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ABSTRACT 

In this thesis, quercetin-encapsulated alginate beads were prepared in two different 

version; normal ionic cross-linked gel beads and cryogel beads. FT-IR was used to 

characterize the beads and to check the basic chemical moieties from beads. It was 

found that quercetin molecules could be trapped into and outside the “egg box” 

between polymer chains and they would make weak interactions such as polar-polar 

interactions with the functional groups of alginate. Swelling and drying profiles were 

studied. Based on release studies, it was found that Mueller Hinton Broth (MHB) 

was not a suitable release medium for the beads due to the reaction between the ester 

moiety of casein hydrolysate in MHB and carboxylate groups of alginate would limit 

the release of quercetin. Therefore, 0.9% saline should be preferred for antimicrobial 

assays. In addition, sodium ions in RPMI-1640 caused the swelling of beads, which 

lead to the maximum release of drug. 

Release kinetic models showed that release of quercetin from cryogel beads fit to the 

first order release model in DMSO and this meant that release of quercetin is based 

on the concentration of quercetin. Release of quercetin from gel beads fit to the 

higuchi release model in DMSO and this meant that quercetin concentration was 

lower in polymer than its solubility and release occurs through the pores in the 

matrix.  Release of quercetin from gel beads and cryogel beads fit to the first order 

release model in 0.9% saline with 40% DMSO of total solution. Thus, release of 

quercetin is based on the concentration of quercetin. Cryogel beads and gel beads fit 

to zero order release model in RPMI-1640 between 12 and 48 hours. 
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Cell viability, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 

assay showed that as the concentration of quercetin released from the beads 

increases, the percent viability of (B-CPAP) papillary thyroid cancer cells decreases. 

In addition, DPPH (2,2-diphenyl-1-picrylhydrazyl) assay showed that as the 

concentration of quercetin release from beads increases the inhibition of free radical 

increases. However, in time-kill assay to have signıficant effect on bacteria, the 

concentration of quercetin in the beads should be increased. 

Keywords: Quercetin, papillary thyroid cancer cells (B-CPAP) , 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 2,2-diphenyl-1-

picrylhydrazyl (DPPH) 
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ÖZ 

Bu tez çalışmasında, kuvarsetin yüklü aljinat kürecikleri iki farklı versiyonda 

hazırlanmıştır; normal iyonik çapraz bağlı jel küreler ve kriyojel küreler. Kürelerin 

çapları ve kütle ölçümleri yapılmış ve küreleri karakterize etmek ve tanelerin temel 

kimyasal kısımlarını kontrol etmek için FT-IR spektroskopisi kullanılmıştır. 

Kuvarsetin moleküllerinin “egg box” içerisine yeraldığı ve aljinatın fonksiyonel 

gruplarıyla polar-polar etkileşimi gibi zayıf etkileşimler yaptıkları tespit edilmiştir. 

Şişme ve kurutma profilleri incelenmiştir. Mueller Hinton Broth (MHB), MHB 

içerisindeki kazein hidrolizatın ester kısmı ile aljinatların karboksilat grupları 

arasındaki reaksiyonun, kuvarsetin salımını sınırlayacağından küreler için uygun bir 

salım ortamı olmadığı saptanmıştır. Bu nedenle, antimikrobiyal çalışmalar için% 0.9 

salin tercih edilmelidir. Ek olarak, RPMI-1640' daki sodyum iyonları boncukların 

şişmesine ve böylece ilacın maksimum salınımına yol açtığı belirlenmiştir. 

Serbest bırakma kinetik modelleri, DMSO ortamında kriyojel boncuklardan 

kuvarsetin salınmasının, birinci dereceden serbest bırakma modeline uyduğunu ve 

bunun kuvarsetin konsantrasyonuna dayandığı anlamına geldi. DMSO ortamında 

kuvarsetin 'in jel boncuklarından salınması, higuchi salma modeline uymaktadır ve 

bunun anlamı, quercetin konsantrasyonunun polimerde çözünürlüğünden daha düşük 

olması ve salımın matriks içindeki gözeneklere yardımıyla gerçekleştiği anlamına 

gelmektedir. Kriyojel ve jel kürelerden kuvarsetin salımı, hem DMSO hem de %40 

DMSO içeren % 0.9 salin solusyonunda birinci dereceden salma modeline uyuyor. 

Bu da, kuvarsetin salınımının kuvarsetin derişimine bağlı olduğunu gösterir. RPMI-
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1640 ortamında kriyojel ve jel kürelerde kuvarsetin salınımı  12 ila 48 saat arasında 

sıfırıncı salma modeline uyar. 

Hücre sağkalımı, MTT (3- (4,5-dimetiltiyazol-2-il) -2,5-difeniltetrazolyum bromür) 

deneyi, kürelerden salınan kuvarsetin derişimi arttıkça, (B-CPAP) papiller tiroid 

kanser hücrelerinin yüzde canlılığının azaldığını gösterdi. Ayrıca, DPPH (2,2-difenil-

1-pikrilhidrazil) deneyi, kürelerden kuvarsetin salınımının derişimi artıkça serbest 

radikal inhibasyon yüzdesinin (%) arttırdığını gösterdi. Bununla birlikte, zamana 

karşı ölüm deneyinde, bakteriler üzerindekiyi etkiyi görebilmek için,  küreler 

içerisindeki kuvarsetin miktarının artırılması gerektiği gözlemlendi. 

Anahtar Kelimeler: Kuvarsetin, papiller tiroid kanseri hücreleri (B-CPAP), 3- (4,5-

dimetiltiyazol-2-il) -2,5-difeniltetrazolyum bromür (MTT), 2,2-difenil-1-

pikrilhidrazil (DPPH) 
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Chapter 1 

 INTRODUCTION  

This thesis focuses on the synthesis of alginate gel beads by loading them with 

quercetin molecules. The method of bead formation conducted according to the 

method in literature by Bajpai et al., (2004). Following to the beads formation, 

physicochemical studies were conducted such as characterization with FT-IR 

spectroscopy, drying profiles and swelling graphs. After that release studies were 

conducted and release kinetic models were studied according to the methods used by 

Dash et al., (2010). Following to the release studies, three different applications of 

the quercetin-encapsulated gel beads were studied; anticancer, antioxidant and 

antimicrobial activities according to the methods in literature by Mutlu Altundağ et 

al.,(2016); Adebiyi et al., (2017) and Perim et al., (2018). 

1.1 Alginates 

Natural polymers are the polymeric compounds, which are extracted or produced 

from nature. They are more advantageous compare to other types of polymers, 

especially in biological/ biomaterial/drug delivery research topics (Asghari et al., 

2017). These advantages can be listed as high abundance, economic, environmental 

friendly and safe. Natural polymers are produced from nature, and extracting 

polymeric compounds from plants or animals means that there are many source of 

origin around and plenty of compounds can be obtained (Panzella & 

Napolitano,2017). Compare to other polymers, which require different techniques 

and many reagents to synthesize, production of natural polymers is far more 
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economical and environmental friendly. More importantly, natural polymers are 

biodegradable and also biocompatible, these two key features make them to perfectly 

fit to drug delivery in biological organisms research topics (Islam et al., 2017). In 

biological based application of polymers, non-toxic materials such as natural 

polymers are desired thereby the side effects of the polymers on biological organisms 

can be reduced during the biological applications. Natural Polymers can be derived 

from plant or animal origin (Kulkarni et al., 2012). 

Alginates are the most abundant natural polysaccharides in brown algae more than 

one over third of the dried mass of algae. They are usually coordinated with metal 

ions in intracellular matrix, these metal ions can be magnesium, sodium and calcium 

(Jia et al., 2014). It is also the main polymeric structure in algae that‟s give the algal 

structural shape and strength (Wang et al., 2014). Alginates are favorable polymers 

for polymeric materials applications due to its gelation ability, viscosity and stability. 

Alginates can be synthesized in laboratory or can be extracted from the natural 

sources (Draget et al., 2006). 

Alginates are copolymeric structures, which are composed of guluronic acid (G) and 

mannuronic acid (M). Thus, under physiological conditions with pH 7.4 they are 

anionic polymers as shown in Figure 1 (Graulus et al., 2015). 
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Figure 1: Structural features of alginate in three different forms. 

Note: (a) Monomeric residues of alginate.(b) Conformational features of G and M 

monomers of alginate.(c) The G and M blocks in block polymer form of alginate 

(ChemDraw image derived from Draget & Taylor, 2011). 

  Alginates are polyanionic polymers and they have suitable ion binding features, 

which make them perfect polymers for gel formation applications. Depending on 

their mannuronate (M) and guluronate (G) composition of alginates, they have an 

affinity to bind multivalent cations such as calcium ion, Ca
2+ 

and barium ion, Ba
2+ 

(Kaygusuz et al., 2016). Although the mannuronate residues are not selective, the 

selectivity due to presence of polyguluronate blocks was good enough to have 

characteristic affinity for metal ions. The strength of the affinity of polyanionic 

alginates to cations can vary (An et al., 2015). For instance, the attraction between 

the barium ion and the anions of alginates was stronger compare to the attraction 

between the calcium ions and the anions of alginates. As a result of the binding 
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properties of alginates to multivalent cations, the “egg-box” shape was resembled as 

shown in Figure 2 (Li et al., 2015). 

 
Figure 2: “Egg box” structure.  

Note: ChemDraw image derived from Destruel et al., 2016. 

  Ion binding properties of alginates do not only make them suitable for gel 

formation, this property makes them perfect polymers for beads formation. 

Encapsulation of drugs or desired chemicals into alginate polymers preferential 

among all the other types of polymers. This is due to several advantageous features 

of alginates.They have high chemical stability and high mechanical stability. 

Alginate has strong backbone and it has stable structure under physiological 

conditions at 37 °C and pH 7.4 (Shaari & Kamarudin, 2015). Their swelling features 

can be regulated. Alginates have carboxylic acid group. At lower pH values 

carboxylic acid group will be protonated due to higher concentration of proton and at 
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higher pH values carboxylic acid group will be deprotonated to form negatively 

charged carboxylate. Negatively charged carboxylate groups can interact with 

positively charged ions. As a summary, depending on the pH of medium the swelling 

properties of alginate can be adjusted and this can affect the release of chemicals 

from alginate beads. Since swelling characteristic can vary depending on the pH of 

medium, the gastrointestinal track (GIT) of digestive system can be mimicked and 

this will give more reliable results for biomedical applications (Alegre-Requena et 

al., 2016). For instance, swelling features of alginates at around pH 1 can be 

observed by using 0.1 - 0.2 M HCl to mimic the swelling properties of alginates in 

stomach and  pH 7.4 can be created by using buffer solutions (such as phosphate 

buffer) to mimic the swelling features of alginates in intestines.In addition, they have 

low toxicity.Alginates are natural polymers. Like many other natural polymers, they 

can be digested in biological organisms and it can easily decompose in nature (Bang 

et al., 2016). They also have low pore size distribution. Alginate can form beads with 

defined and homogenous pore sizes. Similar size of pore is key in polymer science, 

otherwise, it will be difficult to characterize the physical properties of the beads 

formed (Orive et al., 2004: Agüero et al., 2017). Beads or any polymeric materials 

with undefined physical features will have limited applications, specifically it will 

not fit for drug delivery applications, since it will be difficult to estimate the amount 

of drug or chemical released from the beads.  

1.2 Quercetin 

Polyphenols are phytochemicals and they are abundantly found in plant based 

resources (Williamson,2017). After the discovery of polyphenolic reduction effect of 

the rate of cardiovascular diseases (CVD) and neurodegenerative diseases was found, 

the popularity of polyphenol based researches increased (Rasines-Perea & Teissedre, 
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2017). Usually polyphenols take part in the reduction of reactive oxygen species 

(ROS) by helping ROS reducing enzymes, thus, they are considered as strong 

antioxidants (Feng et al., 2017). Studies show that there are various different 

polyphenols and they have different features. These features can be listed as 

antioxidant activity, antibacterial activity, anticancer activity, stability, 

biocompatibility and bioavailability (Tsao, 2010). Polyphenols can be subdivided 

into four groups; flavonoids, phenolic acids, stilbenes and lignans. Flavonoids are 

plant based secondary metabolites and they are excessively found in vegetables and 

fruits. Flavonoids have multiple biochemical effects such as antimutagenic, 

antioxidant and anticarcinogenic (Teixeira et al., 2019). Apart from these favourable 

effects, they can also act as inhibitor for several enzymes such as cyclooxygenase 

(COX) and phosphoinositide-3- kinase (Panche et al., 2016). Flavonols are the sub-

group of flavonoıds and they are mostly found in fruits and vegetables. Red wine and 

tea can also have high amounts of flavonols. Due to high antioxidation activity, they 

can decrease the risk of Cardiovascular Diseases (CVDs). Flavonols can be 

subdivided into Quercetin, Myricetin, rutin, morin, and kaempferol (Scarano et al., 

2018). Although they can show variation in structure due to methylations, 

hydroxylations and glycosylations. Generally, flavonols have the ketone group at 

position 4 of ring C and double bond between position 2 and 3 of ring C. Ring B is 

attached to ring C at position 2 and hydroxyl group attached to ring C at position 3 

(Iwashina,2013). 

