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ÖZET  

YEN�  B� R YÖNTEMLE TÜMÖR HÜCRELER � N�  TANIYAB � LEN 

LEVAN ESASLI NANO-KÜREC � KLER � N HAZIRLANMASI 

 

Kanser hücreleri ve yak�n çevresi, normal hücreler ile k�yasland�� �nda, enerji 

metabolizmalar�n� yeniden düzenlemek, ço� almak, ve � ekillerini de� i� tirerek hücreler 

aras� adezyon özelliklerini artt�rmak için � ekerden sa� lanan enerjiye daha fazla ihtiyaç 

duyarlar. Levan, polifruktan yap�s� sayesinde normal hücrelere nazaran kanser hücreleri 

taraf�ndan daha fazla tercih edilen bir enerji kayna� � olabilece� i dü� ünülmü� tür. Bu 

sebepten dolay�, negeatif yüzey yüküne sahip ve paklitaksel ta� �yan çapraz ba� l� solid 

lipit nanopartiküller (PXSLNPs), yeni bir sentez stratejisi  ile kor olarak haz�rlanm��  

olup,  bu nanopartiküller pozitif yüklü dü� ük moleküler a� �rl�kl� levan (16.000 g/mol) 

ile kaplanm�� t�r. Kor k�s�m,  polimerle� ebilen,  2-Akrilamido-2-metilpropan (AMPS)  

ile fonksiyonland�r�lm��  Lesitin ve ilaç tutucu polimer olan vinillenmi�  poly-e 

Caprolacton-diolün (1250 g/mol) UV polimerizasyon yöntemi ile Tween 80 emülgatörü 

kullan�larak haz�rlanm�� t�r. Fluorescein sodium tuzu, nanopartikül ve levan bazl� kabuk 

aras�na konularak, hücre kültüründe floresan mikroskop tekni� i kullan�larak 

görüntüleme yap�lm�� t�r. Nanopartikül iç k�sm�n boyut dag�l�m� ve zeta potansiyel 

de� eri s�ras�yla, 50-350 nm ve 75mV olarak bulunmu� tur. DSC çal�� malar�ndan 

gözlenen, paklitaksel nanopartikül içinde tamamen amorf olarak bulunmakta ve ayr�ca 

yüksek ilaç ta� �ma kapasitesine sahip nanopartiküller içinde (68%) homojen bir � ekilde 

da� �lmaktad�r. Bu sonuçlar, in vitro ilaç sal�m ve antitumor aktivite sonuçlar� ile beraber 

de� erlendirildi� inde, levan kapl� ve paclitaxel yüklü nanopartiküllerin akci� er kanseri 

için potansiyel tedavi edici etkiye sahip oldu� u belirlenmi� tir. 
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ABSTRACT 

A NOVEL DESIGN OF LEVAN BASED TUMOUR TARGETING 

NANO-SCALE MICELLES 

Cancer cells and their microenvironments need much more sugar-induced energy 

compared to normal cells in order to rearrange energy metabolism, proliferation and 

change their shape to increase their extracellular adhesion ability. Due to its polyfructan 

structure, levan was assumed to be the more preferred energy source by cancer cells 

compared with normal cells. Therefore, negatively surface charged and paclitaxel 

carrying  crosslinked solid-lipid nanoparticles (PXSLNPs) were prepared as a core 

using a new synthesis strategy and these nanoparticles were coated with positively 

charged low molecular weight levan (16.000 g/mol).  The core was prepared from 

polymerizable lecithin which was functionalized with 2-Acrylamido-2-methylpropane 

(AMPS) and vinylated poly-e Caprolacton-diol (1250 g/mol) as a polymer drug-spacer 

in the presence of  Tween 80 as emulsifier by UV polymerization. Fluorescein sodium 

salt was inserted between the nanoparticles and levan based shell to monitor them in 

cell culture media using fluorescence microscopy. Size distribution of core 

nanoparticles and their zeta potential values were between 50-350 nm and -75mV, 

respectively.  It was observed from DSC studies that paclitaxel was in fully amorphous 

phase and homogenously dispersed in the nanoparticles which showed relatively higher 

loading capacity (68%). These studies together with in vitro drug release and anticancer 

activity results indicated that the levan coated and paclitaxel loaded nanoparticles have a 

potential therapeutic effect for the treatment of lung cancer.  
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CLAIM FOR ORIGINALITY 

