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Abstract. Tissue-engineered vascular grafts are increasing in popularity in the treatment of cardiovascular disease.
However, poor mechanical strength, brittle texture and other defects restrict their extensive application. In the present
work, oligopeptide hybrid films were prepared by L-tyrosine-derivative oligopeptide (TEA), polyethylene glycol (PEG)
and polyvinyl alcohol (PVA). The films were prepared with different PEG molecular weights and TEA contents. The
chemical structures were characterized using Fourier-transform infrared spectroscopy, while the micromorphology and
self-assembly behaviour were examined using scanning electron microscopy and differential scanning calorimetry. The
mechanical properties of the films were investigated, and the cellular behaviour was observed using polarized optical
microscopy. The experimental results indicated that the degree of microphase separation depended on the molecular
weight of the PEG and TEA content. The biocompatibility of the films improved as the TEA content increased. The liquid
crystalline properties of the TEA affected the cell orientation. The films are expected to be incorporated into applications
in the vascular tissue engineering field.
Keywords.

1.

Oligopeptide; microphase separation; self-assembly; liquid crystalline.

Introduction

Cardiovascular disease remains as one of the leading causes
of death in the world [1–3]. Medication and surgical therapies
have been widely used for such diseases. However, medical
treatment is restricted due to side effects on the patients,
which can include organ necrosis and tissue loss [4–8]. Surgical treatment is an effective approach for treating cardiovascular diseases. Vascular grafts are used to replace or repair
diseased blood vessels. Autologous or artificial blood vessels
are used to establish new vascular bypasses that can improve
the blood supply and the patient’s quality of life [9,10].
Autologous veins are considered to be the superior grafts for
the reconstruction of small peripheral arteries. The saphenous
vein is the most commonly used autograft, but internal
mammary and radial arteries are also used in some cases [11].
Autograft veins and arteries are the preferred vascular substitute for coronary artery bypass grafting (CABG) surgery
[12], but they are generally inadequate or unsuitable for
approximately one-third of patients [13]. The use of autografts is also limited due to the lack of tissue donors [14,15].

Therefore, artificial blood vessels are needed. Presently,
vascular replacements work well for large-diameter ([6 mm
internal diameter) vascular grafts [16], but they do not yield
ideal clinical results for small-diameter (\6 mm internal
diameter) coronary artery grafts [17]. Thus, the use of smalldiameter vascular scaffolds in the tissue engineering field and
clinical applications still faces challenges [18]. Biocompatibility, stability, suitable mechanical properties, anti-thrombus properties and ease of preparation are desirable properties
for an ideal vascular graft [19]. Natural biomaterials have
some excellent properties, such as being non-toxic, non-inflammatory and natural biocompatibility [20]. However, poor
mechanical strength, brittle texture, ease of degradation and
other defects restrict their extensive application.
Tissue engineering is an effective approach for studying
new vascular grafts. In this approach, cells are seeded in
scaffolds fabricated from biodegradable polymers [17–21].
Many materials have been explored for use in vascular graft
fabrication, including ePTFE/DacronTM grafts, acellular or
cellularized constructs and tissue replacements that mimic
native vessels [1]. Protein polymers can be produced with
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enhanced biological, thermodynamic and mechanical
properties [2]. These polymers that can be fabricated as
films or other geometrical constructs, have robust
mechanical properties, a high degree of resilience, minimal
thrombogenicity and long-term stability in vivo [3]. L-tyrosine-derivative oligopeptide (TEA) is a good candidate
for a tissue-engineered scaffold (figure 1A) as it displays
good biocompatibility properties. The TEA self-assembly is
driven by intermolecular forces [22,23]. However, the
structurally symmetric and rigid side chains of the TEA can
lead to poor hydrophilicity, which is needed to achieve cell
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adhesion and proliferation in vascular grafts [24]. Polyethylene glycol (PEG) is a widely used biocompatible
polymer and can enhance the hydrophilicity of TEA, as the
supramolecular assembly of molecules are held together by
intermolecular hydrogen bonding. PEG also possesses
excellent physicochemical properties, as it is non-toxic,
non-antigenic, non-immunogenic and non-exclusive. It can
increase the solubility of the carrier [25,26]. Polyvinyl
alcohol (PVA) is also used in tissue engineering to improve
the film formation of the blended system [27].
In the present study, oligopeptide hybrid films were
prepared by solution blending. The molecular weight (Mw)
of the PEG and the TEA content were adjusted to control
film properties, including the sizes of self-assembled
aggregates, hydrophilicity, mechanical properties, phase
behaviour and biocompatibility. The liquid crystalline
properties of TEA (figure 1B) were used to control the cell
orientations.

