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Abstract: Tissue engineering and 3D cell cutler involving the use of three-dimensional scahffold for cell and
tissue cultural ,is a promising technique for establishing in vitro culture models that mimc in vivo environment .
In vitro models present ethical and cost advantages over in vivo models, and allow for tissue
devolpmint.alginate , aliner polysaccharide derived from brown algae .has properties that make it a favorable
materials as a 3D extracellular matrix for in vitro cell and tissue models and some of sodium Hydrogyl
materials are higly appealing as 3D scaffold for in vitro 3D cell cutlre and tissue culture due their ability to
mimic the physical properties native tissue as well as their high porosity for effcient diffusion of proteins and
nutrients Alginate hydrogel is widely ysed in tissue engineering application due to its desirable propertis as
Biomaterials .

I.  Introduction

Within the Early 1940s, both cells and tissues have been considered to be intellectual, most probably
highly related to glass and several kinds of surfaces, Nowadays, it is highly required for various materials to be
easily controlled as well as printed culture systems that are responsible for upholding cells more materials
controllable and printing culture systems that upholding cells enhancement and having the criteria of being
extravagant ,and discriminative establishment as found in tissues [1] it has been known that several formats
and materials have been represented for three-dimensional culture of the cell and tissue engineering. glycos-
amino-glycans that are gelatinous and over going through the process of hydration, glycoproteins in addition to
proteo-glycans [2] . This paper will deal with the physical maneuvers of the hydrogel formats variable shapes
such as, retardation, gels that can easily molded and injected in addition to the micro-porous structural profile.
Hydrogel is a polymeric material that exhibit- its ability of retention of a reasonable significant amount of
water including its entire structure, and it has no ability to be dissolved in water it also have an optimum level of
flexibility as their natural tissues because of their hydrogel water constituents competence that can absorb the
water-arise correlated with its hydrophilic functional groups connected to the backbone of the polymer, and
there are a variety of materials that can be occurred and synthetized normally and show a high significance with
hydrogel description.[3] Furthermore, it shows the ability of being stable in both the strong as well as the sharp
c.f and strong temperatures fluctuations. hydrogel we use for Biomaterials prepared to be inert in correlation to
the steward system of biology . because, it has been revealed that most of the naturally driven materials show
significances with biomaterials can be used to replace the tissues that have been lost due to shock. in the period
of 2000s, artificial polymers have started to replace biomaterials, because their better execution, and more
reproducible, [3, 4]. The more recent germination is leading to the biomaterial introduction of being interfaced
within biological systems for the ease of evaluation, treatment in addition to the mission of the body [5], and
has been extensively inspected, and used for many Application biomedical because he relatively low cost and
due to its biocompatibility Alginate hydrogels can be prepared in several methods, it can also be used for
providing a broad number of living tissues applications in incision curing, presentation of the bioactive agents
as wound sited and minimize bacterial infection [5] It has been conducted in several animal researches with a
relatively small clinical trials scale, they have the ability to be highly tolerable , Moreover, they show a proper
correspondence with both steward and withringed cells; sterile filtering way of sterilization can be utilized for
their fineness confirmation. [6] Alginate hydrogels also can provide a wide application of biomolecules
matrices, and play a reasonable role in pharmaceutical materials preparation of the locally administrative
substances [7] Alginate is available in both the charged form as well as the neutral one therefore, it is
considered to be appropriate with numerous substances .

DOI: 10.9790/264X-03031931 www.iosrjournals.org 19 | Page



Application of Sodium Alginate Hydrogel

1. Different Methodology Of Sodium Alginate Hydrogel

2.1 Alginate Structure and Chemistry

One of the general properties of Alginate is being a highly natural revolving polymer similar to the
extracted brown seaweed In general and As biomaterials, alginates can into a variety of soft, gels,
nanoparticles, multilayers etc. at physiological conditions ensuring the conservation of cell viability and
function. fermentation of bacteria . alginate is also considered as a pace poly-saccharide co-polymer containg (1-
4)-linked B-D-mannuronic acid (M units) in addition to a-L-guluronic acid (G units) (fighure 1 )monomers. in
the alginate polymer, Both M and G units shows a relatively frequent assembly in both duplicating -M-M- / -G-
G- as well corresponding M-G blocks. some of the obvious criteria of alginate as well as its hydrogel show
edema, transmittance, in addition to the ability of being viscoelastic, are highly impacted by the M and G units
rational calculations [7] Normally most of the algal alginates G components ranges from 30% to 70%percent.
Their blocks differs in both the distribution as well as the length regarding species in addition the extracted
portion of the alginate from seaweed.
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Figure 1. The structure of alginate shown as the segment of ..MMGG.. residues [18]. Epimerisation of the M
residues changes the conformation of the sugar from 4C1 to 1C4 [19,20]

