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Abstract: The application of renewable raw materials encourages research in the biopolymers area. The Poly(Lactic-
co-Glycolic Acid)/Poly(Isoprene) (PLGA/IR) blend combines biocompatibility for application in the health field 
with excellent mechanical properties. The blend was obtained by solubilization of polymers in organic solvents. To 
investigate the polymer thermochemical properties, FTIR and DSC were applied. To investigate the composition’s 
influence over polymer mechanical properties, tensile and hardness test were applied. To analyze the blends response 
in the cell environment, a stent was produced by injection molding process, and Cell Viability Test and Previous 
Implantability were used. The Infrared spectra show that chemical composition is related only with polymers proportion 
in the blend. The calorimetry shows a partial miscibility in the blend. The tensile test shows that adding Poly(Isoprene) 
to Poly(Lactic-co-Glycolic Acid) induced a relevant reduction in the Young modulus, tensile stress and tenacity of the 
material, which was altered from the fragile raw PLGA to a ductile material. The composition did not affect the blend 
hardness. The cell viability test shows that the blend has potential application as biomaterial, while the first results of 
implantability indicate that the polymeric stent kept its original position and caused low fibrosis.
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Introduction

The use of biologically derived polymers 
(biomacromolecules) is an important component for 
economic development. A new class of renewable, 
biodegradable, and biocompatible materials occurs 
through the transformation of forest and raw agricultural 
materials[1]. Poly (lactic-co-glycolic acid) (PLGA) is 
one of the most common biodegradable polymers. It is 
a copolymer of aliphatic esters, which has been used 
largely as an implant that dissolves and is absorbed by 
the body[2,3]. However, the application of PLGA derived 
orthosis/prosthesis next to soft tissues may cause injuries 
to the patient during the treatment, especially because 
of any eventual device collapse due to bioresorption[4] 
In order to settle the PLGA mechanical properties, a 
blending procedure may be adequate.

Recent research describes promising results obtained 
by a polymer extracted from the tree Hevea brasiliensis[5]. 
Cis-1, 4-Poly(Isoprene), also known as isoprene rubber 
(IR) or latex, is found in the rubber of the seringueira 
rubber tree and obtained by the coagulation of natural 
latex[6]. It is shown to be highly biocompatible when 
applied as biomaterial[5].

Polymeric blends are physical mixtures of two or 
more polymers or copolymers[7]. This is an extremely 
promising approach that represents one of the most 
quickly growing areas in polymer science[8,9]. These 
materials intend to obtain new characteristics through 
the combination of properties of different polymers[1,6]. 
The polymer properties can be altered through chemical 
modification of the polymeric chain or through a mixture 

of other polymers into the material[1]. A brief study about 
the compatibility between PLLA and IR has already been 
developed in the early 2000’s, but preliminary results 
indicating a total immiscibility of both polymers in a 
blend lead the project to its discontinuity[10]. However, 
the main idea of blending in order to reduce PLGA 
brittleness seems very attractive, especially achieving 
this property with the help of a polymer already applied 
on biomaterials research field.

The application of a polymeric stent as a tissue 
support has the main goal of avoiding a tubular structure 
stenosis, keeping its lumen opened. These devices 
are largely applied in blood vases, urethra, trachea, 
bronchi, besides other systems[4,11-13]. For application in 
respiratory system, the stent is considered a convenient 
treatment for patients with benign stenosis, chronicle 
obstructive pulmonary disease, heart diseases, diabetes, 
and other systemic disorders, offering immediate 
respiratory symptoms relief, with an improve in forced 
expiratory volume and, consequently, improving patient 
quality of life[13-16].