2.
2.1

Figure 1. (A) Structural formula of TEA. (B) (a) The molecular
chains of PEG400 and TEA were self-assembled into nanometresized aggregates and dispersed uniformly inside the continuous
phase (PVA network); (b) The longer chains of PEG2000 and TEA
were self-assembled into PEG/TEA microdomains with increasing
diameter, which were dispersed uniformly inside the continuous
phase (PVA); (c) The PEG/TEA self-assembled microdomains
continued to swell into leaf vein fibre bundles and migrated from
the PVA matrix; (d) The molecular chains of PEG6000 tended to
entangle with the PVA segment rather than interact with the TEA.
The PEG/TEA self-assembled microdomains tended to disintegrate. The TEA self-assembled by hydrogen bonding and aryl
stacking to form aggregates which scattered at the two-phase
interface.
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Materials and methods
Preparation of oligopeptide hybrid membranes

First, 1 9 10-4 mol of analytically pure polyvinyl alcohol
(PVA) (Meryer Chemical Technology Co. Ltd. Shanghai,
China) was dissolved in a three-necked flask with 60 ml of
deionized water at 85°C. Varying PEG Mws (400, 2000,
4000 and 6000) were added, while stirring equimolar TEA
and PVA. The reaction continued for 20 min at 100°C.
Next, the polymer solution was poured into Petri dishes to
thermally crosslink for 10 min at 110°C in a vacuum oven.
Finally, the polymer solution was dried under a vacuum at
50°C for at least 12 h to form films. Thus, films with different Mws of PEG were obtained, and they were named
PVA-T-PEG400, PVA-T-PEG2000, PVA-T-PEG4000 and
PVA-T-PEG6000, corresponding to PEG Mws of 400, 2000,
4000 and 6000, respectively.
Films with different TEA contents were prepared by a
method similar to that described above. First, 1 9 10-4 mol of
PVA was dissolved in a three-necked flask with 60 ml of
deionized water at 85°C, and subsequently, PEG4000 and
TEA with molar ratios (PEG4000:TEA) of 1:0.5, 1:1, 1:1.5 or
1:2, were added into the above solution, while stirring. The
mixture was left to react at 100°C for 20 min. Next, films with
different TEA contents were obtained following the same
method as that used to prepare films with different PEG Mws.
The films with different TEA contents were named 1:0.5, 1:1,
1:1.5 and 1:2.