A NOVEL DESIGN OF LEVAN BASED TUMOUR TARGETING 

NANO-SCALE MICELLES 

 

Levan is a fructose homopolysaccharide that has many outstanding properties like high 

solubility in oil and water, strong adhesivity, good biocompatibility and film-forming 

ability. Its high cell adhesion property confers its promising use in drug delivery 

applications. Considering this fact, in this study, low molecular weight levan was 

obtained by a new acid hydrolysis method and then quaternalized to use as a sensor in 

active nano-drug carrier for cancer therapy.  This is a new technique for tumor targeting 

strategy; such that, linear, unbranched levan biopolymer was firstly used in the literature 

as such a sensor material for tumor cells. In addition, paclitaxel is the semi synthetic, 

pseudo-alkaloid which is currently used in treatment of different cancer types. Due to 

poor water solubility it has a tendency of precipitating in blood media. Homogeneous 

encapsulation of paclitaxel in the nanoparticles will provide reductions in the 

undesirable effects of paclitaxel. New synthesis approach was used to prepare 

polymerizable lecithin aiming to prepare more stable and ionically crosslinked solid-

lipid nanoparticles as a paclitaxel carrier.  Fluorescein sodium salt was used between 

(QL) shell and PXSLNPs core to monitor nanoparticles under fluorescence microscope 

through cell culture studies. Consequently, functionalized low molecular weight levan 

shell has been used firstly in the literature for drug targeting strategy and has potential 

for the treatment of lung cancer. 
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1. INTRODUCTION 

Cancer diagnosis and therapy is an expanding strategy. Today’s cancer treatments 

compose of several applications including surgical invention, radiation and 

chemotherapy. Even if, these applications have been able to be used to destroy tumor 

cells and their vicinity, they could damage normal cells as well and result in toxicity in 

the human body. Thus, during the release, the controlled drug delivery system 

specifically targeting and recognizing the tumor cells is of important and critical for 

minimum level of damage in normal cells. For this purpose, the colloidal drug carrying 

nano-particles having biosensors on the surface which recognize the tumor cells for 

various cancer types have extensively been studied (Thakor and Gambhir 2013). After 

locking on the “receptor mediated” tumor cell surface, nano particles can release the 

drug by deformation and/or bio-erosion in and outside of the tumor cells. One of the 

most important points at this stage is that the nano-carrier should be over-expressed on 

tumor cells without detecting through the vicinity of normal cells. This is achieved by 

increasing specificity of the surface receptors of the tumor cells that could be achieved 

by antigens or aptamers (Deng, Jiang et al. 2012).  

Tumors have both leaky blood vessels and poor lymphatic drainage. While, the 

nonfunctional lymphatic drainage provide achievement of nano-carriers and allows 

releasing drugs into the vicinity of the tumor  cells, rapid formation of new blood 

vessels (angiogenesis) from existing ones increase permeability of the blood  into tumor 

cells1. This situation has been expressed as the “Enhanced Permeability and Retention 

(EPR) Effect” which was represented schematically in Figure 1. (Peer, Karp et al. 2007, 

Cho, Wang et al. 2008).  

Although the drugs used for cancer therapy have not been diversified too much, great 

efforts have been performed for the preparation of more precise and smart nano-carrier 

systems in the last decade which may bring a new hope to cancer patients in 

chemotherapy and diagnosis phases. However, in some case, due to the much higher 

permeability of tumor cell membrane as compared to the normal cells, they can enter 

through the tumor cell membrane and release the drug by enzymatic decomposition 

inside the cell. To enter the cell easily, the carrying particles have to be in nano-scale. 
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For this purpose, a wide variety of nano-scaled drug carrying systems including active 

or passive targeting systems under various trade names have been prepared and are 

commercialized today (Peer, Karp et al. 2007).  

                   

 

Figure 1.1. Enhanced Permeability and Retention (EPR) Effect (Peer, Karp et al. 2007).  

Nano particles used as drug carrier in cancer therapy are generally prepared by 

combination of biodegradable (natural and synthetic) polymers and biological 

molecules in clinically approved formulations. These particles can be classified as 

polymer conjugates, polymeric nanoparticles, lipid-based carriers such as liposomes and 

micelles, dendrimers, carbon nanotubes, and gold nanoparticles, including nano-shells 

and nano-cages (Peer, Karp et al. 2007, Qiao, Wang et al. 2010) Figure 2.  