The PLGA/IR blend can be classified as a solution 
blend, since the polymers are dissolved in a common 
solvent and the solvent is removed[7]. Due to the 
miscibility of organic polymers and solvents, it is 
more convenient to use such solvents as a means of 
blend dissolution[17]. The solubility in aliphatic esters 
and the applicability to cis-Poly(Isoprene) creates a 
suitable solvent from chloroform (CHCl

3
) to obtain the 

blend through a solution[18].
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Unfortunately, volatile organic solvents such as 
chloroform may cause health problems for people 
exposed to it[17]. The solvents can also have a great 
impact upon the structure of polymers, since, depending 
upon the interaction between the polymers and the 
solvent, the polymer may dissolve completely, either in 
separate phases, or present an alteration in its molecular 
structure[19].

To evaluate the blend’s mechanical properties, one 
of the most common stress-strain test performed is 
tensile test. Towards it can be analyzed plastic and elastic 
deformation, the energy expend in each of these, besides 
ductility, resilience and Young’s modulus. The hardness 
is another mechanical measurement. It indicates the 
material’s resistance to localized plastic deformation[7,20].

To use the solution blend as biomaterial, viability cell 
tests are applied to detect the occurrence of toxic effects 
and the biological behavior of the material on the cellular 
level[21,22]. Human Hepatoma (HepG2 and its derivatives) 
cells are successfully introduced in humans in order to 
study cellular metabolism and its cytotoxic and genotoxic 
responses to contact with determined materials[23,24]. The 
implantability test defines the material’s behavior in vivo, 
the tissue response and the device performance.

The goal of this study was to investigate the 
occurrence of reactions and modifications among PGLA/
IR polymer blends and possible interactions caused by 
the use of organic solvent using Fourier Transformed 
Infrared spectroscopy (FTIR), as well as investigate about 
the influence of IR proportion over mechanical properties 
and find a correlation between PLGA and IR amounts, 
achieving a blend with, at least, partial miscibility. The 
study also aims at investigating the cell viability of the 
PLGA/IR polymer blend obtained by solubilization 
in chloroform, testing its potential use as biomaterial. 
Preliminary results of implantability tests are also 
reported.

Experimental

Blend

The PLGA (Purac Biomaterials – Holland) is a 
copolymer with proportions of 84 mol% monomer 
L-lactate and 16 mol% glycolide. The number-average 
molecular weight (Mn) was 250,000, and presented 
pH of 7.2, was used as obtained, without previous 
purifications or processing. The IR (Mafer – Brazil) in 
the natural latex structure centrifuged at 60%, presented 
Mn=295,000, and was neutralized with HCl 2M solution 
at an interval of pH 7.2-7.8 and submitted to a drying 
process. The polymer was purified by a re-precipitation 
method, using chloroform (CHCl

3
) as a solvent, 

and re-precipitated in methyl alcohol (CH
3
OH)[25]. 

Chloroform (99.8%) (Synth – Brazil) and methyl alcohol 
(99.8%) (Synth – Brazil) were used as obtained, without 
previous purifications or processing. The materials were 
dissolved in chloroform in the proper desired proportions. 
Once homogenized, this mixture was dried in a stove for 
24 hours at 40°C to volatize the solvent. The blends were 
prepared in the following mass proportions: 100%PLGA 

(PLGA); 75%PLGA/25%IR (75/25); 60%PLGA/40%IR 
(60/40); 50%PLGA/50%IR (50/50); 100%IR (IR).

Thermochemical properties

During the volatilization, the material was conformed 
in thin film format for application in FTIR tests, with the 
caution of getting films with the same thickness, in order 
to compare quantitatively the bands, connecting the band 
intensity with the polymers proportion in the blends. For 
characterization by FTIR, the spectrum of the polymeric 
blend in the 4000-400 cm–1 region was obtained using 
the Perkin Elmer model Spectrum 1000 FTIR at room 
temperature (25 °C). In order to investigate the polymers 
miscibility, differential scanning calorimetry (DSC) was 
carried on TA Instruments QS, between –80 °C and 
150 °C.

