than film with amorphous
polymer matrices.”® Cui et al.'® studied paracetamol
release from PLLA-based films and electrospun fibers.
The effects of fiber diameter and polymeric fiber
degradation were evaluated. Fiber characteristics were
varied to form an electrospun nonwoven mat as a
potential drug delivery system rather than polymer film
or particles.’® Their specific degradation profiles and
adjustable drug release behaviors were then studied.
Bodmeier " studied the release of salicylic acid,
caffeine, and quinidine from PLA films and
microspheres. They evaluated the effects of the
molecular weight of PLA on the drug release profiles.
The results showed that the addition of low molecular
weight poly (DL-lactide) accelerated the release of the
drug from both film and microspheres."’

It is well known that the mathematical modeling of
drug delivery can help design a better particular device.
The advantage of mathematical modeling of controlled
drug delivery systems is reduction of experiments
number and timesaving. In the literature several
theoretical or empirical release models are described. In
order to design a new drug delivery device, the device
composition i.e. polymer, drug and additives, and also
geometric shape and size should be predicted
theoretically to attain preferred drug release profile.**%

In the present paper the experimental results of drug
release approximated with three commonly used semi-
empirical models: Higuchi, Korsmeyer-Peppas and
Gallagher-Corrigan ~ equation ~ were  evaluated.
Polylactide films were produced by film casting
technique. The lidocaine hydrochloride (lidH, as
hydrophilic drug) and progesterone (Pro, as
hydrophobic drug) loaded PLLA films were prepared
and characterized.

Materials and Methods

Materials

Poly (L-lactide) (RESOMER L210) was purchased
from Evonik Rohm GmbH, (Germany) and
dichloromethane  were obtained from  Merck
(Darmstadt, Germany). All chemicals were used as
received without further purification. LidH and
progesterone were purchased from Sigma- Aldrich
(USA).

Samples preparation

Drug loaded PLLA matrices were obtained by casting
method. PLLA and drugs (10 % w/w) were dissolved
in dichloromethane; then cast onto a flat glass plate.
Samples were dried at room temperature for one day,
and then placed under vacuum for one week. The
thickness ranges of the dried films were approximately
150- 200 pm. The PLLA matrices without drugs,
containing 10% (w/w) progesterone and LidH were
labeled neat PLLA, Pro- PLLA film and LidH- PLLA
film.

In order to establish uniformity in the distribution of
drug in polymeric films, the drug content uniformity
test was carried out for progesterone and lidH. Six
rectangular strips of films (2*1.5 cm?) were cut and
dissolved separately in N-methylpyrolidone. Then,
progesterone and lidH concentrations were determined
using a UV-Vis spectrophotometer (Shimadzu UV-
1650 PC) at the adsorption maximum of 243 and 462
nm, respectively. Content uniformity values were 98.7
% for progesterone and 101.6 % for lidH with small
standard deviation that indicate clearly uniformly
distributed of drugs throughout the film.

Measurements

Film’s morphological studies

The morphology of polymeric films were directly
observed with scanning electron microscopy (SEM)
using a Vega Tscan scanning electron microscope
(Czech Republic) operating at an accelerating voltage
of 10 KV. Prior to SEM analysis, films were gold-
coated for 140 s (sputter coater E5200, BioRad, UK).

FTIR spectroscopy

FTIR Spectroscopy was also used in order to evaluate
drug loaded PLLA films. The FTIR spectra were
recorded using an Equinox 55 (Bruker, Wissemburg,
France) in the range of 3500 to 500 cm™.
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Dynamic mechanical thermal analysis

Dynamic mechanical thermal analysis (DMTA) was
performed using DMTA- PL (Model: Polymer
Laboratory, UK) at a constant frequency of 1 Hz and a
heating rate of 5 °C/min. Tan & and modulus of the
samples were determined as a function of temperature.

