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Abstract

Healthcare-associated infections (HAIs) encompass all infections linked to medical procedures or
exposure to healthcare environments. However, several primary risk factors for infection development
are associated with the usage of implanted devices and indwelling devices. Notably, infections related
to implants contribute to at least 25% of all HAIs in the US. To mitigate this risk, prophylactic
antimicrobials are often required, further exacerbating the proliferation of antibiotic resistance.
Consequently, there is a growing demand for surfaces capable of preventing bacterial attachment and
colonization.

Numerous studies have explored the potential of natural surfaces to exhibit antibiofouling and
antibacterial properties. The self-cleaning characteristics of the lotus leaf and the microstructures present
on the Japanese edible crab, are renowned for deterring bacterial cell attachment, aiding in the
prevention of biofilm formation. In this study, our objective is to fabricate microstructures, on a scale
comparable to these natural surfaces, using a two photon polymerization 3D printer. By culturing P.
aeruginosa on these surfaces we can then investigate the influence of micropillar surface characteristics
on P. aeruginosa attachment or response. Biomimetic microstructures were successfully created with
differing spacings and precisely controllable surface textures. The 5 um spacing, showed to produce
greater antibacterial effect. The 5 um spacing demonstrated an improved antibacterial effect and vertical
ridges on the walls of the microstructures, showed the lowest cell adhesion to the microstructures
themselves, but increased clustering around their base.

Keywords: Two photon polymerization, biomimetic, micropillared surfaces, biofilm, antibacterial.
1. Introduction

Healthcare-associated infections (HAIs) impose significant challenges in medical settings, often
stemming from the contamination of indwelling medical devices and prosthetic implants predominantly
caused by antibiotic-resistant bacteria during invasive procedures. One in 31 hospitalised patients
acquire at least one HAI at any given time, contributing to over 720,000 of HAIs and billions of dollars
excessive healthcare cost in the United States each year [1]. In response to the growing need for
innovative surfaces capable of preventing bacterial attachment and colonization without relying on
antibiotic chemical agents, nature had inspired researchers to explore biomimetic solutions that mimic
natural surfaces known for their antibacterial properties [2]. Among the various microfabrication
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techniques, two-photon polymerization, a direct laser writing technique offers greater precision and
controllability to fabricate complex 3D microstructures[3]. In this study we aim to fabricate controllable
microstructures of a size and spacing like those seen on natural surfaces and assess their antibacterial
nature.

2. Methodology
2.1 3D Design and fabrication

The micropillar structures were designed using computer-aided design (CAD) modelling software
Blender 3.3.1 and DeScribe. Micropillars of varying centre-to-centre spacings (5um and 8um) were
designed alongside three types of micropillar textured walls, herein referred to as ridgeless, vertical
ridged and ringed surfaces. To fabricate the sample, acrylate photoresist (IP-L 780, Nanoscribe) was
drop-casted on a 22mm x 22mm glass coverslip and subjected to the two-photon polymerization (TPP)
system (Photonic Professional GT, Nanoscribe GmbH) in piezo mode. The micropillar arrays of 300 um
x 300 um were fabricated using a laser power of 25mW,; hatching distance 0.1 um; slicing distance 0.1
um to 0.5 um; contour of zero to two.

2.2 Characterisation of 3D printed micropillars

Scanning electron micrograph of the microstructures were captured using JEOL 7000F field-emission
SEM to visualize the pattern arrangement and morphological characteristics of the printed micropillars.
Subsequently, the height and spacings of the micropillar were assessed using Filmetrics-Optical
profilometer (Profilm3D, USA) using a 50X Nikon DI objective.

2.3 Bacterial response to micropillared surfaces

The biofilm biomass was quantified by the crystal violet assay as described elsewhere [4]. Refreshed
culture of P. aeruginosa ATCC 27853 (Gram-negative) were adjusted to ODeggo= 0.1 using UV-visible
spectrophotometry. The micropillar array was covered in 50 uL of adjusted bacterial suspension and
incubated at 37 °C for 24 h. A flat control was used to compare bacterial cell attachment and biofilm-
forming capacity on micropillars and flat surfaces. Furthermore, SEM imaging was also performed on
fixed micropillar array post incubation with P. aeruginosa to assess their morphology and surface
attachment behaviour. The samples were fixed with 4% paraformaldehyde followed by dehydration with
a series of ethanol and hexamethyldisilazane solutions.

3.  Results and Discussion

The optical profilometry (Figure 1 (a)-(b)) showed that micropillars of height ~4.5 um and diameter of
~3 um were successfully fabricated, with centre-to-centre spacings consistent with the 3D computer-
aided design. Micropillars with centre-to-centre spacings of 5 um (i.e., interspacing of ~ 2um) and 8 pm
(interspacing of ~5 pm) showed a significant reduction in bofilm formation as opposed to the flat surface
(ANOVA, P=0.002 for 5 um; P=0.014 for 8 um, P<0.05). Micropillar with centre-to-centre spacings of
5 um showed slightly greater antibiofilm capability as opposed to the 8 um spaced pillars, however,
statistical analysis showed no significant differences (ANOVA, P = 0.189, P < 0.05) between the 8 um
topography and 5 um topography. Previous studies have shown that surface topography can limit
bacterial cell adhesion to the surface, particularly evident with reduced spacings between the pillars [5].
Suggesting that smaller spacings in our study likely resulted in the reduced settlement of bacteria within
the interstitial space of the micropillars. Bacterial settlement on the surface precedes biofilm formation,
a higher density of bacterial cells adhering to the surface could lead to the formation of a denser biofilm.
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Figure 1: Optical profilometry of micropillars of (a) 5 um spacings; (b) 8 um spacings. (c) An overview of the
mean OD at 550 nm (+ standard deviation) representing the P. aeruginosa bacteria biofilm attachment on 5 um
and 8 pm spaced topographies compared to flat control surface in triplicates. Bars represent mean OD measured
at 550 nmzs.d. of three independent experiments. * indicate statistical significance compared to control
(P<0.05).

The hexagonal pattern arrangement of micropillar structures is shown in Figure 2(a)-(c). The consistent
centre-to-centre spacings of 5 um were maintained for subsequent bacterial testing to examine the
impact of differing wall texture on bacterial cells attachment behaviour. The cross-section SEM image
confirmed that micropillars of varying wall textures (vertical ridged and ringed surfaces) were formed
by hatching and slicing of the structure at varying distances as it is controlled by the laser trajectory.
Smooth ridgeless wall texture was fabricated by adding more than one contour line for each sliced layer
with distance between the lines set at 0.1 um. Micropillars fabricated with ridgeless and vertical ridged
surfaces maintained their position and structural integrity during washing. In contrast, micropillars with
ringed surface appeared to have weaker structural integrity and a few structures toppled over during
washing.
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Figure 2 SEM images x5000 magnification of micropillar structures with varying surface texture characteristics
formed by TPP (a)-(c) Top view SEM image; (d)-(f) Cross-section SEM image captured at 60° tilt angle.

