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ABSTRACT 

In comparison to 2D systems, 3D tumor culture systems are superior models to 

mimic the tumor behavior as in vivo. In order to understand the behavior of cells in 

vitro as they are in vivo, researchers are focusing on 3D systems and these systems 

are becoming popular as one of the hot techniques for cancer research. One of the 

aims of this study is to evaluate the effect of natural polymers alginate and gelatin 

and their ratios on liver adenocarcinoma cells SK-HEP1 spheroids. The second aim 

is to analyze the effect of lithium on SK-HEP1 spheroids size and number in various 

ratios of alginate and gelatin.  

In this study, different concentrations of alginate and gelatin hydrogels were used 

with SK-HEP1 adenocarcinoma cell line to form multicellular tumor spheroids via 

the simple droplet-based method. Morphology and size of spheroids which indicates 

cell proliferation were evaluated using phase-contrast microscopy. Results revealed 

that gelatin increases cell proliferation without disturbing the morphology of beads 

up to 1.5% alginate and 0.5% gelatin ratios. Although gelatin supported cell 

proliferation and growth, over 0.5% of gelatin in biopolymer blend disturbed the bio-

polymeric bead morphology. Lithium inhibited cell proliferation and decreased the 

size of cell spheroids. These results are in agreement with the effects of lithium on 

conventionally cultured SK-HEP1 cells in 2D systems. Our results indicated that 

cheap and abundant natural polymers such as alginate and gelatin could be potential 

candidates to create 3D culturing environments including microspheres for cancer. 

Keywords: Alginate, Gelatin, Biopolymers, 3D Cell Culture, SK-HEP1 Spheroids. 
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ÖZ 

In vivo 

adenokarsinom hücresi SK-

-HEP1 sferoidleri  

etkileri  analiz etmektir. 

-

kontrast m

hücre proliferasyonunu ve büyümesini desteklese de, biyopolimer içindeki jelatinin 

% 0.5'inden fa -polimerik boncuk morfolojisini bozdu. Lityum, 2D 

lityumun 2D sistemlerde geleneksel -HEP1 hücreleri 

jelatin   gibi   ucuz   ve   bol    miktarda   bulunabilen      polimerlerin,     kanser 
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Anahtar kelimeler: Aljinat, Jelatin, Biopolimerler, 3D Hücre Kültürleri, SK-HEP1 

Sferoidleri. 
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Chapter 1 

INTRODUCTION 

In the ongoing years, noteworthy advances in the field of nanotechnology, 

particularly in material science and biomedicine, have been accomplished [1, 2]. In 

particular, the clinical application of biomaterials in cancer study and treatment [3  

5]. 

This study aimed at preparing hydrogel beads of alginate-gelatin to evaluate liver 

adenocarcinoma cells encapsulated in microspheres and analyzing the effect of 

lithium on these spheroids as a 3D environment for cancer cells culturing. 

1.1 Biopolymers 

Polysaccharides are natural polymers biocompatible  [6 8] non-lethal, biodegradable 

[2] and non-toxic [6]. Biopolymers can be got from natural sources which they are 

economic, easy to get, rich and sustainable [8]. Biopolymers have got from creature 

tissues are especially famous since they hold comparative biochemical materials that 

cells involvement with their local tissue and may advance tissue recovery. Among 

the most normally utilized common polymers is gelatin. Biopolymers from non-

mammal tissues for instance, alginate is also used for making 3D scaffolds [9]. 

Natural biomaterials have utilized cell conduct and capacity, empowering the 

progression of tissue building for remedial applications. To all the more likely copy 

the physical, biochemical, and physiological prompts of local tissues, regular 
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crossover 3D frameworks have widely been investigated [10]. The biocompatibility 

of these polymers is talked about as far as tissue reactions in both the host and matrix 

to suit the practical endurance of the cells [7]. Among biopolymers, alginate and 

gelatin are widely utilized for some biomedical applications because of their 

biocompatibility, and biodegradability [11]. The associations among carbohydrates 

and proteins have built by means of two essential synthetic responses prompting 

covalent holding, looking like the proteoglycans in the ECM [10].                                                                                     

1.1.1 Alginate Structure and Its Biomedical Applications 

Alginate is a linear and water- soluble [8] biopolymer extracted from seaweed, for 

example, brown algae [12 14] and it is the most plentiful marine biopolymer and the 

most plentiful biopolymer on the planet after cellulose [15].  Alginate is a 

polyelectrolyte with two atomic building blocks ( - guluronic acid and - 

mannuronic acid) , which manage its auxiliary characteristics and advance 

establishing ionic interaction with divalent cations to form ionically crosslinked gels 

[15, 16]. The building blocks of alginate are - guluronic acid (G-block) and - 

mannuronic acid (M-block) [14, 17, 18], (Figure 1 ). 
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Figure1.1. Chemical structure of alginate: (A) alginate monomers, (B) chain 

adaptation, (C) block dissemination . 

Alginate gels have for a long time been utilized as devices in both drug delivery 

system and cell encapsulation applications [19] in the bead structure for the most part 

delivered by dribbling alginate arrangement into a CaCl2 bath [17, 20]. In the course 

of the most recent decades, alginates, normal beneficial polymers, have progressively 

attracted consideration as alluring compounds in the biomedical and pharmaceutical 

sectors because of their interesting physicochemical properties and adaptable organic 

functions [12, 17, 21].  

Numerous regularly used materials got from extra-cell lattice made great frameworks 

for cell development [22]. Alginate is presently generally utilized as immobilizing 

materials for cells or tissue [23] in the improvement of counterfeit organs [15]. 

Alginate has become the most concentrated biomaterial for the exemplification of 

living cells [16]. Furthermore, it has been generally utilized as a natural biomaterial 

A 

B 

C 
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in cell encapsulation for regenerative medication applications, as it is exceptionally 

biocompatible and has low immunogenic properties [24]. 

1.1.2 Gelatin Structure and Its Biomedical Applications   

Gelatin is a promising material as a platform with helpful and regenerative attributes 

due to its synthetic similarities to the extracellular matrix (ECM) in the local tissues, 

biocompatibility, biodegradability, cost-viability, low antigenicity and plenitude [10]. 