2.2 Methodology of sodium alginate Hydrogel

Matter for methods have been growing progressively and convey to perform the hydrogels of the
alginate among different applications of biomaterial engineering. Extreme number of ways of are depending
on the internal and diffusive gelling that outgo the process of foundation. Regarding the initiative organization,
ca-cl solution is pressed within the alginate barrage and the process of gelation is then begun starts in two
successive reagents gelation proceeding into the solution of the alginate as calcium ions prevalent to the body
of the alginate. However, it is difficult to be controlled over scaffold [8]

The second way is manipulated by overturning of both the calcium chloride solutions and the alginate
upwards and backwards in a double- nozzle process attached via a triad method of stopcock till reaching the
aimed supple hydrogel[9] The major strong point of this technique is the ease of a constantly gel like
achievement .Amongst the reason of having mechanical obligation the mentioned organizations can be used as
ways to brew sodium alginate hydrogel scaffolds. A way of them is carried out by mixing the alginate and the
calcium ions with the usage of a mechanical require such as mixing of the aquatic alginate together with the
solution of calcium gluconate solution by the manipulation of homogenization for the means of dispensing the
calcium ions with the prepared solutions to make the process of alginate hydrogel injection performed easily
[10] In another technique, the alginate solution in the same way can be put to the divalent ions barrage
a(calcium chloride solution as an example) followed by the gelation process procedure that begins within the
exterior alginate surface that enhances the process of the calcium ions diffusion to the material core. Via
alginate manipulation in several techniques of fabrication, this way conducts the ability to carry out tissue
scaffolds via the architecture complex. Even though , the existence of valuable amount of calcium ions
concentration is considered to be a critical target for both the of living cells in addition to the biomolecules for
the means of the process of bio-fabrication. This paper concentrates on way this technique can interact with the
process and how far it could affect the viability of the cells in the time of fabrication and even after it. [9][10]

2.3 Chemical modifications

Alginate Hydrogy! free hydroxyl carboxyl groups along its molecule series stretch considerable sites
that are quixotic for chemical functionalization. possession such as hydrophobicity degradability, and biological
property can be altered by functionalizing available hydroxyl or carboxyl groups, or meddlesome with carbon-
carbon bonds [11]. For example, to decrease alginate gel stiffness and accretion degradability inc physiological
onditions, oxidation of alginate is often employed, which lowers the molecular weight (MW) of the
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polysaccharide Sodium periodate, which is used for the oxidation reactions, breaks carbon-carbon bonds of the
guluronate group yielding an adduct that does not form ionic bridges with divalent cations [12]; therefore, less
crosslinking occurs, leading to lower mechanical stiffness of the resulting gel. Furthermore, partial oxidation of
alginate creates acetal groups that are susceptible to hydrolysis. Consequently, increasing the degree of
oxidation increases degradability of the resulting alginate gel in physiological conditions [13]. Another useful
way of alginate chemical modification is to go within the process of sulfating that can be prepared by
formamide chlorosulfuric acid interaction with alginate [14]. This process delivers a structural like
heparin(Alginate) and thus promotes an efficient compatibility of the blood. Sulfating process of the alginate
also mimics heparin’s high affinity for certain factors related to growth ; therefore, the sulfated alginate
hydrogels can be utilized for providing both a protected and sustained heparin interacting growth factors release,
Basic fibroblast growth factor(as an example), which plays an important role in the delivery systems of vivo in
addition to the applications of the tissue engineering. [15].

A common alginate modification for the purpose of the encapsulation of cells, is known as amidation,
that carbodiimides the chemistry used to form amide linkages with the molecules containing amines and the
functional groups of the polymer backbone of the alginate carboxylic acid [16]. This type of chemistry has been
used for covalently linkage peptides to the backbone of the alginate to enhance the matrix of the cell inter-
actions, adhesion of the cells is considered to be a major requirement regarding both the proliferation as well as
the validity of the cells [17]. The aspartic acid of the arginine-glycine- (RGD) peptide chain, that is available in
the matrix of the extracellular proteins as an example laminin and fibro-nectin, is the highly valuable and most
commonly performed peptide chain to carry out the adhesion process[18]. Thus highly attached to the alginate,
RGD peptide locations can word as suppliers to the integrins of the cell in order to handle the process of
adhesion and migration, and the ligand density differs in order to get reasonable adhesion level [19]. Overall, all
the chemical and physical chemical characteristics of alginate go to come to the fact that leads it to be an ideal
candidate as a 3-D matrix for tissue engineering strategies, including those used for the establishment of the
functional and the developmental tissues in vitro.

2.4 In vitro models of development

While traditional tissue engineering studies have focused on using scaffolds for tissue regeneration for
transplantation therapies, as described earlier, the field of tissue engineering, in particular the use of scaffolds, is
now being explored for other applications, such as studies on drug efficacy and toxicology as well as
investigations on tissue development and morphogenesis. For these applications, an in vitro tissue model
presents many strong feedback in cost and ethics ethical and throughout the models of vivo, enhancing further
mechanistic researches for simple, controlled systems [20]. Traditional two-dimensional (2-D) culture systems
reveals to a direct attachment of the cells within the substrate(which is known as cell-to-cell interactions)
followed by migration from the tissues [21, 22]. Consequently, cells and tissue often behave very differently
when cultured in two dimensions and experience major differences in gene expression due to the lack of a
natural 3-D environment [23]. Three-dimensional culture systems have the ability of embryo maintenance and
the architecture of tissues enhancing a straight forward physical interaction within the involving environment,
that sufficiently correspondent in the development of vivo.