2.2

Characterization of films

2.2a Contact angle analysis: In the present study, the sessile
droplet method was used. The water contact angles (CA)
were estimated by placing a 10-ll water droplet on the
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samples using a micro-syringe. These samples were measured using a contact angle measurement apparatus
(JC2000C1, Shanghai Zhongchen Digital Technic apparatus
Co. Ltd, Shanghai, China) at room temperature (25°C) and
at relative humidity (55%). Each sample took 5–10 s to
complete the process.
2.2b Film morphologies: Before the SEM analysis, the
samples were coated with gold using a gold sputter coating
machine (EM ACE200 Germany). The transparency of the
films were quantified by a haze meter (Hangzhou CHNSpec
Technology Co.). The morphologies of the films were then
examined by SEM (SEM, JSM-7500Fl JEOL, Japan). The
high voltage (HV) of the SEM was set at 15 kV, the detector
was Everhart–Thornley Detector (ETD) and the spot size
was 4.0.
2.2c FTIR spectroscopy characterization: FTIR spectra of
the films were recorded at room temperature on a FTIR
spectrometer (Nicolet Is50, Thermo Fisher corporation,
USA). The films were scanned in the range of 4000–
600 cm-1.
2.2d Mechanical properties of films: Tensile testing of the
films was performed by applying a stretching rate of 20
mm min-1 using a universal testing machine (UTM2203,
Jinankesheng, China). The films were cut to a rectangle
shape of 5 9 3 cm2.
2.2e Thermal analysis: Differential scanning calorimetry
(DSC) was conducted on a thermal analyser system
((NETZSCH STA 449 F3 STA 449 F3, NETZSCH Corporation, Germany) to obtain the enthalpy changes and
melting temperatures of the films. The samples were heated
from 40 to 600°C using N2 with a flow rate of 80 ml min-1
and a heating rate of 10°C min-1. This thermal analyser was
also used to measure the thermal stabilities of the samples.
The samples were heated from 40 to 600°C and dried using
N2 (60 ml min-1) at a heating rate of 10°C min-1 [28].
2.2f Liquid crystal texture of films: Polarizing optical
microscopy (POM) was used to characterize the
microstructures of the samples at 5009 and 2009 magnifications operated in brightfield and polarized light modes.
Each sample was placed on a microscope slide, covered
with a cover slip, and the temperature was raised from room
temperature to 160°C at a rate of 10°C min-1. The sample
was observed with the POM (XTL-3230) connected to a
TEELEN EC300 digital camera.
2.2g Biocompatibility experiments: Endothelial cells (ECs)
(Type Culture Collection of the Chinese Academy of Sciences, Shanghai, China) were incubated in a RPMI-1640
medium supplemented with 10% foetal bovine serum (FBS)
(Gibco; Thermo Fisher Scientific, Inc.) and 100 U ml-1
penicillin–streptomycin at 37°C in a humidified atmosphere
of 5% CO2. The culture medium was updated once per day.
The samples were sterilized for 2 h with UV light. The cells
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were then seeded on the sterilized films and cultured at
37°C. The cells were inoculated on the surfaces of the films
and were cultured for 3 days under the standard conditions
mentioned above. The samples were then washed thrice
with PBS. Cell permeation was performed with 0.5% Triton
X-100, and the samples were blocked using 2% bovine
serum albumin (BSA) for 30 min at room temperature. Each
sample was stained with DAPI (Beijing Solarbio Science &
Technology Co. Ltd., China) and FITC-phalloidin reagents
(Shanghai Mao Kang Biotechnology Co. Ltd). Finally, they
were observed and recorded by inverted fluorescence
microscopy (Olympus Corporation, Tokyo, Japan).

3.

