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INTRODUCTION
o Polymer-polymer miscibility: the ability of two polymers to mix in all proportions forming a homogenous
phase (1). Knowledge of miscibility is important for tissue engineering applications – particularly in the
generation of hybrid 3D printed polymeric scaffolds.
o Immiscibility can result in a polymer composition being very brittle, reducing the printability of a polymeric
scaffold and influencing the composition’s ability to promote cell growth in a scaffold (2).
o Hybrid scaffolds containing multiple polymers which can be advantageous. For example, chitosan/polylactic
acid (PLA) hybrid scaffolds have previously shown improved stiffness which is favourable for cartilage tissue
engineering (3).

AIM
This study aimed to identify miscible polymer combinations using theoretical and experimental approaches to
inform polymer selection for scaffold development, and to identify the polymer combinations which gave optimal
cell viability for future use in the generation of polymeric hybrid scaffolds.
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Figure 2. ATR-FTIR Spectra of Polylactic acid (PLA) and Polyvinylpyrrolidone (PVP) combinations. ATR-FTIR
spectra of PLA and PVP in 50/50 (%w/w), 70/30 (%w/w), and 100/0 (%w/w) ratios. The y-axis is the % transmittance
(%T), whilst the x-axis is the wavelength (cm-1).
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ATR-FTIR was used to check for
hydrogen bonding in samples
(Fig.2). There was no evidence
of hydrogen bonding in samples.
Disappearance of the OH
stretching peak (3500 cm-1) in
PLA70PVP was due to the lower
PVP content (6).
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Table II. Theoretical Miscible/Immiscible Polymer
Combinations. Miscibility was determined using the
Hoftyzer-Van Krevelen method and Hoy method.
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Figure 1. DSC thermogram of Polylactic acid (PLA) and Polyvinylpyrrolidone (PVP) combinations. This
figure shows the DSC thermogram of PLA and PVP in 50/50 (%w/w), 70/30 (%w/w), and 100/0 (%w/w).
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Table I. Solubility parameters (δ) of PLA, PVA, and
PVP. Solubility parameters, with units MPa1/2, were
determined using the Hoftyzer-Van Krevelen method
and Hoy method.

Polymer

An evaluation of experimental
polymer-polymer miscibility in
correlation
with
theoretical
polymer-polymer miscibility was
conducted by DSC (Fig. 1) and
ATR-FTIR (Fig. 2). Miscible
polymer combinations gave
single glass transition (Tg)
values, e.g., the PLA70PVP
combination gave a single Tg of
54.1°C(Fig.1) (5). Immiscible
combinations gave multiple Tg’s
(5).

Cell Viability
Caco-2 cell viability (Fig. 3) of the miscible polymer
combination – PLA70PVP; identified via theoretical
and experimental methods was determined. Cell
viability in PLA and PVP treated cells was also studied.
Cell viabilities in caco-2 cells treated with PLA,
PLA70PVP, and ethyl acetate were statistically
significantly different compared to the control (* p ≤
0.05). PVP produced the highest viability. The
influence of ethyl acetate on cell viability was assessed
because ethyl acetate was used to prepare PLA
samples. Presence of Ethyl acetate resulted in poor
cell viability.

Cell Viability (%)

Theoretical Polymer-Polymer
Miscibility
Solubility parameters of each
polymer were calculated (Table I)
and their differences determined to
identify
miscible
combinations
(Table II). Combinations with a
difference in solubility parameter
( ∆" ) of less than 10MPa1/2 are
considered miscible (4).

Figure 3. Caco-2 Cell Viability at 5mg/mL. Viability of PLA, PVP, Ethyl acetate, and
PLA70PVP in a 70/30 (%w/w) polymer combination. All data are represented as the
mean ± SD (n = 3). * p ≤ 0.05 comparing with a 0mg/mL control.

CONCLUSIONS
Theoretical polymer miscibility calculations revealed all combinations to be immiscible, expect PLA with PVP.
Heat flux DSC investigations experimentally confirmed the theoretically determined polymer miscibility results.
ATR-FTIR results showed no evidence for hydrogen bonding between polymers.
Cell viability of caco-2 cells treated with polymer combinations were statistically significantly different compared to the control,
indicating poor viability in PLA and PLA70PVP treated cells. However, PVP treated cells showed good cell viability.
o These results are representative results from a larger data set. The top performing polymer combinations will be used in future work
to develop novel polymeric filaments to create 3D printed hybrid scaffolds for tissue engineering.
o
o
o
o
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