Polymeric nano-particles and liposomes, both type of carrying systems, have a 

hydrophobic core containing anti-tumor drug and generally prepared by taking into 

consideration the hydrophilic/hydrophobic balance of the structural components. 

Antitumor drug is encapsulated inside the core either covalently (i.e. conjugated system) 

or physically (Rodriguez-Hernandez, Chécot et al. 2005). Although, first non-specific 

nano-particles were first examined in clinical trials in 1980s (Couvreur, Kante et al. 

1982), after the year of 2005 various specifically targeting nano-carriers with core-shell 

structure have been widely prepared from different types of biodegradable polyesters 

including poly(lactic acid) (PLA), poly(lactic co-glycolic acid) (PLGA), 
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poly(caprolactone) (PCL) and different agro-polymers such as chitosan, collagen, 

hylauran, levan  etc. As a result of these efforts, today, many polymeric nano-particles 

are now in several pre-clinical and clinical stages (Egusquiaguirre, Igartua et al. 2012).  

 

Figure 1.2.  Nanocarrier classification (Peer, Karp et al. 2007) 

 

Liposomes are spherical vesicles with bi-layered structures composed of naturally 

derived amphiphilic phospholipids. Due to the superior properties such as easy surface 

modification, longer half-life of systemic circulation and more safety in use, liposomes 

have been attracting great interests in controlled drug delivery therapy. The most 

important parameters in the design and preparation phase of polymeric and liposome 

type drug delivery systems are critical micelle concentration (CMC) of amphiphilic 

copolymer or phospholipids used and systemic stability of nano particles. For a good 

drug carrying system, the CMC of amphiphilic block copolymer and/or phospholipid 

should be as small as possible, have a longer systemic circulation half-life and high drug 

loading capacity. Higher CMC value requires higher dose of drug in therapy (i.e. the 

dose is adjusted by the amount of blood in the body) (Torchilin 2005). Nano-carriers are 

exposed to numerous barriers en route their targets. Moreover, unstable nano particles 

could not keep the drug until reaching to the target tumor cells and are destroyed by 

macrophages resulted in releasing all drug in shock doses and therefore catastrophic 
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results may occur. On the other hand compact cells through a path or lose matrix mesh 

size do not permit diffusion through tumour cells vicinity. Overcoming these limitations 

would be enhanced by different types of polymer coating nano-carriers (José Alonso 

2004, Nichols and Bae 2012). 

 “Polymeric nano-particles” often contain a hydrophobic core and a hydrophilic shell. 

The core-shell structure of polymeric nano-particles enables them to encapsulate and 

carry the drug without biologically fouling. They may be formed by self-assembly of 

amphibhilic biodegradable block copolymers consisting of two or more block segments 

with different hydrophobicity. Block copolymers of hydrophilic poly(ethylene glycol), 

PEG,with hydrophobic poly(L-lactic acid) or other hydrophobic biodegradable 

polymers and amphiphilic poly(lactide-co-glycolide), PLG can be used in this manner 

(Ma, Liu et al. 2013).  

There are different types of sensors used for targeting of wnich the most commonly 

used sensors; Aptamers are generally synthesized from either DNA or RNA.  

Affibodies, avimers and nanobodies are other targeting agents enhance affinity by their 

own conformational flexibility.  Antibody structures bear on protein fragments which 

can be used in own native state. mAbs is prevailing through two binding sites within a 

single body -avidity-. Likely, Fc is the other part that immune cells bind in order to 

initiate signal to kill the cancer cells. Today antibody production is based on animal and 

human origins such as chimeric mAbs, humanized mAbs and antibody fragments. On 

the other hand, Fc domain of an intact mAb can also bind to Fc receptors on normal 

cells as macrophages. This situation cause to evoke immune response sometimes.  

However, chemically synthesized antigen-binding fragments (Fab), dimers of antigen-

binding fragments (F(ab�)2), single-chain fragment variables (scFv) and other 

engineered fragments are less durable than whole antibodies, these evoke recognition of 

receptors that have several epitopes by multiple antibodies (Peer, Karp et al. 2007) 

Figure 1 3.  