With consistent centre-to-centre micropillar spacings of 5 um, the interplay between bacterial cells and
micropillars of varying wall textures were investigated using SEM. Figure 3 illustrates bacterial cell
density on the micro topographical array, showing lowest adherence of cells on micropillar walls
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textured with vertical ridges, but increased clustering around their base (Figure 3(c)). Conversely,
ridgeless and ringed texture showed higher proportion of cells adhered on their walls.

Control flat Micropillar surfaces

texture under (i) x5000 and (ii) x10000 magnifications.

4, Conclusion

In summary, the interaction between micropillar wall texture and attachment of bacterial cells is mainly
dependent on the surface texture of the micropillars. Smooth textured micropillar walls and micropillar
walls with ringed texture promoted the attachment of P. aeruginosa, while micropillars with vertical
ridged walls deterred biofilm formation. In fact, bacteria tended to aggregate around the base of these
micropillars instead. These intriguing results serves to inform future work on the next generation of
antibacterial surface materials.
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Abstract

The main property of a bioactive scaffold is not only to provide an extracellular matrix but also to accelerate
tissue regeneration. Thus, the addition of bioactive compounds to the scaffolds becomes a key method to
increase the potential of tissue-engineered scaffolds. In this work, poly(lactic acid)(PLA) nanofibrous
scaffolds incorporated with various concentrations of gallic acid (GA) (0, 2.5, 5, and 10 mg/ml) were prepared
by electrospinning. The scaffold properties were assessed through SEM imaging, GA releasing assay, and
degradation assay. SEM imaging revealed that the set-up electrospinning condition can be used to fabricate
gallic acid-loaded nanofibers and the incorporation of GA did not have a discernible impact on the average
fiber diameter and morphology. In addition, the release of GA increased with respect to GA content of the
fibers. The degradation assays indicated that the weight of the scaffolds reduced over time but more than 80%
of the fiber mass remained after 28 days in all formulations. In summary, the preliminary results of this
research suggest that PLA electrospun fibers incorporated with GA hold general properties of bioactive
scaffolds which can be further studied as a tissue-engineered construct.

Keywords: Gallic Acid, PLA Electrospun Fiber, Regenerative Medicine, Tissue Engineering
1. Introduction

The incidence of bone defects increases over time, especially when aging society becomes a global trend.
Although autologous and allogeneic bone grafts are being established as the primary consideration for
treatment, graft insufficiency remains a significant limitation [1]. Despite biomimetic sciences having been
studied for a relatively short period, bone tissue engineering has rapidly emerged as a groundbreaking
approach in the field of regenerative medicine. It is considered as an alternative treatment which could
overcome the limitations of the conventional therapeutic approaches. Biodegradable polymers such as
poly(lactic acid) (PLA) have been widely utilized to fabricate scaffolds, particularly through electrospinning,
due to their excellent biocompatibility, good mechanical properties, ability to promote cell adhesion, and
biodegradability. Beyond the use of biodegradable polymers, the incorporation of bioactive compounds to the
scaffold further enhances the regenerative or differentiation properties [2]. Gallic acid (GA), a prevalent
phenolic acid in plants, is known for its antioxidant properties and other potential health benefits. GA and its
derivative, 4-O-methylgallic acid, have shown positive effects on osteoblast differentiation and bone tissue
development [3]. The studies in rats demonstrated enhanced bone healing and osteogenic differentiation when
GA-loaded chitosan particles were applied [4], [5]. However, the interaction between GA-releasing scaffolds
and bone stem cells has not been investigated yet. Therefore, in this study, different concentrations of GA
were incorporated into PLA and fabricated using electrospinning technique. The obtained scaffolds were
characterized and assessed its potential in tissue engineering applications using SEM imaging, GA release
assay, and degradation assay.

2.  Materials and Methods
2.1. Scaffold Fabrication

The fibrous scaffolds were divided into four formulations with respect to GA content, namely GAO, GA2.5,
GAb, and GA10 (representing GA concentrations of 0, 2.5, 5, and 10 mg/ml, respectively). The total polymer
concentration of 12% w/v was prepared by dissolving PLA (MW=100,000)(NatureWorks) in chloroform:
methanol (4:1). GA was added to the dissolved PLA according to the respective formulations. The solutions
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from each formulation were then electrospun under the following parameter settings: a distance from the tip
to the collector of 13 cm, electrical voltage of 13 kV, and injection rate of 1 ml/hr.
2.2. SEM Imaging

Morphology of the scaffolds were observed by SEM (JSM-6610LV, JOEL, serviced by the Department of
Tool and Materials Engineering, King Mongkut's University of Technology Thonburi (KMUTT)). The fibers
were sputter-coated with gold before imaging. The images were snapped at 1000x and 5000x magnification
from at least three distinct zones. The fiber diameters were measured using ImageJ software.

2.3. GA Release Assay

The release of GA was assessed through an in vitro drug release assay conducted in 1x phosphate buffer saline
(PBS). Fiber sheets, 4x4 cm?, were immersed in a 15 mL tube containing 12 mL of PBS. The PBS solution
enriched with GA were collected and absorbance readings were taken at 260 nm using a microplate reader at
specific time points (1 hr, 8 hr, 24 hr, 3 days, 6 days, 9 days, 12 days, and 15 days). The PBS was renewed at
each time point, and the released amount of GA was normalized with their individual weights.

2.4. Degradation Assay

To assess scaffold degradation in a static setting, the fiber sheet 6x5 cm? from each condition was sterilized
and incubated in a 15 ml centrifuge tube containing 10 mL of 1xPBS. The samples were incubated at 37°C
for a maximum of 28 days. The PBS solution was entirely renewed every 3 days. Dry weight loss was
measured every 7 days and calculated for % weight loss using equation (1). Where My is the initial weight of
the fiber sheet. Mp is the dry weight of the fiber sheet after degradation.
My, — M,
Weight loss (%) = % x 100 (1)
0

2.5. Statistic Analysis

Data normality was assessed using a Shapiro-Wilk test. Statistical differences between groups were evaluated
using ANOVA followed by Tukey's post hoc test. A significance level of p < 0.05 was applied to determine
any differences for all analyses. R Studio was utilized for statistical calculations. All data were shown as mean
+SD.