Gelatin is a biodegradable protein, produced by acidic or fundamental hydrolysis of 

collagen, which includes breaking of the collagen's triple- helix structure into 

irregular curls [11, 25 32]. It consists of 19 amino acids [8] almost contains 

significant levels of hydroxyproline, proline and glycine, which can be broadly found 

in nature and is the significant constituent of skin, bones and connective tissue [1, 

30].  Collagen might be obtained from different sources, including bovine, porcine, 

or fish through different strategies [10].  

Gelatin is generally utilized in biomedical uses, for instance in tissue building, 

wound dressing, quality treatment, and drug delivery because of its high 

biocompatibility and biodegradability [33]. However, gelatin's poor mechanical 

properties, which limit its more extensive potential and medical applications, can be 

overcome by covalent crosslinking with different polysaccharides [26, 34, 35]. 

Gelatin is a characteristic and low- cost biopolymer whose properties, for example, 

negligible immunogenicity and apparent degradability, make it probably the best 

choice for tissue designing [2].   
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Figure1.2. Chemical structure of gelatin. 

1.1.3 Hydrogels  

There is developing gratefulness for the job that the extracellular matrix has an 

impact in controlling cell conduct. Mechanical, auxiliary, and compositional signs, 

either alone or in the show, can radically modify cell work. Biomaterials, and 

especially hydrogels, have been created and executed to display characterized subsets 

of these signals for exploring innumerable cell forms towards getting morphogenesis, 

maturing, and illness [19, 20, 37 40]. 

 Hydrogels also c [41] are hydrophilic polymeric 

materials recognized by high water content [32] which may retain from 10 20% up 

to a huge number of times their dry load in water [30, 42] and assorted physical 

properties [27, 38, 43, 44]. Hydrogel arrangement includes the progress of fluid 

precursor arrangements into solid materials, which can be performed utilizing either 

physical (non-covalent) or chemical (covalent) crosslinking to gather the hydrogel 

parts [36, 37] and do not dissolve in the water [27, 32, 38].  Hydrogels are novel 

materials that display great biocompatibility and high penetrability for oxygen, 

supplements and other water-soluble metabolites to frame three-dimensional systems 

[16] to be a helpful strategy to create multicellular spheroid models [3, 19, 45].   
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Polymer hydrogels are viewed as appropriate for 3D cell culture as they have 

similitudes to characteristic extracellular matrix [46 48].  Moreover, they have 

demonstrated value in scope of cell culture applications, uncovering major wonders 

controlling cell conduct and giving devices to the development and coordinated 

separation of different cell types in manners impractical with regular culture 

substrates [31, 37]. Significant new disclosures in undifferentiated organism explore, 

cancer biology, and cellular morphogenesis have been acknowledged with model 

hydrogel frameworks commenced on these structures [5]. Most hydrogels comprise 

of micron/nanometer- estimated size that is regularly too little to even consider 

allowing post-creation cellularization and do not have the microtopography required 

for controlling the shape of cell and supporting cell portability, cell multiplication, 

and lattice creation. To overcome the above restrictions, many attempts have been 

made by utilizing hydrolytically and enzymatically degradable biopolymers. These 

hydrogels have segments that continuously break down and produce inner space to 

encourage framework creation and many other bioactivities for cell [9].                            

1.1.3.1 Alginate Hydrogels 

Alginates have become a critical group of polysaccharides because of their utility in 

planning hydrogels at mild pH and temperature conditions, reasonable for delicate 

biomolecules like proteins and nucleic acids, and living cells [18, 21]. Properties of 

alginate hydrogels can be custom fitted through the modefication of free hydroxyl 

and carboxyl groups to control dissolution, hydrophobicity, and insert organic 

functional groups appropriate to cell adhesion and survival [10]. The chemical 

composition  of alginate blocks assume a significant job in their ability to shape ionic 

gels [45]. The circulation and extents of monomers M and G along the alginate chain  
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determined mechanical, expanding and dispersion properties of the hydrogel [16, 

49]. 

When multi-valent cations (for example CaCl2) are joined to a water-based alginate 

arrangement, they tie contiguous alginate chains shaping ionic interchain spans that 

cause quick sol-gel  progress perfect with the endurance of the captured cells [16]. 

The coupling zone between four G deposits of two distinct chains and a cationic 

regularly portrayed as an "egg-box model".(Figure 3 ), [17, 21, 49].      

 
Figure1.3. Conceivable intersection focuses in alginate: (A) GG/GG junctions, (B) 

MG/MG junctions, (C) GG/MG junctions "egg-box model". 

The significant explanation behind utilizing alginate gel as an implantation material 

is protection managed by the gel organized against the immune system of the host. 

The encapsulation innovation utilizing alginates is promising and gives a protected 

and straightforward strategy for embedding cells into different destinations of the 

human body [15, 48]. Cell encapsulation in alginate beads has been utilized for 

immobilized cell culture in vitro just as for immune-isolation in vivo [14, 50]. 

Ensnarement of living cells inside Ca-alginate circles is an entrenched method and 

can be completed in a solitary advance procedure under gentle situations. A cell 

A 

B 

C 
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suspension is blended in with an (osmotically adjusted) sodium alginate arrangement, 

the blend trickled into a solution containing CaCl2 and the beads momentarily 

structure gel-circles ensnaring the cells in a three-dimensional cross- section [17]. 

1.1.3.2 Gelatin Hydrogels 

Gelatin polysaccharide hydrogels may assimilate a lot of water, ordinarily over 

multiple times their dry mass, giving in vitro culture stages to investigate the conduct 

of mammalian cells in a lattice enlivened condition for tissue designing, preferring 

cell grip and development, penetration, and tissue vascularization [10]. Gelatin is a 

generally operated material to shape hydrogels for various biomedical applications, 

for instance, wound dressing, plasma expander, adsorbent material, and drug delivery 

as hard or delicate containers, hydrogels, or microspheres due to its high water 

content limit, biocompatibility, biodegradability furthermore, non-immunogenicity 

[31]. 

Gelatin has been an appealing contender for getting ready hydrogels utilized in long- 

term biomedical supplications [27] since it comprises of a huge number of functional 

groups and is effectively cross-linked [32]. Gelatin is effectively soluble in water at 

37°C [26], non-immunogenic, and shows amphoteric behavior. Due to these 

advantages, gelatin-based hydrogels are used in the assembling of contact lenses, 

frameworks for tissue engineering, and drug delivery systems [28, 51, 52]. Gelatin-

based hydrogels are fit for giving destinations to cell adhesion and proliferation [26]. 