 Quercetin also known as 3, 3‟, 4‟, 5, 7-pentahydroxyflavone as shown in Figure 3, 

and it cannot be synthesized in the body. It has yellow colour and once it dissolves its 

colour will turn to darker yellow (Bentz, 2017). Quercetin is soluble in alcohols, 

however insoluble in water. Among all these solvents, the DMSO 
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(dimethylsulfoxide) can be considered as the best solvent for quercetin. Quercetin is 

rich in onions, cherries, broccoli, tea and red wines (Anand, 2016; Lakhanpal, 2007). 

Quercetin has many features such as antioxidant activity, anti-inflammatory activity, 

anticancer activity and cardiovascular diseases reducing effects.  

  
Figure 3: Structure of quercetin. 

Note: It has 5 hydroxyl groups, a ketone group, two aromatic rings and one 

heterocyclic group. (ChemDraw image derived from Bentz,2017). 

Quercetin has three rings and three key functional groups to be considered for 

inhibition of enzymes such as kinases in signal transduction pathway. Quercetin with 

its AC-ring system, 5-hydroxyl and 4-carbonyl groups support that quercetin may 

mimics the adenine moiety of ATP. That‟s why quercetin can inhibit the kinases to 

prevent signal transduction pathway (Zhang et al., 2018). Kinases require ATP to 

phosphorylate the effector proteins on hydroxyl groups of serine or threonine. 

Phosphorylation may led to activation of proteins (Lu & Hunter, 2018). However, if 

an inhibitor such as quercetin binds to kinases instead of ATP, it can inhibit the 

kinases and causes a blockage of signaling pathway. In addition to ATP, quercetin 

can possibly mimics other adenylate-containing ligands such as CoA, NAD, NADP, 

and FAD (Athukoralage et al., 2019). Although the B-ring moiety may not be 
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directly involved in binding to the ATP-binding domain of enzymes, it seems to be 

determinant of the protein specificity of the inhibitor. 

1.3 Cryogelation 

Generally gels can be defined as three dimensional form of polymeric structure and 

they are way too viscous compare to normal solution forms of the polymers.  Gels 

can be prepared from polymeric solution and gel formation requires physical agents 

to make interactions between the polymer chains or among themselves. These agents 

are not only required for interactions, but also required for pore formation. Therefore, 

they are also known as pore forming elements or progeny. Salts, sugars and living 

bacteria can be used as progeny in gelation mixture (Huang et al., 2007; Wei & Ma, 

2009; Xu et al., 2011). Progeny are essential for gel formation, however, they should 

be removed post-gelation. Removal of progeny are often require wash solvents and 

it‟s may let to trace amounts of wash solvents to stuck inside the scaffolds of gels. In 

addition, not all the porogens can be removed even after extensive washes with 

suitable solvents (Fellinger, 2017). Due to the removal problems of porogens and 

wash solvents, an alternative way of gelation was preferred. This alternative way is 

cryogelation. Cryogelation is the formation of porous gels without using any 

porogens as shown in Figure 4. During cryogelation, the polymeric solution will be 

kept at lower temperature (lower than the freezing temperature of the solvent), thus, 

the solvent will form crystals. On the other hands, polymeric solution itself will be in 

liquid form while solvent forms crystals. These crystals act as porogens at low 

temperatures and interconnect the polymeric structures to form porous gels. Removal 

of crystals is not required , just the gelation medium should be placed at room 

temperature , so that solvent crystals will melts and porous cryogels will be formed 

without any requirement for removal of gel forming elements. The freezing and 
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thawing of gelation medium can be repeated for several times depending on the 

requirement of the size of the pores (Henderson et al., 2013). 

 
Figure 4: Schematic representation of cryogelation.  

Note: ChemDraw image derived from Plieva et al., 2004. 

1.4 Human Papillary Thyroid Cancer (B-CPAP) Cells 

Cancer cells are formed due to division and multiplication of cells in an 

uncontrollable manner that leads to disfunctioning of the cells. The most common 

type of cancer in endocrine cancers is the thyroid cancer (Kondo et al., 2006). There 

are six mutational thyroid cancer lines (WRO, FTC133, BCPAP, TPC1, K1 and 

8505C) (Saiselet et al., 2012). B-CPAP is a cell line of a papillary thyroid carcinoma. 

These cancer cells have BRAF V600E mutation in their genome. It is a point 

mutation of T (thymine) to A (adenine)   on exon 15, this mutation leads to 

substitution of valine (V) with glutamate (E) at the amino acid position 600. Presence 

of glutamate causes the pathogenic activities in cells by activating extracellular 

signaling pathway via the activation of extracellular signal-regulated kinases (ERK) 

(Mutlu A. E., 2016; Falini B., 2016). ERK pathway is also known as MAPK 

(mitogen-activated protein kinases). Alternative name of the pathway is Ras-Raf-

MEK-ERK pathway. It is a signaling pathway, which enables the communication via 
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phosphorylation starting from receptors on cell membrane to the DNA in the nucleus 

(Chen et al., 2018). In BRAF V600E mutation, the negative charge of  Glu600 

causes it to be phosphomimetic. This mimics the phosphorylation of the nearby T599 

and S602 residues in the activation segment of BRAF, which are used to activate the 

WT form of the protein (Murugan et al., 2016). 

1.5 Cell Culture 

Cell culture is a biological method of growing and developing the cells outside the 

organism. First cell culture was started by Ross Harrison in 1907 by keeping the frog 

neurons alive in saline solution for few days. In cell culture, the aim is to provide a 

medium with enough nutrients for the cells and also with some antibiotics to prevent 

the development of undesired organisms in the culture medium (Birch & Arathoon, 

2018).  Although there are trypsinized and suspended cell cultures, they both have 

the same cell culture procedures, only difference is to check the cell viability 

trypsinized cells should get detached via trypsin (Lynn, 2009). 

Cell viability is the capability of the cells to keep themselves alive by maintaining 

their metabolic reactions in certain medium (Kabay, 2019). For healthy cells, the cell 

medium or chemicals used in that medium should enhance the proliferation of the 

cells or at least it should provide enough materials to keep the cells alive. However, 

for cancer cells the reverse scenario is desired. Cancer cells should not maintain their 

metabolic reactions in the medium or due to the chemical used and their numbers 

should decrease (Catalani, 2017). Overall, this reduction in the number of cancer 

cells in cell medium was called as reduction of cancer cell viability. 
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1.6 Importance of Cargo or Beads in Chemical Storage and Usage  

The main advantage of chemical loaded beads compare to direct application of 

chemicals is control release mechanism. Metabolic pathways in organisms have 

tendency to metabolize and discard any chemicals applied to body, therefore, cargo 

mechanisms such as beads enable the release of the chemicals slowly. Slow release 

of chemicals is the key to keep the level of chemicals in the body at the effective 

concentrations. In addition, beads can prevent the quick degradation of the 

chemicals. Since the half-lives of chemicals are extended, their effect on organism 

will be longer compare to chemicals with short half-lives. 

1.7 Aim of the Thesis 

The aim of this thesis is to prepare calcium alginate gel beads and to encapsulate 

quercetin into the beads prepared. The quercetin release behavior from the alginate 

gel beads were studied in different cell culture and bacterial media to find out the 

quercetin release in these specific media. As applications;  anticancer, antioxidant 

and antimicrobial activities of quercetin released based on the release studies were 

conducted. 
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Chapter 2 

LITERATURE REVIEW 

2.1 Calcium Alginate Gel Beads as Drug Release Media 

Controlled release mechanism is a desirable feature in drug delivery systems. 

Researchers were focussed on the slow release of chemical for a longer period of 

time at a therapeutic dosage (Thombre et al., 2019). To establish slow release active 

chemical that they are responsible with the therapy usually administered together 

with some other chemicals, which are known as excipients. Excipients are 

preferentially should be inactive and have no side effects either on the activity of the 

active chemical or on to the applied organism (Lawal et al., 2019). Polymers 

considered as excipients that contribute the control released mechanism of 

drug.Similar to many other industry and cosmetic companies ,in drug delivery 

systems, biodegradable and natural polymers are preferred over the other types of 

polymers (Pongjanyakul & Rongthong, 2010). Alginate and chitosan are the 

common two natural polymers used in many industrial application , specifically 

pharmaceutical industries (Murawski et al., 2019). Alginate gels were formed via the 

presence of multivalent cations such as calcium and barium. Electrostatic forces 

between the negatively charged carboxylate groups of alginate and the metal cations 

causes the gel formation (Abedini et al., 2018).Thus, presence of chelating agents 

such as monovalent metal cation (i.e. Na
+
), lactate or phosphate will be sufficient for 

the degradation of the alginate gels. Without chelating agents, calcium alginate gels 

are very stable and they can hold active chemicals without any leakage (Danks et al., 
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2016). Once the chelating agents were introduced into medium, chelating agents can 

cause the destabilization of calcium alginate gels by displacing the calcium ions 

around the alginate and this will leads to slow release of active chemical into 

medium. The release of active chemical from calcium alginate gels is not only 

dependent on the presence of chelating agents or the concentration of chelating 

agents. L-guluronate contents and the viscosity of the alginate affect the degradation 

or the dissolution of the calcium alginate gels (Soukoulis et al., 2016). Guluronate 

unit of alginate is required for the formation of „egg box‟ structures. If there are more 

guluronate subunits on the alginate , this indicate that alginate gels are more ordered 

and it will be difficult and time consuming for the chelating agents to displace many 

calcium ions from the “egg box” structures (Hecht & Srebnik, 2016) . In addition, 

not all alginate polymers have the same molecular weight. Calcium alginate gels 

formed from molecular weight alginate polymers can leads to slow release of active 

chemicals into release medium (Kumar et al., 2015). When a faster drug release 

mechanism required for calcium alginate beads, the L-guluronate units of alginate 

and also the molecular weight of the alginate should be low. Calcium alginate beads 

can be easily preserve for a long period of time without any release of active 

chemical in  the presence of calcium ion containing solutions (Yang et al., 2016). 

Alginate gels can preserve their stability even in the presence of chelators. This can 

be established via the combination of polycationic polymers such as polypeptides, 

chitosan or polyethyleneimine. Presence of polycationic polymers not only stabilize 

the alginate gels, but also decreases the level of porosity in the gel formed to 

establish slow release of active chemicals from the gels (Caliari & Burdick, 2016). 
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Although alginate itself is a autoclavable polymer, usually the calcium alginate gels 

that they are prepared from autoclaved alginate , have tendency to release the 

chemical faster than the unautoclaved alginate gels. This indicate that autoclaving the 

alginate can causes a decrease in the viscosity of the polymer due to the low level of 

degradation. To prevent fast release of chemicals from such kind of autoclaved 

alginate gels, ethylene oxide can be used to preserve the stability of alginate (Sachan 

et al., 2009; Aijaz et al., 2017). 

Types of cross-linkers can affect the release of chemicals from alginate gels. 

Although the chemical cross-linkers are making strong chemical linkages between 

different polymer chains of alginate to formgels or gel beads, they require chemical 

cross-linkers (Mane et al., 2015). Chemical cross-linkers are usually toxic and they 

are not preferred for drug release mechanisms. On the other hand, with ionic cross-

linkers such as calcium gels or beads can easily formed at physiological pH and at 

room temperature (Luo &Wang, 2014). The gels formed will be pH responsive and 

non-toxic, which are the preferential features for the drug release mechanisms. 

Recently, alginate matrices or alginate gels are used as viscosity modifying agent, as 

a stabilizer or thickening agent for controlled release mechanisms. Release of drug 

from the alginate gel matrices can be usually occur via a diffusion mechanism, which 

is dependent on pH of the release medium (Sachan et al., 2009; Schuster et al., 

2016). 

Ceftriaxone is an antibiotic used for several different kind of bacterial infections. 

However, intraperitoneal injection of this antibiotic showed side effects such as 

cocaine relapse-like or alcohol-drinking like behaviors due to activation of glutamate 
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transporter 1 (GLU-1) (de Souza Armini et al.,2015; Patel et al., 2016). However, 

oral administration of water soluble ceftriaxone is not possible due to its acid labile 

property and poor permeability of gastrointestinal epithelial cells. Therfore, to enable 

the oral administration of ceftriaxone, calcium alginate beads were produced with the 

combination of some other polymers such as Sodium carboxymethyl cellulose. All 

parameters were optimized such as drug- polymer ratio, concentration of cross-

linkers and ratio between alginate and other polymers to produce the desired alginate 

gel beads(Patel et al., 2016).It was found that although beads can swell in conditions 

similar to stomach such as pH 1.2, the drug would release in a sustained manner at 

pH 6.8 medium, which resemble intestinal environment.Stability of alginate polymer 

was used as advantage for oral administration of antibiotic. 