11 Thus, the tissue engineering approach provides an exciting, more physiologically natural alternative
to traditional 2-D systems as in vitro models of development. The use of tissue engineering principles to
establish in vitro models that closely resemble in vivo conditions provides a means for researchers to evaluate
normal and abnormal embryo or tissue development, as well as factors that affect development. Understanding
native embryo and tissue development is important for advancing the field of developmental biology, which
focuses on uncovering mechanisms involved in cell growth, differentiation, and morphogenesis. Knowledge of
developmental biology mechanisms, specifically those involving gene regulation of cell differentiation and
tissue specification, can be integrated with other biological fields to help solve major questions that still exist in
those areas [24].Examples of in vitro culture systems that have employed the tissue engineering approach
include models for ovarian follicle [25-26] and embryo development [26-27], as well as in vitro organ models
such as kidney [31], cardiac [52], skin [53], and oviduct models [28]. Human skin models, in particular, have
served as in vitro test systems for pharmaceutical research [29], and cardiac tissue models have provided a
means for electrophysiological studies of the heart [30], a complicated task to evaluate by in vivo measures. In
addition, in vitro tumor models have recently become highly appealing for studying the efficiency of
chemotherapy drugs [31], as well as factors involved in tumor initiation and progression [32]. The physiological
and pathophysiological knowledge that have been obtained from by the usage of these models in vitro can be a
research methodology for improving the fertilization rate in addition to the outcomes of the pregnancy and both
tissue engineering and cell-based treatment therapies for the degenerative diseases. The research presented in
this thesis specifically focuses on the establishment of two separate in vitro models of development using
alginate hydrogel as the 3-D matrix: a model for the development of pre- implantation pig embryos and an in
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vitro growth plate model. The context and impact of these two culture models are presented in the following
sections.

Applications

Alginate is he can used in the food industry as a intensification, the different quality of foods, such as
dressings, establish its biocompatibility and not toxicity [33]. The gels of alginate can be also manipulated to
enhance liberation macromolecules in a controlled pattern and can be orally manage and injected in a non-
invasive accession [34]. Recently, alginate research has relocate to tissue engineering applications due to its
relocate , relatively low cost, and superfine gelation process [33, 35]. alginate hydrogels are its very
appropriate for cell transplantation and can simply present cells to the site of interest in vivo or supply and a
controlled 3-D environment for new tissue formation in vitro [35]. The gels of alginate can also be manifested
for the culture of numerous cell types, including articular chondrocytes [35, 36], skeletal myoblasts [36, 37],
neural stem cells [28], and mouse embryonic stem cells [38]. The tissue engineering approach to cell and tissue
culture, including the usage of the three-dimensional (3-D) scaffolds, is considered to be an optimum way for
achievement in the culture models of vitro which correlates with the vivo environments. Alginate, is known as a
polysaccharide of a linear origin that has been extracted from brownish algae, showing several characteristics
that leads it to be a material preferable to be used for the matrix of extracellular 3-D matrix for both the models
of the tissues and the vitro cells in vitro cell making an intimate cross-linkage of the hydrogels and ions in the
existence of a divalent cation, obtaining a profound encapsulation of tissues and cells. In addition, alginate
hydrogel can go through chemical modification conducting a specific interactions within the cells or tissues that
surround the hydrogel, or can be left unmodified to solely provide mechanical support for tissue morphogenesis
and/or cellular responses. For this thesis, alginate hydrogel was used to develop a double system of cultural
separation that interacts as a targeted maneuver in serving the functional and developmental vitro models. For
the first project, alginate hydrogel was investigated as a 3-D matrix for the in vitro development of pre-
implantation pig embryos. Within the range of the tenth and the twelve day of pig gestation, embryos go to a
complicated procedure of morphological changes, that is described in terms of elongation. Deficiencies
concerning the elongation process lead to a more than 20 percent of embryonic loss, however the real
elongation mechanisms are still controversial . In order to provide a proper key method of vitro evaluating
mechanisms regarding elongation, the first objective of this thesis is to manipulate the hydrogels of the alginate
as 3-D scaffolds for the encapsulation and support of porcine embryo elongation in vitro. Secondly, alginate
hydrogel was investigated as a 3-D matrix for the establishment of an in vitro growth plate model. Physical
damage or congenital disorders that disrupt growth plate cartilage result in skeletal abnormalities that are often
associated with long-term intensive healthcare needs due to impact on the joints, central nervous system, and
ocular system. Studying the generation of growth plate architecture in vitro is critical for understanding
mechanisms that regulate normal development of growth plate cartilage and how these mechanisms are altered
in abnormal growth plates, in addition to enhancing tissue engineering strategies. Therefore, the second
objective of this thesis was to determine the extracellular factors required to induce native growth plate structure
and function within 3-D alginate hydrogels. Overall, in addition to advancing the field of developmental
biology, the physiological knowledge that have been obtained within the usage of the mentioned vitro models as
a study methodology that can be used to develop fertility and pregnancy outcomes as well as tissue engineering
and cell-based therapies for the treatment of degenerative diseases.