3. Results and Discussions
3.1. SEM Imaging

SEM imaging revealed randomly arranged fibers forming mats in all formulations (Fig.1). Nano-scale fibers
were obtained without bead formation (Fig. 2), indicating appropriate electrospinning settings. The diameters
of GAO, GA2.5, GA5 and GA10 formulations were 0.621 + 0.273, 0.659 + 0.180, 0.646 + 0.157, and GA10
= 0.656 + 0.186 um respectively. Comparison between GAQ and others indicated similarity in diameters,
suggesting that GA incorporation did not significantly affect solution properties [6], [7]. Furthermore, porous
structure was observed in all formulations. The porous structure observed in the mats holds significant
implications for the scaffolding application. Porosity influences their key characteristics such as surface area,
permeability, and mechanical properties. Therefore, the presence of pores offers advantages in terms of
increased surface area for interactions, enhanced gas and fluid transport properties, and improved cell
infiltration, especially in tissue engineering applications [8].
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Fig. 1: Microstructure of the electrospun fibers;  Fig. 2: Histograms showed the distribution of fiber’s diameter
GAO (A), GA2.5 (B), GA5 (C), GA10 (D). SEM in all formulations. The diameter sizes were varied and almost
imaging at 1000x and 5000x (top right, each) limited in nanoscale.

showed multiple fibers with random alignment

varying in fiber size.

3.2. GA Release Assay

The controlled and sustained release of GA from the fiber mat is crucial for achieving the osteogenic induction
effect, hence, GA release at different time points was quantified. The release of GA from the fibers increased
according to the concentration of the incorporated GA (Fig. 3). Burst release was observed in all formulations
during the first hour, possibly due to the release of GA which was coated on the fiber surface [8]. This was
followed by a gradual decline of the GA release to undetectable levels. The shortest release duration was
found within 3 days by GA2.5, followed by GA5 in 6 days, while GA10 showed a longer release duration of
up to 9 days. After day 9, no detectable release of GA was observed in any of the formulations. Cumulative
GA amount at the last detectable days of GA2.5, GA5, and GA10 were 4.23+0.07, 7.67+0.01, and 20.87+0.02
g GA/mg scaffold respectively. This indicates that GA-loaded electrospun scaffolds could sustained the
released and delivered GA according to their GA content in the fibers.

Cumulative GA release R Remaining weight (%)
< 2 25 | ——GA25 -B-GA5 ——GAl0 S —¢-GA0—e GA2.5 & GA5 4 GA10
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Fig.3: Cumulative GA release. The figure illustrates the Fig.4: Scaffold degradation in vitro. The remaning
cumulative release of GA from electrospun fibers under four  weight(%) of the fibers in 4 formulations at day 7, 14,
conditions (GAO, GA2.5, GA5, GA10) at various time 21 and 28.

points. Burst release was observed within the first hour.

3.3. Degradation Assay

The biodegradable scaffold functions as a temporal structure that can be degraded and eventually replaced by
natural tissue. Therefore, a degradation assay is crucial to confirm that the scaffold is degraded at an
appropriate rate. The degradation process initiated in the first week and progressively continued, exhibiting
a trend of ongoing degradation until the last week of the detection period (day 28) (Fig.4). The incorporation
of GA to the scaffold appeared to elevate the degradation rate in concerning to GA content, although the
differences were not statistically significant. Specifically, the remaining weight percentages were as follows:
GAO = 89.05+0.77%, GA2.5 = 88.49+0.48%, GA5 = 87.17£1.63%, and GA10 = 84.39+1.58%. These
degradation patterns were compatible with a surface erosion mechanism [9]. This result suggests that the
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scaffolds can uphold their 3D structure for at least 28 days, indicating their suitability for long-term
implantation and tissue regeneration.

4. Conclusion

Gallic acid-loaded PLA fibers can be obtained using electrospinning technique. SEM images exhibited broad-
size nanofibers with porous architecture in GAO, GA2.5, GA5, and GA10 formulations. GA release assay
indicates that GA could be released from the scaffold and sustained for a certain period according to the
amount of the incorporated GA. Moreover, the degradation assay confirmed that the scaffold could maintain
its 3D structure for at least 28 days. In summary, the scaffolds show promising material properties for a
bioactive scaffold. However, confirmation of their biocompatibility and osteogenic potential is needed to be
assessed to ensure their suitability in tissue engineering applications, particularly in bone regeneration.
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Abstract

This research presents an innovative strategy to enhance the interface toughness of 3D-printed bi-material
thermoplastic polymers. A combination of additively manufactured materials with dissimilar mechanical
properties, namely Polylactic Acid (PLA) as the stiff material and Thermoplastic Polyurethane (TPU) as the
flexible material is employed. Understanding the interface generated between the two different materials is
crucial to provide a solution that enhances the mechanical properties of this weak region. In this work, an
increase in the performance of the interface is achieved by mechanically interlocking the rasters of the two
different materials, generating an entanglement region. Three designs at different orientations are studied.
Mechanical tests and optical microscopy are employed to evaluate and compare their performance.

Keywords: Multi-material 3D printing, interlocking interface, mechanical bonding, interface toughening
1. Introduction

Additive manufacturing (AM) enables the fabrication of complex geometries impossible to manufacture with
traditional methods such as injection moulding. In particular, Fused Filament Fabrication (FFF) is a technique
that consists of extruding a polymer through a heated nozzle to generate the desired geometry [1]. Multi-material
3D printing is achieved when printing with multiple materials for a single application [2]. The combination of
materials with dissimilar mechanical properties enables the creation of components that can bend, stretch, or
compress and can be useful for applications in the fields of soft robotics, medical prosthetics, and biomedical
engineering, among others [3-5]. However, it is of high importance to understand the interaction between the
materials employed. PLA is valued for its low environmental impact and provides rigid-like mechanical
properties while TPU is known for its significant elasticity and deformability [6]. These materials can be 3D
printed for multi-material applications. However, since there is low chemical compatibility between PLA and
TPU, the area of contact between the materials will generate an interface with low adhesion, which may result
in an area where mechanical failure is more likely to be encountered [7,8]. This research addresses the issue of
weak interfaces between PLA and TPU through mechanical interlocking of the rasters. Different interfaces are
designed and strategically oriented with respect to the crack propagation to effectively increase the interface
toughness.

2. Methodology
2.1. Materials and Machinery

Commercial Makerfill PLA filament was purchased from 3D&I BV (Kontich, Belgium), and Polymaker
PolyFlex TPU 95 was purchased from 3D Jake Nederland (Paldau, Austria). Specimens were printed in a
custom-made multi-nozzle 3D printer and tested with an Instron Universal Machine. For the optical microscopy,
a Keyence optical microscope was utilized.