Gelatin microspheres were utilized as a medication transporter for the parenteral drug 

delivery of malignant growth [50]. 
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1.2 Cell Culture: A Short Review 

The culture of tissues and cells is a basically and extensively used method that 

involves isolation of cells, tissues and organs from animals or humans and 

developing them in an in vitro or artificial condition [52  54]. The expression culture 

implies to stay alive and develop in a suitable medium that types which would now 

be able to be developed in culture incorporate connective tissues, for example, 

fibroblasts, skeletal, cardiovascular also, smooth muscle, epithelial tissues, neural 

cells, endocrine cells and various kinds of tumor cells. The significant favorable 

position of using cell culture for any of these approaches is the consistency and 

reproducibility of results that can be gained from utilizing a bunch of clonal cells 

[52]. Cell culture plays a vital role in research because it gives fitting model 

frameworks to contemplating the standard physiology and natural chemistry of cells; 

[54, 55] the influences of medications and poisonous mixes on the cells, 

mutagenesis, and carcinogenesis [54, 56]. Moreover, it is exceptionally fundamental 

to biotechnology; the significant region of application of cell culture is in cancer 

research [52, 56]. Cell culture has become an irreplaceable apparatus to help reveal 

principal biophysical and bio molecular systems by which cells amass into organs 

and tissues, how these tissues capacity, and how that capacity becomes upset in 

disease [9]. 

Culture conditions differ broadly for every cell type, yet the artificial condition in 

which the cells are cultured perpetually comprises of an appropriate vessel 

containing a substrate or medium that provisions the basic supplements (amino acids, 

starches, nutrients, minerals), development elements, hormones, and gases (O2, CO2),  
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and controls the physicochemical condition (pH, osmotic weight, temperature) [52, 

53, 57]. 

1.2.1 (2D) VS. (3D) Cell Culture 

With the advancements in the field of cell science, biochemistry and medicine, it has 

become broadly acknowledged that conventional methods for controlling cells in a 

two-dimensional example have been inadequate for the need of present day 

medication. Today, expanding endeavors have been made to create three dimensional 

(3D) frameworks which better copy the geometry, science and flagging condition of 

regular extra cell matrix (ECM) [1]. 

Human body is three-dimensional drafts of action of cells with complicated cell-cell 

and cell-matrix associations and complex vehicle elements for supplements and cells 

[54].  Therefore, 3D cell culture is a significant device for biological research.  When 

contrasted with the two-dimensional case, the three-dimensional (3D) cell culture 

system permits organic cells to proliferate or associate with their environmental 

factors in each of the three measurements [54, 56, 58]. Besides, 3D cell societies 

have more prominent security and more life expectancies than cell societies in 2D. 

Additionally, 3D aggregates can be refined for more, in any event up to a month, 

when contrasted with just about multi-week with 2D monolayer culture because of 

cell confluences [54].  Investigate has discovered that cells in the 3D culture 

condition differ physiologically and morphologically from cells in the 2D culture 

condition [58]. 

In most cases cell differentiation is acted in 2D in vitro. But this system does not give 

effective conditions to recreate the real usefulness of living tissues. Recently, various 

gatherings have advanced toward 3D culture to get progressively practical 
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biophysical and bimolecular situations following crucial instruments. The 3D 

association of cells, biomolecules, and biomaterials improves the arrangement of a 

particular microenvironment, permitting cell-to-cell correspondence, extracellular 

matrix (ECM) development, growth factor creation, and controlled dissemination of 

oxygen and supplements, just as waste item end, required after implantation [59]. 

For longer than a century, conventional (2D) cell cultures have been utilized as in 

vitro models to examine cell reactions to incitements from biophysical and 

biochemical signals. Despite the fact that these methodologies are all around 

acknowledged and have fundamentally progressed our comprehension of cell 

conduct, developing proof presently illustrates that, under certain conditions, the 

conventional frameworks can bring about cell bioactivities that go astray 

considerably the in vivo reaction. For example, some significant attributes of cancer 

cells can't be properly demonstrated in 2D societies. To overcome this limitation, 3D 

cell culture has constructed to mimic in vivo conditions [9], (Table 1.2). 

 

 

 

 

 

 



12 
 

Table1.2.  Comparisons of 2D and 3D cell culture methods. 
Type of culture 2D 

 

3D Ref. 

Time of culture 

arrangement 

Minutes to a few 

hours 

A few hours to a 

few days 

[3, 60, 61] 

In vivo 

impersonation 

Do not mimic the 

original structure of 

tumor or tissue 

Mimic in vivo 

structure 

[62] 

Culture quality Straightforwardness 

of culture, 

reproducibility and 

high performance, 

long-term culture 

cultures more hard 

to complete , awful 

performance and 

reproducibility, 

hard to decipher 

[54, 63] 

Characteristics 

of cells 

Changed 

morphology and 

method for 

divisions; loss of 

assorted phenotype 

what's more, 

extremity 

Save morphology 

and way of 

divisions, diverse 

phenotype and 

polarity 

[64, 65] 

Access to basic 

components 

Unlimited access to 

supplements 

(unlike to in vivo)  

Variable access to 

supplements 

(like in vivo) 

[59, 66] 

Cost of a culture Cheap More expensive  [67, 68] 
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1.2.2 (3D) Cell Culture in Cancer Research 

Cancer is evaluated to have caused over 9.6 million deaths in 2018, despite 

everything being considered one of the significant reasons for death overall. Tumor 

types and tumor-invading cells are exceptionally heterogeneous, adding to the 

complexity of the disease [69]. Most malignancies emerge in people beyond 60 years 

old. As people are living longer and reaching older ages, malignancy is becoming a 

more frequently encountered medical issue [70].  

Because of the rising demand for studying cells in the 3D system [55], the most 

widely recognized materials utilized are natural polymers because the control of their 

substance and properties, major for directing the grip and spreading of living cells 

and protein adsorption and thus cell connections are simpler to control [54]. 3D 

culture models consider as a multidisciplinary system that joining several key areas, 

specifically materials science, cell science, bioreactor structure, and adjusting these 

to clinical applications and research whenever expected for implantation [71]. 

