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ABSTRACT

The shortage of human organs for transplantation is one of the critical and unresolved problems in clinical medicine.
An average of 18 people die every day in the world due to a shortage of donor organs. Regenerative medicine is an
alternative to donor organs. The use of digital imaging technologies using CT and 3D bioprinter (bioprinting) is the
so-called biomedical application of layered three-dimensional printing in order to solve the problem of obtaining
copies of living organs. In the present article, we studied general bioprinting technologies and testing of chitosan-
based bioplastics and hydrogels using 3D printing and different fillability (porosity) of the material for
biocompatibility using stem cells. Also, the "DoctorCT" software was used for 3D printing of substrates of
biocompatible plastics.
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contribution on lives. [2] Today, bioprinting and 3D
printing is paving the way for key innovations in many

Medical devices demonstrate the advancement of the ~areas, such as medicine, engineering, and education.
medical field [1] and conjointly provide a larger Recentadvances in science have made it possible to carry
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out 3D printing of biocompatible materials, cells, and
their auxiliary components, with the further creation of
fully functional living tissues on their basis. 3D
bioprinting can be used in regenerative medicine for the
transplantation of necessary tissues and organs. [3-8] The
digital information from different scanners can be sent to
the 3D printing facility without the risk of losing any
accuracy. [9] Compared to 3D printing from inorganic
materials, there are factors complicating the process in
biopress, such as the choice of materials, cell types, their
growth and differentiation factors, as well as technical
difficulties associated with cell sensitivity and tissue
formation. [10-12] To solve these problems, the
interaction of technologies from the field of engineering,
science of biomaterials, cell biology, physics, and
medicine is necessary. The 3D bioprinting method is
already used for growing and transplanting some tissues,
including multilayer epithelium, bone, vascular grafts,
heart, and cartilage structures. [5-8, 10-16] Other
applications of three-dimensional bioprinting include
modeling of tissues with high pharmacodynamic
parameters for research purposes, as well as for the
development of new drugs and toxicological analysis
(http://bioprinting.strikingly.com).

3D printing gives doctors, young scientists, and students
an affordable opportunity to design, visualize, enfold their
ideas and test them in real conditions. The 3D printing
method was first described in 1986 by Charles V. Hull.
His method, called "stereolithography", thin layers of
material, hardening under the action of ultraviolet rays,
consistently form layers of a solid three-dimensional
structure. [4, 10, 17-19] Later, this method was used to
create composite forms for the cultivation of cells on
three-dimensional carrier substrates, the so-called
"scaffolds", from biological materials. The development
of water-based, solvent-free systems made it possible to
directly print scaffolds from biomaterials to use in
transplantation, with or without stem cells. [3, 20, 21]
There are several approaches to 3D bioprinting, including
biomimicry, autonomous self-assembly, and buildup from
fabric spheroids. [3]

Now scientists are developing the above approaches in
order to create three-dimensional structures functioning in
the human body that will have the biological and
mechanical properties necessary for tissue healing and
organ functioning. [22, 23] One of the most important
problems is the need to adopt the technologies created for
printing molten plastic and metal to print sensitive, living
biological materials. [24, 25] At the same time, work is
needed to resolve the issue of reproducing the complex
microarchitecture of the components of the ECM
(extracellular matrix) and numerous cell types in
sufficient quantity to perform biological functions. [10]
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MATERIAL AND METHODS

Used materials

The materials included Polylactide (PLA), sodium
alginate, agarose, chitosan, sodium casein, sodium
hydroxide. Due to its biocompatibility, polylactide is
widely used in medicine, for the production of surgical
yarns and pins, as well as in drug delivery systems. [21,
26] Polylactide corresponds to the concept of sustainable
development since annually renewable natural resources
are used for its synthesis. Bioprinting technologies from
Cellink [27] are the most adopted in this field, allowing
printing on a bioprinter with already prepared
commercialized hydrogel (allowing to keep the printed
form of the organ) with differentiated stem cells. That is
why we also used Cellink hydrogel for evaluation and
comparison with our hydrogels.