Results and discussion

3.1 Effect of self-assembly on morphologies of hybrid
films
PVA-T-PEG400 had a contact surface (figures 2 and 3a).
The molecular chains of PEG400 and TEA were equivalent
in length, and they self-assembled into smaller aggregates
by intermolecular hydrogen bonding. The nanometre-sized
aggregates were dispersed uniformly inside the continuous
phase (PVA network), and thus, no phase separation was
evident.
When the Mw of PEG increased to 2000, a porous
structure was observed on the surfaces of the samples
(figures 2 and 3b). This was due to the longer chains of
PEG2000 and TEA self-assembling into PEG?TEA
microdomains with increasing diameter, which were dispersed uniformly inside the continuous phase (PVA).
Hydrophilic PEG was an intermediate phase in the
microdomain.
One end of the PEG was connected to the TEA, and the
other end formed a local entanglement with the molecular
chains of PVA. As the Mw of PEG increased (figures 2, 3c–
d), the PEG chains tended to break off the constraints of
PVA, and the mobility of the PEG?TEA micro-regions was
enhanced and micro-phase separation occurred between the
self-assembled aggregates and the PVA matrix. The phase
separation resulted in a microporous structure.
When the Mw of PEG was increased to 4000, the tendency of the PEG molecular chains to break off the PVA
network is increased. The PEG?TEA self-assembled
microdomains continued to swell into leaf vein fibre bundles and migrated from the PVA matrix, resulting in the
formation of leaf vein fibres on the surface with porous
structures (figure 2c). When the Mw of PEG increased to
6000, the PEG chains tended to entangle with the PVA
segment rather than interact with the TEA (figure 2d). The
PEG?TEA self-assembled microdomains tended to disintegrate. The TEA self-assembled, driven by intermolecular
forces (hydrogen bonding and aryl stacking), to form onecomponent oligopeptide side-stacked aggregates [23,29],
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Figure 2. SEM images of (a) PVA-T-PEG400 (50009), (b) PVA-T-PEG2000 (50009), (c) PVA-T-PEG4000 (50009), (d) PVA-TPEG6000 (50009), (e) 1:0.5 (10009), (f) 1:1 (10009), (g) 1:1.5 (10009), and (h) 1:2 (10009).

self-assembled with the TEA, which led to the formation of
aggregates whose diameters increased with increasing PEG
Mw. Opaque clusters appeared on the surface of the PVA-TPEG6000 sample (figure 4a, far right). This was because the
PEG6000 was fixed in the PVA network, and the interaction
with TEA was weakened. TEA self-assembled, forming
clusters by p–p stacking in the PVA and PEG network to
produce phase separation [30,31]. As the TEA content
increased, the transparency of PVA-T-PEG4000 is
decreased (figure 4b). This was due to the increase in size of
the self-assembled aggregates.

3.2

Figure 3. SEM images of (a) PVA-T-PEG400; (b) PVA-TPEG2000; (c) PVA-T-PEG4000; and (d) PVA-T-PEG6000.

which scattered at the two-phase interface of the composite
matrix formed by the PEG and PVA.
As the TEA content increased, the surface phase separation of the samples became more evident (figure 2e–h).
This demonstrated that the sizes of the self-assembled
aggregates are increased as the TEA content increased.
Thus, the sizes of the self-assembled aggregates could be
controlled by changing the Mw of PEG or the TEA content.
Furthermore, the transparency of the films is decreased
as the Mw of PEG is increased (figure 4a). The transparency
of the films with Mw of PEG was quantified by haze meter
(Hangzhou CHNSpec Technology Co.) and the results
are recorded in table 1. This occurred because longer
PEG molecular chains entangled with the PVA and

Hydrophilicity analysis

The water contact angle gradually decreased with the
increase in the Mw of PEG (figure 5 and table 2). As
mentioned above, PEG with low Mw, self-assembled with
TEA by H-bond. The hydrophilic groups were occupied. As
Mw of PEG increased, the mechanism of supramolecular
interaction inside the samples is changed, and a part of
hydrophilic group was released. When Mw of PEG
increased up to 6000, most of PEG was entangled with
PVA, and so, the TEA molecularly self-assembled by p–p
stack and hydrophilic groups in TEA were released. As the
molar ratio of TEA increased in PVA-T-PEG4000, the
water contact angle also gradually decreased due to the
increase in hydrophilic groups.

3.3

Analysis of supramolecular interactions

The supramolecular interactions with different PEG Mws or
TEA contents were studied by FTIR and DSC. The broad
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Figure 4. Digital photographs of hybrid films, from left to right: (a) PVA-T-PEG400, PVA-T-PEG2000,
PVA-T-PEG4000, and PVA-T-PEG6000; (b) PEG4000:TEA ratios: 1:0.5, 1:1, 1:1.5, 1:2.
Table 1.

Transparency of the films with Mw of PEG.