Tissue Engineering

The use of autologous or allogeneic grafts in traditional transplantation surgeries has serious
limitations, including a lack of available donor tissues and severe immune responses, respectively [1]. Tissue
engineering is a relatively new field that combines engineering with the life sciences in order to develop
functional tissue substitutes, and has the potential to revolutionize medicine by providing optimal replacement
tissues for those damaged due to injury or disease [39]. Advantages of tissue engineering include the use of
autologous or allogeneic cells to overcome the limitation of donor tissue availability, as well as the ability to
directly control in vitro culture conditions to model those that occur in vivo [40]. The basic principle of tissue
engineering involves three main components [41]. First, living cells are needed in order to produce the desired
tissue. The cells are often derived from donor tissue or from stem or progenitor cells [39, 42]. Secondly, a 3-D
scaffold is needed to provide structural support for the growing tissue and maintenance of cell-to-cell
communication. These scaffolds often mimic the in vivo environment of the tissue by setting appropriate
mechanical properties and chemical signals. Tissue engineering scaffolds can be made of synthetic materials,
such as the polyglycolic or polylactic family of polymers, or they can be made of natural materials, such as
collagen, alginate, or chitosan [43]. The final essential component of tissue engineering is the inclusion of
bioactive signals, as they are used to establish cell-scaffold interactions and provide the necessary chemical
stimuli to promote cell growth and differentiation [45]. Taken together, these three components of tissue
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engineering can act synergistically to develop functional tissue substitutes for the replacement of diseased or
damaged tissue.

Alginte hydrogel in Biomedical applications

The main functions of alginate in the field of pharmaceutics is relatively favorable, it can act as
several kinds of agents like thickening, stabilizing in addition of being gel forming , Alginate reveals a critical
function in the drug products released control. The most common forms of alginate used are the oral ones used
in the pharmaceutical applications, However the manipulation of the hydrogels of alginate regarding tissue
localization has been growing. Here, in this paper we summarize the modern prognosis regarding controlled
drug delivery within the usage of alginate in addition to the substances derived from it ..

Gels of alginate is highly promoted for the presenting of a numerous amount of drugs having low
molecular value , amongst , it is considered to be useful for primary or secondary interactive bond within the
required drug and thus alginate can be utilized to control the Kinetic properties regarding the drug release.
Alginate gels are considered to be identically nano-porous (pore size is approximately 5 nm) [46], conducting a
fast small molecules decomposition via the gel. such as, flurbiprofen release from the cross-linkage between the
ions, portion ally, the formation of the oxidized alginate can be achieved in one and half hour. But, the beads
incorporation has been manifested from an incompletely oxidized alginate within the existence of adipic acid
dihydrazide as well as the calcium ions (combination of ionic and covalent cross-linkage ionic ally and
covalently) leading to a sufficient release because of the relatively large number of cross-links and the obtained
minimized edema [47]. Both the delivery of the antineoplastic agent that are performed locally in addition to the
controlled can been accomplished via the gels of the incompletely oxidized alginate. Various drugs have the
function of being loaded to the gels of based alginate for alternative means of presenting, For the reason that the
drug chemical composition and their incorporation mode might influence the released kinetics. such as ,
methotrexate ( considered as a non-interactive in correlation to alginate) showed a fast diffused release, on the
other hand doxorubicin, is highly liked with alginate, has gone to the process of release through the hydrolysis
of the cross-linked chemicals. Mitoxantrone, is highly connected with alginate, can be only released when the
gel dissociation is performed [48]. Amphiphilic gel beads are also utilized for the means of the modulation the
of hydrophobic drugs release. Alginate that has been grafted via the poly g-caprolactone has gone with calcium
ions undergoing cross-linkage to control the obtaining of theophylline, a model drug have insufficient water
solubility function. The total length of the chains of hydrophobic PCL chains can control the edematous
structure of the gel beads, and the PCL revealed the theophylline process of release. The release of the drug can
be achieved within the duration of two hours alginate-g-PCL/Ca2+ beads profile , and in only an hour regarding
alginate/Ca2+ beads [49]. The theophylline release can be accomplished by using carbon nanotube (CNT)-
incorporated alginate microspheres. The proper loading of CNT improves the gels stability mechanically,
lacking any structural impact of the microspheres structures showing low rate of cytotoxicity, with a potential
application indicator to deliver a carrier for the colon and intestine [50].