 

Figure 1. 3. Common targeting molecules (Peer, Karp et al. 2007). 
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Cancer cells have fast-growing metabolism. Hence, growth factor or vitamin 

interactions have been used often for targeting; but, the challenge is during the 

overexpression of tumor, effectiveness of targeting agent including either growth factor 

or vitamin is closely related with metabolic rate that cause expression of mitosis in fast-

growing healthy cells such as fibroblasts, epithelial and endothelial cells (Chauhan, 

Stylianopoulos et al. 2012). Epidermal growth factor (EGF), folic acid (FRs) and 

transferrin (Tf) have been displayed as the examples of these kinds of receptors to block 

and reduce tumor expression or regulate angiogenesis and new blood vessels formation. 

Furthermore, peptide ligands including, arginine-glycine-aspartic acid (RGD) was 

observed to increase intracellular drug delivery in different types of tumours (Peer, Karp 

et al. 2007). Also, the cell surface antigens such as heparin sulphate, chondroitin 

sulphate, and hyaluronan enhanced the overexpressing of tumours that fits in the 

effective targets as the specific extracellular matrix receptors (ECM). This was the most 

novel targeting strategy which was occurred either by glycosaminoglycans (GAGs) or 

its glycopeptide versions (Brown, Crawford et al. 2007). Recent decades, it was realized 

that sugar based markers have displayed better performance to overcome tumor 

metastasis (Jankovi�  2011).  At present, it has been well known that various 

carbohydrate structures are secreted or preferred by cancer cells to regulate cellular 

energetics and metastasis regulation. Therefore, targeting strategy to cancer cells was 

extended and new sugar-based marker has been noticed in various clinic phases (Sell 

1990, Brown, Crawford et al. 2007, Hanahan and Weinberg 2011). 

In this study, sugar based low molecular weight levan has been used for the cancer 

targeting strategy. Due to the its high cell adhesion property of OH groups in its 

structure, this polymer is more preferred by tumor cells rather than normal cells 

(Küçüka� ik, Kazak et al. 2011). Thus, Levan would be useful material for cancer 

targeting agent (Murphy and Watson 2012).  For effective tumor targeting and delivery, 

nano-based micelle structure size must be between 20-200 nm.  Moreover, heterogenity 

of polymers is another important factor in size distribution of nanocarriers (Mw/Mn) 

(Li, Danquah et al. 2010). Therefore, study includes quaternalized low molecular weight 

Levan encapsulated lecithin based core micelles and their function in vitro and their 

relase kinetics.  
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1.1. Aim 

In this study, Low MW Levan aimed to be used drug tarting agent as the quaternalized 

sugar by encapsulating the stabilized core of nanoparticles (QL-PXSLNPs). Nano-

particle core (PXSLNPs) synthesis has been carried out by UV polymerization of L-

AMPS monomers with the drug spacer PCL-MAC. Ptx molecules were incorporated to 

the reaction mixture. New amphipilic based formulation of paclitaxel was aimed to 

increase drug loading capacity while accumulation of nanoparticle into the human lung 

A549 tumor cells by the aid of QL Figure 4. 

 
 

Figure 1. 4.  Shematically representation of synthesis of PXSLNPs and QL-PXSLNPs 

 



7 
 

1.2. Hallmarks of Cancer and Tumor Microenvironment 

Cancers evolve by the revolutionary stages which concern not only clinical basic 

characters but also dynamic and interactive properties (Lazebnik 2010, Floor, Dumont 

et al. 2012). All tumor cell characteristics have been argued for last century; however a 

few some have been designated as main principles which reviewed as the “hallmarks of 

cancer” Figure  1.5 (Hanahan and Weinberg 2000).  

                 

Figure 1. 5. The Hallmarks of cancer (Hanahan and Weinberg 2000). 