Sample

Haze of sample (%)

Table 2. Contact angles of hybrid membranes with different
TEA contents.
Materials

PVA-T-PEG400
PVA-T-PEG2000
PVA-T-PEG4000
PVA-T-PEG6000
1:0.5
1:1
1:1.5
1:2

20.02
32.94
89.89
91.51
87.11
89.89
92.78
97.67

Figure 5. Contact angle of (a) PVA-T-PEG400, (b) PVA-TPEG2000, (c) PVA-T-PEG4000, and (d) PVA-T-PEG6000.

FTIR peak at *3300 cm-1 in figure 6a indicates that strong
H-bond interactions between the O–H (from PEG and PVA)
and N–H (from TEA) groups that were present. As the Mw
of the PEG increased, the peak is shifted to lower
wavenumbers, which indicated that the number of H-bond

T-PEG400
T-PEG2000
T-PEG4000
T-PEG6000
1:0.5
1:1
1:1.5
1:2

Contact angle
76
63
46
22
50
46
35
32

±
±
±
±
±
±
±
±

2.21°
1.33°
1.18°
1.43°
2.32°
1.96°
3.44°
1.79°

interactions were increased [27]. There was a slight shoulder peak in the FTIR spectrum of PVA-T-PEG4000, which
indicated that some of the TEA molecules self-assembled
through p–p interactions and tended to separate from the
matrix.
As shown in figure 6b, the broad absorption band at
*3200 cm-1 indicated that H-bond interactions became
weak and narrow as the content of TEA increased. The
results demonstrated that the H-bond interactions weakened
the supramolecular system. The size of the absorption band
assigned to skeleton vibrations of aromatic groups at
1600–1400 cm-1 increased as the content of TEA
increased. The p–p interactions between the TEA molecules
dominated the supramolecular system. This was consistent
with the SEM results.
As shown in scheme 1, the H from PEG hydroxy acts as a
donor, and O from TEA acts as an acceptor and thus formed
the intermolecular hydrogen bond. As shown in figure 6a,
the broad absorption band at about 3300 cm-1 was assigned
to OH which formed strong H-bond. The absorption peak of
amine from TEA about 3320 cm-1 was covered by the
broad band. As shown in figure 6b, as the content of TEA
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Figure 6. (a) FTIR spectra of samples: PVA, PVA-T-PEG400, PVA-T-PEG2000, PVA-T-PEG4000,
and PVA-T-PEG6000. (b) FTIR spectra of samples PEG4000:TEA ratios: 1:0.5, 1:1, 1:1.5, 1:2.
Table 3.
Scheme 1. Participation of donor and acceptor of hydrogen
bonding interactions involving specific functional groups.

increased, TEA molecule interacted themselves by aryl
stack instead of forming intermolecular H-bond with PEG
and as such, the absorption band became narrower.
DSC measurements were performed to further understand
the effect of TEA content and Mw of PEG on the
supramolecular interactions, as shown in figure 7a and
table 3. The Tm (melting temperature) value of T-PEG was
lower than that of pure PVA, which demonstrated that
supramolecular interaction facilitated the thermodynamics
compatibility of T-PEG400. T-PEG400 and T-PEG2000
formed similar microdomains, which interacted with PVA.
The local regularity of the PVA molecular chains was disturbed, such that Tm is decreased. As for T-PEG4000 and
T-PEG6000, as the molecular chain size of the PEG
increased, the interactions between the PEG and TEA is
decreased. The macrodomain tended to disassemble, as the
PEG preferred to entangle with the PVA, and some of the
TEA migrated from the PVA matrix. The local regularity of

DSC data of PVA–PEG–TEA.

