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Abstract—Cardiovascular disease (CVD) is a major health
issue over the worldwide. The application of tissue engineering
technology holds great promise for improving outcomes in
CVD patients. Currently, the use of synthetic vascular grafts
has several limitations, including thrombogenicity, increased
risk of infection, and lack of growth potential. Natural vascu-
lar grafts have many advantages including excellent degrada-
tion, biocompatibility, but low mechanical property. There-
fore, to form a biodegradable and antithrombotic vessel graft
as temporary substitute is a problem to overcome in recent
researches. The purpose of our study is using natural materials
to rapidly form an endothelialized vascular graft in vitro. We
utilized cellulose and gelatin to fabricate a composite scaffold.
In order to enhance the mechanical property and decrease the
degradation rate of scaffold, we added genipin to crosslink
cellulose and gelatin. We mixed the cellulose, gelatin, and
genipin solution, and injected solution into self-made mold to
form tubular hydrogel. At last, we could obtain the tubular
scaffold by freeze-drying. With regard to fabrication of vascu-
lar graft, the smooth muscle cells (SMCs) extracted from rab-
bit’s carotid arteries would be seeded into scaffold to secret the
collagen and elastic fiber, while adipose derived stem cell (AD-
SCs) would be seeded onto the lumen of scaffold as the source
of endothelial cells. The material property of scaffold were
analyzed by swelling test, biocompability, and FTIR. Moreo-
ver, we observe the SMCs distribution and extracellular ma-
trix (ECM) deposition of vascular graft by histology.
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1. INTRODUCTION

Natural vascular grafts have many advantages including
excellent degradation, biocompatibility, but low mechanical
property. Therefore, to form a biodegradable and anti-
thrombotic vessel graft as temporary substitute is a pro-
blem to overcome in recent researches. The purpose of our
study is using natural materials to rapidly form an endothe-
lialized vascular graft in vitro.

Cellulose can be considered for biomedical application
because of owning biocompatibility and available[1]. Gela-
tin was chosen in this study because it is a derivative of
collagen. Gelatin exhibit anti-antigenicity, high biodegrada-
ble rate, and high cell affinity properties[2]. In order to
afford cells enough time to proliferate within the scaffold in
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vivo, we have to reduce the degradable rate of the scaffold
through crosslinking. Genipin was used as an ideal cross-
linking agent, which has less cytotoxicity compared to tradi-
tional crosslinking agent[3]. The cellulose/ gelatin hydrogel
are nontoxic, inexpensive, and own high surface-to-volume
ratio of pores, which is good for cell to adhesion and prolif-
eration.

Studies have shown that smooth muscle cells (SMCs)
could secrete the type I collagen that mimicking the extra-
cellular matrix. Rabbit SMCs are seeded by perfusion of a
cell suspension from the lumen (inner diameter 2 mm)
through the wall of a tubular scaffold.

For endothelialization, it’s reported the ability of adi-
pose-derived stem cells(ADSCs) to differentiate into cells
functional features of endothelial cells when treated with the
shear stress[4]. Mechanical stimulation of ADSCs seeded in
vascular tissue engineering scaffolds promotes the endothe-
lial layer formation. Moreover, various growth factors were
used to promote biomaterial endothelialization.

In our study, cellulose and gelatin were fabricated as a
tubular scaffold, and seeded with SMCs to mimic the natu-
ral vessel environment.

II.MATERIALS AND METHODS

Type B gelatin (pharmaceutical grade, pH 5.64, pl 4.9)
were used. Cellulose(Degree of polymerization < 350,
Particle Size: < 1% +60 mesh, Alfa Aesar). Genipin (Mo-
lecular Weight 226.23, >98% (HPLC), powder, Sigma)
All other chemicals used in this work are of analytical
grade.

Scaffold fabrication

Type B gelatin were swollen in deionized water at room
temperature and then dissolved at 37°C under agitation to
obtain 50 wt%(w/w) solutions. Add 1g cellulose into 3.5ml
deionized water, then, add 1ml gelatin solution under agita-
tion. The gelatin/cellulose solution was cross-linked by
genipin, and injected into designed mold. A tubular rod is as
the mold( outer diameter: 4mm, internal diameter: 2mm;
length: Scm), After injecting, the mold was rotated at room
temperature for 10 hours.

Swelling property
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The water absorption capacities of the scaffolds were
determined by swelling them in phosphate buffered saline
(PBS) at room temperature. The freeze-dried scaffolds were
placed in the PBS solution for 5 h. The swelling ratio of the
scaffold was calculated from the equation:

Swelling Ratio (%)= th—/_(l)/VO x100%

(D

Smooth muscle cell extraction

SMCs were isolated from rabbit aortas. After removing
endothelium, adventitia, fat and connective tissue, were
dissected and incubated in a sterile conical tube containing
an enzymatic dissociation buffer under agitation on an or-
bital shaker (60 rpm) for 90 min at 37°C. This buffer con-
tains 1.0 mg collagenase in 10 ml DMEM medium. Follow-
ing the complete dissolution of the matrix, centrifuged at
1000 x g for 5 min.