Released drug analysis
In vitro progesterone and LidH release studies from
PLLA films were carried out at 37°C in ethanol/water
(60% v/v) and phosphate buffer (pH 7.4), respectively,
as release mediums. Since progesterone is a water
insoluble drug, ethanol was used as a cosolvent.
Solubility of progesterone in ethanol/water (60% v/v)
was 25 mg/ml®, and for lidH in water was 50 mg/ml. %
To determine the progesterone and LidH release
profiles, three samples of drug-loaded film (2*1 cm?)
were placed separately in 20 ml release solution. The
average weight values of progesterone and lidH loaded
films were 25 + 1.2128 and 28 + 1.3024 mg,
respectively. The samples were allowed to stand in an
incubator shaker (with 100 rpm) for predetermined
periods of time. It is provided sink condition since the
drug concentrations are at least 10 times smaller than
the experimental drug solubility. At time intervals of 1

100

to 250 h, the release medium was withdrawn and
immediately replaced with fresh solution. The
progesterone and LidH concentrations in the release
medium were measured using a double beam UV-Vis
spectrophotometer (Shimadzu UV-1650 PC) at the
adsorption maximum of 243 and 462 nm, respectively.

Results and Discussion

In vitro drug release study

The amount of drug released from the PLLA films
were determined using the drug calibration curve
plotted for five concentrations of each drug at A The
percentage of cumulative drug release was calculated
and plotted versus time. Figure 1 shows the drug
release profiles from the PLLA films. The profiles of
progesterone and LidH release were biphasic and
triphasic, respectively. The drug release stages were:
(1) initial fast release phase of drug incorporated at or
near the surface of the polymer film; (2) a slower
release phase from the diffusion of the drug through the
polymer film and; (3) a faster release phase from
diffusion through the film and degradation of the film.
This observed phasic release is typical for PLA based
polymers.

80
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Figure 1. The profiles of percent cumulative drug release from PLLA films containing progesterone: Pro- PLLA film; and lidocaine HCI:
LidH- PLLA film. (each point and error bar represents the mean + SD and n= 3).

It can be found that the films showed sustained release
of the drug with a total cumulative release of 55% and
85% for progesterone and LidH, respectively (Figure
1). The rate of LidH release was faster than for
progesterone. An increase in amount of LidH released
was recorded at about day 7. This could be in response
to the onset of degradation and its effect on release.
The triphasic pattern and rapid release behavior of
LidH can be explained by its hydrophilic nature, which
increases water diffusion onto polymeric film, thereby
increasing PLLA film degradation and drug release.

Morphology
Figure 2 shows the SEM images of PLLA films after
10 d of immersion in release media. The

biodegradation of PLA in an aqueous medium takes
place through hydrolytic scission of the ester groups.
The carboxylic acid groups, which are the products of
hydrolytic scission, auto-catalyze the process further,
thus the hydrolysis rate increases exponentially as the
degradation time increases.”®

As seen in the Figure, the neat PLLA film has a smooth
surface (Figure 2b). A cross-section of neat PLLA film
indicates that the film undergoes degradation (Figure
2a). The images show pores in the surface and cross-
section of LidH film (Figures 2e and f). The formation
of pores on the surface of PLLA arises from both the
release of LidH and dissolution of the degrading
polymer chain. These pores were not significant in the
films containing progesterone (Figures 2c and d).

Pharmaceutical Sciences, September 2015, 21 ,77-85 | 79



Mashak et al.

SEMHV:20.00KV  WD: 14.0840 mm SEMHV:20.00kV  WD: 16.6190 mm
SEMMAG: 1.00kx  Det: SE 50 pm SEMMAG: 1.00 kx  Det: SE 50 ym
Date(m/dJy): 09/07/14  guest Date(m/d#y): 09/07/14  guest

SEMHV:20.00kV  WD: 12.3460 mm SEMHV:20.00kV  WD: 16.5240 mm
SEMMAG: 1.00kx  Det: SE 50 pm SEMMAG: 1.01kx  Det: SE 50 ym
Date(m/dly): 09/07/14  guest Date(m/d/y): 09/07/14  guest

SEM HV: 20.00 kV WD: 16.3350 mm

SEM HV: 20.00 kV WD: 11.8200 mm L el vl
SEMMAG:1.00kx  Det: SE 50 pm SEMMAG: 1.00kx  Det: SE 50 pm
Date(m/dly): 09/07/14  guest Date(m/d/y): 09/07/14 guest

Figure 2. SEM photographs of cross section and surface of PLLA films: neat (a, b), containing progesterone: Pro- PLLA film (c, d); and

lidocaine HCI: LidH- PLLA film (e, f) after 10 d of immersion in release media.