Guar gum succinate - sodium alginate (GGS-SA) beads were synthesis by using 

barium ions as an ionic cross-linker for the delivery of ibuprofen. Swelling features 

of alginate was used to target specific delivery of ibuprofen, due to its pH sensitivity 

beads would only release the ibuprofen at colon (pH    7.4) and therefore it is also 

called colon-specific drug releasing system (Seeli et al., 2016). 

Temperature-controlled extrusion–dripping method was used to synthsize ultra high 

concentration calcium alginate hydrogel beads loaded with methylene blue. It is 

found that ultra high concentration beads have extended drug release time, which is a 

desired feature for drug release systems and also beads have high stiffness (Voo et 

al., 2016). Thus, it can be concluded that calcium alginate beads can be used to 

increase the stiffness and the extension of drug release time.  
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2.2 Anticancer, Antioxidant and Antibacterial Activities of 

Quercetin 

2.2.1 Anticancer Activities  

Reactive oxygen species may induce oxidative stress, which may damage the DNA 

and eventually leads to cancer (Lushchak, 2014). Thus, antioxidants such as 

quercetin play a crucial role in anticancer activities. In addition, quercetin can down 

regulate the p53 proteins. When the p53 proteins were inhibited, cells could not 

proliferate due to cell cycle arrest at G2-M phase in breast cancer cells. Therefore, 

cancer cells could not proliferate in an uncontrollable manner (Lou et al., 2015). 

The numbers of gastric and leukemia cancer cells were reduced in the presence of 

quercetin. Quercetin causes inhibition of p53 protein and G1 checkpoint of cell 

cycles was under the control of p53 protein (Zhang et al., 2018). Thus, cancer cells 

would be arrested in G1 phase and they could not proliferate. 

Intraverous administration of quercetin may block the activity of tyrosine kinases for 

about one hour. It was found that since quercetin resemble the similar chemical 

structure with adenine. It could bind to tyrosine kinase instead of ATP molecules and 

it inhibit the binding of ATP molecules (Baby et al., 2018). Thus, tyrosine kinase 

could not phosphorylate the proteins in growth hormone signaling pathway. This 

leads to inhibition of growth hormone signal transduction pathway, therefore, cancer 

cells could not proliferate in an uncontrollable manner. 

It was found that quercetin can inhibit HepG2 cell proliferation and cause inhibition 

of apoptosis of cancerous cells. In vivo tests on mice after intraperitoneal 

administration of quercetin were showed that due to the inhibition of cyclin D1 
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expression, tumour growth was inhibited and average survival time for the mice was 

improved (Zhou et al., 2017). 

Quercetin and green tea applications causes the reduction in HL-60 xenografts 

human leukemia cancer cells due to decrease in anti-apoptotic proteins such as BCL-

2 and rise in pro-apoptotic protein such as BAX. It was found that quercetin and 

green tea affect the signaling at apoptosis, cell cycles and autophagy (Calgorotto et 

al., 2018). This was a good indication that quercetin can be used as anticancer, 

natural agent. 

2.2.2 Antioxidant Activities  

Organisms have defense systems for many unwanted chemicals and reactions to 

reduce their damages. There are two main types of antioxidant defense mechanisms; 

enzyme-dependent and enzyme independent. Both mechanisms preserve the 

organism from reactive oxygen or reactive nitrogen species by controlling their 

levels and this prevent any oxidative damage on cellular levels (Baghel et al., 2012). 

Enzyme dependent antioxidant mechanisms mainly composed of glutathione 

peroxidase, superoxide dismutase and catalases. These three enzymes directly 

scavenge the radicallic reactive species and they prevent any cellular damage 

(Ighodaro & Akinloye,  2018). Non-enzymatic antioxidant mechanism involve 

chemicals such as vitamin C or flavonoids such as quercetin (Rahal et al., 2014). 

These chemicals scavenge the radicals and prevent the radicallic compounds to react 

with other molecules, thus, they prevent the propagation of oxidation chain. 

Quercetin has direct scavenging activity for radicallic chemicals . This inhibit 

oxidation of LDL (Low Density Lipoproteins). Modifications of LDL usually cause 

mechanism of inflammatory and immunology to activate that leads to macrophage 
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foam cells formation and this events promote the atherosclerosis, since, quercetin is 

inhibiting modification of LDL, it also prevent cardiovascular diseases such as 

atherosclerosis (Baghel et al., 2012; Jaiswal & Rizvi, 2014). 

Production of nitric oxide activates its own production by activating nitric oxide 

synthase (Mattila & Thomas, 2014). High concentration of nitric oxide causes the 

reaction between reactive radical species to produce peroxynitrite, which causes 

permanent, serious cell membrane damages (Toklu & Tumer, 2015). Quercetin 

molecules reduce the radical species in the medium and this prevent the formation of 

oxidized form of LDL, which causes cell damages. In addition, quercetin directly 

reduces the amount of nitric oxide in the medium (Li et al., 2016). 

2.2.3 Antibacterial Activities 

Antibacterial activity of quercetin in some specific types of bacterial cells such as 

S.aureus and staphylococcus epidermidis was known (Farhadi et al., 2019). It also 

have inhibitory activity on oral microbes such as porphyromonas gingivalis and its 

MIC value is 0.0125 µg/mL (Geoghegan et al., 2010). In addition, quercetin was 

found to have synergistic activity on bacterial strains with the combination of some 

other chemicals such as curcumin (Güran et al., 2019). It was also found that 

flavonols such as quercetin can reverse bacterial resistance to antibiotics specifically 

β-lactams (Ayaz et al., 2019). 
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Chapter 3 

EXPERIMENTAL 

3.1 Materials 

Quercetin (Sigma-Aldrich), DMSO (Merck), Calcium Chloride Dihydrate (Merck), 

Alginic acid sodium salt (AppliChem Panreac ITW Companies), Sodium Chloride 

(Merck),MHB (Mueller Hinton Broth) (Sigma-Aldrich), DPPH (2, 2-diphenyl-1-

picrylhydrazyl) (Sigma-Aldrich), MTT (3-[4, 5-dimethylthiazole-2-yl]-2, 5-

diphenyltetrazolium bromide) (Sigma-Aldrich), RPMI-1640 (Cell Culture Medium) 

(Sigma-Aldrich), FBS (Fetal Bovine Serum) (Sigma-Aldrich), Penicillin and 

Streptomycin (p/s) (Sigma-Aldrich), Amphotericin (Sigma-Aldrich), Gentamicin 

(Sigma-Aldrich), Gallic Acid (Sigma-Aldrich), Methanol (Sigma-Aldrich), Trypan 

Blue (Sigma-Aldrich) were used as received.  

3.2 Formation of Quercetin-Encapsulated Beads 

Alginate solution was prepared by dissolving 0.5 g alginic acid sodium salt into 16.7 

mL distilled water to have sodium alginate solution with 3% (w/v) concentration. In 

order to have complete dissolution magnetic stirrer was used at 1400 rpm at room 

temperature. After that quercetin solution was prepared by dissolving 0.05 g 

quercetin into 2 mL DMSO to have quercetin solution with 82.7 mM. Following to 

this, sodium alginate solution is mixed together with quercetin solution to have 

homogenized final solution. After that calcium chloride solution was prepared by 

dissolving 1 g calcium chloride in 100 mL distilled water to have calcium chloride 

solution with concentration of 1% (w/v). For the formation of the beads, transfer the 
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homogenized solution into clean syringe and then adjust the tip of syringe by using a 

drip controller, so that controller enables the addition of homogenized solution drop 

by drop to calcium chloride solution (Figure 5). Magnetic stirrer should be used in 

calcium chloride solution at 230 rpm at room temperature. Also, the distance 

between the syringe and calcium chloride solution was about 15 cm. Filter the beads 

from calcium chloride solution and rinse the beads with distilled water for several 

times. 

 
Figure 5: Experimental setup for preparing quercetin-encapsulated gel beads. 

Then, the mass of empty petri dish was measured . Beads were placed onto petri dish 

and the initial mass of the beads were recorded (Figure 6). 
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Figure 6: Quercetin-encapsulated alginate gel beads on petri dish. 

After the formation of the beads directly release kinetics studies can be conducted. 

Following to physicochemical studies, biochemical and antimicrobial assays can be 

sequentially. In addition, once the beads are formed, drying profile of the beads can 

be examined and the release kinetics studies can be carried out starting from 

completely dried form of the beads. 

3.3 Cryogel Beads Formation 

Following to bead formation, beads were placed on petri dish and they were 

transferred to freezer at -20°C  for 24 hours for cryo gelation. Then, beads were 

transferred from freezer (-20°C) to refrigerator at 4°C for 24 hours.One freeze-thaw 

cycle has 24 hours at -20°C and 24 hours at 4°C.These cycles were repeated for three 

times.Even in the freezer petri dishes were covered with aluminum foil to prevent the 

entry of light, which might affect the chemical properties of quercetin. 

3.4 Light Microscope Image and Diameter of the Beads  

   For both beads surface morphologies examination and diameter size measurements 

computer aided LEICA DM750 model of light microscope with LEICA DFC295 

attachment was used. For diameter measurement each measurement was triplicated 

to increase the accuracy of the experiment. 
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3.5 FTIR (Fourier-transform infrared spectroscopy) Measurements 

%Transmittance application of FTIR was used to determine the loaded quercetin to 

alginate beads. PerkinElmer FT-IR spectrometer was used with ATR used. Each 

sample to be analysed with ATR was used in powder form. 

3.6 Drying Profile of Quercetin Loaded Beads 

Drying profile of the beads and the cryobeads were measured at regular intervals to 

observe the decrease in mass of the beads starting from the known initial mass. 

Beads are placed under the fume hood and it should be tuned on full vacuum power 

to increase the speed of drying process of the beads. 

3.7 Swelling Test 

The initial masses of two types of beads; cryobeads and dried alginate beads were 

measured by using analytical balance (SHIMADZU-TW423L). 

The mass measurements were made in triplicate to repeat the swelling test 3 times. 

These repetitions of experiment enhance the accuracy of the results by calculating 

their average percent (%) swelling. 

          
     

  
                                                            (1) 

Ws = Weight of Swollen Beads 

Wd = Weight of Dried Beads 

Following to mass measurements beads are immersed into phosphate buffer at room 

temperature, the pH of buffer should be adjusted to 7.4 by using 0.1 M Sodium 

Hydroxide (NaOH) and 0.1 M Hydrochloric Acid (HCl). 
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3.8 Calibration Curves 

Calibration Curves was drawn for four different solvents; DMSO (Dimethyl 

Sulfoxide), RPMI-1640 (Cell Culture Medium), 0.9 % Saline Solution and MHB 

(Mueller Hinton Broth). Calibration curve was constructed based on the 

measurements of absorbance of the sample with a known concentration at λmax 

(maximum absorbance). Expected λmax for quercetin was around 370 nm. For each 

solvent serial dilution was conducted, thus, based on absorbance values of serial 

dilutions of quercetin solutions the calibration curve will be constructed. Calibration 

curves were later be used to determine the amount of quercetin release from 

quercetin loaded beads in specific solvents. CT-2200 Spectrophotometer was used to 

measure the absorbance values. 

3.9 Release Studies 

Release studies were conducted at eight different solvents or cell culture media; 

DMSO (Dimethyl Sulfoxide), RPMI-1640 (Cell Culture Medium), 0.9 % Saline 

Solution containing 10%DMSO (i.e.90mL 0.9% saline solution +10 mL DMSO), 0.9 

% Saline Solution containing 20%DMSO, 0.9 % Saline Solution containing 

40%DMSO ,MHB (Mueller Hinton Broth) containing 10%DMSO, MHB containing 

20%DMSO and MHB containing 30%DMSO. In addition, the releases of three 

different types of beads were investigated; dried beads, cryobeads and newly 

produced beads in each type of solvents.  

For release studies, glass test tubes were used. For each test tube two beads with 

known masses were placed and 5 mL of solvent was added. Each test tube was 

placed on orbital shaker (WiseShake SHO-2D) at 130 rpm. In the case of high 

absorbance value, the measurements were repeated with a higher volume of solvents. 
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Based on release studies for each solvent and bead type, absorbance versus time 

graphs were constructed. 