2.2. Interlocking strategy and nomenclature

Specimens are designed following the design specifications of ASTM D5528, with a width of 20 mm, a total
height of 4 mm (from which 2 mm of PLA and 2 mm of TPU), and a total length of 125 mm. There is an initial
crack of 63 mm, and the rest of the specimen contains the interface between the two materials.
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For the design of the different interfaces, two approaches have been taken into consideration. The first approach
(Design A) is a unidirectional approach, in which the rasters are aligned in the same direction creating an
anchor-like shape. The second approach is applied in designs B and C and consists of a cross-plied design that
is inspired by textiles. In this case, the two constituent rasters of the interface, are in a perpendicular direction
to each other.

The nomenclature of the specimens consists of first the letter that determines the design, and then the orientation
of the interface design to the X-axis (see Fig. 1). Since it is an anisotropic design, it is orientation dependent,
so 0°, 45° and 90° angles are considered. As seen in Fig. 1, since design A is a unidirectional design, the 3
possibilities of angles are possible. However, for the cross-plied designs (B and C), only 2 configurations are
possible (x45°, and 90°/09).

Design A Design B Design C

90°

C90

45°

AQ0

Fig. 1: Top: General geometry of the printed specimen. Table: Different design patterns and nomenclature of all studied
designs and configuration.
2.3. Interfacial Strength Evaluation

In order to mimic the natural action of detaching the interface, a combination of double cantilever beam test
(ASTM D5528) and 90-degree peel test (ASTM D6862) is made. The specimen is tested in a tensile machine
until 35 mm of the interface are opened. In terms of evaluation, two main parameters are evaluated to compare
the different interface designs. The first one is the initial force [N], required to initiate the crack in the interface,
and the other parameter is an alternative definition of interface toughness. Its definition follows the equations
below:

v - L e 8) - ds = [ )
G= 6endU' w [m{nz] @

The integration corresponds to the area under the testing curve (see Fig. 2). Our definition of interface toughness
takes into consideration the span required to obtain 35 mm of crack propagation in the interface. Testing
nomenclature is also indicated in the figure.
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Fig. 2: Example of a testing curve and indication of the crack initiation force, and crack opening. Specification of the
nomenclature and indication of the pulling forces.

3. Results and discussion

Double cantilever beam-like tests (see Fig. 3) show the force required to crack 35 mm of interface of each
specimen. A pattern is observed in the force-displacement plot. All specimens show an increase in force at the
beginning of the test. During this increase curve, the specimen starts opening but the interface is still
undamaged. The finish point of the ramp is the initial crack force, being the point where a crack in the interface
is initiated. After this initiation, different behaviours can be observed depending on the design and the
orientation of that design with respect to the pulling force. It is noted that compared to the pristine case (no
interface between the two materials), all interface designs provide higher initial pulling forces and tougher
interfaces. Nevertheless, the two designs providing the best response correspond to designs A00 and B45. When
observing design AQO, it is noted in the force-displacement curve that every time an “anchor” is found, there is
an initial force to break this anchor, and then once it is broken, a decrease in the force until another anchor is
found, that the cycle is repeated. This behaviour of preventing the crack from propagating along the interface
is also seen in design B45, in which a continuous force to crack the interface is required because of the
impediment of crack propagation. In this case, it is the continuous entanglement of the rasters and the orientation
of the design that prevents the crack from expanding, generating a smoother curve. In terms of microscopy,
there is a high accuracy in the printing process, providing interfaces that comply with the designs described.

45
40
35

2,5

K
=]

30

i

Force [N]
=
th
Toughness [J/mm?]

[
=

=
i

=}
=
=)

&
&
5
Q¥

® Force ® Toughness

Fig. 3: Left: Interfaces and section images corresponding to the two best-performing specimens. Right:
indication of the initial crack force [N] and interface toughness [J/mmz2].

4. Conclusions

Specimens were successfully printed accurately following the designs described. An alternative definition for
the interface toughness is provided and used to compare the different interfaces. After mechanically testing the
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specimens, it is found that any interface provides better results than a pristine interface (with no entanglement).
The geometry that provides the best results corresponds to Design A (the anchor-like design), oriented at 0
degrees with respect to the X-axis, providing an increase in the initial crack force of 446% and an increase in
toughness of 501% compared to the pristine specimen.

Further study is being conducted for other printing orientations and the effect of friction on the performance of
the different designs.
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Abstract

Evaluate the preservation effect of bacterial cellulose (BC) membrane produced by adding glycerol
when applied to crack-free and cracked tomatoes. The maximum BC production, BC wet membranes,
and tensile strength were obtained as 1% glycerol addition in the HS medium were 1855 mg/L, 5.7 mm,
and 224.5 MPa, respectively. There were more fibers and the fibers were more densely intertwined due
to the higher BC production, which may lead to smaller BC pore size. The result of water vapor
transmission rate (WVTR) shows that the BC membrane produced by 1% glycerol was a minimum
WVTR of 266.8 g/m?day. The skin of non-cracked and cracked tomatoes without packaging began to
shrink significantly from 21 days and 14 days respectively, while tomatoes packaged with BC membrane
produced from 1% glycerol were similar to tomatoes packaged at initial 0 days. When using BC
membrane to package tomatoes, the total plate count was reduced. The significant reduction effect of
total plate count on tomatoes was achieved by packaging with BC membrane, especially for cracked
tomatoes. The cracked tomatoes without packaging became moldy on 21 days, while those packaged
with BC membrane did not. The total plate count of cracked tomatoes with BC membrane packaging
was reduced by more than 60%.

Keywords: bacterial cellulose, glycerol, water vapor transmission rate, tensile strength, weight loss,
total plate count, tomatoes preservation.

1. Introduction

In response to the climate change crisis, governments around the world have formulated relevant bills
and policies, hoping to regulate the use of plastic materials. Therefore, using sustainable materials to
replace disposable plastics has become a way to achieve environmental protection and carbon reduction
goals. Bacterial cellulose (BC) is mainly an extracellular secondary metabolite produced by acetic acid
bacteria fermentation, and it is a straight-chain structural molecule composed of B-D-glucose combined
with B-1,4 glycoside chains [1]. It is currently known as the finest natural fiber, the main difference from
plant fiber is that BC does not contain hemicellulose, lignin, pectin, and other cell wall components. The
bio-based cellulose content is as high as 95% as a kind of high purity and high crystallinity material [2,
3]. Because of its unique properties such as biodegradability, good biocompatibility, high water
retention, and high mechanical strength, it is widely used in food processing, health foods, textiles,
conductive materials, skin care products, tissue engineering, and wound dressings to have broad
application prospects [4, 5]. Besides, BC is also a bio-based sustainable material with promising market
potential in packaging [6]. To investigate the production and structure of BC produced by acetic acid
bacteria fermentation by culture medium components and culture conditions because the structure of
BC and its application are closely related. The scanning electron microscopy images, water vapor
transmission rate, and tensile strength of the resulting BC materials were analyzed. Further, the weight
loss, moisture content, and total plate count of the fruit to evaluate the feasibility of the resulting BC as
a sustainable material applied in food preservation.