Tumors have a three-dimensional (3D) structure, comprising of the cells, blood 

vessels, and extracellular substrates. Subsequently, in vitro malignant growth 

examines, it is fundamental to reenact however much as could reasonably be 

expected the 3D structure to get increasingly sensible discoveries. In vitro 

examinations are the initial step to look at the viability of anticancer medications and 

protection from them. Two-dimensional (2D) cell cultures are routinely utilized for 

this reason. In any case, 2D cell cultures suffer from the effects of various 

confinements, for example, the aggravation of associations between the cell and 

extracellular conditions and changes in cell morphology and extremity. In 3D 

situations, the cells develop are progressively like creature conditions [72]. The 
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spheroid group is especially helpful in malignant growth to inquire about as it 

empowers the fast revelation of morphological changes in changed cells [54, 55]. 

Spheroid cultures are widely applied to dissect the extracellular matrix (ECM) due to 

the closeness of spheroid societies and strong tumor behaviors [55]. Equal research 

likewise demonstrates that customary 2D cell culture techniques may not precisely 

imitate the 3D in vivo condition in which malignant growth cells reside as the 2D 

condition does not permit for territories of hypoxia, heterogeneous cell populaces, 

fluctuating cell expansion zones, ECM impacts, solvent sign slopes, and differential 

supplement and metabolic waste transport [73]. In addition to that, various 

investigations have discovered that cells refined in 3D models are more impervious 

to anticancer medications than 2D cultures [58]. Furthermore, one of the most 

evident contrasts in cells under 2D or on the other hand 3D cell culture frameworks 

is their adjusted multiplication limit. In 3D cell culture frameworks distinctive 

malignant growth cell lines showed adjusted  either diminished or expanded 

proliferation rates. Several cell lines indicated diminished proliferation rates in 3D 

frameworks [74]. In general, the morphological appearance of 3D spheroids is 

principally cell line subordinate [58].  

It is important to grow better in vitro metastasis models of human malignant growth 

that will permit specialists to set up in vitro pre-testing techniques to mimic the in 

vivo microenvironment, which will spare costs, shorten test time, provide a much 

increasingly controllable environment, and reduce the loss of creature life [3, 45]. 

Past investigations show that the embodiment of liver malignant growth cells into 

ALG platforms may upgrade cell survival, proliferation, emission of ECM proteins 

and tumor malignancies [3]. Liver cancer is the 6th most continuous kind of disease 

and the fourth-leading reason for malignancy-related demise globally. The World 
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Health Organization has evaluated that more than 1 million individuals will pass on 

of liver malignancy in 2030, a projection that demonstrates a reasonable increment in 

rate and mortality [75]. 

 Polysaccharides are the most ordinarily utilized regular polymers in cancer cell 

encapsulation. The purpose behind this is likely that polysaccharides consider the 

exemplification of cells under generally gentle conditions and generally do not 

meddle with the practical survival of the cells. Cells ought to develop and work in 

the polymer arrange as sufficiently as in their regular habitat [7]. Encapsulation of 

living cells, a type of cell immobilization, is one application for delivering 

counterfeit organs and cell treatment builds [45]. Cell encapsulation is utilized as a 

biotechnology device to tackle the mechanical issues got from handling and use of 

cells in an extraordinary scope of fields. This includes immobilization of the cells 

within a polymeric gel that allows the safeguarding of their metabolic action. 

Encapsulation into polymers is the most normally utilized cell immobilization 

innovation given its effortlessness and mellow working conditions [48].  

The encapsulation of living mammalian cells inside a semi-porous hydrogel lattice is 

an alluring methodology for some biomedical and biotechnological applications, 

such as regenerative medicine and cell culture. Cell exemplification advancements 

target ensnaring practical and useful cells inside a semi-porous framework. A 

reasonable grid must be biocompatible, it must help cell endurance and thusly it must 

be porous to oxygen, to the approaching supplements and the active poisonous 

metabolites. Reasonable materials for cell encapsulation should imitate the 

extracellular network and ought to be handled under conditions perfect with the 

nearness of cells [16].  Encapsulation includes the envelopment of living cells in 



16 
 

polymer membranes to secure the cells from immune devastation. The presentation 

of this innovation goes back to 1933 when Bisceglie et al [76] considered the impact 

of embodiment on the endurance of tumor cells in the stomach cavity of pigs [7]. 

Spheroid is an in vitro malignancy cell imitation, which better than monolayer reflect 

regular tumor condition [77]. 3D spheroids are known to have zones of differential 

expansion. It has been indicated that cells at the fringe of tumor spheroid  that have 

better access to supplements and oxygen divide more quickly [74]. 
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Chapter 2 

EXPERIMENTAL 

2.1 Materials 

2.1.1 Materials Used in Gel Formation 

1. Sodium Alginate (average mol. Wt.: 80,000) was purchased from Alfa Aesar 

(Karlsruhe, Germany). Alginate was used to form gel beads which mimic the 

ECM as a suitable environment for cells.  

2. Gelatin was purchased from (Aldrich, Germany). Another natural polymer 

was used to form gel beads which mimic the ECM as a suitable environment 

for cells.  

3. Calcium Chloride was obtained from Sigma-Aldrich (Munchen, Germany). 

The calcium ions cross- linked the polymer. 

4. Distilled water used to dissolve the polymers.  

5. Magnetic Stirrer (ARE Velp Scientific) was utilized to mix the polymer 

solution. 
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2.1.2 Materials and Supplements Used in Cell Culture                   

Table 2.1. List of instruments and materials utilized in cell culture. 
Instrument Company Purpose of use 

Autoclave 
 
 
Esco's Cell Culture Co2 
Incubator 
 
Esco's Biological Safety 
Cabinets 
 
Euromex  Inverted 
Microscope 
 
CMEX 5.0 Camera 
 
Water Bath Bench-Top M 
96 KP 
 
BOECO Centrifuge  
 
 
Thermo Fisher Scientific 
Pipette Set                                              
 
 
Thermo Varioskan Flash 
 
 
Vortex Shaker 
 
Analytic Tare   
 
Flat bottom 96 Sterile well 
plates  
 
 
 
Sterile disposable pipettes  
 
 
Glass Pasteur pipettes  
 
Sterile 0.45uM injector 
filter 
 
Sterile Insulin Syringe 
 
 

Selecta AUTESTER ST DRY 
PV II 150  
 
ESCOGLOBAL 
 
 
Class II ESCO  
 

Euromex 

 
Euromex 
 
Medical EXPO  
 
 
C-28 BOECO Germany  
 
 
Thermo Fisher Scientific 
 
 
 
Thermo Fisher Scientific 
 
 
- 
 
BLC220 Boeco 
 
- 
 
 
 
 
- 
 
 
- 
 
- 
 
 
- 
 
 

To maintain sterility 
 
For incubating the cells in a 
body mimicking physical 
environment  
 
For working in sterile 
conditions 
 
For visualizing cells and 
evaluate beads morphology 
 
For taking photos 
 
To warm up the mediums 
and solutions 
 
For centrifuging cells and 
other solutions 
 
To use exact volumes 
which they are lower than 
1ml 
 
For having photometric and 
flourometric measurements  
 
For mixing the solutions 
 
For tarring the chemicals 
 
To keep the beads which 
contain cells in sterile 
conditions inside the 
incubator  
 
Fundamental for each step 
of cell culturing  
 
For vacuuming the medium 
 
For filtering the polymers 
 
 
To make small beads 
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Table 2.2. Supplements used in cell culture medium. 