Mechanical properties

For tensile and hardness tests, the samples were 
prepared by injection molding using a Haake Mininjet II 
from Thermo Scientific, with process temperature around 
165 °C. The tensile test was performed using a equipment 
Shimadzu model Autograph AG-X, with a 50KN load 
cell, using a elongation rate of 2 mm/min. The hardness 
was carried using an indenter Mainared model G112605, 
Shore A scale. The samples follow the recommendations 
of ISO 527-1 to tensile test, and ASTM D-2240 to 
hardness measure.

 Cell viability test

During the volatilization, the material was conformed 
in wire format, with approximately Ø2mm, by a deep 
coating process for the cell viability test. The HepG2 
cells (ATCC HB-8605) were used in the cell viability 
test. 5X104 (2.63 cells/cm2) were sown in each well, in a 
24 well-plate format. The treatment group was constituted 
of 10 wells with a polymeric blend 60/40, while the 
control group was constituted of 10 wells in absence of 
any substances. The cells were kept in a culture with half 
DMEM-LG (Dubelco’s Modified Eagle Medium-Low 
Glucose, LGC) supplemented with 10% Fetal Bovine 
Serum (Gibco) for 24 hours in a humid incubator at 37 °C 
and an atmosphere of 5% CO

2
. After the treatment, the 

cells were detached using a solution of Tripsina-EDTA 
0.25% (Gibco). The viability was evaluated by a live cell 
count using a Neubauer chamber with Trypan blue.

 Preliminary implantability test

A spiral stent were prepared with the 60/40 blend 
composition, by injection molding using a Haake Mininjet 
II from Thermo Scientific, with process temperature 
around 165 °C. After sterilization by ethylene oxide (EtO), 
the stent was implanted in a New Zeland rabbit’s trachea, 
5,6 kg weight, fallowing the main procedures commonly 
used in Animal Experimentation Unit of Clinics 
Hospital of Porto Alegre. The animal was submitted to 
general anesthesia and tracheal intubation by the use of 
intravenous isoflurane, ketamine and Midazolam. The 
stent was implanted towards median cervical incision. 
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The stent was observed by bronchoscopy using a flexible 
bronchoscope for 21 days after proceeding.

Results and Discussion

Thermochemical properties

From the analysis of previously known molecular 
structure, we expected to find on the infrared spectrum, 
bands relative to PLGA in the C=O and C-O bonds 
typical of esters. It is itself, due to the structure of the 
IR, the variation of intensity of the bands relative to the 
vibrations C=C and =CH[2]. The FTIR spectra generated 
by the blends are represented in Figure 1. Characteristic 
bands of symmetrical and asymmetrical stretchings of 
CH

2
 and CH

3
 groups[26] are presented between 2980 and 

2850 cm–1. Notice that the intensity of these signals is 
relevant for compounds with large quantities of IR. The 
signal decreases with the mass drop in quantity of IR in 
the blend. The spectrum reports an intensity of stretchings, 
as the major component in the blend demonstrates. 
Following the same behavior, bands of asymmetrical 
deformation of CH

3
 are presented in 1375cm–1 and CH

2
 

in 1450 cm–1, with little decrease in intensity per decrease 
in mass quantity of IR[26-28].

The 1760 cm–1, in compounds with PLGA present, 
is seen in an acute and intense band, caused by the C=O 
bond stretching of the esters[2,8,26,28]. The intensity is 
maintained in any composition and, as expected, is not 
visible in 100% IR. The 1185 cm–1 and the 1090 cm–1 
are found to be bands relative to the C-O stretchings 
of aliphatic polyesters[2,8,26,28]. The vibration of the IR 
C=C bond appears discrete at 1663cm-1. According to 
Klöpffer, C=C stretching in IR generates low intensity 
bands[29]. It can also be noted in a small band that, with 
the decrease in mass proportion of IR in the blend, a 
decrease in band intensity occurs. This response from 
the material is plausible, given that the PLGA copolymer 