3.9.1 Determination of Percent Quercetin Released 

The percent quercetin released was determined by using orbital shaker at 130 rpm, 

which mimics the gastrointestinal tract mobility. Quercetin released (%) was 

calculated as follow; 

Quercetin released (%) = (m/ m0) x 100                                                           (2) 

  

m is the amount of quercetin released (in terms of mass (g)) 

m0 is the amount of quercetin encapsulated in beads (in terms of mass (g)) 

3.9.2 Determination of Release Kinetics of Quercetin from Alginate Beads 

To understand the type of mechanism of release kinetic models 4 different types of 

models was studied; Zero order release model, first order release mode l, Higuchi 

release model and Korsmeyer-peppas release model. For each model appropriate 

graph should be drawn to determine the correlation coefficient (R
2
). The desired and 

best model has the correlation coefficient value 1. Thus, the best fit model should 

give the correlation coefficient value closer to one. The model with closest R
2 

to 1 

will be defined as best fit model. 

3.9.2.1 Zero Order Release Model 

Ct = C0 + k0t                                                                                                      (3) 

C0 = percent drug left to release in cargo 

Ct = percent drug released at time “t” 

k0 = Zero order release constant 

t= time in hours 

Since, usually C0 = 0 
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Hence, 

Ct = k0t 

3.9.2.2 First Order Release Model 

In (100 - Ct) = In C0 - k1t                                                                                   (4) 

Or 

100 - Ct = C0 e
-k1t

 

C0 = percent drug left to release in cargo 

Ct = percent drug released at time “t” 

k1 = First order release constant 

 t= time in hours  

3.9.2.3 Higuchi Release Model 

Usually higuchi model was fit to release of chemical due to diffusion. 

Ct = kHt
1/2

                                                                                                           (5) 

Or 

mt/mo = kH t
1/2 

Ct = percent drug released at time “t” 

kH = Higuchi release constant 

t = time in hours 

mt = Amount of drug released at time “t” 

mo =Total amount of drug in terms of dosage used 

3.9.2.4 Korsmeyer-Peppas Release Model 

Log (Ct/100) = kpt
n
                                                                                            (6) 

Ct = percent drug released at time “t” 

kp = Peppas release constant 

t= time in hours 
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n= release exponent 

3.10 MTT Assay (Succinate Dehydrogenase Activity Assay) 

MTT Assay is a way of measuring the cell viability of the cell culture. 3-[4, 5-

dimethylthiazole-2-yl]-2, 5-diphenyltetrazolium bromide (MTT) was reduced to 

MTT-formazan crystals via the help of succinate dehydogenase. Therefore, 

mitochondrial succinate dehydrogenase activity gives a measure of cell viability by 

using this assay. MTT results can be measured by using multiplate reader in terms of 

absorbance at 570nm. Higher the absorbance value indicate the presence of formazan 

crystals and more formazan crystals means that the most of the cells are still alive 

(Chacon, 1997) Figure 20.  

 
Figure 7: Formazan crystals formation.  

(Note: MTT (3-[4, 5-dimethylthiazole-2-yl]-2, 5-diphenyltetrazolium bromide) was 

reduced to formazan crystals due to cellular metabolic activities (ChemDraw image 

derived from Kuete, 2017). 

Cancer cells or health cell lines were stored in -80°C freezer in cryoflasks. Cells were 

transferred into 15 mL falcon and 4 mL PBS (Phosphate buffered saline) was added 

to the cells. Following to the addition of PBS, falcon was placed into centrifuge for 5 

minutes at 1500 rpm. Centrifuge enables the cells to be collected as pellet at the 

bottom of the falcon tube and discard the supernatant. Following to this,10 mL 

medium (RPMI-1640) was added to the pellet and by using pipette, cells were 
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suspended in RPMI-1640. RPMI-1640 contains 10% FBS (fetal bovine serum), 1% 

penicillin/streptomycin (p/s), 0.1% amphotericin, 0.1% gentamicin. Kanamycin was 

not required. Although all ingredients such as FBS, P/S, amphotericin-B, 0.01% 

gentamicin should be stored in freezer at -20°C as aliquots, once they added to 

RPMI-1640, they can be stored at 4°C. Following to the suspension of cells in the 

RPMI-1640, 10 µL from this solution was taken and mixed with 10 µL of trypan 

blue on parafilm. Then, the number of cells were counted by using hemocytometer. 

Thus, once the dye and cells were mixed, they could be placed on hemocytometer. 

Preferentially invert microscope should be used. However, LEICA DM500 light 

microscope was used to count the cells. i.e. count the number of cells in five square 

of hemocytometer and sum them up, then divide by 5. In the case of low number of 

cells, the number of cells on all squares can be counted. Then, to find the total 

number of cells: 

=Number of Cells on microscope X Constant X Factor of Trypan Blue X Dilution 

Factor 

Constant = 10
4     

Factor of Trypan Blue = 2 Dilution Factor = 10 mL 

= Number of Cells on microscope X 10
4
 X 2 X 10                                           (7) 

For MTT Assay cells should be transferred into 96 well plates. After that Quercetin 

solutions based on release kinetic data and RPMI-1640 should be added to each 

wells.For this purpose, quercetin solutions should be prepared. Firstly, one main 

stock solution with 500 000 µM (or 500 mM) concentration should be prepared. 

Therefore, 0.7556 gram of quercetin was dissolved in 5 mL DMSO to have main 

quercetin stock with 500 000 µM concentration.Then, from this main stock solution, 

another more dilute stock could be prepared. 1000 µM new stock was prepared from 

500 000 µM stock solution. Thus, 2 µL from 500 000 µM stock solution was taken 
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and mixed with 998 µL of RPMI-1640 to have new quercetin stock solution with 

1000 µM concentration. The aim of the new stock solution is to not to exclude 0.1 % 

DMSO in solution. Above 0.1 % DMSO in the medium causes toxic effects on the 

cells. Following to this, the quercetin solutions based on release studies were 

prepared.After the preparation of quercetin concentrations how much from cell 

solution would be added to each well should be calculated. For each wells usually 

between 5000 and 7000 cells should be added. Each released quercetin 

concentrations were measured as triplicate. Then, the 96 wells plate was placed into 

incubator (EC160 Nüve CO2 incubator), 5% CO2 at 37 °C for 24 hours. After 24 

hours incubation, 10 µL of 5 mg/mL MTT solution was added for each well.Then, 

the 96 well plate was placed into incubator at 37 °C with 5% CO2 for 3 hours.After 3 

hours incubation, 100 µL of DMSO was added. Then, after 15 minutes, 96 well 

microplate was read by using multiplate reader at 570 nm. 

3.11 Antioxidant Assay – DPPH (2, 2-diphenyl-1-picrylhydrazyl) 

Test 

DPPH test was carried out based on the protocol used by Adebiyi et al (Adebiyi et 

al., 2017). 0.025 mg/mL DPPH solution was prepared by dissolving 0.00125 gram 

DPPH powder in 50 mL methanol. Gallic acid concentrations were prepared as a 

reference.One main stock solution of gallic acid was prepared at concentration of 

5000 µM (or 0.005 M)by dissolving 0.004253 gram gallic acid in 5 mL methanol. 

Different concentrations of gallic acid solutions were required; 5 µM, 50 µM, 100 

µM, 200 µM, 400 µM and 500 µM to compare with quercetin concentrations. These 

concentrations of gallic acid solution were prepared from 5000 µM stock solution in 

epindorf tubes. After the preparation of gallic acid concentrations, the quercetin 

solutions based on release kinetics studies were prepared. 5 µL from each sample 
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was transferred into 96 well plates and then, 195 µL freshly made DPPH solution 

was transferred to each well. Each sample was repeated for 4 times. DPPH solution 

alone was used as blank. After incubation in dark place for 20 minutes, multiplate 

reader at 515 nm was used to read the results.  

3.12 Time Kill Assay 

Day before the time kill assay blood agar plates were prepared. MHB, 0.9% saline 

solution and all the glasswares were autoclaved before the assay. Again day before 

the assay, MSSA (Methicillin-Sensitive Staphylococcus aureus ATCC) was plated on 

agar plates for to make the bacteria ready for assay.On the day of time kill assay; 

before the experiment, depending on time intervals of release, the number of petri 

dishes were determined and labeled.(Time intervals used; 0, 5 min., 10 min., 15 min., 

30 min., 1 hr, 2 hr, 3 hr, 6 hr, 8 hr, 10 hr, 12 hr and 24 hr.).Then, before the 

experiment after labeling petri dishes, 96 well plates (ELIZA PLATES) were labeled 

in order to make dilution. After labeling, bacteria from day before in incubator were 

taken out  and few colonies  were taken by using inoculation loop and they were 

placed into 10 mL 0.9% saline solution. For S.aureus in order to have 10
9
 

bacteria/mL, by using DEN-1 McFarland Densitometer; MF-Unit was adjusted to 0.5 

MFU. After that the release medium was prepared, which is 0.9% saline containing 

40 % DMSO. (Total volume of solution should be 50 mL, therefore, 20 ml DMSO 

and 30 mL 0.9 % saline solutions were mixed together).Three 100 mL conical flasks 

were filled with 50 mL 0.9% saline solution containing 40 % DMSO.Then, 50 µL 

from the bacterial solution was added to each conical flask. Following to this, for 

first erlenmeyer flask 10 beads were added, for second flask 10 cryobeads were 

added and no beads were added to control. Immediately, after addition of beads, 10 

µL from each flask was taken and should be diluted by 10X, 100X and 1000X in 96 
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well plates by using MHB. To do this dilutions;firstly, 90 µL MHB was added to all 

wells. Then, 10 µL from the conical flask was transferred into well 1. This gave 10X 

dilution. Then, it was pipetted up and down to have homogenization and 10 µL was 

transferred to into well 2. Thus, in well 2, there would be 100X dilution. After that 

10 µL was transferred from well 2 to well 3 to obtain 1000X dilution.Then, 20 µL 

was taken from each well and dropped onto labeled place on blood agar plates. 

Petri dishes were half opened for drying. After when they were completely dried. 

They were placed into incubator at 37 °C until the colonies were formed about 18 

hours. After incubation the countable dilutions were counted and CFU/mL (Colony-

forming unit per mL) values were calculated. 

       
                                                   

                             
                                    (8) 
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Chapter 4 

RESULTS AND DISCUSSION 

4.1 Quercetin Loaded Beads and Cryogel beads 

Rotation of each droplets of viscous quercetin-alginate solution in the air enabled us 

to have regular bead sizes. In addition to this, magnetic stirrer at 230 rpm prevents 

adhering together. Stirring is the key during the beads formation, otherwise, newly 

formed beads can clamp together and this will let to deformation in the shapes of the 

beads. In the case of irregular beads formation, irregular shaped beads should be 

omitted and they should not be used for further studies. At the end of the beads 

formation, only the beads with the similar sizes should be saved for further study to 

prevent any further error due to irregular shaped beads (Figure 8). 

 

 

Figure 8: Quercetin loaded gel beads.  

Note: Quercetin loaded beads with similar sizes were chosen for further analysis. 
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4.2 Cryogel Beads 

The aim of the cryogelation is to increase the size of pores in the beads by generating 

ice crystals upon freezing, When these ice crystals melt, they leave pores in the beads 

(Figure 9). Increasing the size of pores or increasing the surface area of the beads 

may be required when a quick release of quercetin to the medium is necessary. 

Increased pore size means that more of the solutions from medium will enter into 

beads and quercetin will be released faster than the normal sized porous beads due to 

the maximum contact surface between solution and quercetin in the beads. In each 

cryogelation cycle, there are two steps; 24 hours at 20 °C and 24 hours at 4 °C and 

for preparation of cryogel beads these cycles were repeated for three times  as given 

in Figure 9. 
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 After 24 hours  

at -20°C  

After 24 hours  

at 4°C 

CYCLE 1 A  B 

 

 

 

 

CYCLE 2 C D 

 

 
 

 

 
 

 CYCLE 3 E F 

 

 

 

 
 

Figure 9: Cryogelation.  

Note: After the formation of quercetin loaded beads, cryogelation was conducted.  
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4.3 Weight, Diameter and Light Microscope Image of the Beads 

4.3.1 Weight Mesurements of the Beads  

Weight measurements of the beads for four types of the beads , which can be listed 

as dried gel beads, gel beads, cryogel beads and dried cryogel beads were conducted 

as shown in Table 1 and Figure 10. 

       Table 1: Masses of beads. 

Beads Weight Measurements 

  Dried gel beads Cryogel beads Gel beads Dried cryogel 

beads 

 

Measurem

ents: 

Total Mass of 10 

Dried beads (g) 
Total Mass of 5 

Cryobeads (g) 
Mass of Not Dried Bead 

(Freshly made beads) (g) 
Total Mass of 10 

Dried beads (g) 

First set 

of beads 0,024 0,05 0,032 0,018 

Second set 

of beads 0,024 0,034 0,032 0,019 

Third set 

of beads 0,024 0,04 0,033 0,019 

Fourth set 

of beads 0,025 0,032 0,032 0,019 

Fifth set 

of beads 0,024 0,043 0,032 0,019 

Average  0,0242 0,0398 0,0322 0,0188 

Standard 

deviation ± 0,0004 ± 0,006462198 ± 0,0004 ± 0,0004 
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Figure 10: Average weight measurements.  