This confirms the drug release from LidH-PLLA films affect by the biodegradation rate of the polyesters. The
is higher than for the pro-PLLA film. The characteristic release profiles were significantly affected by the
of loaded drug into the polymeric matrix could be tendency of LidH film to absorb water, which increased
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film degradation in response to hydrophilic LidH. The carbonyl group (C=0), the bands at 2938 and 2973 cm’
results confirm previous in vitro drug release studies. ! are a signed to the C-H stretching vibrations of CH;
groups in the side chains. As seen in the Figure (Figure
FTIR study 3), the lidH- PLLA film spectrum shows two peaks at
Drugs, interacting physically or chemically with the region 1790- 1650 cm-1, one week peak near the
polymer, may change polymer characteristics original (C=0) stretching vibration of C=0 was
compromising the release performances.”® The appeared. The sharp peak is related to free carbonyl
interaction of polymer and drugs can take place with groups of PLLA chain and ones is not bonding with
functional groups in their chemical structures. In this drugs to formation of H- bonding. The week peak may
study, it assumes the carbonyl groups of PLLA chain be ascribed to C=0 groups of PLLA that takes red shift
can have important role in H-bonding with amide due to the interaction of functional groups of drug and
group of Lid H. PLLA chains. The pro- PLLA film spectrum shows
The FTIR spectra of neat PLLA, Pro- and LidH- PLLA absorption peak of PLLA but it is difficult to detect the
films are presented in Figure 3. From the spectrum of all of absorption peak for drug due to the low drug
neat PLLA, it can be seen that there is a strong concentration in the PLLA films. A similar study was
absorption band at 1746 cm™ corresponding to the published by Blasi et al. previously.?
pure lidocaine HCI
s? WWgestemne
§ V_ ‘WMW lidH-PLLA film
£
é pro-PLLA film
5 -
= neat PLLA film
3150 2900 2650 2400 2150 1900 1550 1400 1 1‘50 960 650 400
Wavenumber (cm-")
Figure 3. The FTIR spectra of drugs and PLLA films.
Dynamic mechanical thermal analysis coefficient of small molecules through a polymer
If the embedded drug interacts with the polymer, it can matrix increases by several orders of magnitude upon
plasticize or anti-plasticize polymers, increasing or transition from a glassy to a rubbery state. This means
decreasing the rate of polymer hydration and its that the drug molecules have a plasticizing effect with
degradation rate. Plasticization may produce major decreases polymer Ty and increases the elastic
changes in drug release kinetics from the increase in modulus, resulting in higher polymer flexibility or
the diffusion coefficient. In fact, the diffusion mobility.”?
x10°
W neat PLLA film 04000 ~ = = neat PLLA film
e HaHPLLA fim 0.3500 lidH-PLLA film
S 121 pro-PLLA fim Um0 ro-PLLA fim
2 10 - 0.2500
€ e £ 02000
2 05 - 0.1500
g 0.4 - 0.1000
02 - 0.0500 4
0.0 ‘ ' : ! 8-0000
0.0 50.0 100.0 150.0 200.0 -50.0 0.0 50.0 100.0 150.0 200.0
Temperature (°C) Temperature (°C)
a b

Figure 4. The storage modulus (a) and tan & (b) versus temperature curves for PLLA films (PLLA film containing progesterone: Pro-
PLLA film; and lidocaine HCI: LidH- PLLA film).

It was expected that drug release behavior from PLLA mechanical thermal analysis (DMTA) was employed to
delivery system would be influenced by physical or further investigate the probable interaction between the
chemical interaction of the drug with the polymer, drug and polymer. Figure 4 shows the storage modulus

which can change the T, of the polymer. Dynamic
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and tan 6 of PLLA matrices as determined by DMTA at
1 Hz plotted versus temperature.

T, of the PLLA films is the temperature indicated by
the tan & peak.?” Figure 4 shows that the tan & peaks
shifted slightly toward lower values for LidH-PLLA
and Pro-PLLA film rather than for neat PLLA film.
This effect was more intensive on LidH-PLLA. This
phenomenon is related to the increase in the elastic
modulus resulting in higher polymer chain mobility by
dispersion of the drug molecules throughout the
polymer chains. Figure 4 shows that the storage
modulus of the samples containing LidH decreased
slightly.

