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due o the scarcity n-d Mu:uhy of obtaining organs and tissues for donations. We
et consader thae there are patients who regaire organs aad/or ussues for which
there is currently no transplass prosocol foe them, for example, blood vessels.
Curenddy. 2 scaffold biofabeication techniges esed in tssue enguecniang knowa
as decellularization Is used, with which we obtain & natuml cellular scaffold =
which we can seed cells to obtain o functomal blood vessel The wm of this
work & 10 make the blochemical process of decellularization nore efficient ussg

ab tha g ch d and Bydmulic stimalanions. A radal flow
hydrashic clrcuit was designed and daned in Solidworks by solving the Novies-
Stokes eg 1o have 2 non-2urbulent | behavior and o stimubate cell

detachment wiehout damaging the collagen matrix of the blood vessel. Finally, the

bloreacior was prissed wsing additve peinting techniques usiag a ph
resin as shown in this work.
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1 Introduction

Altheugh organ domations have increased exponacntially, it is still not enough to meet
the needs of people who are waiting for an organ or tissue, only the National Transplant
Center (CENATRA). repoets that at date there are 23,370 people on the waiting list.
This without considering that there are pati who requi gans andfoc b for
which there is currently no transplant protocol for them. for example, blood vessels [1].
Well, according to the press release of October 31, 2018, from the National Institute of
Statistics and Geography (INEGI), it mentions cardiovascular diseases as the first cause
of death in Mexico and it is alvo one of the main ooes in the world [2].
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That is why, faced with this problem, there is 2 high demand in the szarch for surgical
strategies for patients who reguire solutions fo the lack of blood vessel substitubes,
rexorting to allotransplamtation, (which comsists of o trmsplant that comes from another
human being ). and in the particular case of anieries, o astografi (im which the patient is
the recipient and donor) but to date # has ot been shown 1o be a holistic solution [3].

Among the main cardiovascular diszases is athercsclercsis, (anterizl occlusion that
prevents blood flow), affecting any arery, like the arteries of the heart, arms, legs and
other organs. Which can cause damage such as angina pectoris, or a heart attack, in
addition fo a stroke o the loss of kidoey functson. The placement of synthetic biobogical
vascular grafis is the most recurrent climical procedwre to try (o solve this type of prhlem
141

In decellularzation from fissues obtained from a biological model, a process is car-
ried out by which cells are efiminated wsing different decellularization agents o promote
the elimination of antigens that mitiate the mamune response in tansplants, eliminat-
ing the need for imnmmuposuppression and decreasing the rate of ransplamt rejection and
even opening the possibility of xenctransplantation (ransplamtation between different
species) maintaming a viahle extracellular matrix that can serve as a cellular scaffold to
be repopulated with the patient™s cells and thus promote tissue regemeration |5].

Eegarding biclegical grafis, the most used are autpdogows anteres or veins such as
the saphenous; however, 409 of patients do mot have vessels of adequate quality or
lengih, and even with proper lissue. i vivo remodeling. Within the proposals of syn-
thetic matenials most used today we find expanded polytetrafuoroethylene and Dacron.
However, these present problems for which they end up kosing their function, such as
their resistance 1o tepsion amd kigh rigidity, which is why they are difficult to suture
in vive. [6].

[hae to the above, currently secking bo achieve a scaffold of Blood vessels that can be
used bo replace them in patients who reguire it and promoie regeneration. This project
secks to propoese a scaffold biofabrication tlechnigue used in Hxssue engineering known
as decellulanization, this methodology s since extracellular matrix proieins are highly
conserved between different species. [7].

The=e underaent a decellularization protoced previously developed by our research
group applied 1o bile ducts, which wax effective in their decellularization. [B] Therefore,
this protocol was applied in Blood vessels 1o obtain a decellularized scaffold 2= well as
the histological evaluation of ihe extracellular mairix and its poiential use m vascular
regenerative medicine by analyzing cell viability in the obtaimed scaffold. [4. 9.

