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Abstract: Stem cells are a specialized type of cells inmdmuor animal organism that have the ability té-siew and
differentiate into various types of cells in thedipoThey have great potential in medical researchtherapies as they
can be used to treat a variety of diseases, regfenéssues and develop new therapeutic approadhehe article, we
describe the cultivation of stem cells with algéathich is used in 3D cultivation. The biopolyradginate is preferred
in biomedical applications due to its excellentgadies. Polysaccharide alginate is isolated froanime, brown algae
and bacterial cultures of specidgptobacter andPseudomonas species. Alginate is soluble in water, which abozasy
processing and application in the form of varioydrbgels or matrices. We present the preparatiaiginate gel in
the form of beads in combination with multiplieérst cells under in vitro conditions. At the samestinve observed how
a natural polymer, specifically alginate, whichuised for cultivation, behaves towards cells and ktoaffects their
proliferation and differentiation.

1 Introduction forms a protective capsule, supports the formatiba
A characteristic feature of stem cells is th&iofilm and helps with adherence and colonizatidune to

undifferentiated state of cells with the ability toits ability to form hydrogels, alginate is widelgad as a
differentiate into any cell type of the human oiigamand ~Stabilizing and thickening agent and emulsifiergiAate
at the same time the ability to self-renew. Theyfaund IS, after cellulose, the most widespread biopolymer
in embryos, but also in the cells of adult indivatis The available worldwide [2].
division of stem cells is not limited, which allowsem to
replace other cells in the body again. During thesin 1.1 Alginate
of each stem cell, there is a possibility thatffiedentiates The extraction of alginate from natural, plant sesr
into a somatic cell with a specific function, forample, involves several processes. In the first phasénanal acid
into muscle or nerve cells, or it can remain infiven of a  acts, which changes the salts of alginic acid €dall
stem cell [1]. Thanks to their properties, stensceffer alginates) contained in algae into free alginicdadihis
enormous potential in the field of regenerative itied  Step is followed by a process of neutralizatiorhveibdium
and the therapy of various disorders. bicarbonate or sodium hydroxide, whereby solubtiusn
Polysaccharide alginate is isolated from marinewir ~alginate is formed. The purification of this sokilllginate
algae and bacterial cultures of spechastobacter species is carried out with either calcium chloride or mialeacid
andPseudomonas species. In the case of bacteria, alginaténd the product is insoluble fibers of calcium mdge and
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a gel form of alginic acid. The mentioned substarmes applications in biomedicine. Combined with these
subsequently mixed with sodium bicarbonate to forrproperties, alginate is a useful material for wvasio
sodium alginate. applications in biomedicine, such as drug -carriers,
Sodium alginate is a substance that is the mostedes biological matrices for tissue engineering, or blasis for
form of alginate salt prepared industrially. In dideh to  specific types of bioactive materials [3].
the mentioned form, calcium alginate, potassiuninatg To improve the physical characteristics of alginate
and ammonium alginate are industrially prepared [4]  other substances are often added, resulting imathgi
Calcium alginate is isolated by a similar procedureeomposites. Other substances are often added towap
Potassium alginate and ammonium alginate are mgde the physical properties of alginate, resulting igireate
adding the appropriate hydroxide, usually potassiueomposites. Natural polymers, collagen, chitosad an
carbonate or ammonium hydroxide, to the alginid @l gelatin, as well as synthetic polymers, polylactided

[5]. polypyrrole, and inorganic compounds,
tetraethylorthosilicate (TEOS) and hydroxyapatitbA)
1.2  Structure of alginate are most often used as additives for alginate ceitg®