Sample
T-PEG400
T-PEG2000
T-PEG4000
T-PEG6000
1:0.5
1:1
1:1.5
1:2

Tm (°C)

Tcl (°C)

Td (°C)

DH
(J g-1)

222.8
222.8
223.6
223.6
222.8
223.6
224.4
225.3

260.5
254.7
262.9
260.5
254.6
262.9
260.3
258.6

284.3
293.3
281.1
280.2
288.1
281.1
282.3
285.5

30.4
31.1
35.3
31.8
31.1
35.3
32.1
30.2

the PVA molecular chain recovered partially. Thus, the Tm
values of T-PEG4000 and T-PEG6000 were higher than
those of T-PEG400 and T-PEG2000. The results implied
that two different supramolecular interactions occurred.
Table 3 and figure 7b show the results for T-PEG4000
with varied TEA contents. As the content of TEA increased,
Tm also increased. This was due to TEA self-assembling
into fibres by p–p stacking. The fibres formed local interpenetrating polymer network (IPN) with PVA, which

Figure 7. (a) DSC curves of PEG with different molecular weights; and (b) DSC curves of PVA-TPEG4000 with different ratios of PEG4000:TEA.
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Figure 8. Stress–strain curve of samples: (a) PVA-T-PEG400, PVA-T-PEG2000, PVA-T-PEG4000,
PVA-T-PEG6000 and (b) PVA-T-PEG4000 (PEG4000:TEA = 1:0.5, 1:1, 1:1.5, 1:2).

caused Tm to increase. Moreover, as shown in table 3, the
melting enthalpy (DH) of samples increased with the
increase in Mw of PEG. The DH of samples with PEG4000
was higher due to the entanglement interaction between
PEG and PVA.
We can observe the clear point in all samples with TEA.
Clearing temperature (Tcl) varied with the supramolecular
interactions and TEA contents. Furthermore, thermal
decomposition temperature (Td) is increased because of
supramolecular interactions between PVA and TEA ?
PEG.

3.4

Figure 9. POM micrographs of PVA-T-PEG4000 at (a) 5 and
(b) 2 lm.

Mechanical properties

Figure 8a, b shows the stress–strain curves of the hybrid
films. The results demonstrated that the elastic moduli of
the hybrid films did not change significantly from that of
pure PVA. The yield strengths of all the hybrid samples
were higher than that of PVA.
The elongation at break value of T-PEG400 was significantly higher than those of the other samples and pure
PVA ([4.5%). Only T-PEG6000 exhibited significant strain
softening (figure 8a). These two results were due to two
different mechanisms of the supramolecular interactions.
The local entanglement of PEG and PVA dominated in the
T-PEG6000. Strain softening occurred because of disentanglement. However, PEG400 preferred to self-assemble
with the TEA, forming microdomains that distributed into
the PVA matrix. The sizes of the TEA?PEG microdomains
increased with the Mw of PEG, which impaired the plasticization of microdomain. Thus, the elongation at break of
the T-PEG decreased as the Mw of the PEG increased.
The elongation at break values of all the T-PEG4000
samples were proportional to the TEA content. The sample
with the lowest TEA (1:0.5) exhibited the minimum elongation at break, maximum yield strength and strain softening. The strain softening that occurred, revealed that the
PEG4000 and PVA formed a few entanglement points that
responded to stretch by disentanglement. The number of

Figure 10. SEM of ECs adhesion and diffusion on PVA-TPEG4000 (PEG4000:TEA = (a) 1:2; (b) 1:1.5; (c) 1:1; and
(d) 1:0.5).

entanglement points decreased as the TEA content
increased, therefore, the number of PEG interactions with
TEA increased.

3.5

Cell response to LC texture of hybrid films

3.5a LC texture of hybrid films: Figure 9 shows POM
images of the PVA-T-PEG4000 (PEG4000:TEA = 1:2). The

197

Page 8 of 10

Bull. Mater. Sci.

(2021) 44:197

Figure 13. Comparison of cell adhesion on the surface of the
material and liquid crystal structure.
Figure 11. Fluorescence map of ECs were cultured for 3 days on
PVA-T-PEG4000 (PEG4000:TEA = (a) 1:0.5 (4009), (b) 1:1
(4009), (c) 1:1.5 (4009), and (d) 1:2 (4009)).