does not present double bonds between carbons. The 
=C-H stretching is also reported with the same behavior 
of variation in the band found at 836 cm–1[28,30]. This band 
corresponds with the bending outside of the C-H bond 
plan[29]. Pandey et al. reported that the use of chloroform 
in PLLA (Polylactic acid) blends and PGA (Polyglycolic 
acid) showed significant variation in polymer structure, 
in relation to materials used. This variation also indicated 
the formation of mixtures in the molecules, turning the 
material similar to a copolymer and no longer a blend[2]. 
The absorption of aliphatic C-Cl in chloroform is 
observed between 850-550 cm–1, however, when several 
chlorine atoms are bonded to the same carbon atom, as is 
the case with chloroform (trichloromethane), the bands 
are more intense and located at the extreme limit of the 
highest frequency of this range[31]. For the blends, bands 
were observed at 756 cm–1, mainly in the 50/50, 60/40 
and 100% PLGA compositions. As there is no constant 
behavior, it can be deduced that the signals with low 
intensity are relative to the -C-H vibrations, given that 
this grouping is found in both polymer chains[32].

Through DSC analysis we were able to evaluate 
the main polymers transition temperatures, as shown in 
Figure 2. The glass transition temperatures (Tg) relative 
to raw PLGA and IR are 58,88 °C and –65,74 °C, 
respectively. In the blend 50/50, we are still able to see 
both Tg’s holding the same position as presented for raw 
materials. However, for the compositions 60/40 and 75/25, 
the Tg related with IR shows an expressive deviation, 
from approximately –66 °C to around 25 °C. In specific 
to the 60/40 blend, the PLGA Tg also show a deviation, 
from 58,88 °C to 48,95 °C. This approximation of glass 
transition temperatures indicates a partial miscibility 
between the polymers at this blends proportion[8,10].

Mechanical properties

The tensile test recorded the load and elongation data 
and, consequently, the relation between material’s stress 
(σ) and strain (ε), which is represented in Figure 3 for raw 
PLGA and different blend’s compositions.

Analyzing the diagram, it is notable that the raw 
PLGA presents tension stress values considerably higher 
than the presented by any blend’s composition. This 
mechanical answer may be related the raw PLGA’s higher 
crystallinity, as well as the presence of an amorphous (IR) 

Figure 1. FTIR spectra. Figure 2. DSC curves.
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phase in the blends[20,33]. Values for general properties 
were calculate based on the curves, and are presented in 
Table 1.

For each curve, at the yielding point, was calculated 
the Young’s modulus. The presence of IR in the material 
reduced considerably the modulus value. The high 
modulus presented by PLGA represents the material’s 
capacity to tolerate tensile stress. Upadhyay et al. 
reported that the addition of semicrystalline materials 
increases the blends crystallinity, contributing to Young’s 
modulus increase[34]. Therefore, the inverse behavior, 
with addition of amorphous materials, may have an 
influence on modulus reduction. In polymers, beyond 
yielding point, tension applied can be responsible by the 
fluency of polymeric chains one over another, resulting in 
irreversible deformation[7]. The blend’s tensile stress was 
considerably reduced by the addition of IR to the PLGA. 
It can be noticed in both, maximum point and break point. 
However, the tensile strain didn’t show a significant 
difference, despite the slight reduction, between blends 
and PLGA.

Calculating the area under the curves in Figure 3, 
we can analyze the tenacity (area under the curve up to 
the break) and the resilience (area under the curve up 
to the yielding point). Once the resilience is the energy 
expended in elastic deformation and the tenacity is the 
energy expended in the deformation to the rupture, it’s 
normal the first value to be lower than the second. The 
addition of IR to the PLGA reduce significantly both 
properties in the material. However, relating tenacity 

and resilience of each composition, it’s possible see 
that blends expend more energy in plastic deformation 
than raw PLGA. While the blends use around 60% of 
its energy in permanent deformation, to PLGA this rate 
decrease to 10%, what means that the raw polymer has a 
brittle behavior compared to the ductile behavior seen in 
the blends.