Note: Average weight for each type of beads is illustrated in the bar chart with a 

standard deviation.  

Based on average weight measurement graphic (Figure 10), cryogel beads showed 

the greatest standard deviation, this can be because of the uneven formation of 

porous structure in the beads during the cryogelation. Therefore, some of the cryogel 

beads can hold much more solvent than the others and this makes them heavier than 

the other cryogel beads. Standard deviation for the other three types of beads (dried 

gel beads, gel beads and dried cryogel beads) showed the same standard deviation by 

0.0004 g , since this standard deviation value is so small , it can be concluded that 

apart from cryogel beads , all other types of beads showed homogenized weights 

measurements. Homogenized bead masses were desired property, which enable us to 

determine physicochemical properties easily compare to unhomogenized bead 

masses 
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4.3.2 Diameter Measurements of the Beads 

Diameters of the each form of beads measured by taking triple measurements of 

three different beads (see Table 2,3,4,5 and Figure 11, 12, 13, 14). There were not 

huge differences between the diameter values , which indicate that beads were 

homogenized in terms of size. Only cryogel beads showed the greatest standard 

deviation between its own diameter measurements, this can be because of tail 

structure of the beads. Although the beads for studies are carefully selected to be the 

same and homogenized in size, some of the beads can have a little bit of tail. This 

tails can affect the diameter measurements of the beads. 

Table 2: Diameters of dried beads.  

Dried Gel Beads: 

Sample 

Name 
Measurement 

1 

Measurement 

2 

Measurement 

3 

Average of the 

Measurements  
Standard 

deviation 

Sample 1 1200 1300 1400 1300 ± 81,6 

Sample 2 1300 1400 1400 1367 ± 47,1 

Sample 3 1500 1200 1300 1333   ± 124,7 
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Figure 11: Average diameters of the dried gel beads. 

Table 3: Diameters of cryogel beads.  

Cryogel beads: 

Sample 

Name 
Measurement 

1 

Measurement 

2 

Measurement 

3 

Average of the 

Measurements  
Standard 

deviation 

Sample 1 3000 2100 2500 2533 ± 368,2 

Sample 2 2200 2300 2400 2300      ± 81,6 

Sample 3 2300 2200 2000 2167 ± 124,7 
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Figure 12: Average diameters of the cryogel beads. 

Table 4: Diameters of gel beads.  

Gel Beads: 

Sample 

Name 
Measurement 

1 

Measurement 

2 

Measurement 

3 

Average of the 

Measurements  
Standard 

deviation 

Sample 1 3300 3700 3800 3600 ± 216,0 

Sample 2 3800 3600 4000 3800 ± 163,3 

Sample 3 3700 3500 4100 3800 ± 249,4 
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Figure 13: Average diameters of the gel beads. 

Table 5: Diameters of dried cryogel beads. 

Dried Cryogel beads: 

Sample 

Name 
Measurement 

1 

Measurement 

2 

Measurement 

3 

Average of the 

Measurements  
Standard 

deviation 

Sample 1 1100 1200 1200 1167 ± 47,1 

Sample 2 1100 1300 1100 1167 ± 94,3 

Sample 3 1200 1100 1000 1100 ± 81,6 
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Figure 14: Average diameters of the dried cryogel beads. 

4.3.3 Light Microscope Image of the Beads: 

For both beads image and diameter size measurements computer aided LEICA 

DM750 model of light microscopy with LEICA DFC295 attachment was used. 

Light microscope images of the beads do not have high enough resolution to assess 

the degree of porosity of the beads, however, it enabled to observe some pore like 

structures on the surface of the beads as shown in Figure 15 and Figure 16. For 

further analysis of the beads morphologies and porosities SEM (scanning electron 

microscope) images are required. Figure 16 shows that the surface of gel bead is 

smooth among the others. Since, it is not dried, it is expected to have faster releasing 

feature compare to others. Cryobead has the most irregular surface structure, it is 

expected that wrinkled surface structure to increase the surface area to volume ratio 

for rapid quercetin release in short period of time by increasing the contact time 

between the solvent and the bead. In dried bead pictures, it was hard to detect the 

pores, which indicate that the rate of release more likely to be slower compared to 

other beads. 
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Figure 15: Light microscope images of gel bead. 

Note: Surface morphology of a gel bead was captured by using LEICA DM750 

microscopy at 3 different objectives; (A) 4X, (B) 10X, (C) 40X. 
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Figure 16: Morphologies of four different types of beads. 

Note: (A) 10X objective picture of gel bead with a smooth surface. (B)  4X objective 

picture of cryogel bead with an irregular surface. (C) 10X objective picture of dried 

gel bead. (D) 10X objective picture of  dried cryogel bead. 

 

4.4 FTIR (Fourier-Transform Infrared Spectroscopy) Results 

FT-IR results for sodium alginate, quercetin and quercetin-loaded beads are given in 

Figures 17a, 17b, 17c, 17d and 17e. As it is observed from FT-IR spectrum of 

sodium alginate; it has asymmetric stretch of C-O-C (ether) structures which it is 

usually causes the formation of peak between 1000 cm
-1 

and 1300 cm
-1

 . In the case, 

the peak at 1304 cm
-1

 was a good indication of C-O stretch. Due to the vibrations of 

O-H bonds, there is broad band between 3000 cm
-1

 and 3600cm
-1

 . This broad band 

is centered at 3229 cm
-1

. Due to strong characteristic broad band of O-H stretch, it 

should be concluded that there is –COOH groups, not only –OH groups of alcohols. 

Vibrational stretchings of aliphatic groups (C-H) were showed a peak at 2918 cm
-1 

. 

Carboxylate groups of sodium alginate were showed asymmetric stretching at 1597 



    
  

43 
 

cm
-1

 , the peak at 1407 cm
-1

 usually also represents stretching of carboxylate group 

symmetrically. Characteristic peaks around 1025 cm
-1

 was due to the vibrational 

stretches of 6-membered carbon rings together with the effects of C-C-H and C-O-H 

moieties (Daemi and Barikani, 2012). 

FT-IR spectrum of Quercetin; the band centered at 3284 cm
-1

 is due to vibrational 

stretches of –OH groups of alcohol. Peak at 1313 cm
-1

 represent –CRH bridges in the 

quercetin structure. Asymmetrical vibrational stretches of C-C-OH was observed at 

1240cm
-1

. Quinone structures and ring moieties with six carbons were detected via 

the peaks at 1605 cm
-1

 and 1510cm
-1

. Sharp peak at 1160 cm
-1

 indicates the presence 

of vibrational of C-O single bond, and –CH2OH functional groups (Yadav et al., 

2007; Wang et al., 2010; Chiang et al., 2002). Peaks at 807 cm
-1

 is due to C-H bends 

and it is a good indication of presence of aromatic rings. 

Spectral result of quercetin encapsulated alginate beads; vibrational stretches of –OH 

groups of alcohols usually cause a broad band at around 3500 cm
-1

 to 3300 cm
-1

. In 

the quercetin encapsulated alginate beads, this band is centered at 3298 cm
-1

. 

Presence of peak at 1598 cm
-1

 , indicate that there is carboxylate group present in the 

structure and the detection of small peak at 1521 cm
-1

 indicate the presence of –CO- 

group of carbonyl from quercetin. Asymmetrical stretchings of carboxylate groups 

shifted from 1407 cm
-1

 to 1419 cm
-1

 compare to alginate spectrum. This can be due 

to the ionic interactions between calcium and carboxylate groups. Peak at 1317 cm
-1

 

was not found in the structure of sodium alginate, however, it is detected in the 

structure of the quercetin loaded beads. This is because of carbon bridges –CRH- 

from quercetin cause the formation of peak at 1317 cm
-1

. The peak at 1025 cm
-1

 of 

alginate that is responsible due to ring structures together with C-C-H and C-OH 
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vibrations was shifted to 1010 cm
-1

 in the spectrum of the beads. In addition, the 

small peak at 1167 cm
-1

 indicates the vibrational stretches of –CO single bond, and -

CH2OH functional groups. Besides, presence of C-H bends at 818 cm
-1

 as a single 

peak is a good indication of aromatic rings in the structure. This is indicating that 

definitely quercetin, which is an aromatic polyphenol, encapsulated into beads. 

Overall, the spectrum of quercetin loaded beads is similar to the spectrum of alginate. 

There are few novel peaks recorded as mentioned above compare to sodium alginate 

structure, this is new peaks are formed due to the presence of quercetin in the beads. 

Since, quercetin is not covalently bound to alginate structure, it is just causing slight 

shifts in the spectrum of sodium alginate. In the case of covalently bound quercetin, 

FT-IR spectrum of beads will shift considerably, however, in this study covalently 

bound quercetin to alginate is not desired. Queretin should be released from the 

beads, this could be only established by small, weak intermolecular forces between 

quercetin and the alginate such as polar-polar interactions and ion-polar interactions 

as shown ın Fıgure 17 (e). 
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(e) 

Figure 17: FT-IR spectra and the structure of quercetin-encapsulated beads. 

Note: (a)FT-IR spectrum of sodium alginate. (b)FT-IR spectrum of quercetin. (c)FT-

IR spectrum of quercetin encapsulated beads. (d)FT-IR spectra of sodium alginate, 

quercetin and quercetin- encapsulated beads. (e)Closer look to the structure of 

quercetin-encapsulated bead (Drawn in ChemDraw Ultra). 
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4.5 Results of Drying Profile of Quercetin Loaded Beads 

Immediately after the formation of the beads, drying rate should be monitored. 

Although during the formation of the beads drip controller was used to obtain similar 

sizes of beads, some of the beads were deformed and they had irregular shapes. 

Beads with irregular shapes should be eliminated to prevent errors in the drying rate 

data, because, the beads with different surface area to volume ratio compare to others 

will have slightly different drying rate.  Beads with similar sizes chosen and they 

transferred into petri dish covered with aluminum foil to prevent light enter and then 

holes are created by using needle on top of aluminum foil to enable the excess 

solvent to evaporate . Beads containing petri dish was placed into fume hood at room 

temperature and the total weights of the beads were measured at constant time 

intervals until all the beads are completely dried (Table 1, Table 2, Figure 18 and 

Figure 19). 

Table 6: Drying data of the beads. 

Drying Rate Profile for Beads 

Weight (in gram) Time (in hours) 

10.284 0 

10.058 0.25 

9.864 0.5 

9.687 0.75 

9.486 1 

9.152 1.25 

8.806 1.5 

8.444 1.75 

7.994 2 

7.302 2.5 

6.472 3 

5.738 3.5 

5.130 4 

4.523 4.5 

3.926 5 

3.318 5.5 

2.784 6 

2.323 6.5 
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1.840 7 

1.356 7.5 

1.047 8 

0.852 8.5 

0.756 9 

0.731 9.5 

0.719 10 

0.695 15 

0.695 17 

0.695 19 

0.695 21 
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Figure 18: Drying rate of the beads. 

Note: Graph indicates that 10 hours of drying under the fume hood at room 

temperature will be sufficient to have completely dried beads. 
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Table 7: Drying data of the cryogel beads. 

Drying Rate Profile for Cryogel beads 

Weight (in gram) Time (in hours) 

0,2 0 

0,172 0.25 

0,145 0.5 

0,114 0.75 

0,097 1 

0,08 1.25 

0,075 1.5 

0,074 1.75 

0,073 2 

0,072 2.5 

0,072 3 

0,072 3.5 

0,072 4 

0,072 4.5 

0,072 5 
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Figure 19: Drying rate of the cryogel beads. 

Note: Graph indicates that 5 hours of drying under the fume hood at room 

temperature will be sufficient to have completely dried cryobeads.  

4.6 Swelling Tests Results 

Figure 20 indicates the average percent swellings for dried gel beads, dried cryogel 

beads, gel beads and cryogel beads in phosphate buffer at pH 7.4. Each type of beads 

showed different maximum average swelling in PBS (Phosphate Buffered Saline). 