Cell seeding

The novel cell seeding technique is named swell-rotating
method, which utilizes the water absorption property of
gelatin/cellulose hydrogel. The cell would be penetrated
into scaffold wall during the scaffold absorbed the medium.

Prepare the medium containing (1.5x10°) cells. The freeze-
dried scaffolds were immersed in medium and shaked for 1
hour at 37°C. Then, the scaffold was maintained in the me-
dium for 4 hour in order to assist cells to adhesion. The
scaffold was put into 4% formalin a half hour and under-
went frozen cut. For observing the cell distribution, the cells
would be stained DAPI before seeding.

Cell viability

ADSCs were seeded onto gelatin/cellulose composite
sheet scaffold for 1, 3, 5, 6 days. Prepare the culture me-
dium of the cells and composite sheet in 96-well plates
containing a final volume of 100 pl/well. An optional set
of wells can be prepared with medium only for back-
ground subtraction. Add 20 ul MTS solution to each well.
Incubate 1 hour at 37°C. Record absorbance at 490 nm.

FTIR

The FTIR spectra of freeze-dried gelatin, and composite
scaffold in absorption mode in the range of 4000~650
cm™1. 32 scans were performed to establish accuracy.

III.RESULTS AND DISCUSSIONS
Scaffold fabrication
The gelatin/cellulose composite scaffold contains elastic-
ity, and appropriate mechanical strength properties. The
scaffold exhibit deep blue color because of the crosslink
between —NH group on the gelatin and genipin(Figure 1).
Cell viability
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All samples biocompatibility was determined by MTS
assay. By 5™ culture of ADSCs and cross-linked scaffold
shows good cell compatibility. Day 1 cell viability is up to
92%, and day 6 reaches about nearly 80%. It shows that
gelatin/cellulose cross-linked scaffold afford a nontoxic
environment for cell to live(Figure 2).

Swelling test

The swelling ratios at 5th hour were investigated since it
was the least time for the initially cell attachment[5]. The
results showed that the weight of swollen scaffolds were
two times than the dried scaffolds, as presented in Table 1.
Gelatin is widely known for its hydrophibic, which allows
gelatin to absorb water up to 5 times of its dry weight. It
shows that crosslinking may influence the absorption ability
of the material.

Cell seeding

It’s obviously to see that seeding ADSCs into the three-
dimensional composite scaffold by swell-rotating method is
an efficient way. Histologic analysis showed that many cells
adhered to the scaffold within short incubation time, and
adhered more uniformly around the scaffold lumen. Figure
3a and 3b showed the whole cell distribution of the scaffold,
figure 3¢ and 3d showed the cell accumulation within the
pore. Because of auto-fluorescence, cellulose exhibits red
color. The swell-rotating method increases cell seeding
efficiency. Compared to other cell seeding methods, it has
higher cell attachment ratio, and more uniform cell distribu-
tion in the scaffold.

FTIR

The figure 4a shows the FTIR spectra of the dried gelatin
films in the 900-1800 cm™! finger-point region of wave
numbers. According to previous studies [6.7], the absorp-
tion peaks at 1690-1760, 1500-1600, 1340-1470, 1180-
1360, 1050-1300 cm™* were attributed to C=0, C=C, C-H,
C-N, and C-O, respectively. The results demonstrated that
the FTIR spectra of dried composite films corresponded to
gelatin cross-linked with genipin. Conformation of the cel-
lulose chains and their strong packing depends on intermo-
lecular and intramolecular H-bond. As the free —OH group
peak appears at 3650-3590 cm™!. Figure 4b shows that the
broader peak in the 3600-3200 cm™! . It’s implies that the
H-bond of scaffold decreases, and cellulose indeed cross-
linked with genipin.

IV.CONCLUSIONS

The gelatin/cellulose composite scaffold was stabilized
by crosslinking with genipin. The scaffold exhibits good
swelling ability enough to be utilized for cell seeding, and
excellent biological environment for cell proliferation. The
swell-rotating method causes to uniform and dense cell
attachment. Implanting the scaffold into rabbit artery is the
next step, and I will observe thrombogenicity by angi-

ography.
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V. FIGURES AND TABLE
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Figure 4. FTIR spectrum of dried gelatin powder and
genipin cross-linked gelatin/cellulose powder with a scan-

Figure 1. The genipin cross-linked gelatin/cellulose compo-
site scaffold.
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Figure 2. MTS assay cell viability that cultured for 1, 3, 5, 6
days.

Figure 3a

Figure 3¢

Figure 3. Using swell-rotating cell seeding method. (a) The
whole section of scaffold in fluorescency. (b) The whole
section of scaffold in white light. (c) The cells accumulation
in the pores of scaffold in fluorescency under 200X. (d) The
cells accumulation in the pores of scaffold in white light
under 200X.
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Table 1. The swelling ratio of gelatin and gela-
tin/cellulose composite.
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