 

2.2 Methods 

2.2.1 Preparation of Cell Line 

Human hepatocellular carcinoma cell lines of SK-HEP1 were provided by Izmir 

Biomedicine and Genome Centre. SK-HEP-1 were maintained in DMEM 

supplemented with 10% FBS, 100 U/mL penicillin, 2 mM L-glutamine, 100 mg/mL 

streptomycin and 1X NEAA at humidified 5% CO2 at 37 °C temperature as an 

adherent cell and will be passaged when they reach enough confluency in 2D 

culturing systems before embedded in the hydrogel bead. 

 

 

 

 

Medium Supplements Function 

- DMEM (low glucose and high glucose) 
 
- FBS (fetal bovine serum) 
 
- Penicillin- Streptomycin Mixture  
 
- Trypsin ( proteolytic enzyme) 
 
 
- Lithium Chloride 

A basal medium 

Growth supplement 

To prevent bacterial contamination 

To dissociate adherent cells from the 
plate in which they are being cultured 
 
Chemical drug 
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2.2.2 Preparation of Gel Beads 

Before starting the experiment, it is mandatory to check if it was possible to make 

hydrogel beads using alginate- gelatin mixture. Firstly, gel beads were prepared 

using 0.75% (w/v) of alginate and 0.25% (w/v) gelatin by dissolving 0.075g 

alginate+ 0.025g gelatin in 10mL distilled water. Secondly, the same percentages of 

these polymers were carried out by dissolving them in 10mL of cell culture medium 

instead of distilled water to be sure if the medium and polymer gels were suitable for 

cell culture or not. Thirdly, 2% of CaCl2 solution was prepared by dissolving 0.55g 

of CaCl2 in 50mL distilled water as across linker to form gel beads. Fourthly, by 

using insulin syringe the polymer mixture was slowly dropped in the CaCl2 bath for 

1-2 min till the hydrogel beads formed. Finally, various concentrations of alginate- 

gelatin were prepared to start the experiment.  

2.2.2.1 Preparation of Alginate- Gelatin Gel Beads with SK-HEP1  

(Preliminary Experiment) 

Alginate- gelatin hydrogels were prepared in different ratios by keeping alginate 

concentration constant at 0.75% (w/v) and changes were made on gelatin 

concentration. The process of preparation of these beads was carried out by 

dissolving 0.075g of alginate in 10mL distilled water to obtain a 0.75% (w/v) 

alginate solution. On the other hand, gelatin solutions were prepared in different 

concentrations by dissolving (0.025, 0.075, 0.125 and 0.15) g in 10mL distilled water 

to get (0.25, 0.75, 1.25 and 1.5) % (w/v) respectively. Then these viscous solutions 

were mixed to obtain six different ratios as concluded in (Table 2.3). Alginate 

dissolved at room temperature (RT), otherwise, gelatin did not. Therefore, polymer 

solutions were autoclaved at (121°C) for 15 minute by (Selecta AUTESTER ST 

DRY PV II 150 Autoclave) to dissolve the gelatin and sterilize the samples. Also, 
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2% of CaCl2 was carried out by dissolving 0.55g/50mL distilled water .In addition to 

that, all other required materials as: ( , pipettes, flat bottom 96 well 

etc.)  were autoclaved to prevent any kind of possible contamination during 

cell culture process. 

Table 2.3. Summary of gel ratios 1. 
Sample 

No. 
Alginate (%) Gelatin (%) 

 1) 
 

2) 
 

3) 
 

4) 
 

5) 
 
 

0.75 
 

0.75 
 

0.75 
 

0.75 
 

0.75 
 
 

0 
 

0.25 
 

0.75 
 

1.25 
 

1.5 
 

 

After sterilization, cell contains alginate- gelatin beads were prepared under sterile 

conditions inside Class II Biological Safety Cabinet (ESCO) as represented in 

(Figure 2.1) by following steps: 

1. SK- HEP1 cells were counted under the microscope using Hemacytometer 

(Neubauer Champer).  

2. Each sample of gel were mixed with a (5*10^4 cells/mL). 

3. Magnetic stirrer (ARE Velp Scientific) was utilized for making proper beads 

shape. 

4. Sterile insulin syringe was used and the polymer- cells solution was dropped 

slowly in the CaCl2 bath on the stirrer. In the wake of being drenched in the 

CaCl2 bath for 1-2 min, the prepared beads formed gels. 
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5. The CaCl2 solution was discarded and the beads were washed twice with 5mL of 

phosphate buffer saline (PBS).  

6. The cells were moved to a flat bottom 96 sterile well plate which includes cell 

culture medium (0.2mL of medium in each well). The medium was changed at 

regular intervals.  

 

 
Figure2.1. Schematic illustrations for production of Alginate/Gelatin Beads and 3D 

cell encapsulation. 
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(Second Experiment) 

Instead of preparing each polymer in 10mL distilled water separately then mixing 

them together, the decision was to add both of them in the same amount of water to 

get new ratios of these polymers as summed up in (Table 2.4). 

Table 2.4. Summary of gel ratios 2. 
Sample 

No. 
Alginate (%) Gelatin (%) 

1) 
 

2) 
 

3) 
 

4) 
 

5)

1.5 
 

1.5 
 

1.5 
 

1.5 
 

1.5

0 
 

0.5 
 

1.5 
 

2.5 
 

3.5

 

The first experiment showed us that adding gelatin in high concentrations disturbed 

the beads shape. To overcome this issue, the percentage was changed. The decision 

was to decline the percentage of gelatin carried out while alginate concentration was 

the same. This experiment was indicated some problems over 1.5% gelatin therefore, 

a third experiment was designed.   
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(Third Experiment) 

To overcome the problem of beads morphology in the previous trials, we decided to 

decrease gelatin concentrations 10x (ten times) by keeping alginate concentration the 

same. Gel preparation concentrations for the third trial are summarized in (Table 

2.5). Moreover, two types of the medium had used; high glucose medium and low 

glucose medium to know the effect of a nutrient on cell proliferation.  