Used equipment

The experiment was carried out with the usage of 3D
printer "3Dison Multi", [13] which is able to print as a
polymer plastic, and biocompatible hydrogels, and pastes
of different structures. “3Dison Multi” is one of the most
accurate 3D printers to date (print layer thickness of 0.025
mm). Despite its small size, MULTI can print objects
with large enough volumes (the print area is
270x148x180 mm) at fairly high speed (300 mm/s in fast
mode). [28]

Creating a 3D reconstruction of organs (blueprints)
for bioprinting

Medical image processing (DICOM), the 3D
reconstruction of the organ models (blueprints) for
bioprinting, and creating multi-layer tissue-engineering
scaffolds using hydrogels for bioprinting were carried out.
For bioprinting the organ engineering scaffolds, the
natural and synthetic hydrogel of our own design has been
applied. It consists of chitosan and synthetics and
functions as a connecting structure and a base. Spheroids
with cells made by a hanging drop technique, which were
placed in it. There were also plans to exclude spheroids
and put only the cells into the hydrogel to form an organ
instead. After that the hydrogel was placed into cartridges
(20 ml), it was inserted in the 3D printer. Then the
bioprinting of the engineering organ scaffold, tissue or
plant parts was carried out. After that, the tissue-
engineering organ structure was placed into a bioreactor
for the engineering scaffold to grow into the real organ.
[27, 29, 30] As a result, a 3D bioprinter is just a part of
the organ bioprinting line since it is necessary to supply it
with a draft, and various materials. Then, the resulting
organ model from the cells needs to be grown.

Used software for 3D printing substrates of
biocompatible plastics

To create biocompatible and bioresorbable carrier
matrices or substrates (matrices and scaffolds) were used
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for tissue engineering of certain chemical composition,
form, and internal (on nano, micro, and macro levels)
architectonics using the technology of 3D layered printing
(FDM). CreatorK [30] comes with the 3Dison 3D printer.
This program edits 3D models and writes specific code
for a 3D printer about the finished model, information
about plastics, etc.

For the preparation of blueprints and forwarding them to
3D printing, we developed the software package
«DoctorCT» allowing the creating three-dimensional
models of internal organs (with blood vessels, channels,
and neoplasms) on the basis of images of computer and
magnetic resonance tomography.

In the course of the work, cells were cultivated on various
substrates, such as plastic, hydrogel, and also on the
previously listed substrates, only after specific treatment
with chemical reagents (glutaraldehyde, polylysine, and
collagen). They also immobilized suspension somatic
cells on porous cellular structures (scaffolds), in order to
preserve their viability in the immobilized state. Cells
were cultured in specialized nutrient media (Eagle's
medium, DMEM).

Based on DICOM files obtained from computer
tomography (CT) of a particular patient or laboratory
animal, the three-dimensional models are created (e.g.,
the model of tibia and its cartilage, thyroid). [20, 26] The
resulting multi-layer model is placed into the program
DoctorCT designed for bioprinting. Also, in addition to
DoctorCT a program named CreatorK is used (15), which
provides the option to edit blueprints (3D models) and
improve the quality of models for 3D printing. After
processing and reconstructing the 3D organ model in the
program DoctorCT, the resulting file in STL format is
sent to the 3D printer for printing. As a result, a tissue-
engineering scaffold of the future organ is obtained,
which is to be placed in a nutrient medium to prevent
hypoxia. The next step is the placement of the tissue-
engineering scaffold into the bioreactor for growing
(ripening) in special environments. In the process of
creating the software package, a freeware program, 3D
Slicer 4.5.0.1 was used. [28, 31] Slicer 4.5.0.1 is a multi-
platform free software kit with the open architecture that
is used for visualization of medical images and
calculations. Also, the program has a modular structure,
S0 it is possible to add your own elements and delete the
existing ones.

This method is based on a polymer (natural and synthetic
hydrogel with cells), which is rapidly degraded (dissolve)
and then, as a result, the cell material remains from the
dissolved frame. The function of the frame is taken by the
cells of already grown organ themselves. [27, 30]
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RESULTS AND DISCUSSION

One of the most important trends in the development of
modern tissue engineering and regenerative medicine is
associated with the use of biodegradable matrix-carriers
with open porosity of a certain scale, capable of
supporting the migration, growth, and differentiation of
stem cells. Such a matrix with stem cells introduced into
it, having the necessary form and internal architectonics,
should be gradually resorbed in the body medium, while
the rate of biodegradation should not exceed the rate of
tissue regeneration processes.