2. Materials and Methods
2.1 Microorganism and media

Komagayaeibacter xylinus was cultured in Hestrin-Schramm (HS) medium, consisting of 20 g/L
glucose, 5 g/L yeast extract, 5 g/L tryptone, 2.7 g/L Na;HPO4, and 1.05 g/L citric acid, under static
condition at 30°C.

Page 1 of 4


https://doi.org/10.26799/cp-3bsmaterials-2024

Proceedings of the Biomaterials, Biodegradables and Biomimetics - 3Bs Materials 2024 International Conference
Seville, Spain — March 06 — 08, 2024
DOI: : https://doi.org/10.26799/cp-3bsmaterials-2024

2.2 BC production

K. xylinus was cultured in HS medium with the extra addition of 1, 2, 3, and 4% glycerol for 9 days, and
without glycerol addition as a control group. The resulting BC after washing to removal the broth until
the pH was neutral. The washed BC was dried and weighted. BC production was calculated using Eq.

().
BC production (%) = % (€D
where W (mg) is the dry BC weight and V is the working volume of the medium.
2.3 BC characterization analysis

The BC dry membrane was sealed on the mouth of a 15-mL glass tube containing 3 mL of RO water at
room temperature. The weight of the entire glass tube was measured at different intervals. The water
vapor transmission rate (WVTR) was calculated using Eg. (2), as follow:

g _ Aw
WVTR (mz-day) T (Atx A) (2)

where Aw/At (g/day) is the weight change (Aw) of the entire glass tube within the time (At). A (m?) is
the test area of the BC film at the glass tube mouth.

Tensile strength and scanning electron microscopy image (SEM) of the dry BC membrane was analysed
by universal testing machine (Model 5965, Instron, USA) and scanning electron microscopy (JEOL,
Tokyo, Japan).

2.4 Tomatoes preservation evaluation

The BC membrane was used to package non-cracked tomatoes and cracked tomatoes by wrapping
method. BC film was used to package non-cracked tomatoes and cracked tomatoes by wrapping method.
Tomatoes were stored at room temperature for 28 days, and weight loss, total plate count, and tomato
appearance were measured every 7 days.

2.5 Determination of tomatoes’ weight loss percentage and total plate count

The weight loss percentage was calculated using Eq (3) [7], as follow:
Weight loss percentage (%) = % x 100% (3)
1

where m; and m; are the tomatoes weight (g) at t; and t, (days) of storage, respectively.

The surface of the tomato was washed by RO water and the washing solution was collected. Then, the
washing solution was spread on a sterile Petri dish containing PCA media and put into an incubator at
30+1°C for 48 h. The total plate count (colony forming units/mL, CFU/mL) was calculated using Eq (4)
[8], as follow:

CFU, _ (number of colonies (CFU)xdilution factor)
Total plate count (mL) - volume of culture plated in mL (4)

3. Results and Discussion
3.1. BC production with glycerol addition in HS medium

As shown in Table 1, BC production was improved by adding glycerol. The maximum BC production,
BC wet membranes, and tensile strength were obtained as 1% glycerol addition in the HS medium.
Compared with the control group (HS medium without adding glycerol), BC production was increased
by nearly 1.8-, 1.5-, and 2.8-fold, respectively. In addition, the change of WVTR of BC membranes was
opposite to the change of thickness and BC production. When the BC membranes were thicker and the
BC production was higher, the WVTR was smaller. It is speculated that when the BC production was
increased, there were more fibers in the unit volume of BC, making the pore size and pore volume was
relatively small, thus the WVTR of BC was smaller. As shown in Table 2, the appearance of the BC
membrane produced by adding 1% glycerol shows that the fibers are thinner than other groups, and the
fibers are very densely intertwined.
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Table 1. The BC production by K. xylinus culturing with 0, 1, 2, 3, and 4% glycerol addition in HS
medium, and the BC characteristics of the resulting BC.

BC

Glycerol pH pH . Wet BC membrane WVTR Tensile strength
L production -
(%) (initial) (9 days) (mg/L) thickness (mm) (g H20/cm?/day) (MPa)
0 4.93 3.86 1032 3.7 320.5 80.8
1 4.82 3.75 1855 5.7 266.8 224.5
2 4.86 3.82 1774 5.4 274.9 176.4
3 5.01 3.76 1652 4.4 286.9 148.9
4 5.03 3.72 1594 4.3 303.2 121.2

Table 2. The SEM image of BC production by K. xylinus culturing with 0, 1, 2, 3, and 4% glycerol
addition in HS medium, and the BC characteristics of the resulting BC.

Glycerol

(%) 0 1 2 3 4

SEM
(30 kx)

3.2. The preservation effects of BC on non-cracked tomatoes

As shown in Fig. 1A and Fig. 1B, when non-cracked tomatoes were packaged in BC, the tomato weight
loss and the total plate count on the tomato peel were less, compared with without packaging. Tomatoes
without packing started to shrink significantly from the 21 days, while packaged with BC membrane
produced by adding 1% glycerol remained the same as the initial (Fig. 1C). In addition, a better
preservation effect of the tomatoes packed with BC membrane was produced by adding glycerol,
compared with those packaged with the control group (BC produced from the HS medium). When
packaged with BC membrane produced by adding 1% glycerol, the weight loss of tomatoes and the total
plate count were the least, and tomatoes maintained a better appearance.

A Glycerol
100

C.

Without Control 1% 2% 4%
e &0 ®e
ceoe@0eee
e O e ® e
0= v o X = = 7 TR B ‘ ® o .

Time (day) Time (day)

- Without packing
0%

nt (\104CKU/mL) &

Weight loss (%)
&

Total plate cou

Fig. 1. The weight loss (A), total plate count (B), and appearance (C) of non-cracked tomatoes preserved
for 28 days using packing by BC produced with 0 (control), 1, 2, 3, and 4% glycerol addition in HS
medium, and compared to non-cracked tomatoes with no packaging at room temperature.