The other most remarkable circumstance tumor stroma and its content. Tumor stroma 

covers conntective cell compartment and its including.  In other words, the vicinity of 

malignant cells is named tumor stroma which has both pericytes, cancer associated 

fibroblasts (CAFs), tumour-associated macrophages and immune cells (CD4C and 

CD8CT lymphocytes, B lymphocytes and Natural Killer cells) and inflammatory cells, 

fat cells and blood-vessel cells. It also includes the tumour-derived non-malignant cells, 

including endothelial cells, with a many growth factors and angiogenic factors 

(Brownlee 2002, Hanahan and Weinberg 2011, Kim, Turnbull et al. 2011). Tumor 

stroma has active role for formation tumorigenesis, which all hallmark capabilities need 
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for expression and development. Likely, tumor biology lonely figures nothing without 

its own environment; because, tumors are complex cells which contains diverse cell 

types for maintain heterotype interactions with each other (Singh and Kaur 2013). In 

2000, six hallmarks have been designated for cancer cells; these are evading apoptosis, 

self-sufficiency of growth signals, insensitivity anti-growth signals, sustained 

angiogenesis, limitless repliicative potential and cell invasion – metastasis (Hanahan 

and Weinberg 2000).  Ten years later, emerging hallmarks have been published to 

indicate two additional hallmarks; deregulating cellular energetics, evoiding immune 

destruction and two enabling characteristics; genome instability and mutation, tumor 

promoting inflammation Figure 1.6. (Pietras and Östman 2010, Hanahan and Weinberg 

2011).  

              

Figure 1. 6. Emerging hallmarks of cancer (Hanahan and Weinberg 2011). 

Even if, all these indicate many common properties, neither glycans or their critical 

roles were took place as the whole hallmark nor, dynamic cellular interactions between 

them have been remarked (Yarema and Bertozzi 1998, Sampathkumar, Jones et al. 

2006). Therefore, today most criticisms by glycobiologist are about why sugar based 

proteins nucleic acids and lipids on the surface cancer cells were mentioned only within 

deregulating cellular energetics and tumor promoting inflammation. However, tumor 

stroma has been explained in 2011, detailed interactive explanation extracellular matrix 
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(ECM) did not be acquired (Mueller and Fusenig 2004, Du and Yarema 2010, Kim, 

Turnbull et al. 2011). 

The other issue is glycosaminoglycans are functional ligands for receptor for advanced 

glycation end products (RAGE) in tumors (Sparvero, Asafu-Adjei et al. 2009, 

Mizumoto and Sugahara 2013). They have been found tumor microenvironment and 

ECM in various attachments with proteins and lipids which are called proteoglycans, 

glycolipids. Also, extracellular matrix (ECM) proteins, and proteases have additional 

roles for cancer cells which are adhesion to cells, motility, and proliferation, 

responsibilities during receptor activation or inactivation, and invasive activity. These 

alterations prompt main hallmarks in tumor biology which are inflammation, fibrosis, 

vascularization, invasion, circulation in the blood, metastasis, and proliferation at 

metastatic stage (Mizumoto and Sugahara 2013). 

Finally, all hallmark capabilities with emerging ones and microenvironment of tumor 

cells have been interpreted rigorously. However, these characteristics displays tumor 

biology, dynamic crossing between these properties enhance tumor biology abilities. 

Also, enabling characteristics give some glues about sugar emphasis, GAGs and RAGE 

effect in tumors should be added as the hallmark in near future (Mizumoto and 

Sugahara 2013).  

1.1.1. Sustained Proliferative Signaling 

Normal cells in human body can control their growth promoting signals inducing cells 

growth and division in order to maintain cell number and cell scaffold; on the contrary, 

tumor cells deregulate these signals to control cell cycle and growth to expand by 

affecting other abilities of cells; such as energy metabolism (Giancotti 2014). Growth 

factor signaling (GFs) is the phenomena to effect cell growth via secreting directly by 

cancer cells or normal cell in tumor stroma which had been induced before by cancer 

cell (DeBerardinis, Lum et al. 2008). On the other hand growth factor receptors have 

been enriched by cancer cells to designate its proliferation. In addition, somatic 

mutations can provoke growth factor receptors activation; or, proliferating feedback 

mechanism can be arrested sometimes (Turner and Grose 2010, Coleman, Bruce et al. 

2014). Whatever reason has caused for proliferation, signal transduction induced by 
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growth factor trigger other cellular hallmarks and tumor microenvironment to control its 

own destiny and senescence (Cairns, Harris et al. 2011, Yan, Björnmalm et al. 2013, 

Giancotti 2014).  