At temperatures below T, the Pro-PLLA film showed
a higher storage modulus than the neat sample (Figure
4a). This can be explained by the decreased interaction
of progesterone molecules with the PLLA chains. Since
the progesterone molecules organized themselves into
crystal form, the interaction of progesterone molecules
with polymer chains decreased. The storage modulus of
the LidH-PLLA film decreased in response to the
hydrophilic LidH, which shows polar characteristic that
can act as a plasticizer to decrease intermolecular
interaction of PLLA chains and decrease the storage
modulus. At temperatures above T, the molten
progesterone (melting point 125°C; Figure 4(a)) acted
as a plasticizer and decreased the storage modulus. The
obtained results confirm the FT IR analysis.

In vitro drug release kinetic study

The drug release kinetic is directed by one or more
mechanisms that depend on the composition of the
matrix, geometry, preparation method and dissolution

100
20
80
70
60

€ 50
< 40
30
20 . wevees lidH-PLLA film
10 - —_ pro-PLLA film
0
0 2 4 6 8 10 12 14 16 18

Square root of time

media of drug release. This can be explained by
mathematical models in accordance with the desired or
required predictive ability and accuracy of the model.*
29

Release models having major applications and that best
describe drug release are the zero order (Q = Qq - Kpt),
first order (Ln Q = Ln Qo — Kit), Higuchi (Q = Kyt**)
and Korsmeyer-Peppas (Q/Q, = Kt") models. K, to K,
are release rate constants, Q/Qq is the fraction of drug
released at time t ant and n is the release exponent. The
coefficient of correlation (R?) values are calculated for
a linear curve obtained using regression analysis of the
plots from these models.?

The Higuchi and zero order models are used to describe
the limits for transport and drug release. The decision
parameters between these two models are determined
by Korsmeyer-Peppas model. Parameter n from the
Korsmeyer-Peppas model is used to understand the
details of the release mechanisms. The interpretation of
n was done as suggested by Peppas:® *! with n < 0.5
(0.45) for the quasi-Fickian diffusion; n = 0.5 (0.45) for
the diffusion mechanism; 0.5<n<1 for the anomalous
(non-Fickian) diffusion for both diffusion and
relaxation (erosion); n = 1 (0.89) for case 2 transport
(zero order release); and n > 1 (0.89) for super case 2
transport (relaxation).

The drug release behavior of the PLLA matrices was
described using the best-fitted model. The experimental
data were first approximated using the Higuchi and
Korsmeyer-Peppas models (Figure 5). The drug release
data were fitted to the equation of the Higuchi model to
give R? values of 0.945 for progesterone and 0.975 for
LidH (Table 1).

50

4.5 1
4.0
351
3.0

I R —— lidH-PLLA film

pro-PLLA film

o0
&0

1 2 3 4 5 6
Lnt

Figure 5. Drug release data from PLLA films approximated with: Higuchi (a) and Korsmeyer-Pepppas(b) model (PLLA film containing

progesterone: Pro- PLLA film; and lidocaine HCI: LidH- PLLA film).

Table 1. Result of approximation of Higuchi and Korsmeyer-Peppas models to drug release data obtained for PLLA films.

Samples Higuchi Korsmeyer Peppas
Slop  Regression Slop(n) Regression

Pro- PLLA film  3.213 0.945 0.356 0.951

LidH- PLLA film 4.753 0.975 0.343 0.986

The R? values of the Korsmeyer-Peppas model for the
release data were 0.951 for progesterone and 0.986 for
LidH. Table 1 indicates that n equals 0.343 for the

lidH-PLLA and 0.356 for the Pro-PLLA matrices.
Since release exponent n of the Korsmeyer-Peppas
kinetic model indicates that the drug release
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mechanism can be driven by quasi-Fickian diffusion.
The common mechanisms applied to evaluate drug
release from biodegradable polymeric drug delivery
systems are combinations of diffusion and degradation.
Drug release occurs concurrently to polymer
degradation. In such systems, drug release profiles
usually have a sigmoidal shape.* The Gallagher and
Corrigan model is a mathematical model that describes
the fraction of drug released from the biodegradable
polymeric system. The total fraction of drug released
(f) at time tis:

Ka 1=K tomag
fo= 1 - (f - fB)[eKm] Eq.(1)