3.3. The preservation effects of BC on cracked tomatoes

When cracked tomatoes were packaged in BC, the tomato weight loss and the total plate count on the
tomato peel were less, compared with without packaging (Fig. 2A and Fig. 2B). Tomatoes without
packing started to shrink significantly from the 14 days, while packaged with BC membrane produced
by adding 1% glycerol remained similar to the initial (Fig. 2C). In addition, a better preservation effect
of the cracked tomatoes packed with BC membrane was produced by adding glycerol, compared with
those packaged with the control group (BC produced from the HS medium), especially the differences
in appearance of tomatoes. When packaged with BC membrane produced by adding 1% glycerol, the
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weight loss of cracked-tomatoes and the total plate count were the least, and tomatoes maintained a
better appearance.

Glycerol

A C. Withow Conwol 1%
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count (x104CFU

Total plate
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0 7 14 21 28 ' 0 7 14 21
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Fig. 2. The weight loss (A), total plate count (B), and appearance (C) of cracked tomatoes preserved for
28 days using packing by BC produced with 0 (control), 1, 2, 3, and 4% glycerol addition in HS medium,
and compared to non-cracked tomatoes with no packaging at room temperature.

4. Conclusion

Both non-cracked and cracked tomatoes packaged in BC film can achieve benefits in reducing tomato
weight loss, and decreasing the total plate count. As the thickness of the prepared BC wet film increases,
dry BC film packaging performs better in terms of tomato weight loss, and total plate count as freshness
indicators. Furthermore, BC is biodegradable and non-toxic, making it environmentally friendly and
conducive to sustainable development when applied in food packaging materials. Due to the lower
extensibility and transparency of dry BC film, future research can explore ways to enhance BC film
extensibility and transparency to improve its convenience in food packaging.
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Abstract

Inflammatory bowel disease (IBD) is a severe chronic inflammatory disorder of the digestive tract that
negatively affects quality of life and requires long-term dependence on effective medications. Thus, in order to
facilitate the treatment of this pathology and improve the quality of life of patients, we seek to develop new
systems capable of stabilizing the function of the intestinal mucosal barrier. Furthermore, mucoadhesive dosage
forms have received substantial attention, as well, as new delivery systems to improve drug bioavailability by
prolonging residence time and achieving sustained drug release profiles.

Ectoine molecule becomes of great interest for the treatment of IBD due to its characteristic anti-inflammatory
properties. For this reason, a system for encapsulating ectoine in liposomes is proposed. With the purpose of
increasing the effectiveness of ectoine in IBD and avoiding possible adverse effects, an ectoine encapsulation
system based on liposomes has been designed. In addition, mucoadhesive characteristics are also provided to
this system through a coating with chitosan to prolong the local residence time of ectoine and to obtain a
sustained release profile, in addition to the antifungal, antimicrobial and immunogenic properties of chitosan,
among others.

Once the optimized formulation is obtained, the following characteristics are achieved: an encapsulation
efficiency and drug load close to 50%, a particle size of 200 nm for uncoated liposomes and close to 400 nm of
coated ones. The coated samples show an ectoine sustained release profile for 7h and a Z potential of 40.3 mV,
which indicates that they are nanoparticles with good stability.

Keywords: ectoine, encapsulation, liposomes, mucoadhesive, coating, chitosan.
1. Introduction

Cases of inflammatory bowel disease (IBD) are becoming more and more common, including Crohn's disease
and ulcerative colitis. These are serious chronic inflammatory disorders of the gastrointestinal tract that
negatively affect quality of life and require extensive long-term dependence on effective medications, such as
mesalazine and other 5-aminosalicylic acids. In this regard, its derivatives are currently considered drugs of
choice, while corticosteroids and immunosuppressants are used in more severe cases of IBD [1]. Although these
medications are effective, the risk of adverse effects is high, especially considering the chronic and recurring
nature of this disease. Furthermore, despite not having a clear pathophysiology, imbalance in the intestinal
bacterial ecosystem, impaired intestinal barrier function, and immunological mechanisms play an important
role in the development of IBD. For all these reasons, there is a need to develop compounds capable of
stabilizing the functioning of the intestinal mucosal barrier, especially to prevent the reappearance of new
outbreaks through new, safer therapies. In this regard, the special properties of ectoine for the treatment of IBD
make it a compound of great interest in this area [2],[3].

However, despite its suitability in this application, ectoine is considered a small active ingredient, since it is
below 500 daltons, and very hydrophilic. This type of compounds are affected by rapid elimination and
suboptimal biodistribution. Furthermore, the in vivo efficacy of high polarity molecules, such as this one, may
be limited due to their low intracellular absorption. According to this, the encapsulation of drugs in colloidal
administration carrier systems represents an improvement in the pharmacokinetics of hydrophilic molecules
such as ectoine [4]. These carriers cover a wide range of dispersion systems, such as polymeric nanoparticles,
micelles or liposomes, with the aim of protecting the drug against degradation, obtaining a sustained release
profile, facilitating the targeted and selective transport of said drug, reducing the side effects and increasing its
efficiency since lower doses can be administered [5]. Moreover, mucoadhesive formulations are greatly valued
as they can further increase the absorption and bioavailability of the drug.
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For this reason, given that ectoine seems to be a promising asset in the treatment of inflammatory bowel disease
and that the encapsulation of similar active ingredients in liposomes is effective [6], a system for encapsulating
ectoine in liposomes is proposed. In addition, the development of mucoadhesive liposomes thanks to a chitosan
coating may become a novel system since no references of ectoine encapsulation in chitosan coated liposomes
have been found for this specific therapeutic application.

2. Experimental part
2.1. Synthesis of liposomes

The polyol method was used to synthesize the liposomes. This method is commonly used because the addition
of polyols improves the stability of the dispersion and the phase homogeneity of the bilayer, which is necessary
to prevent the drug from diffusing to the outside and to control the sustained release of the active ingredient,
thus improving the encapsulation efficiency of the active ingredient [7]. This method involves the preparation
of liposomes by premixing a binary lipid/polyol combination, in which the lipid is dissolved or swollen in the
polyol, followed by a hydration process.

2.2. Coating of liposomes

For the preparation of chitosan-coated ectoine-loaded liposomes, chitosan is dissolved (at desired
concentrations) in a 1% acetic acid solution. Next, the chitosan solution is added slowly to the liposome solution
under magnetic stirring. The mixture must be kept under stirring for 1h. After this time, the samples should be
kept overnight in the refrigerator to stabilize.