1.1.2. Evading Growth Suppressors 

Although, cancer cells have many tumor suppressor genes and proteins which are 

confronted as the inhibitors of growth stimulating signal inactivation forms  in the many 

cancer types, they can overcome them by negatively regulating cell proliferation 

mechanism that induce cell division (Levine 1993). Tumor suppressor products are 

mainly, RB (retinoblastoma-associated) and TP53 proteins, which regulate cell 

proliferation, apoptosis and senesence. RB displays its role onto outside of the surface; 

on the contrary, TP53 function has seen in intracellular space by receiving messages 

about i.e. abnormality in oxygen or sugar level (Lu, Bauzon et al. 2014, Sutradhar and 

Amin 2014). So, TP53 can provide stopping to further cell-cycle progression up to 

homeostasis is maintained. However, the two conventional suppressors of 

proliferation—TP53 and RB—provide regulating cell proliferation, various cell lines 

has been remarked that these functional abundance than desired amount; therefore, they 

cannot render their function (Gorrini, Harris et al. 2013). Contact inhibition is the other 

phenomena; normal cells in human body can stop dividing when they encounter another 

cell. Cancerous cells typically lose this property and thus grow in an uncontrolled 

manner even when in contact with neighboring cells. As well as, E-cadherin adhesion 

molecule normally attaches transmembrane receptor tyrosine kinases which prompt 

proliferation in cancer cells (David and Rajasekaran 2012). When NF2 gene product 

Merlin binds this molecule, it inhibits cytoplasmic movement and strengthens cell to 

cell attachments. This hampers emitting efficient mitotic signals (Jung 2011, Mundt 

2013). The other important cell component LKB1 epithelial polarity protein which 

organizes epithelial structure and establishes cell integration and stabilization; just as, 

TGF-b protein as the antiproliferative effects, and evasion of cancer cell (Sameer, 

Abdullah et al. 2010, Sanchez-Cespedes 2011). Unfortunately, TGF-b protein 

mechanism is used high-grade malignancy (Tervonen, Partanen et al. 2011).  
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1.1.3. Resisting Cell Death 

Apoptatic cell deaths can be occurred by up or down regulating mechanisms or by 

short-circuiting the extrinsic ligand-induced death pathway. The most common 

suppressor TP53 is eliminated easily in cancer cells (Comel, Sorrentino et al. 2014). On 

the other hand antiapoptotic regulators (Bcl-2, Bcl-xL) or of survival signals (Igf1/2)), 

by downregulating proapoptotic factors (Bax, Bim, Puma) display cancer cell revolution 

for decades to avoid apoptosis and cell death (Chen, Jin et al. 2011, Rahmani, Aust et al. 

2013).  Likely, autophagy which is kind of cell function in order to degrade unnecessary 

or dysfunctional cellular components, it is induced by some cellular stress and mostly 

therefore of nutrient deficiency (Ouyang, Shi et al. 2012). However, cancer cells are 

subjugated nutrient starvation and provide autophagy, cancer cells likes impairing this 

situation rather than cell death by shrinking to recruit (Eisenberg-Lerner, Bialik et al. 

2009, Zappavigna, Luce et al. 2013). Thus, this causes regeneration late stage tumors 

Figure 1.7.  

                

Figure 1.7. Relationship between necrosis, autophagy, and apoptosis (Zappavigna, 

Luce et al. 2013) 
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Necrosis is the another situation to evoke cancer cells that is caused external factors, 

such as infection, toxins, or trauma; on the contrary, apoptosis is naturally occurring 

programmed cell death (Edinger and Thompson 2004, Zappavigna, Luce et al. 2013).  

Cells that die due to necrosis do not follow the apoptotic signal transduction pathway 

but rather various receptors are activated that result in the loss of cell membrane 

integrity and an uncontrolled release of products of cell death into the intracellular space 

(Long and Ryan 2012). This initiates in the surrounding cell an inflammatory response 

which prevents nearby phagocytes from locating and eliminating the dead cells by 

immune cells which can be directly stimulated and effects also inflammatory cells to 

proliferate and cause increasing neoplastic progression again (Walczak, Miller et al. 

1999, Edinger and Thompson 2004, Kuraishy, Karin et al. 2011, Zappavigna, Luce et 

al. 2013).  

1.1.4. Enabling Replicative Immortality 

Telomere functions have been started clarifying in recent ten years. Apparently, it is 

seen that its repeated hexanucleotide units provide senesence by shortening and losing 

the ability to protect the ends of chromosomal DNAs from end-to-end fusions. 