Which was also effective in blood vessels, since a decellularization of 95.65% =+
4.65% was obtained. in addition to the fact that no demage was ohserved in the extracel-
lular matrix and the elastic fibers were maintained. On the other band., intbe cell viahility
assay it is shown that a viahility of around 875 was obiained [10, 11] This indicabes
that good resulits are obtained when using the same protocol as in the bile ducts, 1o have
hlood vessels, mostly decellularized amd without apparemt damage o the extracellalar
matrix and gives rise to the possibility that thix tissuse in regenerative medicine. [ 12, 13].

The chjective of this waork is to make the bicchemical process of decel lulartation
maore efficient using a hioreacior that generates mechamical and hydraslic stimulatons.
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A radial flow hydmulic circuit was designed a simulated 1o carrchorate the optimization
of ike hiochemical process between the static and the dynamic process [6].

2 Methodology

Ll Syslem Description

The proposed system (spiral support for arteries and their irigation) were designed with
SolidworksE (CAD software). The media reservedir and the sysbem were designed touse
with 100 ml media, mimic the internal bleod circwit like a spirl mdial low geometry,
decellularization media was delivered with a peristaliic pump driven the spiral imigation
sysiem. The spiral system was placed im the center of the bioreacior to obiain o radial flow
alang the suppon to allow a laminar, mon-turbulent asd constant Aow of media along the
arteries te decellularize. The bioreactor dimensions are 35 mm height = 15 mm radius.
Connectors were designed with 6 mm radius to plug in the penistaltic pump. Toclose the
circuit, we add an output pipe that shsarbs the processed media and returs 1o the spiral
through a peristaliic pump as shown in Fig. 1. The decellulanization methodology used in
thiz progect is based on a process previowsly developed in the Bismaterials Laboratory of
the UNAM Materials Research Instibube, which mvoldved physical -chemical -emeymatic
decellularization agents [4].

a] ! -}i cM
Fig. 1. Spiral-shaped bMoreacsor companests a) S piral-shaped tissue seppon aned e oulpal pipe,
b Cylimcdrical media chamsber, o) Bioreacior msembly.

L1 Model Design and Flow Sinmlstion

The flow simulation goals were, suppressed the zere flow mones oo the media chamber
im the bipreactor o obtain a rdial flow mode] that support the artery 10 decellularie,
optimizing the media volume for different tissue lengths. The assembly was exparted
o CosmusFlowarks ( Buid simulation softwane) io solve the Navier-Stokes equations 1o
simulate and calculate the speed fields and stress against the tissue [6). Our values and
simulation conditions were:
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« Outlet conditions Pressure: 101,325 Pa (1 atm)
~ Inlet conditions Flow rate: 0.83 x 10~ m’/s
- Fluid temperature: 310.15 K (37 °C)

- Density: 1000 kg/m’.

A mesh consisting predominantly of hexabhedral and hedral el was g d
with a total of 3,470,820 elements and 1,774.332 nodes (Fig. 2). Before chooung the
final mesh, a prelimmary mesh test was performed with the default values. A mesh with
twice the ber of default ¢l was created, keeping the same spatial distribution
and nodes, and then the simulations were performed. The maximum velocities values
obtained by both meshes were observed, and a difference of less than 3% was found in
the results.

Fig. 2. Meshing for flow sinulaton.

2.3 3D Printing

The bioreactor parts were printed on a resin photolithography addstive peinter {Creality
LRAX02) using a photosensitive hard resin to have the complex figures in one piece to
generate the finally test. To achieve this, the Chitubox V2.2® slicing software was used
to print the resine parts with the follow parameters used for resin printing-

Layer height 0.4 mm

« Thickness 0.2 mm

Print speed (mm/s) 65

~ Printing temperature 27 °C

~ Enable fan

~ Cut the bottom of the object 0.0 mm
Overlay 0.15 mm

« Supports along the structure 5 mm.