3. Results and discussion
3.1. Liposomes and coated liposomes

The table 1 shows the particle size distribution, polydispersity index (PDI) and zeta potential (ZPot) measured
by dynamic light scattering, of a blank sample of empty uncoated liposomes, of ectoine loaded uncoated
liposomes (with different ratios to lipid phase), and of ectoine loaded chitosan coated liposomes (with 100%
ratio of ectoine load to lipid phase and different percentages of chitosan on the coating). Encapsulation
efficiency (EE) and drug load (DL) are also calculated.

Table 1: Summary of characteristic properties of blank and ectoine loaded liposomes

sample Size (nm) | PDI ZPot (meV) | EE (%) | DL (%0)
blank 197 0.2 -43 - -
Ectoine 12.5% loaded uncoated 195 0.2 -44 45 6
Ectoine 25% loaded uncoated 187 0.2 -48 46 11
Ectoine 50% loaded uncoated 197 0.2 -47 43 21
Ectoine 75% loaded uncoated 206 0.2 -41 51 38
Ectoine 100% loaded uncoated 189 0.2 -44 49 49
Ectoine 100% loaded coated 0.5% 373 0.4 21 49 49
Ectoine 100% loaded coated 1% 394 0.45 38 51 51

The increase of ectoine content does not greatly affect the values of size, PDI or ZPot, compared to blank
samples. It does not affect the values of EE, but the DL lineally increases with the ectoine load. This fact
indicates that the best formulation is the one with the higher ectoine load, and that is the one selected to develop
the chitosan coated samples. These samples show an increase in particle size and PDI, as well as an increase of
Zpot to positive values as the amount of chitosan increases. The positive values of ZPot in samples with
chitosan content 0.5 and 1% indicate a good coating, and potential good mucoadhesivity.

3.2. Controlled release studies

The ectoine release assay from the liposomes (both coated and uncoated liposomes) is carried out in SIF
(simulated intestinal fluid) as release medium. The experiments are carried out by placing the ectoine loaded
liposomes inside dialysis membranes and they are placed in the SIF medium under sink conditions, with
magnetic stirring, at 37°C, for 48 hours. Aliquots are taken at determined sampling times to measure the ectoine
concentration by liquid chromatography (HPLC).
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Fig. 1: Controlled release profiles of ectoine from liposomes with a 100% ectoine load with respect to the lipid phase
(w/w), uncoated (orange) and coated with 0.5% (blue) and 1% (green) chitosan.

The results showed in the graph, indicate that in the case of uncoated liposomes, the maximum percentage of
ectoine released is reached after 2 hours of testing, while in the case of coated liposomes, this maximum is
reached between 4 and 7 hours of testing. Therefore, it is corroborated that chitosan coating delays the release
of ectoine from the liposomes and that a more sustained release profile is obtained than in the case of uncoated
liposomes. It is also observed that the higher the concentration of chitosan in the coatings, the more delayed
and sustained is the release.

4. Conclusion

In this document it is evaluated the possibility of using chitosan coated liposomes loaded with ectoine, to be
used for the treatment of IBD. The polyol synthesis method seems to be a robust, potentially scalable method
to produce liposomes and the following chitosan coating of the obtained liposomes, can perform two functions:
to get a better controlled release profile of the active ectoine molecule, and to provide mucoadhesive properties
to the intestinal tissues. This will potentially increase the bioavailability of the drug and the effectiveness of the
therapeutic treatment.
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Abstract

Cardiovascular diseases pose a global health challenge, emphasizing the need for innovative solutions to address
compromised blood vessels. This study investigates small caliber tubular scaffolds with bicomponent polylactic
acid (PLA) and polycaprolactone (PCL) fibers, focusing on compliance and burst pressure. Coaxial electrospinning
is employed to create core-shell fibers, combining the biocompatibility and strength of PLA with the flexibility and
long biodegradation rates of PCL. The research aims to assess the suitability of these scaffolds for vascular
applications, providing insights into their mechanical behaviors and contributing to the refinement of graft designs.
This study contributes to advancing the understanding of vascular graft mechanics, potentially enhancing the
success rates of cardiovascular interventions.

Keywords: vascular graft, coaxial electrospinning, bicomponent fiber, burst pressure, compliance
1. Introduction

Cardiovascular diseases remain a significant global health challenge, highlighting the imperative for innovative
solutions to address compromised blood vessels [1]. While autologous vessels, notably the saphenous vein, have
long been considered the optimal choice for bypass and revascularization procedures, challenges such as underlying
diseases, trauma, anatomical anomalies, size disparities, or previous harvesting hinder their widespread application
[2]. This has underscored the increasing importance of artificial vascular transplantation. Modern tissue engineering
advancements enable the development of vascular scaffolds to address this need. Vascular grafts are emerging as a
promising alternative for replacing damaged vessels due to their minimal infection risk, ease of production, and
customizable dimensions and morphology [3]. Optimizing the mechanical properties of vascular grafts is paramount
for achieving successful clinical outcomes, improving patient quality of life, and overcoming challenges associated
with vascular diseases and bypass procedures [4]. The mechanical properties of vascular grafts, including
compliance, burst pressure, and overall structural integrity, are crucial determinants of their functionality and long-
term success in-vivo. Compliance, defined as the ability of a graft to expand and contract in response to changes in
blood pressure, is essential for maintaining physiological hemodynamics and preventing complications such as
thrombosis and anastomotic failure. Burst pressure, another critical parameter, reflects the graft's resistance to
rupture under pressure, directly influencing its safety and durability in high-pressure arterial environments [1].

Advances in biomaterial selection and scaffold design contribute significantly to the development of vascular grafts
with tailored mechanical characteristics, bringing us closer to realizing highly effective and durable vascular
replacements [5]. Polylactic acid (PLA) and polycaprolactone (PCL) are noteworthy materials in this context, with
PLA offering biocompatibility, biodegradability, and mechanical strength, while PCL contributes prolonged
degradation, flexibility, and ductility. The electrospinning method, with its ability to precisely control fiber diameter
and alignment, is instrumental in mimicking the intricate architecture of the native extracellular matrix [6]. One
notable technique is coaxial electrospinning, which allows for the precise fabrication of bicomponent fibers,
enabling us to harness the advantages of both polymers synergistically. Coaxial electrospinning involves the
simultaneous extrusion of two different polymers through separate concentric nozzles, resulting in fibers with a
core-shell structure. The core-shell structure of bicomponent fibers allows for the integration of desirable properties
from each polymer, addressing limitations associated with single-component materials [7].