Table 2.5. Summary of gel ratios 3. 
 
 

 

 

 

 

The alginate-gelatin hydrogel beads were prepared by the above given method using 

various concentrations of biopolymers. Alginate concentration was left the same as 

in the previous experiment at 1.5% (w/v). Otherwise, gelatin concentrations declined 

ten times to be; 0.05%, 0.15%, 0.25%, 0.35% and 0.45%.  

 

 

 

Sample 
No. 

Alginate (%) Gelatin (%) 

 1) 
 

2) 
 

3) 
 

4) 
 

5) 
 

6) 

1.5 
 

1.5 
 

1.5 
 

1.5 
 

1.5 
 

1.5 

0 
 

0.05 
 

0.15 
 

0.25 
 

0.35 
 

0.45 
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2.2.3 Instrumental Analysis 

2.2.3.1 Inverted Microscope Analysis 

Photos of samples were obtained by Euromex inverted microscope (Euromex 

Company) by using CMEX 5.0 camera for visualizing and capturing the photos of 

the beads morphology and proliferation of cells.  
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Chapter 3 

RESULTS AND DISCUSSION 

3.1 Formation of Alginate-Gelatin Gel Beads  

Alginate- gelatin beads were successfully prepared in various concentrations by a 

simple droplet-based method. It was observed that strong, uniform and spherical 

beads were formed as shown in (Figure 3.1).  

  
Figure 3.1. Optical photographs of alginate- gelatin beads. 
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3.1.1 Formation of Alginate- Gelatin Gel Beads with SK-HEP1 

(Preliminary Experiment Results) 

Alginate- gelatin gel beads were prepared under sterile conditions. Beads 

morphology, cell viability and proliferation of the SK- HEP1 were determined by 

studying the impact of various concentrations of alginate- gelatin hydrogel beads. It 

was noticeable that improper beads shape was formed at high gelatin concentration, 

because alginate interacted with gelatin more than with CaCl2 . Otherwise, the best 

cell proliferation was observed at a higher percentage of gelatin. The ratios of this 

experiment illustrated in (Figure 3.2).   

 

 

 

 

 

 
 
 

Figure 3.2. Ratios of polymeric hydrogels of the preliminary experiment. 
 

 

 

Proper beads shape 

Improper beads 
morphology 

 

 

 

 

 

 

Could not be able to 
form beads 
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Sample 1 (0.75% alginate- 0% gelatin) formed a well shape beads but as we 

increased the concentration of gelatin, beads were become amorphous. However, cell 

proliferation was encouraged with higher gelatin in sample 2 (0.75% alginate+ 

0.25% gelatin) on the 7th day of cell culture as illustrated in (Figure 3.3). On the other 

hand, it was difficult to form beads at 0.75%, 1.25% and 1.5% gelatin with 0.75% 

alginate.  

 
Figure 3.3. Morphology and growth of SK- HEP1 on the 7th day of culture in: (A) 

0.75% alginate only. (B) 0.75% alginate + 0.25% gelatin of the Preliminary 
Experiment. 
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(Second Experiment Results) 

In the previous preliminary experiment even gelatin had enhancing effect on cell 

proliferation, but it formed amorphous shape of the beads. Therefore, it was repeated 

in a different manner by using the same ratios with various percentages. Instead of 

dissolving each polymer in 10ml distilled water separately and then mixing them 

together, the gels prepared by adding 1.5% (w/v) of alginate with various 

concentrations of gelatin (0.5%, 1.5%, 2.5% and 3.5%) in 10 mL distilled water 

together not in separate as shown in ( Figure 3.4). Results revealed that even the 

percentage of both polymers increased from 0.5 % to 1.5 %, over 1.5 % of gelatin 

disturbed the structure of the beads. These results support the preliminary 

experimental data that spheroids of SK-HEP 1 cells were ascended with increasing 

gelatin concentration. Even beads morphology was shapeless, but the proliferation of 

SK-HEP 1 cells was better at high gelatin concentration. 
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Figure 3.4. Ratios of polymeric hydrogels of the second experiment. 

In this experiment, gelatin did not have the same impact in the second sample as in 

the previous trial. Nevertheless, in the third and fourth samples; (1.5%alginate+ 1.5% 

gelatin and similar alginate amount+ 2.5% gelatin) individually, gelatin defiantly 

increased cell proliferation.                                                                                                                

During culturing the cells in 3D beads representative photos have taken by inverted 

microscope (Euromex) on the 7th day of culture to evaluate the morphological 

features and cell proliferation. It was noticeable, that gelatin had an effective impact 

on SK- HEP1 proliferation, especially at higher concentrations and specifically when 

the ratio was 1:1 (sample no. 3) as represented in (Figure 3.5). Maybe because the 

cancer cells divided in a higher rate than normal cells and it needs more energy, 

therefore gelatin considers a source of energy as it consists of many essential amino 

acids. 

 

 

 

 

 

 

Well shape beads 

Amorphous beads 
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Figure 3.5. Morphology and growth of SK- HEP1 on the 7th day of culture in: (A) 

1.5% alginate only, (B) same level alginate + 0.5% gelatin, (C) normal level alginate 
+ 1.5% gelatin, (D) same concentration alginate + 2.5% gelatin. 

 
 

 

 

 

 

 

 

 

 

 

 

 

A B 
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 (Third Experiment Results) 

To be able to avoid destructive effect of the gelatin at bead morphology gelatin ratios 

were decreased ten times while alginate concentration kept same as shown in (Figure 

3.6). Also the effects of high and low glucose medium on the proliferation of cell 

spheroids were investigated. Moreover, lithium (chemical drug) was added on day 8 

of the culture to evaluate the inhibitory effect on the SK- HEP1 cells proliferation in 

3D as on conventionally cultured (2D systems). The results visualized by taking 

photos between days 3-19 of culture and the impact of lithium evaluated by spheroid 

size and shape from day 8 till day 19 of culture.  