'

Finally, the slices software images shown in Fig. 3.
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Flg 3. Prepamtion shices for additive prissing.

3 Results

A1 Flow Amalysis

Functiomal simulation results are shown in Fig. 4 with three different views, in a) the
media show 2 laminar vortex in the chamber, and non-static zones were observed. In b)
the simulations showed that the radial flow through the support and the artery is constant
along the spiral and the holes with velocities of 0.013 m/s in the media. 0,014 m/s across
the inpat and output. C)dm’slhehmmnrnndmlfunnﬂawlhmmdmshcunmsb)
selecting and appropaiate flow. geometry, and p

Fig 4. Flow sinulation components a) Cylindrical media chamber flow fiekds. b) Spisal-shaped
radial fow vectoes, ¢ Velocry fields across the spirad-shaped seppont.

An isometnic view of the fluid simulation system is shown m Fig. 4. ln this figure
were shown 3 important sections, S1, S.andSJM itions and g
the change of the fluid’s velocity and the interaction wh:l the arteries” location. The inlet
and spiral section (SI), has the peak velocity values determined in the fluid simulation,
with the highest speed of 0.014 m/s produced by the peristaitic pump inlet, where the
fluid travels through the support and the spiral. Then, the fluid travels through S1 and
combines with the media reservoir (S2) in a radial form. The suppost got holes along
their geametry; this section shows a reduce the velocity values that goes from 0.014 m/s
to (L011 m/s. The flow stabilizes while flow across the bioreactor along S2, where the
values of the media velocity decrease and shows a laminar flow characterization with
values between 0.011 mvs and 0.010 m/s.
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Fimally. 53 shows the outlet section, and it has another peak velocity values caloulabed
in the fluid simulation, with the maximum speed of 0004 mis creabed by the peristaltic
PUMP SO,

3.1 Printed Mode

The design mamufachuring depends on the 3D printer precision and specifcations of the
sterenlithography system. The dimensional tolerance of 0.2 mm was contemplated for a
non-permeable and comrect mechanical assembly. The spiral suppon isthe main structure,
all the componenis were designed following this geometry; the sinsciure purpose is no
anly to offer a decellularized system, bowever we also prelemsd to use it o seed cells
withim the obtained collagenic structhares. To realize the purpose, we need o integrate
the péeces (o redesign the hioreacior system shown in Fig. 5, o be a Auid system that
allows Recellularized the scaffolds.

Fig. 5. Primted spiral-shaped hiovencsor model and the whisle flwid sysiem.

4 Conclusions

A radial fow bioreactor was desigmed and fbricated following the simalations results
considering the geometry, flow characteristics and the radial circulstion of the decel-
lularized media. Arery tissue could be decellularized maore efficiently in our dynamic
syslem against the static protocal wsed inthe past. The velocity curves described a radial
flow mewde], and the velocity fields and vectors may be used 10 predict optimal media
wvolume for different bssue lengths.

Thee resulting performance of the final design is wseful tedecellularized areries while
handling amd performing fow simulation, because the techmique was probed in static
form. Moreover. by using the radial Bow in the bioreactor we infer that the experimental
resubis will be enhamced to decellularre areries tissues.

The materials for siereclithography, it was comvenient o generale ranslucent pieces
for eaxy visualization of the bioreacior function. Considering the fluid fow simulation
along the spiral support irrigation shows lbow velocity valoes which permit a lminar
and non-urbulent Auid flow and then the decellulanized media, disseminated along the
rexervoir system. Then, the peaks in the velocity values @ inlet and outlet does not
represent a danger for the vascular Bssue since the Bow nans o stabilize along its roste.

Design and FPabricatiom of o Radis Flow Bioreacsor [TE]

Finally, we conclede. that the bioreactor system will offer a constamt beminar and
man-turbulemt Bow for the decellularization issue experiments 1o reduce the time and
efficiency of the technigue.
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