Alginate is broadly extracted in several applications of drug delivery in correlation with chitosan, that
acts as the ionic complexes combining form. Chitosan is known to be a chitin derivative product, the next highly
polymer showing abundant characters most abundant natural polymer globally having the criterion of being
duplicated (1,4) linked B-D-glucosamine,in co-ordination with a calculated ph value (6.5).Normally, commercial
products include 20% N-acetyl-B-D-glucosamine in addition to 80% p-D-glucosamine [51]. Chitosan is
considered to a polymer that acts catatonically and has been broadly utilized in tmany fields regarding of food,
,both pharmaceutical and biomedical applications as well as cosmetics [52], For the reason of being highly
biocompatible and various positive characteristics . The systems of alginate and chitosan Multi-particulate with
the inclusion of triamcinolone have been manifested via a compound gelation method of coacervation
ionotropic for the means of colonic drug presentation. An increased level of edema and a quick delivery of the
drug release were easily obtained from the particulate systems in a enteric environment that has been simulated
(with a pH value of 7.5), in comparison to a the gastric simulated environment (with a pH value of 1.2) [53].
The beads of Magnetic alginate-chitosan can be added within albendazole (ABZ) and performed for getting a
non-active targeting towards GIT by the application of capture mechanisms physically (such as , magnetic field,
pH,etc). The beads revealed a specific pH-dependent edema criteria and a prolonged ABZ release [54]. The
applied Chitosan alginate micro-particles including the required trans retinoic acid (ATRA) have obtained to
develop the achieved release of ATRA that has been accomplished into the skin in addition to the dermal
localization [55]. Metronidazole is also known to be in co-ordinance with chitosan that is treated by the beads
of alginate via an ionotropic gelation way, it was clarified that the beads show a high degree of efficiency
Helicobacter pylori undergoing the process of eradication when it is applied into mice orally [56]. Gels of
alginate is performed to obtain a matrix though which the released depots of minor drugs can be easily
interacted; The loaded chitosan/poly(y-glutamic acid) nanoparticlesAmoxicillin are involved with the hydrogels
alginate/Ca2+ in order to improve the H. pylori infection way of treatment. The outer surface of alginate gel
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layer is kept in the gastric environmentnanoparticles that have been loaded withamoxicillin, improving the
interacting activity of the amoxicillin within the spaces located in the extra-cellular region, that is considered to
be the site of H. pylori infection [57].

3D Cell culture in alginate hydrogel

Gels of alginate have been highly used for the mammalian cell culture model system regarding most
of the biomedical researches. The mentioned gels have the ability of acting in both 2-D and the physiologically
high relevant 3-D systems of cultures. The reason that alginate doesn’t have mammalian receptors of cells, in
addition to the high rate of combination with the low adsorbed proteins regarding alginate gels permits these
substances to interact in several methods as a proper space slate, upon within an increased quantitative and
specific processes for the adhesion of the cells can be easily performed (as an example , synthetic peptides
couple which is responsible for the adhesion of the cellular receptors).Moreover, the ordinary results did not
focus on the vitro researches that undergo the process of translation in vivo, For the reason of being
biocompatible and the ease alginate introduction throughout the body.

Gels of alginate undergoing modification by RGD are highly manipulated in vitro culture of the cell
derivatives. The existence of RGD peptides in the gels of alginate prohibits a regular phenotype of interacting
myoblasts over going interactions [58],0steoblasts, chondrocytes [59, 60], [61], follicle of the ovary [62], in
addition to the stromal cells of the bone marrow [63-64].such as , the proliferation as well as adhesion of the
cultured myoblasts on the gels of alginate were highly improved within conjugation of RGD peptides chemical
products to the backbone profile of the alginate, in correlation to the gels of alginate that did not undergo
modification(Fig. 13) [64]. Moreover, the amount of the adherent gelatinous cells, and the rate of growth , are
significantly showing high rates of dependency regarding the gels RGD density bulk. The spacer-arm optimum
amount of length within the peptide of the RGD and the sequence of alginate is a major regulating parameter of
the responses of cells . The growth in addition to the adhesion of the ordinary fibroblasts of humans that reveal
cultural procedure on the gels of alginate undergoing modification with a peptide chain of (glycine)n-arginine-
glycine-aspartic acid-serine-proline (GNRGDSP) that was highly affected by the spacer arm length measures ,
in contrary to the identical overall compositions of the gels peptides (Fig. 14). Minimally 4 units of glycines
acting as a spacer arm prohibited linkage to the receptors of the cells, within the usage of twelve glycine units
leading to non-enhancement in adhesion of the cells as well as the growth [65]. The RGD peptides amount for
each chain of alginate , and the vacancy with the RGD peptides clusters, specifically of the total RGD ligands
density, highly influence the cells rebound to the gels of alginate with RGD-modification [66, 67], probably
these factors can impact the integrin receptors clusters [68]. However, the availability of the RGD ligands
identically improves the differentiation and the adhesion of cells, chondrogenic gene expression in addition to
the BMSCs accumulated matrix can undergo encapsulation in RGD- gels of alginate (3-D) that prevented with
an high density of the RGD in vitro [69], Nowadays, gels of alginate have been expressed in a microfluidic
apparatus via the release of the light-triggered caged calcium within the usage of DM-nitrophen™ complexes,
and can be also utilized as a three-dimensional substrate of the cell culture. Prosteoblasts (MC3T3-E1) and the
umbilical vein of the human endothelial cells were gonr through culture in the microfluidic apparatus by the
manipulation of the photo-patterning of hydrogels derived from alginate, and this way lead to a valuable way
for three-dimensional culture microenvironments integration with the microfluidic processes[70].