To prepare blueprints and output them to 3D printing, we
have developed the software complex "DoctorCT",
allowing to create three-dimensional models of internal
organs (vessels, channels, and neoplasms) by image-
based computer and magnetic resonance tomography.
Three-dimensional models are created based on DICOM
files obtained by CT of a particular patient or laboratory
animal. We made a layered model that is placed in a
personally developed program to print DoctorCT (Figure
1). We also used it as a Supplement to the print program
CreatorK. [13]

iimm; '

Figure 1: Bioprinting modeling.

After processing and reconstruction of 3D models on
DoctorCT, we received a file in STL format, that was sent
to a 3D printer or a professional bio-printer.

Material samples from biocompatible plastic (polymer),
PLA, were used for the study. Scaffold matrices
(substrates) were produced to immobilize suspension
somatic cells on cellular structures in order to ensure
optimal conditions for cell growth on the matrices.

As a result of an experiment using a 3D printer (using 3D
layered 3D printing technology (FDM)), PLA biopolymer
was used to print and create four square-shaped substrates
(scaffolds) with different open porosity (material density)
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equal to 40%, 50%, 60% , 80% and a certain block size
equal to 1 by 1.5 cm (Figure 2).

Figure 2: Hydrogel printing.

Models of substrates are capable of supporting the
migration, growth, and differentiation of stem cells. Such
a matrix with stem cells introduced into it, having the
necessary shape and internal architectonics, should
gradually sorb organism in a medium, wherein the
biodegradation rate must not exceed the rate of tissue
regeneration processes.

The prepared hydrogel was compared with the control
commercial sample Cellink by microscopy. In General,
according to the photos in Figure 3, we obtained a similar
hydrogel, but with a strengthened matrix due to the use of
chitosan (black inclusion in the photo). Thus, in the
course of the experiment, a hydrogel comparable to a
commercial analog was obtained.

Cellink hydrogel
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Experimental hydrogel

Figure 3: Microphoto of printed models.

The result is a tissue-engineered design of the future
organ, which is placed in a special environment to
eliminate hypoxia. The next step is to place a tissue-
engineered structure in a bioreactor for growing
(maturing) under special conditions. Growing progress
and the final results will be described later.

CONCLUSION

Bioprinting is an innovative technology that made a
revolution in tissue engineering and medicine. Unlike
animal cells, bioprinting with the usage of plant tissue
cells is still in a poorly developed state. It has not yet
been fully studied. One of the main advantages of plant
cells is that all the tissues and organs can be obtained
from totipotent meristematic cells. An application of
bioprinting can help in obtaining plants with
predetermined shapes and sizes and also serve for the
mass production of the required tissues, rare medicinal
plant species or even plant-based production of
biomaterial for the industrial use. [5] The printing is
possible both with meristematic (totipatent) cells of
higher plants as well as with algal or even bacterial cells.
Practice potential

Bioprinting with plant materials has a high potential for
its application with ornamental and agricultural purposes
as well as for the biotechnological production. The basic
concept of bioprinting with plant cells is the exact
location of the cells in the proper place of the print area
(2D) or volume (3D), which will allow them to
differentiate under the influence of the environment
composition, including phytohormones, in particular
tissues and organs (i.e. the direct organogenesis). With the
sufficient elaboration of plant bioprinting techniques with
a predetermined shape, a lot of opportunities emerge in
the design of decorative plants such as bonsai or flowers
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in a test tube. It is also possible to assume that the plant
tissue can be printed as a basis for the production of
natural materials, for example, grown in the laboratory
wooden boards or wooden blocks for construction
purposes. This reduces deforestation and enables the
creation of unique blocks of rare and valuable wood. Such
blocks of wood can be printed with optional shapes and
sizes without limitations in trunk thickness. [7]

REFERENCES

[l

2

Bl

[4

[6]

[

Shanmugasundaram P., Harini A.G., Praveen D.
2017. Comprehensive review on various types of
medical devices used in hospitals. Journal of
Advanced Pharmacy Education & Research. 7(3):
171-174.