Maximum average swelling percentages of dried gel beads, dried cryogel beads, gel 

beads and cryogel beads were found as 3247, 6 ± 281, 2 %, 3568, 2 ± 250, 2 %, 202, 

8 ± 31, 5 % and 824, 4 ± 123, 2 %, respectively. In both fresh and dried versions of 

the beads; cryogel beads showed higher swelling percent than the gel beads due to 

the presence of the high level of porosity. After the maximum swelling percent, the 

percent weight change decreased, this is mainly because of dissolution. Beads were 

started to dissolve in the PBS. Swelling in the alginate beads was established due to 

the presence of sodium ions in PBS. Sodium ions in PBS can displace some of the 

calcium ions in beads, since the calcium ion is an ionic cross linker and it makes ion-
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ion interactions with negatively charged carboxylate groups (-COO
-
) of alginate, 

when it is displaced with sodium ions, some of the –COO
-
 groups will be free from 

ion-ion interactions. Thus, -COO
-
 groups will repel each other due to the same 

charges (electrostatic repulsion). Meanwhile, calcium ions will be trapped by 

phosphate ions to form calcium phosphate. Since, -COO
-  

groups repel each other, 

this will cause the swelling of the structure (Bajpai & Shubhra, 2004). As sodium 

ions replace the calcium ions and calcium phosphates formed, swelling occurs until 

maximum swelling. After maximum swelling, dissolution will start and swellings 

continuous until all the beads were completely dissolved. 
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Figure 20: Average Percent Swelling Profiles. 

Note: (A)Average percent swelling of dried gel beads until.(B) Average percent 

swelling of dried cryogel beads (C) Average percent swelling of gel beads.(D) 

Average percent swelling of cryogel beads. 

4.7 Calibration Curves 

Calibration curves were prepared for release kinetic studies. Since, four different 

solvents/cell culture media were predetermined for release kinetic studies; DMSO, 

MHB, RPMI-1640 (culture medium) and saline (0.9% saline solution), calibrations 

curves for these solvents were prepared. All the absorbance versus wavelength 

graphs for these solvents were studied between 350 nm wavelength and 450 nm 

wavelength to determine the specific lambda max (λmax)values for each solvents. In 

order to draw absorbance versus wavelength graphs of quercetin in different 

solvents, serial dilutions of quercetin in specific solvent was prepared to mimic the 

release of quercetin in this solvent. After the determination of the lambda max at 

specific wavelength, only the absorbance values for each dilution at that 

wavelength(λmax)  was chosen to draw a calibration curve ( Absorbance versus 

concentration curve) for each solvent. All the dilutions were prepared by using 

quercetin main stock with 82700 µM concentration. From release studies , 
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absorbance versus time graphs will be obtained, so that absorbance versus 

concentration graphs were required to determine specific concentration of quercetin 

released at the regular time intervals (Figure 21, Figure 22, Figure 23 & Figure 24). 

 

 

 

 

 

 

 

 



    
  

56 
 

 

 
Figure 21: Calibration graphs for DMSO.  

Note: (A) Absorbance versus wavelength graph of quercetin in DMSO. (B) 
Calibration Curve of Quercetin in DMSO, Absorbance at 380 nm.  
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Figure 22: Calibration graphs for MHB. 

Note: (A) Absorbance versus wavelength graph of quercetin in MHB. (B) Calibration 

Curve of Quercetin in MHB, Absorbance at 395 nm.  
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Figure 23: Calibration graphs for RPMI-1640. 

Note: (A) Absorbance versus wavelength graph of quercetin in RPMI-1640. (B) 

Calibration Curve of Quercetin in RPMI-1640, Absorbance at 380 nm.  
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Figure 24: Calibration graphs for saline.  

Note: (A) Absorbance versus wavelength graph of quercetin in saline (0.9% saline). 

(B) Calibration Curve of Quercetin in 0.9% saline, Absorbance at 375 nm.  
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4.8 Release Studies 

Release studies were conducted by using four different types of release media, which 

are DMSO, 0.9% saline with 3 different DMSO percents (10%, 20% and 40%), 

MHB with 3 different DMSO percents (10%, 20% and 40%) and RPMI-1640. Since 

the best solvent for quercetin was DMSO, release of quercetin from the beads firstly 

done by using DMSO as release medium. 0.9% saline solution and MHB solution 

were chosen for release studies, due to the requirement of these release media during 

the antibacterial activity studies. Three different percentages of DMSO with 10%, 

20% and 40% for both saline and MHB were studied. This is due to the toxicity of 

DMSO, DMSO was required in the medium for quercetin to be released from the 

beads. However, the lowest amount of DMSO in the release medium was preferential 

to prevent any side effects and toxicity on bacteria during antimicrobial test. Thus, 

three different DMSO percents were used to choose the optimal one. RPMI-1640 

was used as release medium for to study release, since it is used as culture medium to 

grow the cells. 

Based on Figure 25 (A), release graph of quercetin from beads in DMSO, gel beads 

and cryogel beads showed the highest release, therefore, the absorbance values are 

higher than the dried gel beads. It took 6 hours (360 minutes) for all types of beads to 

release maximum amount of quercetin. 

In Figure 25 (B), release graph of quercetin from beads in 0.9% saline with 10% 

DMSO of total solution. Gel beads and cryogel beads showed the highest absorbance 

with about 0.1 Abs. Although, it seems like dried beads release the highest amount of 

quercetin by absorbance about 0.27 Abs, dried gel beads release the lowest amount 
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of quercetin compare to cryogel beads and gel beads. The reason of dried gel beads 

showed higher absorbance is because of during the release studies gel beads and 

cryogel beads , higher volume of release medium was used compare to dried gel 

beads to not to exceed absorbance value higher than 2. 

In Figure 25 (C), release graph of quercetin from beads in 0.9% saline with 20% 

DMSO of total solution. The highest amount of quercetin released by gel beads and 

dried gel beads showed the lowest quercetin released compare to other types. 

In Figure 25 (D), release graph of quercetin from beads in 0.9% saline with 40% 

DMSO of total solution. Gel beads and cryogel beads showed the highest 

absorbance, therefore, the highest amount of quercetin released. However, the 

absorbance value was too high and the volume of release medium was increased to 

have lower, valid absorbance values. Almost the same amount of quercetin was 

released from the both cryogel beads and gel beads with absorbance about 0.3 Abs. 

In Figure 25 (E), release graph of quercetin from beads in MHB with 10% DMSO of 

total solution. In this case, cryogel beads showed the highest absorbance, which 

indicates the highest amount of quercetin released and it took about 23 hours (1380 

minutes) to reach the highest amount of quercetin released. Gel beads showed the 

second highest absorbance and the lowest absorbance, or the lowest quercetin release 

was recorded with dried gel beads. 

In Figure 25 (F), release graph of quercetin from beads in MHB with 20% DMSO of 

total solution. In this case, again 23 hours (1380 minutes) was required to have 

maximum release of quercetin from each type of beads into release medium. The 
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highest and the lowest absorbance values were detected by gel  beads (with 0.3 Abs) 

and dried gel beads (with 0.05 Abs), respectively. 

In Figure 25 (G), release graph of quercetin from beads in MHB with 40% DMSO of 

total solution. In this case, cryogel beads showed much lower absorbance values 

compare to gel beads about 0.57 Abs. Although increasing DMSO in the medium 

increases the release of quercetin from the beads in MHB. Increasing level of DMSO 

in total solution is much more effective for gel beads and it showed the highest 

absorbance with about 2.3 Abs. 

In Figure 25 (H), release graph of quercetin from beads in RPMI-1640, the release of 

quercetin was started after 720 minutes of shaking at 130 rpm in the release medium. 

This can be due to the demand for swelling of the beads in the RPMI-1640 medium. 

After 720 minutes, beads may swell and they start to release the quercetin. The 

highest absorbance values were recorded with cryogel beads with absorbance of 1 

Abs. Again dried gel beads showed the lowest absorbance, thus, the lowest quercetin 

release among the other types of beads. 

Overall, in all graphs either cryogel beads or gel beads were showed the highest 

absorbance, thus, the highest amount of quercetin released. This is related to the 

presence and size of porosity. Cryogel beads have bigger pores compare to dried gel 

beads, therefore, they showed higher absorbance value and also gel beads have pores, 

which are ready to release the quercetin. 
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Figure 25: Release graphs of quercetin from the beads in different solvents. 

Note:  (A) Release graph of quercetin from 3 different types of beads in DMSO for 

24 hours.(B) Release graph of quercetin from 3 different types of beads in 0.9% 

Saline (with 10% DMSO) for 25 hours.(C) Release graph of quercetin from 3 

different types of beads in 0.9% Saline (with 20% DMSO) for 25 hours.(D) Release 

graph of quercetin from 3 different types of beads in 0.9% Saline (with 40% DMSO) 

for 25 hours.(E) Release graph of quercetin from 3 different types of beads in MHB 

(with 10% DMSO) for 25 hours.(F) Release graph of quercetin from 3 different types 

of beads in MHB (with 20% DMSO) for 25 hours.(G) Release graph of quercetin 

from 3 different types of beads in MHB (with 40% DMSO) for 25 hours.(H-İ) 

Release graph of quercetin from 3 different types of beads in RPMI-1640 for 24 

hours. (H-İİ) Release graph of quercetin from 3 different types of beads in RPMI-

1640 for 48 hours. 

4.8.1 Observations From Release Studies 

It is observed that when freshly made quercetin encapsulated gel beads are used, it is 

more likely to have almost complete release of quercetin from the beads. This 

deduction is based on the colour change of beads; they were yellow, which is a 

colour of the quercetin, before release and after release they become colourless 

(Table 8, Figure 26). 
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Figure 26: Colour change of quercetin. 

Note: Before release the quercetin loaded beads are yellow and after release they 

become colourless. 

In MHB (Mueller Hinton Broth), specifically in 10 % DMSO containing MHB 

solution beads’ surfaces are covered with brown colour. This may indicate that 

chemicals in MHB may react with carboxylate groups of alginate beads to form 

brownish outer layer around the beads, this outer layer will affect the release of 

quercetin from the alginate beads, and therefore, MHB was not suitable for the 

quercetin release studies (Figure 27). The reason of the formation of brownish layer 

around beads can be explained by checking the ingredients of MHB. MHB contains 

beef extracts, starch and casein hydrolysate. Starch has many hydroxyl groups on it, 

but they can only do ion-polar interactions with the carboxylate groups of alginate. 

On the other hand, Casein hydrolysate with a chemical structure as follows; 
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Casein hydrolysate has ester group and it may react with carboxylate group of 

alginate extending from the beads. This may lead to the formation of brownish layer 

around the beads and it may prevent the release of quercetin from the beads. 

 
Figure 27: Quercetin loaded beads in MHB. 

Note: Since carboxylate groups of alginate beads react with MHB, they will form 

brownish layer around the beads. 

In RPMI-1640, all beads are swollen but no release until first 360 minutes. Then, 

after 12 hours in RPMI-1640, the absorbance values are increased. This can be the 

result of two factors, first and most optimistic one is maybe alginate beads 

sufficiently swollen in RPMI-1640 to make detectable release of quercetin. Another 
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reason of increased absorbance can be contamination. Not only the increased 

concentration of quercetin causes increase in absorbance value. In addition to this, 

any organismal growth in the RPMI-1640 can let to rise in absorbance values. To 

clarify the reason of increase in absorbance values, swelling test in RPMI-1640 

should be conducted (Figure 28). Figure 28 indicates that quercetin loaded beads 

require about 720 minutes to swell in both only alginate beads and quercetin 

encapsulated beads. These percent swelling graphs suggest that there is a relation 

between swelling of beads and release of quercetin from the beads in RPMI-1640 

medium. It is concluded that quercetin loaded beads swell in first 720 minutes and as 

the swelling continuous after 720 minutes, the beads will release the quercetin to the 

RPMI-1640 medium. RPMI-1640 is a multiple components containing cell culture 

medium. It is composed of inorganic salts (such as calcium nitrate tetrahydrate, 

potassium chloride, sodium bicarbonate, sodium chloride, and sodium phosphate 

dibasic), 21 different amino acids (some of them with modified versions such as L-

Tyrosine.2Na.dihydrate), vitamins and other additional chemicals such as phenol red 

sodium. Thus, the main reason of swelling of beads in the RPMI-1640 is the sodium 

ions coming from the inorganic salts and from the modified forms of the amino 

acids. These sodium ions will displace the calcium ions in the beads and since 

sodium is monovalent cation, it will cause the loosening of the beads and the solvents 

will enter into the beads. This will lead to the swelling of the beads 

 

 

 

. 



    
  

71 
 

 

 
Figure 28: Percent swelling profiles of alginate beads. 

Note: (A) Average Swelling Rate of Dried Alginate Beads in RPMI-1640. (B) 

Swelling Rate of Quercetin Loaded Alginate Beads in RPMI-1640. 
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Table 8: Observations from release kinetics studies. 