The peptide adhesion of the cell affinity of the receptors of the cells besides plays an important role in
the response of the ,as was clarified in previous researches depending on a relatively high affinity of the cyclic-
peptide RGD. The gels of the alginate delivering the cyclic peptide of RGD(glycine4-cystine-arginine-glycine-
aspartate-serine-proline-cystine; G4ACRGDSPC) increased the ability of osteogens to be differentiated via stem
cell (the stromal cells of the human being and the stromal cell line of the mousa bone marrow) more effective
than that of the gels linear RGD peptides modified cells [70]. Cyclic peptide-RGD show high level of resistance
towards the process of proteolysis [72], as well as an efficient binding ability in addition to selectivity than those
regarding the linear-peptide RGD. [73-74]. The process of alginate synthesis extracts delivering an intimate
cyclic-peptide RGD peptides with a high capability of controlling the differentiation of the stem cells and might
increase the regeneration of the tissues via diminishing the intake of the exogenous factors that have the ability
of being soluble.

Most of the researches that have been done recently depend on the usage of the gels of alginate as
being three-dimensional cell culture substrates have resulted a major point in both cancer biology as well as the
stem Mesenchymal stem cells have been conducted in order to be controllable with the RGD gels of the
alginate elastic modulus for the purpose of encapsulation. For the reason that differentiation process break down
both fat and bone ways of path ,it was carried out at various amounts of gel stiffness showing a proper contrast
to two-dimensional culture systems manifested in the prior works done on the mechano-transduction, the ease
of the stem cell to be controlled was showing a direct correlation with the adhesive bonds number that are
obtained within the cells and the gels, in addition to the altered cell receptors that have been manipulated to
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enhance the adhesion the peptide of the RGD in 3-D opposes 2-D cuture systems. Reorganization of the active
cells are then accomplished on the nano-scale of the ligands of the adhesion and extracted from the gels [75].
Moreover, The gels of the alginate could be utilized to inspect the ability of the three-dimensional culture micro-
environment in impacting signaling of the cancer cells as well as the vascularization of the tumors. The
engaging of Integrin via a three-dimensional micro-environment of the tumor{the gels of the alginate(RGD)
undergo encapsulation} highly affect the signal of the cancer cells to attack the blood vessels, Therefore, this
applied study might discover a recent anti-angiogenic cancer treatment therapies [76]. A highly weak point for
most of the 3-D cell culture systems is the lack of the ease gaining quantifying of the cell matrix interactions as
well as for the analysis. Even though, the enhancement of many FRET ways has achieved a new non predicted
ability of the quantitative probe with co-relation of decision-making and the adhesion of the cells. In a single-
FRET process, cell membranes are previously undergo staining within the usage of florescent molecules(known
as the acceptor), and non-identical fluorophore (known as the donor) can be easily interacted to the peptides of
the cell adhesion peptides and be alternated to the sequences of the polymer. (Fig. 3) [77]. The previously
mentioned FRET way prohibits the ease of quantification of the cell receptor-ligand cross linkage and an
identical FRET method promotes knowledge on the process of rearrangements of the mediated cells, at the size
of nanometer scale, of the ligands of the adhesion connected with the gels [78-79]. we figured out the relation
between the quantity of the bonds of the ligand receptors and the behavior of the cells by myoblasts (C2C12)
and pre-osteoblasts (MC3T3-E1) encapsulation in the gels of alginate delivering the peptides of the RGD
peptides via applying a single FRET methodology [80]. The interactions of the adhesive products can be clearly
inspected, because of the continuous emission of the green fluorescein in the membrane of the cell was reduced
while the red emission from the rhodamine located at the interface within the gels and the cells was enhanced
after encapsulation of the cells inrhodamine-G4RGDASSKY gels of the alginate ,Because of FRET application.
Both the differentiation in addition to the proliferation showed a great degree of being dependent on the quantity
of the bonds relate to the ligand receptors and measured by the signaling of FRET signal. The mentioned
analytical process could enhance cell behavior predictability, partially in the three- dimensional culture, and to
fabricate a valuable three-dimensional culture of the cell derivatives for further kinds of applications.