 

         

         

 

 

 

 

 

 

         

         

 

 

Figure 3.6. Ratios of polymeric hydrogels of the third experiment. 
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On day 3 of culture representative photos have taken for both type of medium; High 

glucose medium and low glucose medium as illustrated in (Figures 3.7 and 3.12 

respectively). Although the 3rd day is too early to assess the spheroid size, it was 

obvious that increasing gelatin concentrations made the spheroids slightly bigger in 

both medium. At low glucose concentration the size of the spheroids in all conditions 

was slightly bigger than in high glucose medium.  

At the day 8 of culture, the results were nearly same as day 3. Only at sample no.5 

(1.5% alginate+ 0.35% gelatin) in high glucose spheroids sizes were bigger but 

numbers of spheroids were lower as represented in (Figure 3.8). The possible 

explanation for this situation is that growing spheroids could fuse to each other.  

On day 11, the polymeric spheroids became bigger, particularly at higher gelatin 

concentrations. It was noticeable that gelatin had a great effect on SK-HEP1 cell 

proliferation as represented in (Figures 3.9 and 3.14).  

The difference in spheroids morphology and proliferation between low glucose and 

high glucose mediums was obvious on day 15 and 19 of culture at high gelatin 

concentrations. At the first days of culture, low glucose condition had better effects 

on spheroids size and cell proliferation. On the other hand, after 15-19 days of the 

culture in high glucose medium, the spheroids size was interestingly bigger, 

especially in samples 5 and 6 where the gelatin concentration was the highest (0.35% 

and 0.45% individually) as shown in (Figures 3.10+ 3.11 at high glucose and 3.15+ 

3.16 at low glucose). 
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3.1.2 Representative Photos of Third Experiment  

3.1.2.1 Spheroids in High Glucose Medium  

Day3 of Culture 

Figure 3.7. Morphology and growth of SK- HEP1 in high glucose medium on day 3 
of the culture in: (A) 1.5% alginate only, (B) similar alginate ratio +0.05% gelatin, 

(C) same concentration  alginate +0.15% gelatin, (D) exact amount alginate +0.25% 
gelatin, (E)  normal concentration alginate +0.35% gelatin, (F) same level of alginate 

+0.45% gelatin. 
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Day 8 of Culture 

Figure 3.8. Morphology and growth of SK- HEP1 in high glucose medium on day 8 
of the culture in: (A) same previous ratio alginate only, (B) normal amount alginate 
+0.05% gelatin, (C) similar concentration alginate +0.15% gelatin, (D) same level 
alginate +0.25% gelatin, (E) constant concentration alginate +0.35% gelatin, (F) 

similar amount alginate +0.45% gelatin. 
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Day 11 of Culture 

Figure 3.9. Morphology and growth of SK- HEP1 in high glucose medium on day 11 
of the culture in: (A) exact previous concentration alginate only, (B) exact level 
alginate +0.05% gelatin, (C) constant percentage alginate +0.15% gelatin, (D) 
normal percentage alginate +0.25% gelatin, (E)  same amount alginate +0.35% 

gelatin, (F) exact ratio alginate +0.45% gelatin. 
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Day 15 of Culture 

Figure 3.10. Morphology and growth of SK- HEP1 in high glucose medium on day 
15 of the culture in: (A) Normal alginate concentration only, (B) same ratio alginate 
+0.05% gelatin, (C) similar amount alginate +0.15% gelatin, (D) exact level alginate 
+0.25% gelatin, (E)  normal percentage alginate +0.35% gelatin, (F) same alginate 

concentration +0.45% gelatin. 
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Day 19 of Culture 

 

 
Figure 3.11. Morphology and growth of SK- HEP1 in high glucose medium on day 

19 of the culture in: (A) 1.5 percent of alginate only, (B) similar percentage of 
alginate +0.05% gelatin, (C) exact level alginate +0.15% gelatin, (D) constant ratio 

alginate +0.25% gelatin, (E)  same concentration alginate +0.35% gelatin, (F) similar 
alginate level +0.45% gelatin. 
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3.1.2.2 Spheroids in Low Glucose Medium  

Day 3 of Culture 

 
Figure 3.12. Morphology and growth of SK- HEP1 in low glucose medium on day 3 
of the culture in: (A) normal alginate percentage only, (B) same normal alginate ratio 
+0.05% gelatin, (C) similar alginate concentration +0.15% gelatin, (D) exact alginate 

ratio +0.25% gelatin, (E) same alginate amount +0.35% gelatin, (F) exact alginate 
level +0.45% gelatin. 
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Day 8 of Culture 

Figure 3.13. Morphology and growth of SK- HEP1 in low glucose medium on day 8 
of the culture in: (A) similar alginate percentage only, (B) normal alginate level 

+0.05% gelatin, (C) same alginate ratio +0.15% gelatin, (D) similar alginate level 
+0.25% gelatin, (E) constant alginate concentration +0.35% gelatin, (F) normal 

alginate ratio +0.45% gelatin. 
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Day 11 of Culture  

Figure 3.14. Morphology and growth of SK- HEP1 in low glucose medium on day 
11 of the culture in: (A) similar previous level alginate only, (B) normal 

concentration alginate +0.05% gelatin, (C) exact ratio alginate +0.15% gelatin, (D) 
same alginate amount +0.25% gelatin, (E) similar percentage alginate +0.35% 

gelatin, (F) same ratio alginate +0.45% gelatin. 
 

 

 

 

 

 

 



42 
 

Day 15 of Culture 

Figure 3.15. Morphology and growth of SK- HEP1 in low glucose medium on day 
15 of the culture in: (A) normal amount alginate only, (B) exact alginate ratio 

+0.05% gelatin, (C) same alginate percentage +0.15% gelatin, (D) similar 
concentration alginate +0.25% gelatin, (E) normal percentage alginate +0.35% 

gelatin, (F) same normal ratio alginate +0.45% gelatin. 
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Day 19 of Culture 

Figure 3.16. Morphology and growth of SK- HEP1 in low glucose medium on day 
19 of the culture in: (A) exact level alginate only, (B) normal alginate concentration 

+0.05% gelatin, (C) similar alginate level +0.15% gelatin, (D) exact alginate 
percentage +0.25% gelatin, (E) same alginate ratio +0.35% gelatin, (F) normal 

alginate amount +0.45% gelatin. 
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3.1.3 The Effect of Lithium on Cell Spheroids in Different Conditions 