1+e

Where f; nax 1S the maximum fraction of drug released;
fg is the fraction of drug released during the burst
effect; K, is the first order kinetic constant; K, is the
rate constant in the polymer degradation phase and tymax
is the time for maximum drug release.’*® Several
studies have explained the mechanism of drug release
;r)ggpiodegradable polymeric drug delivery systems.'*
The release profile of LidH from PLLA film was found
to occur in a triphasic manner. This means that the
degradation of the polymeric matrix is significant, as
shown by SEM. The Kkinetic parameters and the
mechanism of drug release from the PLLA film were

further investigated using the Gallagher-Corrigan
equation. MATLAB software was used to fit the
Gallagher-Corrigan models to the data.

Figure 6 and Table 2 give the results of approximation
of the Gallagher-Corrigan model to the lidH release
data obtained for PLLA film. The Kinetic profile
includes the initial burst release of LidH from the
surface of the matrix followed by slow release from
drug diffusion and matrix degradation.

10 T m T ‘ 7
0.9
0.8
0.7
0.6
0.5
0.4
03f,
02}
01
0.0

0 50 100 150 200

Time (h)
Figure 6. Lidocaine HCI release data from PLLA films
approximated with Gallagher-Corrigan model (fraction of drug
released, f; - time).

Table 2. Gallagher-Corrigan model parameters values for PLLA films.

Sample fg ky,h?t

ftmax Kz,h—l thax s h

LidH —PLLAfilm 0.45 0.04239 0.7442 0.07759 188

The drug release profile was successfully described by
the Gallagher-Corrigan models as indicated by an R? of
0.946. The lidH release Kkinetic suggests that the
process was determined by diffusion during the initial
release and that polymer degradation is the controlling
factor. These two mechanisms may appear to play
different roles; however, in the release process, the
major process is polymer degradation (K; <K5).

Conclusion

This study examined the release of progesterone and
lidocaine hydrochloride from PLLA film. It was found
that LidH was delivered faster than progesterone
because of the increase in polymer chain degradation,
which was confirmed by SEM. LidH was released in a
triphasic profile and progesterone was released in a
biphasic profile. These results indicate that PLLA film
has the potential for achieving controlled drug release.
A study of the physical interactions between neat
PLLA and LidH and progesterone were performed
using DMTA. The LidH acted as a plasticizer because
of its polar and hydrophilic characteristics, thereby
decreasing the storage modulus. T4 decreased over that
for neat films, which is generally ascribed to
polymer/drug interaction, such as hydrogen bonding.

LidH/PLLA chain hydrogen bonding could be
responsible for the observed plasticizing effect.

Acknowledgements

The authors would like to thank Dr. Hossein Abedini,
Polymerization Engineering Department, Iran Polymer
and Petrochemical Institute for his work on the
MATLAB program and helpful discussions.

Conflict of Interest
The authors report no conflicts of interest.

References

1. Lassalle V, Ferreira ML. PLA nano- and
microparticles for drug delivery: An overview of
the methods of preparation. Macromol Biosci
2007;7: 767—783. doi: 10.1002/mabi.200700022

2. Al Malyan M, Becchi C, Nikkola L, Viitanen P,
Boncinelli S, Chiellini F, Ashammakhi N. Polymer-
based biodegradable drug delivery systems in pain
management. J Craniofac Surg 2006;17:302-313.
doi: 10.1097/00001665-200603000-00018

3. Loo SCJ, Tan ZYS, Chow YJ, Lin SLI. Drug
release from irradiated PLGA and PLLA multi-
layered films. J Pharm Sci 2010;99:3060-3071. doi:
10.1002/jps.22079

Pharmaceutical Sciences, September 2015, 21 ,77-85 | 83


http://www.ncbi.nlm.nih.gov/pubmed?term=Al%20Malyan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16633180
http://www.ncbi.nlm.nih.gov/pubmed?term=Becchi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16633180
http://www.ncbi.nlm.nih.gov/pubmed?term=Nikkola%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16633180
http://www.ncbi.nlm.nih.gov/pubmed?term=Viitanen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16633180
http://www.ncbi.nlm.nih.gov/pubmed?term=Boncinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16633180
http://www.ncbi.nlm.nih.gov/pubmed?term=Chiellini%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16633180
http://www.ncbi.nlm.nih.gov/pubmed?term=Ashammakhi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16633180
http://www.ncbi.nlm.nih.gov/pubmed/16633180

Mashak et al.