Cell Culture

Many studies have been done regarding the 3D cell culture adaptation for immobilization of the cell. a
specific system cannot be applicable for other kinds of laboratory experiments and types of the cells, However
It is obvious here that alginate permits an efficient tool system for optimization and fabrication. In the
comparison between several methods ,we have to put into consideration the evaluation and the formation of the
multicellular spheroids. It is correlated with that fact that spheroids are obtained in the form of monoclonal or
polyclonal originally. The monoclonal origin the spheroids are conducted through a uni-proliferation of the cell
to locate cells in the most systems of hydrogels while polyclonal ones obtained from the process of cell
population aggregation and can be cited during the usage of the plates of low attachment and hanging drop
techniques.

Strategies for scaffolds knowledge as a correspondent to culture of the cell on two-dimensional plastics
involving fibers, membranes, beads, foams as well as several types and morphologies of hydrogels [81]. The
application of the two-dimensional cell culture into several scaffolds kinds improve the positive outcomes of the
mono-layers than that for the plastics, in addition to a profound knowledge regarding the responses of the cells
towards the stiffness function of the matrix and signaling factors of the interacted cells can be easily approached
from these kind of experiments [82-83]. Four different strategies of hydrogels of the alginate are available in
this part involving beads, postponed systems of gelation , macroporous scaffolds as well as the ptinted3D
scaffolds. Other techniques investigating the 3D culture of the cell in the scaffolds of alginate are considered to
be a kind of alginate scaffolds that is known ashoneycomb showing aligned pore structure for the means of
vascularization enhancement [84], The magnetic responsive impregnation of the scaffolds nanoparticles can
helps to stimulate the cells and initiate a chain of organized endothelial cells within a capillary-like characters
[85], and scaffolds alginate together with hydroxyapatite that is nucleated and could be controlled conducting a
composite scaffold with a high rate of prognosis for the engineering of the bone tissues [86-87].

Scaffolds of alginate for three-dimensional culture of the cell could be easily applied for a broad
number of cell types. beside the interaction of cells that can be obtained with the involving to hydrogel through
peptide-coupled alginates and that was discussed in Section 2.3.1,In order to get a proper control on the gels
elasticity,alginate concentration optimization showed be highly controlled, the alginate kind and the cross-
linkage strategy that will be chosen ( whether ionic or covalent) beside the density of the cross-linkage,
hydrogels of the alginate could be fabricated to contrast the elastic function of most tissue kinds. (Figure 5) and
could be applied for the means of stem cell differentiation control [88-89]. Huebsch et al. have revealed that
formation of the bond within the mammalian mesenchymal stem cells (mMMSCs) and the peptide of RGD have
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been highly correlated with the density of the existent peptides (7.5-150 uM RGD concentration) and the
rigidity of the matrix (2.5-110 kPa) therefore, delivering the major roles of the mentioned two parameters [69].

Beads

The method of the cells immobilization, especially the islet cells of pancreas, in the matrices of calcium
alginate was discovered by Lim and Sun at the late 1970s [90]. By encapsulation of the gels of the alginate
within polycations identical to poly-L-lysine, poly-L-ornithine, or chitosan, the strength of the coated surface
coating in addition to the ability of controlling the porosity of the capsule (Figure 2) [91].
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Figure 2. Elasticity scale of soft tissues. Adapted from reference [91]. Reprinted with permission from AAAS.

A major criterion of alginates is the low inherent cell adhesion and interaction of the cells. This can be
a reason for cell encapsulation applications improvement, however it could be a weak point regarding tissue
engineering applications. However, alginate could be changed via the peptide application to the cell attachment
or another molecules that are biologically active The process of encapsulation of hydrogel of the alginate is a
quick non-toxic way for gaining immobilization for both cells and macro-molecules. Obtaining artificial organs
via cells or tissue encapsulation process is considered to be a major point study for the means of several
diseases treatment like Parkinson’s disease, failure of the hepatic functions, hypocalcemia in addition to the
chronic prolonged pain , probably the most famous is artificial pancreas that is used for diabetes treatment
(pancreatic islets encapsulation).

Cells Alginate
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Figure 3. Encapsulation of cells with alginate. (From FMC internal archive.)

Almost all of the ways methods regarding tissues and cells encapsulation in the gels of alginate mainly
include two major mechanisms .The initiative mechanism deals with the inner phase fabrication that the solution
of the alginate having the biological materials incubated into minute drops. For the second mechanism, all the
drops undergo solidification with either gelling or by the membrane formation at the superficial layer of the
droplet.

The average size of the bead is highly considerable for both the alginate gel beads and capsules during
the application of the biomedical products . The intimate size approach should highly compromised. The bead
needs to be big enough for the ease of the biological material inclusion. A relatively larger ones can be simply
handled in case of washing process or another treatments. In several applications of including cells, they have
to be harmonically distributed with the inner matrix of the capsule. Thus, beads undergoing generation with the
a proper mean size and reasonable size distribution must be measured. The beads size can be easily controlled
through regulation of droplet formation.