 

4.8.2 Absorbance Versus Concentration and Concentration Versus Time 

Graphs 

In order to determine the amount of quercetin in terms of concentration (in µM), both 

the calibration curves (absorbance versus concentration graphs of known 

concentration of quercetin solution in desired solvents) and release graphs for 

quercetin (Absorbance versus time graphs) were required and they were 

precalculated. To find the concentration of quercetin corresponds to the absorbance 

values from release graphs; the absorbance value from the release graphs should be 

substituted as y value into linear equation of calibration curve. For instance, for 

DMSO, linear equation of calibration curve is y=0, 0023x-0, 0372. x value is the 

concentration and y value is the absorbance. Therefore, to find the concentration of 

specific known absorbance, the equation should be rearranged as x= (y+0, 0372)/0, 

0023, so that x value will give the concentration correspond to the absorbance. In 

addition to absorbance versus concentration curves, concentration versus time graphs 
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can also be constructed by using release graphs and calibration curves (Figure 29, 

Figure 30, Figure 31, Figure 32, Figure 33, Figure 34 & Figure 35). Based on results 

shown in Figures between 29 and 35, cryogel beads and gel beads in 40% saline 

solution with 10% DMSO of total solution were chosen for antimicrobial activity, 

specifically for time kill assay. Since, MHB was reacting with carboxylate group of 

alginate beads, it was not chosen for time kill assay. For cell culture application, the 

concentrations based on release studies from cryogel and gel beads were chosen. 
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Figure 29: Absorbance versus concentration and concentration versus time graphs of 

quercetin in DMSO. 

Note: (A) Absorbance versus concentration graph of dried gel beads in DMSO.(B) 
Concentration versus time graph of dried gel beads in DMSO.(C) Absorbance versus 

concentration graph of cryogel beads in DMSO.(D) Concentration versus time graph 

of cryogel beads in DMSO.(E) Absorbance versus concentration graph of gel beads 

in DMSO.(F) Concentration versus time graph of gel beads in DMSO.  
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Figure 30: Absorbance versus concentration graph of dried gel beads in 0.9% saline 

solution with 10% DMSO of total solution.  

 

 

y = 0,0028x + 0,218 
R² = 1 

0,2745

0,275

0,2755

0,276

0,2765

0,277

0,2775

20,3 20,4 20,5 20,6 20,7 20,8 20,9 21 21,1 21,2

A
b

so
rb

an
ce

 (
A

b
s)

 

Concentration in µM 

Absorbance Versus Concentration Graph 
of Dried Gel Beads in 0.9% Saline solution 

with 10% DMSO of total solution 

y = 0,0028x + 0,218 
R² = 1 

0,264

0,265

0,266

0,267

0,268

0,269

16,6 16,8 17 17,2 17,4 17,6 17,8 18

A
b

so
rb

an
ce

 (
A

b
s)

 

Concentration in µM 

Absorbance Versus Concentration 
Graph of Cryogel Beads in 0.9% Saline 

solution with 20% DMSO of total 
solution 

A 



    
  

77 
 

 

 
Figure 31: Absorbance versus concentration and concentration versus time graphs of 

quercetin in 0.9% Saline solution with 20% DMSO of total solution. 

Note: (A) Absorbance versus concentration graph of cryogel beads in in 0.9% Saline 

solution with 20% DMSO of total solution. (B) Absorbance versus concentration 

graph of gel beads in 0.9% Saline solution with 20% DMSO of total solution. (C) 

Concentration versus time graph of gel beads in DMSO.  
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Figure 32: Absorbance versus concentration and concentration versus time graphs of 

quercetin in 0.9% Saline solution with 40% DMSO of total solution. 

Note: (A) Absorbance versus concentration graph of dried beads in 0.9% Saline 

solution with 40% DMSO of total solution. (B) Concentration versus time graph of 

dried beads in 0.9% Saline solution with 40% DMSO of total solution. (C) 

Absorbance versus concentration graph of cryobeads in 0.9% Saline solution with 

40% DMSO of total solution. (D) Concentration versus time graph of cryobeads in 

0.9% Saline solution with 40% DMSO of total solution. (E) Absorbance versus 

concentration graph of new beads in 0.9% Saline solution with 40% DMSO of total 

solution. (F) Concentration versus time graph of new beads in 0.9% Saline solution 

with 40% DMSO of total solution.  
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Figure 33: Absorbance versus concentration and concentration versus time graphs of 

quercetin in MHB solution with 20% DMSO of total solution. 

Note: (A) Absorbance versus concentration graph of new beads in MHB solution 

with 20% DMSO of total solution. (B) Concentration versus time graph of new 

beads in MHB solution with 20% DMSO of total solution.  
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Figure 34: Absorbance versus concentration and concentration versus time graphs of 

quercetin in MHB solution with 40% DMSO of total solution. 

Note: (A) Absorbance versus concentration graph of dried gel beads in MHB 

solution with 40% DMSO of total solution. (B) Concentration versus time graph of 

dried gel beads in MHB solution with 40% DMSO of total solution.(C) Absorbance 

versus concentration graph of cryogel beads in MHB solution with 40% DMSO of 

total solution. (D) Concentration versus time graph of cryogel beads in MHB 

solution with 40% DMSO of total solution. (E) Absorbance versus concentration 

graph of gel beads in MHB solution with 40% DMSO of total solution.(F) 

Concentration versus time graph of gel beads in MHB solution with 40% DMSO of 

total solution.  
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Figure 35: Absorbance versus concentration and concentration versus time graphs of 

quercetin in RPMI-1640. 

Note: (A) Absorbance versus concentration graph of dried gel beads in RPMI-1640. 

(B) Absorbance versus concentration graph of cryogel beads in RPMI-1640. (C) 

Concentration versus time graph of cryogel beads in RPMI-1640. (D) Absorbance 

versus concentration graph of new beads in RPMI-1640. (E) Concentration versus 

time graph of new beads in RPMI-1640.  

4.8.3 Release Kinetics Models 

4.8.3.1 Percent Quercetin Released Results 

The percent quercetin released was studied for three selected release media, which 

are DMSO, 0.9% saline solution with 10% DMSO of total solution for time kill 

assay and RPMI-1640 for cell culture. 

For each selected solvent, the concentration of quercetin released was calculated by 

using calibration curve. Following to this, to find the mass of quercetin released 

concentration, molecular mass of quercetin (302.24 g/mol) and volume of release 

medium were multiplied. Finally, Quercetin released percents were calculated. 

Quercetin Released (%) Versus Time Graphs were constructed (Figure 36). 

Quercetin released (%) = (m/ m0 ) x 100                                                   (9) 
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Although the quercetin release percents in DMSO were desired, since using pure 

(100%) DMSO can be toxic for bacteria and cells. 0.9% Saline with 40% DMSO of 

total solution and RPMI-1640 were chosen for time kill assay and cell culture related 

assays, respectively. Since, the highest percent release of quercetin were obtained 

with cryogel and gel beads based on observations and release data, therefore ,cryogel 

and gel beads are chosen for further bacterial and cell culture tests. 

 

 

0

20

40

60

80

100

120

0 500 1000 1500 2000

Q
u

e
rc

e
ti

n
 R

e
le

as
e

d
  (

%
) 

Time in minutes 

Quercetin Released (%) Versus Time 
Graph In DMSO: 

Dried gel beads Cryogel beads Gel beads

A 

0

5

10

15

20

25

30

600 800 1000 1200 1400 1600Q
u

e
rc

e
ti

n
 R

e
le

as
e

d
 (

%
) 

Time in minutes 

Quercetin Released (%) Versus Time 
Graph In 0.9% Saline with 40% DMSO 

of Total Solution for Cryogel beads 
B 



    
  

88 
 

 

 

11

11,5

12

12,5

13

13,5

14

1360 1380 1400 1420 1440 1460 1480 1500 1520

Q
u

e
rc

e
ti

n
 R

e
le

as
e

d
 (

%
) 

Time in minutes 

Quercetin Released (%) Versus Time 
Graph In 0.9% Saline with 40% DMSO 

of Total Solution for Gel Beads 

C 

0

50

100

150

200

250

1200 1700 2200 2700 3200Q
u

e
rc

e
ti

n
 R

e
le

as
e

d
 (

%
) 

Time in minutes 

Quercetin Released (%) Versus Time 
Graph In RPMI1640 for Cryogel 

Beads: 

D 



    
  

89 
 

 
Figure 36: Quercetin released (%) graphs. 

Note: (A) Quercetin released (%) versus time graph in DMSO. (B) Quercetin 

released (%) versus time graph in 0.9% saline with 40% DMSO of total solution for 

cryogel beads. (C) Quercetin released (%) versus time graph in 0.9% saline with 40% 

DMSO of total solution for gel beads. (D) Quercetin released (%) versus time graph 

in RPMI-1640 for cryogel beads. (E)Quercetin released (%) versus time graph in 

RPMI-1640 for gel beads. 
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4.8.3.2 Results of Release Kinetics of Quercetin from Alginate Beads 

Table 9: Parameters table for four different models. 

Release 
Medium 

Types 

of the 

Beads 

Release Models 

Zero Order 
Release  
Model 
  

First Order 
Release 
Model 

Higuchi 

Release 

Model 

Korsmeyer-

Peppas Release 

Model 
  

R
2 K0 R

2 K1 R
2 kH R

2 kP n 

DMSO Dried 
gel 
beads 

0,5646 19,33

2 

0,5629 0,2428 0,7142 37,139 

  

0,5547 1,84458  0,4285 

Cryogel 
beads 

0,9608 43,64

3 

0,9817 1,0953 0,9727 75,008  0,9685 1,41449 

  

0,7191 

Gel 
beads 

0,9569 46,44

9 

0,9504 1,6746 0,9765 80,144 

  

0,9741 1,38053 

  

0,6755 

0.9% Saline 
with 40% 
DMSO of 
Total 
Solution 

Cryogel
beads 

0,8481 1,696

3 

0,9192 0,0495 0,8638 9,3612 

  

0,7782 0,89068 

  

0,6134 

Gel 
beads 

0,6518 1,311

2 

0,7121 0,0293 0,7367 7,6224 

  

0,6799 4,47063 

  

1,4214 

RPMI-1640 Cryogel 
beads 

0,9321 5,427

9 

0,7755 0,0386 0,7744 35,077 

  

0,6736 6,43865

6 

  

3,5072 

Gel 
beads 

0,8887 4,794

6 

0,7894 0,0203 0,7098 30,379  0,8122 16,2626

924 

  

4,9256 

 

Table 10: Types of release mechanism can be determined based on release exponent 

(n). 

Release exponent (n) Mechanism of release 

<0.45 Both fickian and non-fickian 

diffusion (Quasi Fickian) 

0.5 Fickian Diffusion 

0.45<n<0.89 Non-fickian 

n=0.89 Case II transport 

0.89<n Super case II transport 

 

The release modellings of quercetin from dried gel beads, cryogel beads and gel 

beads were studied by using four different models; zero order release model, first 

order release model, higuchi release model and korsmeyer-peppas release model. 

The best fit lines for each model were represented in Figure 37, 38, 39 and 40. In 

addition, k0,k1,kH,kP,n and all R
2
 parameters are given in table 9a. Aim is to 
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determine the highest R
2
 value, the model, which gives the highest R

2 
value is the 

best fit for the bead. According to this table, dried gel beads in DMSO showed the 

highest R
2
 value with zero order release model. This suggest that the release of 

quercetin was independent from the concentration of quercetin in the beads. Cryogel 

beads in DMSO showed the highest R
2
 value (0.9817) with first order release model. 

Gel beads in DMSO showed the highest R
2
 value (0.9504) with higuchi release 

model. This suggest that drug concentration was lower in polymer than its solubility 

and release occurs through the pores in the matrix. In addition, cryogel beads and gel 

beads in 0.9% saline with 40% DMSO of total solution showed the highest R
2
 values 

with first order release model at 0.9192 and 0.7121, respectively. First order release 

models were suggesting that the release is dependent on the concentration of 

quercetin in the bead. It also suggests that the quercetin released in a sustained 

manner. Cryogel beads and gel beads had the highest R
2
 values with zero order 

release model at 0.9321 and 0.8887 with RPMI-1640. Zero order release model 

suggesting that quercetin has low solubility and also it suggest that constant release 

of quercetin per unit time. However, in RPMI-1640, there is no considerable release 

of quercetin in first 720 minutes. It can be concluded that cryogel beads and gel 

beads require 720 minutes for the considerable amount of quercetin release. Once the 

release is started, it will follow the zero order release model up to 48 hours. 

n values represent the way of release mechanism of chemical in table 9b. n values for 

dried gel beads in DMSO is lower than 0.45 indicate that release mechanisms 

showed both fickian and non-fickian diffusion. This indicates that the chemical in 

this case quercetin released from non-swell able polymer and during the release 

studies, it is observed that beads are not swelling in DMSO, however, they do release 

quercetin through fickian and non-fickian diffusion. n value for cryogel beads and 
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gel beads in DMSO was between 0.45 and 0.89, this indicate non-fickian diffusion.  

n value for cryogel beads in 0.9% saline with 40% DMSO of total solution is 0, 

6134, which indicate non-fickian diffusion. Although fickian diffusion has no 

boundaries, non-fickian dissusion has boundaries between highly swollen and 

ordered crystalline regions (or dried regions) of the polymer. For gel beads in 0.9% 

saline with 40% DMSO of total solution, for cryogel beads and gel beads in RPMI-

1640, their n values are higher than 1 which indicates super case II transport. This 

strongly indicate zero order release model. Release from the beads require some 

times, this time can be required for the swelling of the polymeric material for release 

of quercetin.  
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Figure 37: Zero order release models for different types of beads in 3 different types 

of release media  

Note: 3 different types of release media; DMSO, 0.9% saline with 40% DMSO of 

total solution and RPMI-1640. 
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Figure 38: First order release models for different types of beads in 3 different types 

of release media 

Note: 3 different types of release media; DMSO, 0.9% saline with 40% DMSO of 

total solution and RPMI-1640. 
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Figure 39: Higuchi Release Models for different types of beads in 3 different types of 

release media. 