Despite the incontestable fall in the maximum stress 
rates, adding polyisoprene to the blend, it was possible 
to see a change of mechanical behavior, from a fragile 
behavior to a extremily ductile behavior. This fact leads 
the blend to be a material that may be molded right before 
the surgery procedure, as well as suffer mechanical 
charges during its application, without compromise its 
integrity and the development of its functions in vivo.

For the hardness test, were found values around 
40SHa to all the blend’s compositions. The result is 
reasonable, since the PLGA presented hardness 81SHa 
and IR has hardness 29SHa[35]. Despite the fact that 
the composition doesn’t have a direct relation with the 
hardness results, the hardness is an empiric measure, 
applied with controlling aims, and that doesn’t relates to 
any other materials mechanical properties[36].

 Cell viability test

The use of the cell culture technique, in this case, was 
intended to determine the Cell Lysis caused by health 
products, materials and/or their extracts[37]. The cell count 
performed generated the graph of average cell survival 
and standard deviation, shown in Figure 4.

The effect of the incubation of the material upon the 
number of cells was evaluated by an analysis of variance 
(ANOVA), with a degree of statistical reliability of 95% 
(α = 0.05), as shown in Table 2[38,39]. Given that the value 
of F is less than the value of Critical F, no significant 
difference was found between the Treatment Group and 
the Control Group.

Preliminary implantability test

The tracheotomy was used to implant the polymeric 
stent into rabbit’s trachea. The procedure counted with a 
transversal incision with the animal in dorsal decubitus 
position, stent positioning through aperture, and later 
sewing with a resorbable polymeric thread. The procedure 
is showed in Figure 5.

Table 1. Analysis of mechanical properties.

Property PLGA 75/25 60/40 50/50

Young’s modulus (MPa) 891.2 182.05 137.79 171.07

Tensile Stress at maximum
(Mpa) 

79.98 9.09 7.64 9.78

Tensile Stress at break (MPa) 74.66 7.70 5.87 8.81

Tensile Strain at maximum
stress (mm/mm)

0.094 0.067 0.072 0.089

Tensile Strain at break
(mm/mm)

0.098 0.080 0.097 0.097

Tenacity (J/cm3) 4.45 0.49 0.47 0.61

Resilience (J/cm3) 4.01 0.21 0.21 0.22

Figure 3. tensile stress-strain diagram.

Figure 4. Cell survival average.
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During postoperative period, the animal showed 
stridor, but kept respiratory saturation. After three weeks, 
towards bronchoscopy, it was possible see the stent in 
the same initial position, without granuloma formation, 
and slight fibrosis appearance at implant’s proximal end. 
There was no infectious process, breathe obstruction by 
fistula or emphysema occurrence. The present results 
are partial, lacking a long term observance for further 
conclusions.

Conclusions

The functional groups presented in the FTIR of 
the different blend compositions match the molecular 
structures of the polymers used. The variation of CH

2
 

and CH
3
 stretchings and bends is directly linked to the 

quantity of IR in the blend. The bands relative to the C=C 
vibrations are weak, characteristic of IR cis arrangement. 
Such intensity shows that no cross-linked bonds appeared 
between the polymeric chains. The compounds did not 
present structural changes due to the use of organic 
solvent. The miscibility between the raw polymers is 
partial in compositions like 60/40, fact that may be 
seen in the DSC curves, analyzing the approximation 
between glass transition temperatures. The tensile test 
shows that the Poly(Isoprene) added to Poly (Lactic-co-
Glycolic Acid) did not affected significantly the rupture 

strain results. However, there is a relevant reduction in 
material’s Young modulus, tensile stress and tenacity. 
The addition of IR also stimulates a change from fragile 
behavior, presented by raw PLGA, to ductile behavior. 
The composition did not affected the blend hardness, 
since the values stayed between the raw polymers 
hardness. An analysis of cell viability concludes that 
the blend is appropriate for application in the corporeal 
environment. Given that the Cell Lysis did not observe a 
significant difference between groups, the blend can be 
considered biocompatible. Despite the need for further 
time of observation, the polymeric stent showed to be 
reasonable to studies at in vivo environment.
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