4. Loo SCJ, Tan WLJ, Khoa SM, Chia NK,
Venkatraman S, Boey. F. Hydrolytic degradation
characteristics of irradiated multi-layered PLGA
films. Int J Pharm 2008;360:228-230. doi:
10.1016/j.ijpharm.2008.04.017

5. Jeong JC, Lee J, Cho K. Effects of crystalline
microstructure on drug release behavior of poly(e-
caprolactone) microspheres. J Control Release
2003;92:249- 258. doi: 10.1016/s0168-
3659(03)00367-5

6. Thakur RS, McMillan HL, Jones DS. Solvent
induced phase inversion-based in situ forming
controlled release drug delivery implants. J Control
Release 2014;179:8-23. doi:
10.1016/j.jconrel.2013.12.020

7. Yang WW, Pierstoff E. Reservoir-based polymer
drug delivery systems. J Lab Autom 2012;17:50-58.
doi: 10.1177/2211068211428189

8. Rohan LC, Zhang W. Vaginal microbicide films.
In: Neves J, Sarmento B. Drug Delivery and
Development of Anti-HIV Microbicides. CRC
Press,FR,USA;2014:291- 217.

9. Polakovic M, Gornerb T, Grefb R, Dellacherie E.
Lidocaine loaded biodegradable nanospheres, II.
Modelling of drug release. J Control Release 1999;
60:169-177. doi:10.1016/S0168-3659(99)00012-7

10.Raval A, Parikh J, Engineer C. Mechanism of
controlled release kinetics from medical devices.
Braz J Chem Eng 2010;27:211-225. doi:
10.1590/S0104-66322010000200001

11.Kissel T, Brich Z, Bantle S, Lancranjan L,
Nimmerfall F, Vit P. Parenteral depot-systems on
the basis of biodegradable polyesters. J Control
Release 1991; 16:27-42. doi: 10.1016/0168-
3659(91)90028-c

12. Washington C. Drug release from microdisperse
systems: a critical review. Int J Pharm 1990;58:1-
12. doi: 10.1016/0378-5173(90)90280-h

13.Wang XT, Venkatraman SS, Boey FYC, Loo JSC,
Tan LP. Controlled release of sirolimus from a
multilayered PLGA stent matrix. Biomaterials
2006;27:5588-5595. doi:
10.1016/j.biomaterials.2006.07.016

14.Jackson JK, Smith J, Letchford K, Babiuk KA,
Lindsay M, Signore P, Hunter WL, Wang KY, Burt
HM. Characterization of perivascular poly (lactic-
co-glycolic acid) films containing paclitaxel. Int J
Pharm 2004;283:97-109. doi:
10.1016/j.ijpharm.2004.06.025

15.Ro AJ, Falotico R, Dave V. Microstructure and
drug-release  studies of  sirolimus-containing
poly(lactide-co-glycolide) films. J Biomed Mater
Res B Appl Biomater 2011;97:30-39. doi:
10.1002/jbm.b.31777

16.Cui W, Li X, Zhu X, Yu G, Zhou S, Weng J.
Investigation of drug release and matrix degradation
of electrospun poly(DL-lactide) fibers with
paracetanol inoculation. Biomacromolecules
2006;7:1623-1629. doi: 10.1021/bm060057z

17.Bodmeier R, Oh Kh, Chen H. The effect of the
addition of low molecular weight poly(dl-lactide)
on drug release from biodegradable poly(dl-lactide)
drug delivery systems. Int J Pharm 1989;51:1-8.
doi: 10.1016/0378-5173(89)90068-9

18. Bankar AU, Bankar V H, Gaikwad PD, Pawar SP.
A review on sustain released drug delivery system.

Int J Res Pharm Sci 2011;3:2049-2063.

19. METHOCEL™  Application Data  Premium
Cellulose Ethers,
http://www.colorcon.com/literature/marketing/mr/E
xtended%20Release/METHOCEL/English/ads_met
hocel_math_model.pdf. 1998.

20.Balcerzak J, Mucha M. Analysis of model drug
release kinetics from complex matrices of
polylactide-chitosan. Prog Chem Appl Chitin
Derivat 2010;15:117-126.