Note: 3 different types of release media; DMSO, 0.9% saline with 40% DMSO of 

total solution and RPMI-1640. 
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Figure 40: Korsmeyer-peppas models for different types of beads in 3 different types 

of release media 

Note: 3 different types of release media; DMSO, 0.9% saline with 40% DMSO of 

total solution and RPMI-1640. 

 

 

 

y = 3,5072x - 5,5143 
R² = 0,6736 

-1,5

-1

-0,5

0

0,5

0 0,5 1 1,5 2

Lo
g 

(C
t/

1
0

0
) 

Log (time) 

Log (Ct/100) Versus Log (time) Graph 
for Cryogel Beads in RPMI1640 

(Korsmeyer-peppas  model) 

F 

y = 4,9256x - 7,9553 
R² = 0,8122 

-2

-1,5

-1

-0,5

0

0,5

0 0,5 1 1,5 2

Lo
g 

(C
t/

1
0

0
) 

Log (time) 

Log (Ct/100) Versus Log (time) Graph 
for Gel Beads in RPMI1640 

(Korsmeyer-peppas  model) 

G 



    
  

105 
 

4.9 MTT Assay (Succinate Dehydrogenase Activity Assay) and IC50 

Determination 

Cell viability and cell proliferation can be determined by conducting MTT Assay. 

Based on release studies nine different concentration of quercetin from alginate 

beads were selected to investigate their effects on the papillary thyroid cancer cells 

(B-CPAP). These concentrations were 5,10,61,98,135,439,452,494 and 497 µM 

quercetin. Some of these concentrations with unexpected results were omitted from 

the results to have optimal cell viability graph given in Figure 41 and Table 10. Cell 

viability was calculated from the absorbance values by using the following equation; 

 
 

            
                 

                             
                                                 

 
 

Table 11: Selected concentrations and their effect on B-CPAP cancer cells after 24 

hours in terms of % cell viability. 

Concentration (in µM) Average % Cell Viability 

Control 100 

10 94,83 ± 1,8 

61 82,10 ± 1,6 

98 71,56 ± 9,5 

135 60,00 ± 3,8 

497 36,59 ± 4,7 
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Figure 41: Percent viability versus concentration graph. 

Note: Graph show the effect of different concentration of quercetin based on release 

studies on the B-CPAP thyroid cancer cells. 

Based on the data shown in Figure 41, it was observed that as the concentration of 

quercetin increased due to release from the beads, the inhibitory effect on the B-

CPAP cells was increased. This is concluded due to decrease in percent viability of 

papillary thyroid cancer cells by increasing the concentration of quercetin in the 

medium. Figure 42 and Figure 43 show the pictures of B-CPAP cancer cells after 

quercetin treatment and after MTT treatment, respectively. After MTT treatment, 

formazan crystals were formed and at low concentration of quercetin, formazan 

crystals are more common. As the concentration of quercetin increased, there were 

less observable formazan crystals. This indicates that percent cell viability will 

decrease with increasing quercetin concentration.  



    
  

107 
 

 Polyphenols such as quercetin reduce the viability of cancer cells mainly by two 

modes of action. The first action is by modifying redox status. There are reactive 

oxygen species (ROS) in organisms such as hydrogen peroxide. These ROS species 

act as cell replication regulator and also play important roles in signal transduction 

pathways. The demand for ROS species is high for cancer cells to enable 

uncontrollable growth. In the presence of polyphenol such as quercetin. It acts as 

scavenging agent to trap and reduce ROS species. Thus, cancer cells will not find 

enough cell replication regulator and they will decrease in number. The second mode 

of action is achieved by interacting with cancer cell functions such as cell cycle and 

apoptosis. Cancer cells require high amount of cyclin dependent kinase to suppress 

the p53 tumor suppressor proteins and to produce many cancer cells via 

uncontrollable cell cycles. Quercetin may inactivate or decrease the amount of cyclin 

dependent kinase, which leads to stop of cell cycles. Therefore, no more cancer cells 

will be produced. In addition, quercetin may activate caspase 3 in cancer cells, this 

will initiate apoptosis in cancer cells. Caspase 3 is an effector protease, it can cleave 

all many essential materials inside the cancer cells and it will causes programmed 

death of cancer cells. Therefore, the number of cancer cells will decrease (Kampa et 

al., 2007). 
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Figure 42: Invert microscope images of B-CPAP cancer cells after treatment with 

different concentrations of quercetin.  
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Figure 43: Invert microscope images of B-CPAP cancer cells after MTT treatment. 
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4.9.1 IC50 Determination 

IC50 value for the quercetin released from the beads on B-CPAP cancer cells was 

determined by using the dose-effect and median-effect graphs as given in Figure 44 . 

IC50 value was found as 268,43 µM. IC50 value providing as concentration of 

quercetin required to reduce the % viability of B-CPAP cells by half. 

 

 
Figure 44: Average % Viability Determination.  

Note: Average % Viability was determined by using (A) Dose-effect curve and (B) 

Median-effect plot (Plotted in calcusyn software).  

A 

B 



    
  

111 
 

4.10 Antioxidant Assay – DPPH (2, 2-diphenyl-1-picrylhydrazyl) 

Test 

Antioxidant test as its name suggest investigation of the oxidation inhibition effect of 

any compound. By inhibition of oxidation reactions, there will be fewer amounts of 

free reactive oxygen species and therefore it will less likely to cause cell damage. 

DPPH test was used to measure radical scavenging activity of molecules. Radical 

scavenging activity was usually shown in terms of percent inhibition. Percent 

inhibition can be calculated as follow; 

                             
                  

        
                           

 

                               

                             

Quercetin has antioxidant activity, specifically free radical activity. This is clearly 

shown in Figures 45and  46, as the concentration of quercetin increased the colour of 

DPPH changed from purple to yellow. This is due to the free radical activity of 

quercetin, quercetin donates hydrogen to DPPH and DPPH will be reduced. Reduced 

DPPH has yellow colour and therefore, the absorbance value at 515 nm decreased. In 

addition, gallic acid was used as known reference and it was found that quercetin has 

even better radical scavenging activity than the gallic acid at about 40 % inhibition. 

 



    
  

112 
 

 

 

Mechanism: 

 

Figure 45: DPPH reduction by quercetin. 



    
  

113 
 

0 2 0 0 4 0 0 6 0 0

0 .5

0 .6

0 .7

0 .8

0 .9

1 .0

G a llic  A c id  D P P H  R e s u lts

C o n c e n tra tio n  ( in  µ M )

G
a

ll
ic

 A
c

id
 A

b
s

o
rb

a
n

c
e

 a
t 

5
1

5
n

m

0 2 0 0 4 0 0 6 0 0

0 .4

0 .5

0 .6

0 .7

0 .8

0 .9

1 .0

Q u e rc e tin  D P P H  R e s u lts

C o n c e n tra tio n  ( in  µ M )

Q
u

e
rc

e
ti

n
 A

b
s

o
rb

a
n

c
e

 a
t 

5
1

5
n

m

 
 
 

0 2 0 0 4 0 0 6 0 0

0

1 0

2 0

3 0

4 0

G a llic  A c id  D P P H  R e s u lts

C o n c e n tra tio n  ( in  µ M )

%
In

h
ib

it
io

n

0 2 0 0 4 0 0 6 0 0

0

1 0

2 0

3 0

4 0

5 0

Q u e rc e tin  D P P H  R e s u lts

C o n c e n tra tio n  ( in  µ M )

%
In

h
ib

it
io

n

 
Figure 46: Reduction of DPPH absorbance values at 515 nm. 

Note: (A) Reduction of DPPH absorbance values due to free radical scavenging 

activity of gallic acid. (B) Reduction of DPPH absorbance values due to free radical 

scavenging activity of quercetin.(C) Percent inhibition of DPPH radical increases up 

to 32% as the concentration of gallic acid between 5 and 500 µM used. (D)Percent 

inhibition of DPPH radical increases up to 39% as the increasing concentration of 

quercetin released from the beads used. 
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4.11 Time Kill Assay 

Based on CFU/mL values from Table 11, CFU/mL versus time graph was 

constructed in Figure 47. According to Figure 47, in first three values; at time 0, 5, 

and 10 minutes, the countable colony forming units per mL in normal beads and in 

cryobeads were lower than the control. This was an expected result, which indicates 

that quercetin concentrations have antibacterial activity. However, between 15 and 

720 minutes, in CFU/mL values , it was observed that in all samples ; gel beads , 

cryogel beads and control the number of colonies are fluctuating and there was no 

general trend, which indicates that quercetin loaded beads have low amount of 

quercetin for antibacterial applications. At time 1440 minutes, it was clearly 

observed that in normal beads and cryobeads, there was clear inhibition of bacterial 

growth compare to control. This suggest that quercetin loaded beads are suitable for 

antibacterial applications. However, the concentration of quercetin should be 

increased, so that it will show its activity earlier. 

Table 12: Colony Forming Units per mL (CFU/mL) for S. aureus at specific time 

intervals were calculated from number of colonies obtained on blood agar plates. 

Time B CFU/mL C CFU/mL 
Control  

CFU/mL 

0 46 48 62 

5 62 64 108 

10 46 42 60 

15 62 32 60 

30 72 62 120 

60 82 96 136 

120 68 100 54 

180 74 56 100 

360 184 90 100 

480 98 114 96 

600 128 136 94 

720 162 106 72 

1440 78 90 600 
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By using the number of colonies, CFU/mL can be calculated by using following 

equation:  

   

  
 

                                              

                       
                         

 
Figure 47: CFU/mL versus time graph. 
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Chapter 5 

CONCLUSION 

Quercetin was encapsulated by using alginate to form beads. The aim of the 

encapsulation to enable controlled release of quercetin from the alginate beads and 

also prevent the fast  metabolism or degradation of quercetin in in vivo or in vitro.It 

is found that although the swelling profiles were good in phosphate buffer, when it 

comes to the in vitro media such as saline or MHB for antimicrobial activity assays, 

the swelling in these media were very low. Therefore, it is highly recommended to 

use the bead either cryogel forms or fresh gel bead forms without drying. In addition, 

due to the presence of sodium ions in RPMI-1640, it was found that beads showed 

considerable amount of swelling in RPMI-1640 after 720 minutes. This enable the 

maximum amount of quercetin released from the beads. It is also found that alginate 

beads are reacting with ester moiety of casein hydrolysate in MHB and this limits the 

release of quercetin from the beads. Therefore, for time kill assay, saline solution 

was suggested to use instead of MHB.   

In cell viability assays, it was found that increase in the amount of quercetin from the 

beads caused decrease in the number of B-CPAP papillary thyroid cancer cells. 

In antioxidant activity, DPPH assay, it was found that increasing quercetin 

concentration released from the beads caused decrease in absorbance at 515 nm for 

DPPH. Decrease in absorbance of DPPH caused by donation of proton from 
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quercetin to DPPH. Reduced DPPH would not show peak at 515 nm. Thus, 

increasing concentration of quercetin caused increase in percent inhibition of free 

DPPH radicals. 

Finally, time kill assay showed that although quercetin is a good antimicrobial agent, 

the amount of quercetin encapsulated by the beads were not enough. Therefore, the 

amount of quercetin in the beads should be increased for antimicrobial applications. 

Quercetin encapsulated alginate beads were designed as a precaution smart medicine 

and as a supplement for healthy people and for cancer patients. However, for human 

use;  the results should be replicated with different types of cancer cells and also with 

the health cell lines. The effect of these beads on healthy cells also plays a critical 

role. We do not want to reduce healthy cells significantly, while reducing the cancer 

cells. 

In addition, the metabolic pathways were not considered in this thesis. Once 

quercetin is released from the beads, it will be subjected to metabolism and post 

modification via the metabolic enzymes. Therefore, the rate of metabolism of 

quercetin in the body also should be considered and studied before the application 

with multicellular organisms. 
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