Alginates are composed of 1,4-linkpd>-mannuronic  The mixture was also tested with other types ofenials
acid (M) and 1,4:-L guluronic acid (G) residues that formsuch as ceramics, bioglass, inorganic nanopartafes
blocks of repeating G residues, repeating M residaed inorganic carbon materials.
alternating G residues and M (Figure 1). The coiitipos Multiple alginate composites are currently used for
and sequence of G and M residues depends on taetyp clinical application in the form of gel wound treint. For
natural sources used for alginate extraction. & baen the use of alginate composites in various biomédica
proposed that only the carboxylate groups of Gduess applications, they are molded into fibers, beagdrdgels
form conductive bonds with divalent cations suclCa&, or 3D-printed materials for the specific requiremseaf
Mg?* to form hydrogels. Alginates with high G contentach biomedical application [6].
form tough hydrogels hydrogels, while alginateswhigh
M content form softer elastic hydrogels. The appmate 1.4 Theroleof alginatein biomedical
molecular weight of alginate is ranges from 32,260 engineering
400,000 g/mol. As the molecular weight of alginate Alginate is characterized by its unique properties
increases, its viscosity increases during the patipa of advantageous in biomedical applications, but ib dlas
the gel. Although alginate is usually considered gertain disadvantages. Mutual interactions between
biocompatible, non-toxic and non-immunogenic materi monovalent cations and alginate blocks cause iitisyatf
there are opinions that alginate with a high cantérthe  the gels. Unbound polymer blocks are not naturally
mannuronic (M) component may be more immunogenigegraded by enzymatic processes in humans. Althtiegh
compared to alginate with a high content of theigaic  resulting gel material dissolves in the organisime t
(G) component [2]. alginate molecules themselves are difficult to clatsby

eliminate, because the average molecular weight of
OH ook commercially available alginates exceeds the renal

OH OH
-0, HO R . .
O/ H lA/o\ 7o don {4 clearance limit of the kidneys. However, alginate a
\ NaoOC OH (,/ \
OH
c’ »
G

NaOO

i biopolymer of natural origin, which exhibits mangigue

e - properties and is more suitable for tissue engingehas
OONa a . g .
G M M G several significant disadvantages [7].
Figure 1 Chemical structure of alginate composed of 1,4-linked However, alginate is characteristically non-degbdela
residues of -d-mannuronic acid M and 1,4 a-l-guluronic for mammals, because there is no enzyme (algiribag)
acid G [2] could break down the polymer chain of alginatetiiar
_ _ oxidized alginate can degrade in water, which makes
1.3 Properties of alginate alginate a promising material for drug and celivdgl in

The biopolymer alginate is preferred in biomedicavarious applications. Sodium periodate is usedxtdize
applications due to its excellent properties. Itgirm alginate, which can break the carbon-carbon bomdkd
properties include the ability to form gel struetsiin the cis-diol group of uronate. This process changes the
presence of divalent cations, especially calciuat)C conformational structure of alginate to an operirclaad

In addition, alginate is known for its low toxicitp promotes the decomposition of the main structure of
human cells and organisms, making it a safe matieria alginate [3].
use in biomedicine. Alginate is soluble in watehish Another disadvantage of alginate is its weakeiitstid
allows easy processing and application in the fafm allow cell adhesion, resulting in less cell int¢i@e and
various hydrogels or matrices. Its chemical contwsi adhesion with both the 3D and 2D surroundings.
contains acid and hydroxyl groups, which allowsiaas However, alginate hydrogels can support minimal
chemical modifications, such as cross-linking wiittalent  protein adsorption due to its hydrophilic property.
cations or modification of properties for specificTherefore, alginate hydrogels alone are unableippaert
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cell migration and adhesion but can be refined &Da spheroids. Ca€l solution was aspirated from the
surface or inside a 3D hydrogel, where they forrpolymerized spheroids and they were washed with the
multicellular bundles. To make alginate a suitabkgerial medium without additives. To ensure optimal cdndg

for tissue engineering applications, it is necesdar for the cells, we placed the spheroids in a compléture
increase its degradation rate through chemicatedium (e.g. alpha MEM / DMEM with 10% FBS and 1%
modifications such as gamma irradiation or partigntibiotics/antimycotics) (Figure 3) and incubat¢®7 °C
oxidation and by adding cell-bound materials sush and in an atmosphere with 5% €®/e regularly changed
RGD-containing proteins or peptides. These matedah the culture medium every 2-3 days, which ensured a
be conjugated with alginate to promote cell adhesidfie constant supply of nutrients and removal of metabol

chemical structure of RGD is shown in Figure 2 [3]. waste. We monitored the overall condition and
development of the cell culture in a 3D environment
H,N NH regularly under a microscope to monitor the morpypl
= and health of the cells.
NH
(0]
(0] OH
. o
H» N