In this study, the mechanical behaviors of small caliber tubular scaffolds with bicomponent PLA and PCL fibers
are investigated. The investigation delves into the influence of polymer type in the core and shell components of
these bicomponent fibers. The goal is to comprehensively assess the suitability of these scaffolds for vascular
applications, considering not only their structural integrity but also their ability to mimic the mechanical properties
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essential for optimal blood flow regulation. The outcomes of this research hold promise for advancing the
understanding of vascular graft mechanics, contributing to the refinement of graft designs, and ultimately enhancing
the success rates of cardiovascular interventions.

2. Materials and Methods
2.1. Materials

The neat and the blended state of PCL (with a molecular weight of 80,000) and PLA (with a molecular weight of
230,000) are dissolved in a solvent mixture consisting of chloroform, acetic acid, and ethanol, with an 8:1:1 weight
ratio, resulting in a concentration of 8% w/w. All the polymers and chemicals used in this process are procured
from Sigma Aldrich. The blending ratio selected for the PCL/PLA solution is set at 50/50.

2.2. Methods
Coaxial electrospinning of tubular scaffolds

To produce fibrous vascular prostheses with 6 mm diameters through coaxial electrospinning, neat PCL and PLA
solutions are employed individually in either the core or shell section (designated as PCL_PLA and PLA_PCL).
Additionally, the PCL/PLA blend is exclusively utilized in the core region of bicomponent fibers (referred to as
PCLPLA_PCL and PCLPLA_PLA). The coaxial needle comprises inner and outer needles with respective inner
diameters of 0.6 and 0.8 mm. A rotational speed of 200 rpm is set for the collector to ensure the creation of randomly
distributed bicomponent fibers. Both the core and shell solutions are dispensed at a rate of 1+0.1 mL/h and exposed
to a voltage of 9£0.5 kV for 40 minutes to generate scaffolds with adequate wall thickness for subsequent
mechanical assessments. The fabrication process is conducted at a temperature of 25+2°C with a relative humidity
of 70£5%.

Wall thickness

The Standard Gage Electronic External Micrometer (Hexagon Metrology, Turkey) is used to gauge the wall
thickness of tubular grafts.

Burst pressure and compliance

In collaboration with Inovenso (Turkey), a testing apparatus adhering to 1ISO 7198:2016 standard is designed to
measure burst pressure and compliance in this study. Tubular samples, cut into 4 cm segments, undergo burst
pressure testing by threading a highly elastic balloon through them. Burst pressure is recorded as the sample expands
under pressure, with the test repeated three times for each graft to ensure reliability. For compliance testing, pulsatile
intraluminal pressure within the 80-120 mmHg range is generated using a syringe pump. A camera system captures
images of the samples at different pressure levels, and automatic diameter measurements are obtained. Compliance
values calculated using Equation (1) to assess diameter changes for a 100 mmHg increment, are derived from three
repetitions per vascular graft, ensuring robust results.
Rpy~Rpy
%compliance = p:f;l x 10* (€D
Here, Rp. represents the pressurized radius at diastolic pressure in millimeters, Rp: corresponds to the pressurized

radius at systolic pressure in millimeters, p1 denotes diastolic pressure in mmHg, and p2 signifies systolic pressure
in mmHg.

3. Results
3.1. Wall thickness

The scaffolds exhibit adequate wall thickness values suitable for mechanical testing and can serve as layers in
multilayer graft designs, mimicking the tunica intima. The tubular scaffolds possess a wall thickness of 110.58+8.18
pm, consistent with existing literature [8]. However, if required, the wall thickness can be customized by altering
the production time.

3.2. Burst pressure and compliance
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Table 1 illustrates that samples incorporating PLA in the core segment (PLA_PCL and PCLPLA_PCL) exhibit
higher burst strength values compared to those with PCL in the core region (PCL_PLA and PCLPLA_PLA). While
the burst pressure of the samples with a core part of PCLPLA blend is 840 mmHg for the shell part of PLA, this
value is 629 mmHg for the shell part of PCL. Increasing the PLA proportion throughout the scaffold leads to a
noticeable rise in burst strength, coming cross to the optimal requirements for vascular grafts outlined by Johnson
etal. in 2019, which recommend a burst strength exceeding 1000 mmHg [9]. The burst pressure that develops due
to the core part is related to the high mechanical strength of PLA [1]. Furthermore, the incorporation of PCLPLA
blends in the core region enhances the burst strength of the scaffolds when compared to their neat PLA-core
counterparts. For instance, PLA_PCL demonstrates a burst strength of 846 mmHg, while PCLPLA_PCL shows a
value of 918 mmHg.

Table 1. Burst pressure and compliance values of the tubular scaffolds

Sample Burst Pressure Compliance
(mmHg) (%/100mmHg)

PCL_PLA 629.33 +£ 36.33 2.67£0.17

PLA_PCL 846.66 + 68.85 2.01+0.34

PCLPLA_PLA 840.00 £ 53.78 2.55+0.77

PCLPLA_PCL 918.66 + 86.77 1.49 +0.46

Native arteries display substantial elasticity at lower pressure levels, but this elasticity decreases with increasing
pressure [10]. As compliance and burst strength have an inverse relationship, an effective graft design requires
adequate flexibility to mimic the mechanical response of native arteries under pulsatile blood pressure while
simultaneously withstanding hemodynamic forces [11]. Hence, it is noticed that fibers with a PCL core result in
more compliant tubular scaffolds while PLA addition in the core enhances the burst pressure. Additionally, the use
of the PCLPLA blend in the core region develops the compliance of vascular grafts compared neat PLA core. On
the other hand, PCL_PLA has the highest compliance with 2.67%/100 mmHg due to the flexible PCL in the inner
part. Compliance values are achieved in the range of 1.49-2.67%/100 mmHg and are considered promising for
human saphenous vein compliance criteria [12]. Matching compliance minimizes flow disruptions, reducing
recirculation, flow separation, and low wall shear stress. This stress triggers vasoactive substances, gene activation,
protein expression, and rearrangement, promoting intimal hyperplasia. Therefore, aligning synthetic graft
compliance with native arteries improves long-term success by averting flow disruptions and intimal hyperplasia
stimuli [13].

4, Conclusion

In conclusion, scaffold compositions incorporating PLA in the core segment demonstrate superior burst strength
for vascular grafts, notably surpassing those with PCL cores. The PCLPLA blend, particularly in PCLPLA_PCL,
exhibits impressive burst pressures exceeding 918 mmHg, aligning with optimal requirements. Scaffold
compliance, enhanced by PCL cores, ranges from 1.49% to 2.67%/100 mmHg, meeting human saphenous vein
criteria. Matching synthetic graft compliance with native arteries improves long-term success, reducing flow
disruptions and intimal hyperplasia stimuli. These findings offer insight into scaffold design for effective vascular
tissue engineering applications.
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