LiCl was added to the cell culture medium after creating the cell spheroids (the 

amount of chloride is not that much effective). The cell spheroids were created with 

various concentrations of alginate and gelatin as in the previous experiments. After 

that, they cultured for 8 days to be able to reach small cell blocks then, lithium was 

added to the cell culture medium. It is known that LiCl had a suppressing effect on 

SK-HEP1 cell proliferation in 2D culture [78]. In our experiment, the impact of LiCl 

was clear as well in 3D cell culture.                                                                                                                       

Lithium inhibited cell proliferation and decreased the size of cell spheroids in both 

medium and in all conditions as represented in (Figures 3.17, 3.18 and 3.19 at high 

glucose & 3.20, 3.21, 3.22 at low glucose). Even the lithium had an inhibition effect 

on cell proliferation according to the spheroid size in all conditions, but its impact 

was lower at high gelatin concentrations (0.35% and 0.45%) may be because they 

were already at a big size before adding the lithium.  

It is not astonishing that tumor cells are less sensitive to certain chemicals in 3D than 

in 2D culture. This impact might be brought about by diminished access to blends in 

the medium or by pathophysiological contrasts because of hypoxia, or by changes in 

the cycle of cell [62]. 
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3.1.3.1 Spheroids and Lithium Effects in High Glucose Medium  

 
Figure 3.17. Morphology and growth of SK- HEP1 in high glucose 3 days after 

adding lithium (on day 11 of culture)  in: (A) 1.5 percent alginate only, (B) same 
level alginate +0.05% gelatin, (C) similar amount alginate +0.15% gelatin, (D) 
normal alginate ratio +0.25% gelatin, (E) exact alginate concentration +0.35% 

gelatin, (F) similar level alginate +0.45% gelatin. 
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Figure 3.18. Morphology and growth of SK- HEP1 in high glucose 7 days after 
adding lithium (on day 15 of culture)  in: (A) similar previous amount alginate only, 

(B) similar alginate percentage +0.05% gelatin, (C) normal alginate ratio +0.15% 
gelatin, (D) same alginate concentration +0.25% gelatin, (E) exact amount alginate 

+0.35% gelatin, (F) same normal level alginate +0.45% gelatin. 
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Figure 3.19. Morphology and growth of SK- HEP1 in high glucose 11 days after 
adding lithium (on day 19 of culture)  in: (A) exact previous alginate level only, (B) 

similar normal alginate amount +0.05% gelatin, (C) same ratio alginate +0.15% 
gelatin, (D) similar alginate amount+0.25% gelatin, (E) exact alginate concentration 

+0.35% gelatin, (F) normal level alginate +0.45% gelatin. 
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3.1.3.2 Spheroids and Lithium Effects in Low Glucose Medium 

Figure 3.20. Morphology and growth of SK- HEP1 in low glucose 3 days after 
adding lithium (on day 11 of culture) in: (A) similar previous alginate ratio only, (B) 
same concentration alginate +0.05% gelatin, (C) exact alginate level +0.15% gelatin, 
(D) similar amount alginate +0.25% gelatin, (E) same normal ratio alginate +0.35% 

gelatin, (F) exact alginate amount +0.45% gelatin. 
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Figure 3.21. Morphology and growth of SK- HEP1 in low glucose 7 days after 

adding lithium (on day 15 of culture) in: (A) similar alginate amount as normal only, 
(B) exact same level alginate +0.05% gelatin, (C) similar ratio alginate +0.15% 

gelatin, (D) same normal concentration alginate +0.25% gelatin, (E) similar alginate 
percentage +0.35% gelatin, (F) similar normal alginate ratio +0.45% gelatin. 
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Figure 3.22. Morphology and growth of SK- HEP1 in low glucose 11 days after 
adding lithium (on day 19 of culture) in: (A) same normal alginate level only, (B) 

similar ratio alginate +0.05% gelatin, (C) exact alginate amount +0.15% gelatin, (D) 
similar normal alginate level +0.25% gelatin, (E) exact alginate normal 
amount+0.35% gelatin, (F) same alginate percentage +0.45% gelatin. 
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Chapter 4 

CONCLUSION 

The perfect in vitro 3D model of SK- HEP1 ought to give a better illustration of cell 

behavior in vivo. This 3D model of liver adenocarcinoma cells with its capacity to all 

the more intently copy the in vivo tumor conduct, may fill in as an important model 

for study and use of novel anticancer therapeutics against SK- HEP1.  

Alginate- gelatin hydrogels advanced the supplements exchange between cells and 

the outer environment and allowed cells to proliferate. The hydrogels could not just 

advance the exchange of supplements and metabolites between the cells and outer 

condition, in addition, they enabled cells to play out some cell capacities like 

(proliferation and migration.). Results represented that gelatin had an impact on 

morphology and supported cell proliferation, but after 1.5% alginate and 0.5% 

gelatin it disturbed the morphology of the beads. Additionally, the effect of gelatin 

was clear in both; high and low glucose medium and supported the proliferation at all 

concentrations.  

The ongoing advances in in vitro 3D culture innovations, for example, organoids and 

spheroids, have opened new roads for the advancement of the novel, increasingly 

physiological human malignant growth models [79, 80]. Medication affectability 

screening of malignant growth cell lines is routinely performed and enormous scope 

datasets are publically accessible. In spite of their utility, there are inadequacies 
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related to customary 2D cell lines which incorporate their inability to reflect 

tissue/tumor design, a poor achievement the pace of induction, and an absence of 

related patient neurotic and clinical data [81]. Expenses of new anti-cancer growth 

drugs have flooded over the previous years due to, among others, the expanding 

unpredictability of clinical preliminaries and administrative necessities. Meanwhile, 

the probability that medication will arrive at advertising endorsement in the wake of 

entering stage 1 clinical testing has continued as before and is essentially lower for 

hostile to malignant growth drugs contrasted and sedates in other illness regions. 

While thinking about all signs in oncology, a negligible 1 of every 15 medications 

that enter clinical advancement will contact US Food what's more, Drug 

Administration approval [82]. 

It was obvious that our findings had similarities with information from different 

studies about the effect of lithium on SK-HEP1 [78]. Nevertheless, instead of 

culturing them in 2D culture, we cultured them in a 3D system. Lithium had effects 

to suppress cancer cell proliferation in the 3D system as it successfully made in 2D 

culture as well.  
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