Figure 2 Chemical structure of RGD [3]

2 Methodology
2.1 Isolation of stem cells
The process of isolating stem cells from the amniol
chorion membrane begins with obtaining these fet
membranes after a planned section at the Gynecalody =
Obstetrics Clinic of the Agel Kosice-Saca Hospftaim [
healthy pregnant women with their prior consentisTh|
material is then transferred to the sterile lalmyat
conditions of KBlaM, where it is further processeda
laminar box to maintain its sterility.

igure 3 Change of the culture medium

2.2 3D cdl culturein alginate 3 Reaults

The process of 3D culture of stem cells in algissaets Isolation and cultivation of stem cells After the
with trypsinization of chorionic mesenchymal stesll successful isolation of stem cells, their cultigati
(CMSCs) when they are at the stage of approxim&@dy followed. This process was aimed at monitoring cell
formation of the monolayer of adherent cell laystrthe proliferiation growth in a controlled environmefturing
beginning, the cultivation bottle T75 is preparedthe first 2-3 days after isolation, the culture inedwas
Subsequently, we added 4.0 ml of 0.25% trypsin EBJ A regularly checked and changed when necessary, which
each bottle, which helps to disrupt intercellulandgtions helped to eliminate non-adherent erythrocytes ahéro
and release adhered cells from the surface. Trgasion unwanted cells. This care allowed the cells to ataghe
was observed under a microscope to assess itiedfaess new environment. The culture medium was systenibtica
and was allowed to act for another 3 minutes. Aiter changed twice a week, which ensured optimal cadhti
completion of trypsinization and inactivation ofgisin by for the growth and development of the culture. This
adding a 20% solution of bovine serum in DMEM, weapproach not only promoted cell growth, but also
prepared the cells for 3D cultivation. First, wegared a minimized the risk of contamination. After two wesesf
1% solution of alginate in physiological solutievhich we intensive care and monitoring, we were able to thee
sterilized by filtration. To create gelling spheatsi the so- formation of a monolayer culture of adhered cellsis
called "alginate beads", we used a solution oMQ@aCb.  culture was characterized by its purity, as itmdt contain
CMSCs cells were resuspended in a 1% alginatei@olut any hematopoietic cells, indicating a high effiagmf the
at a concentration of 1 million cells/ml and, usm@ ml isolation and culture process. The stem cells sHoae
pipette, we applied the solution drop by drop theeCaCl  healthy morphology and a consistent proliferatiate
solution. In contact with Caglrapid polymerization of indicating their good adaptation to the cultureieommment
alginate occured, while the cells were trappeddmshe (Figure 4). Thanks to regular checks and maintemarfic
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the medium, we have
contamination,
effectiveness  of
techniques.

recorded minimal to napecifically alginate. In the theoretical part, thasic
additionally  confirms  thecharacteristics and possibilities of using alginate
sterilization and cultivationbiomedical engineering were discussed. The prdgiaa
of the work demonstrated the application of thacaét
knowledge in the cultivation of stem cells from the
amnion-chorion membrane in an alginate matrix.

Experiments have confirmed that alginate provides a

effective environment for the growth and differatitin of
stem cells, which supports their use in biomedical
engineering. The overall findings of this work pdio the
great potential of natural polymers in biomedical
applications and open the way for further reseanztt
could lead to new therapeutic strategies for thatnent
of various diseases. The findings from this stuggvs us
that the 3D culture technique in alginate is aaaife tool
for biomedical research and tissue engineering
applications. Cells cultured by this method shoonusing
results for further experimental and therapeute, ugile
their 3D arrangement greatly increases the relevahthe
results for clinical applications.

3D cell culture in alginate: During our 14-day 3D
cultivation of stem cells in alginate, we regulaclyanged Acknowledgement S
the culture medium every 2-3 days, thereby ensuring'e State grant agency supported this article: KEGA
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Systematic monitoring of the cell culture under the
microscope allowed us to observe their proliferatio References
morphology and overall health in a three-dimendionl] ZAKRZEWSKI,
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Figure 4 Semcélls: day 6 passage (magnification uder the
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Figure 5 Semcells: passage day 6 in alginate (magnification
under the microscope 20x)

4 Conclusion
This work dealt in detail with the study of 3D
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