AlaeeKarahroudy F., Mahdavi K.Z., Pour Arian S.,
Rezai-Zadeh A. 2018. The correlation between
using nasal CPAP device and neonatal outcomes.
Pharmacophore. 9(6): 22-25.

Mironov V, Boland T, Trusk T, Forgacs G,
Markwald RR. Organ printing: computer-aided jet-
based 3D tissue engineering. Trends Biotechnol.
2003; 21(4): 157-161.

Osipchuk GV, Povetkin SN, Nagdalian AA, Rodin
IA, Rodin MI, Ziruk 1V, Simonov AN, Svetlakova
EV, Basova NJ, Rzhepakovsky 1V, Areshidze DA.
The issue of therapy postpartum endometritis in
sows using environmentally friendly remedies.
Pharmacophore. 2019; 10(2): 82-84.

Cui X, Dean D, Ruggeri ZM, Boland T. Cell
damage evaluation of thermal inkjet printed
Chinese hamster ovary cells. Biotechnology and
Bioengineering. 2010; 106: 963-969.

Tekin E, Smith PJ, Schubert US. Inkjet printing as
a deposition and patterning tool for polymers and
inorganic particles. Soft Matter. 2008; 4(4): 703-
713.

De Coppi P, Bartsch GJ, Siddiqui MM, Xu T,
Santos CC, Perin L, Mostoslavsky G, Serre AC,
Snyder EY, Yoo JJ, Furth ME, Soker S, Atala A.
Isolation of amniotic stem cell lines with potential
for therapy. Nature Biotechnology. 2007; 25: 100-
106.

Smith CM, Stone AL, Parkhill RL, Stewart RL,
Simpkins MW, Kachurin AM, Warren WL,
Williams SK. Three-dimensional bioassembly tool
for generating viable tissue-engineered constructs.
Tissue Engineering. 2004; 10: 1566-1576.

Norouzi H., Nokar S. 2018. Computer assisted vs
conventional fixed prosthesis: a review. Annals of
Dental Specialty. 6(1): 65-70.

[10] lyer RK, Chiu LL, Vunjak-Novakovic G, Radisic

M. Biofabrication enables efficient interrogation

Zin
-

ISSN (Online) 2249-6084 (Print) 2250-1029  “um

@

(11

(12

(13

(24

(19

[16]

(17

(18]

[19]

(2]

(2]

2

(3]

and optimization of sequential culture of
endothelial cells, fibroblasts and cardiomyocytes
for formation of vascular cords in cardiac tissue
engineering. Biofabrication. 2012; 4(3): 1-11.

Hunt NC, Grover LM. Cell encapsulation using
biopolymer gels for regenerative medicine.
Biotechnology Letters. 2010; 32: 733-742.

Sun J, Wang J, Cheng W, Zhang J, Li X, Zhang S,
ShebY. Chitosan functionalized ionic liquid as a
recyclable biopolymer-supported catalyst for
cycloaddition of CO2. Green Chemistry. 2012; 14:
654-660.

Hong S, Sycks D, Chan HF, Lin S, Lopez GP,
Guilak F, Leong KW, Zhao X. 3D printing of
highly stretchable and tough hydrogels into
complex, cellularized structures.  Advanced
Materials. 2015; 27(27): C. 4034-4034.

Spiller KL, Maher SA, Lowman AM. Hydrogels
for the repair of articular cartilage defects. Tissue
Engineering Part B: Reviews. 2011; 17: 281-299.
Jones N. Science in three dimensions: the print
revolution. Nature. 2012; 487: 22-23.

Keriquel V, Guillemot F, Arnault I, Guillotin B,
Miraux S, Amédée J, Fricain JC, Catros S. In vivo
bioprinting for computer- and robotic-assisted
medical intervention: preliminary study in mice.
Biofabrication. 2010; 2: 014101.