The size of the droplet size depends on various points: the overall size of the material undergo
immobilization and/or encapsulation (islets of pancreas as an example for the mono-cells or the cell
aggregates) the strategy is proposed for the droplets generation (as an example, the usage of syringe and pipette,
co-axial flow of the air, electrostatic generation, jet-cutter), the viscous ability of the solution of of the alginate,
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and the rangle of the flow of alginate. Therefore, when talking about the biomedical applications, regulation of
the size of the droplet is considered to deliver a gelled bead with a measured a diameter of less than 200-1000
pm. For each unit volume, a relatively small beads present a broader surface area for transplantation, a
calculated ratio that appeals in improving the tissue survival because of the proper nutritional as well as the
oxygen supply. Several methods can be utilized for the droplets formation , as mentioned in a work done by
Dulieu et al. [92]. Involving:

* Extrusion by the usage of a needle: Beads could be obtained by dispensing the solution of the alginate from a
syringe within a proper needle diameter straightly to bath gelling . despite, this technique does not need any
using of instruments, the distribution size of the beads undergoing production cannot be easily controlled.

» Coaxial flow for liquid and air: The air jet coaxial system is an easy method of relatively small beads
generation (around 400 um), even though the distribution size shows a slight enlargement in comparison to the
electro-static system. In this system, a coaxial stream of the air is manipulated to get out the droplets from the
tip of the needle to the gelling bath Figure 4.

* Electrostatic potential: The electrostatic potential is considered to be useful in pulling out the droplets from the
tip of the needle to the gelling bath. The major influence on the formation of the droplet through the
electrostatic potential can directly enhance the charged molecules to the superficial layer of the droplet to
overcome the tension of the surface. Within the usage of this kind of instrument, The beads size lower than 200
um and with a small size distribution might undergo generation. The targeted bead size is accomplished easily
by the instrument voltage adjustment (electrostatic potential). The major line of smaller beads fabrication using
electrostatic potential bead generators is illustratedinFigure4.
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Figure 4. Principle of electrostatic (left) and coaxial air flow (right) bead generators [80].

* Vibrating capillary jet breakage: A vibrating nozzle has the ability to generate the drops from a vessel
showing a high value of pressure.

* Rotating capillary jet breakage: The generation of the bead is obtained via the removal a rigid jet of fluid
extrusion of a nozzle by the usage of cutting device having rotational ability. The fluid is then segmented into
cylindrical parts then forming the beads because of surface tension ability when passing the gelling bath.

Figure 7. The concept of electrostatic (left) and coaxial flow of air (right) generation of the beads [93].
The process of Encapsulation of the vital cells, an immobilized cell form immobilization, is an applied
technique for artificial organs production and the therapy of cells constructs. The cells can be integrated through
alginate( with adjusted osmolality )following by dripping of the solution of the alginate positive cells into
calcium chloride bath (Figure 6). For the reason that the ionic cross-linkage reaction is intermittent, the cells are
intervened inside in the hydrogel bead of the alginate. The of the beam of the alginate to be porous like oxygen
and nutrient substances can be easily diffused into the gel , on the other hand, cell products, like proteins, are
diffuse outside the gel. The hydrogel is considered to be a porous barrier for antibodies and immune cells as an
example macrophages. , it can go through the process of implantation of the hydrogel of the alginate “bio-
factory” to both humans and animals where the implant can be revealed as a continuous production system
such as insulin for example. Implantation researchers into patients suffering diabetes and animals [94-95] have
carried out long-term of functions
Several examples of cells undergoing encapsulation are illustrated in Figure 5.
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Mouse 3T3 ’ ’ HEK 293 ‘ ’ Human Islets ‘

Figure 5. encapsulated cells in alginate. (From FMC internal archive.)

The mentioned photomicrographs are not showing the same magnification level. The left panel
indicates the genetically engineered murine 3T3 cells undergoing the process of encapsulation. Encapsulated
Human fetal Kidney (HEK) 293 cells are illustrated in the core panel. The islets of pancreas having
encapsulation in the gel beads of the alginate are specified in the right panel. Cells that are capable of the anti-
angiogenic protein endostatin production have been undergoing encapsulation in the extra pure alginate
followed by implantation into the brains of dogs treated for a diagnostic brain cancer [84—86]. Various cell kinds
have performed immobilization in alginate as an example adipose-derived stem cells [95-96], mesenchymal
stem cells [97], and chondrocytes[97-98]. Disease in addition to diabetes are represented on the web pages of
vital Cell strategies [98].

I11. Conclusions
Culturing cells and tissue engineering in alginat Hydrogyl will be the preferred way to investigate cell
growth in tissue, mechanisms of cell differentiation and still there is various formulation are still under
realization for constructing used buy alginat hydrogyl and 3D alginat Hydrogyl in filde as diverse as tissue
engineering and drug discovery this should not be detrimental to the use of 3D cell or tissue system but rather an
opportunity to improve and customize assay system for cellular structure.
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