21.Higgins- Gruber S, Rathbone M, Brumfield C. In
vitro drug release testing of veterinary
pharmaceuticals . In: Rathbone M, McDowell A.
Long Acting Animal Health Drug Products:
Fundamentals and Applications. Springer, New
York; 2012:214.

22. http://www.sigmaaldrich.com/catalog/product/sigm
a/l5647?lang=en.

23.Tarvainen T, Malin M, Barragan |, Tuominen J,
Seppala J, Jarvinen K. Effects of incorporated drugs
on degradation of novel 2,2 -bis(2-oxazoline)
linked poly(lactic acid) films. Int J Pharm
2006;310: 162-167.
doi:10.1016/j.ijpharm.2005.12.008

24.Mobedi H, Mashak A, Nekoomanesh M, Orafai H.
I-Lactide additive and in vitro degradation
performance of poly(l-lactide) films. Iran Polym J
2011;20:237-245.

25.Blasi P, Schoubben A, Giovagnoli S, Perioli L,
Ricci M, Rossi C. Ketoprofen poly(lactide-co-
glycolide) physical interaction. AAPS Pharm Sci
Tech 2007;8: E1-E8. doi: 10.1208/pt0802037

26.Prabaharan M, Rodriguez-Perez M A, de Saja JA,
Mano JF. Preparation and characterization of
poly(L-lactic acid)-chitosan hybrid scaffolds with
drug release capability. J Biomed Mater Res Part B:
Appl  Biomater 2007; 81B:427-434. doi:
10.1002/jbm.b.30680

27.Pluta M, Jeszka JK, Boiteux G. Macromolecular
nanotechnology polylactide/montmorillonite
nanocomposites: Structure, dielectric, viscoelastic
and thermal properties. Eur Polym J 2007;43:
2819-2835.

28. Siepmanna J, Peppas NA. Modeling of drug release
from delivery systems based on hydroxypropyl
methylcellulose (HPMC). Adv Drug Del Rev 2001;
48:139-157. doi: 10.1016/s0169-409x(01)00112-0

29. Kalam MA, Humayun M, Parvez N, Yadav S, Garg
A, Amin S, Sultana Y, Ali A. Release kinetics of
modified pharmacutical dosage forms: A Review.
CJPharmSci 2007;1:30-35.

84 | Pharmaceutical Sciences, September 2015, 21 ,77-85


http://www.ncbi.nlm.nih.gov/pubmed?term=Ro%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=21290572
http://www.ncbi.nlm.nih.gov/pubmed?term=Falotico%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21290572
http://www.ncbi.nlm.nih.gov/pubmed?term=Dav%C3%A9%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21290572
http://www.ncbi.nlm.nih.gov/pubmed/21290572
http://www.ncbi.nlm.nih.gov/pubmed/21290572

A Comparative Study of Progesterone and Lidocaine Hydrochloride Release from Poly(L-lactide) Films

30. Peppas NA. Analysis of Fickian and non-Fickian
drug release from polymers. Pharm Acta Helv
1985;60:110-111.

31.Sahoo S, Chakraborti CK, Behera Pk. Development
and evaluation of gastroretentive controlled release
polymeric suspensions containing ciprofloxacin and
carbopol polymers. J Chem Pharm Res
2012;4:2268-2284.

32. Gallagher KM, Corrigan Oi. Mechanistic aspects of
the release of levamisole hydrochloride from
biodegradable polymers. J Control Release 2000;
69:261-272. doi: 10.1016/s0168-3659(00)00305-9

33. Tarvainen T, Karjalainen T, Malin M, Pohjolainen
S, Tuominen J, Seppala J, Jarvinen K. Degradation
of and drug release from a novel 2,2-bis(2-
oxazoline) linked poly(lactic acid) polymer. J
Control Release 2002;81:251-261. doi:
10.1016/s0168-3659(02)00081-0

34.Chang H I, Williamson M R, Perrie Y, Coombes A
G A. Precipitation casting of drug-loaded
microporous PCL matrices: Incorporation of
progesterone by codissolution. J Control Release
2005;106:263-272. doi:
10.1016/j.jconrel.2005.05.013

Pharmaceutical Sciences, September 2015, 21 ,77-85 | 85