Levato R, Visser J, Planell JA, Engel E, Malda J,
Mateos-Timoneda MA. Biofabrication of tissue
constructs by 3D bioprinting of cell-laden
microcarriers. Biofabrication. 2014; 6(3): 035020.
Wicaksono A, Teixeira Da Silva JA. Plant
bioprinting:  novel  perspective  for  plant
biotechnology. Journal of Plant Development.
2015; 22: 135-141.

Murashige T, Skoog F. A revised medium for rapid
growth and bioassays with tobacco tissue cultures.
Physiologia Plantarum. 1962; 15: 473-497.

Hsieh FY, Lin HH, Hsu S. 3D bioprinting of neural
stem cell-laden thermoresponsive biodegradable
polyurethane hydrogel and potential in central
nervous system repair. Biomaterials. 2015; 71: C.
48-57.

Duan B, Hockaday LA, Kang KH, Butcher JT. 3D
bioprinting of heterogeneous aortic valve conduits
with  alginate/gelatin  hydrogels. Journal of
Biomedical Materials Research Part A. 2013;
101(5): 1255-1264.

Murphy SV, Skardal A. Evaluation of hydrogels
for  bio-printing  applications.  Journal  of
Biomedical Materials Research Part A. 2013;
101(1): 272-284.

Sizonenko MN, Timchenko LD, Rzhepakovskiy
IV, Piskov Sl, Areshidze DA, Mikhailenko VV.

wWww.eijppr.com

41



International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | October 2019| Volume 9| Issue 5| Page 37-42
S. I. Kubanov, Development of 3D Bioprinting Technology Using Modified Natural and Synthetic Hydrogels for Engineering Construction of

Organs

(4]

(2]

(28]

[27]

The new efficiency of the «Srmp» — listerias
growth-promoting factor during factory cultivation.
Pharmacophore. 2019; 10(2): 85-88.

Gao Q, He Y, Fu JZ, Liu A, Ma L. Coaxial nozzle-
assisted 3D bioprinting with built-in microchannels
for nutrients delivery. Biomaterials. 2015; 61: 203-
215.

Andrén O, Fall K, Franzén L, Andersson SO,
Johansson JE, Rubin MA. How well does the
Gleason score predict prostate cancer death? A 20
year followup of a population based cohort in
Sweden. Journal of Urology. 2006;175: 1337—
1340.

Areshidze DA, Mischenko DV, Makartseva LA,
Kucher SA, Kozlova MA, Timchenko LD,
Rzhepakovsky 1V, Nagdalian AA, Pushkin SV.
Some functional measures of the organism of rats
at modeling of ischemic heart disease in two
different ways. Entomology and Applied Science
Letters. 2018; 5(4): 19-29.

Dickey MD. Hydrogel composites: shaped after
print. Nature Materials. 2016; 15(4): 379-380.

<)

ISSN (Online) 2249-6084 (Print) 2250-1029  “um

(28]

(9]

(30

(31

Markstedt K, Mantas A, Tournier |, Martinez Avila
H, H&gg D, Gatenholm P. 3D bioprinting human
chondrocytes with nanocellulose—alginate bioink
for cartilage tissue engineering applications.
Biomacromolecules. 2015; 16(5): 1489-1496.
Nagdalian AA, Oboturova NP, Povetkin SN, Ziruk
IV, Egunova A, Simonov AN, Svetlakova EV,
Trushov PA. Adaptogens instead restricted drugs
research for an alternative Items to doping in sport.
Research journal of pharmaceutical biological and
chemical sciences. 2018; 9(2): 1111-1116.
Fedorovich NE, Alblas J, de Wijn JR, Hennink
WE, Verbout AJ, Dhert WJ. Hydrogels as
extracellular ~ matrices for  skeletal tissue
engineering: state-of-the-art and novel application
in organ printing. Tissue engineering. 2007; 13(8):
1905-1925.

Sergeevna LM, Ivanovich KV, Viktorovich PS,
Nikolaevich PS, Petrovna MM, Viktorovich SV,
Ashotovich NA. 5% Suspension of albendazole
Echinacea magenta  (Echinacea  purpurea)
toxicometric evaluation. Entomology and Applied
Science Letters. 2018; 5(4): 30-34.

wWww.eijppr.com

42