PVA-T-PEG4000 was heated from room temperature at a
rate of 10°C min-1. The liquid crystal (LC) texture exhibited a radiating structure without any extra treatment [32].
As shown in figure 9, the samples displayed birefringence
phenomenon. The phenomenon of birefringence was obvious in high magnification (figure 9b) and was an important
criterion to show the existence of LC phase in the sample.
The radiating structure was the most common texture of
nematic LCs. Furthermore, we observed transformation
temperature from LC phase to isotropy liquid, the cleaning
point (Tcl), which demonstrated that these samples possess
LC property below Tcl.
3.5b Adhesion and proliferation of ECs: After cell seeding,
the cell activity was assessed based on their adhesion and
proliferation, as shown in figures 10 and 11. The EC
adhesion behaviours on the hybrid films were different from

homogeneous growth on a slide. The densities and morphologies of the ECs varied with the composition of the
hybrid film. This result indicated that there were induced
signals inside the hybrid film that affected the adhesion and
proliferation of the ECs. As shown in figure 10, the spread
area and density of the ECs increased significantly as the
TEA content increased. Endothelialization occurred on the
1:2 film (highest TEA content) and formed layers of ECs.
As shown in figures 11 and 12, the cell area and cell number
per unit area of the 1:2 film were higher than the other three
components. The results revealed that TEA promoted
adhesion and proliferation of the ECs.
3.5c Cells response to LC texture of hybrid film: As shown
in figure 13, the ECs preferred to grow in certain directions.
It can be observed that in figure 13a, single cell was prolonged along certain direction, which demonstrated that
there was an induced signal on the surface of film. As
shown in figure 13b, EC proliferation was like the LC
texture of the hybrid film. This result demonstrated that the
cell growth was induced by mesogenic units inside the

Figure 12. Semi-quantitative analysis of (a) cell number and (b) cell area of actin-stained ECs per square
millimetre. The data are expressed as mean values ± SD, n = 3 (*P \ 0.05).
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hybrid film. The density of cell adhesion was proportional
to the content of the mesogenic unit. Furthermore, the cell–
cell interactions depended on content of the mesogenic
units. This result showed that for hybrid films with higher
mesogenic units, there were more connections between
the cells. This was beneficial for cell survival and
endothelialization.
LC mesogenic unit (TEA) derived from amino acid,
possessed good biocompatibility which facilitated cells’
adhesion. Furthermore, amine of TEA contributed to the
induction of cell adhesion and proliferation [33], while LC
texture was the result of TEA arranged orientation. At the
same time, the surface with LC texture simulated natural
blood vessel wall, which possesses suitable microphase
separation. According to literature [34] and sub-section 3.5c
in this paper, we can conclude that the topological defects
and surface anchoring of LC resulted in certain textures of
mesogenic unit and suitable microphase separation which
influences cell adhesion and induce cell growth along certain direction [35].

4.

Conclusions

In this study, PEG/TEA/PVA hybrid films were successfully fabricated. The results revealed that the supramolecular interaction mechanism inside the hybrid films varied
with the Mw of PEG and the ratio of TEA. TEA and PEG
formed microdomains by H-bonds and aryl stacking, which
were distributed in the PVA matrix. As the Mw of PEG
increased, the PEG molecular chains were entangled with
the PVA rather than forming microdomains with the TEA.
The different supramolecular interactions resulted in different surface patterns and mechanical properties. Furthermore, we found that the cell behaviours on the hybrid film
were affected by the LC texture rather than surface pattern.
The adhesion, proliferation and endothelialization capabilities of the cells were proportional to the molar ratio of
mesogenic units. These results implied that the cell behaviour could be controlled by adjusting the molar ratio and
orientations of the mesogenic units. Thus, PVA-T-PEG
hybrid films are promising candidates for vascular tissue
engineering.
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