However, cancer cells have the the specialized DNA polymerase that add repeated 

segments to telomere DNA (Rhyu 1995). Moreover, telomerase protein TERT also has 

additional roles cell proliferation and/or resistance, apoptosis, DNA-damage repair 

RNA-dependent RNA polymerase function. TERT contribution gives it additional 

functions of telomerase to tumorigenesis clarified day by day (Zhang, Mar et al. 1999, 

Blackburn 2005). 

1.1.5. Inducing Angiogenesis 

Angiogenesis is the sprouting mechanism of cancer cells via new vessels from existing 

ones which can be occurred by new-born endothelial cells and their tubes named as 

vasculogenesis. This mechanism is the natural process in a normal cell such as wound 

healing and embryogenesis, ‘‘angiogenic switch’’ run transiently; on the contrary, 

tumor cells pick up sprout new vessels by providing ‘‘angiogenic switch’’ on (Bergers 

and Benjamin 2003). The two kind of well-known ‘‘angiogenic switch’’ are vascular 

endothelial growth factor-A (VEGF-A) and thrombospondin-1 (TSP-1), respectively. 
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Normally, sequentially activated blood vessels, in tumors, abnormal development has 

been occurred therefore of aberrant signals. In consequence, tumor neovasculature can 

be summarized as precocious capillary sprouting, convoluted and excessive vessel 

branching, distorted and enlarged vessels, erratic blood flow, microhemorrhaging, 

leakiness, and abnormal levels of endothelial cell proliferation and apoptosis (Lawler 

and Lawler 2012, Rivera, Chu et al. 2012). 

1.1.6. Activating Invasion and Metastasis 

Primary tumor formation oncoming from epithelial cells expand to other cells by the 

route of local invasion, extravasation and micro-metastasis formation. This episode is 

called as “invasion-metastasis cascade” Figure 1.8. In order to reach higher pathological 

phase of malignancy could be occurred by local invasion and distant metastasis 

(Valastyan and Weinberg 2011, Faltas 2012). 

 

Figure 1.8.  The invasion–metastasis cascade (Valastyan and Weinberg 2011).  

Extracellular matrix (ECM) has the main role for tumor cell seeding and adhesion. The 

main function for a cancer cell can change their shape, form philopodia and alter their 

attachments to the ECM (Klein, Maier et al. 2013). The ECM glycoproteins and 

proteoglycans are of note for cell attachment through this process. The best known 

critical one is E-cadhedrin which provide cell-to cell adhesion molecule via adherens 
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junctions contiguous epithelial cells, in order to form stable epithelial cell sheets. It is 

inferred that this molecule provide tumor attachments well. The paradox is both 

expression and reduction of high level of E-cadhedrin cause antagonist of invasion and 

metastasis. Studies showed even if E-cadherin allows for the production of oncogenic 

sE-cad and E-cad/CTF2 fragments bring about tumor growth, and spreading, E-cadherin 

cleavage also becomes it as an oncogenic factor (David and Rajasekaran 2012).  

Finally, there are many other cell to cell and cell to ECM adhesion molecules that affect 

tumor metastasis in highly aggressive carcinomas.  Invasion-metastasis cascade 

compase of ordered process combination by onset local invasion, then finished by 

metastasis. Metastasis would be summarized as the two main phase. The first one is 

dissemination to distant cells; the other is adaptation in foreign microenvironment 

(Kuefer, Hofer et al. 2003, Valastyan and Weinberg 2011).   

1.1.7. Genome Instability and Mutation 

Tumors have diverse mitotic division. Therefore, paramount mutated genotypes provide 

dwelling of their sub-clones within tumor stroma. While, cancer cells have great success 

and chance mutant genotype clonal expansions, normal cells needs DNA methylation or 

histone modification to inactivate tumor suppressor genes; therefore, this circumstance 

provides genome protection from spontaneous mutation and surveillance of heritable 

abilities (Esteller 2007, Struhl 2014). 

Ongoing genomic instabilization confer altering functions by both amplifications and 

deletions at particular sites in the genomes which trigger neoplastic progression. Even 

if, different tumor types displays diverse alterations, the common point is all both gene 

copy number changes and nucleotide sequence destabilization are inherent. Therefore, 

to puss repair mechanism, premalignant cells give the hint as the favorable genotypes 

(Portela and Esteller 2010). 

1.1.8. Tumor Promoting Inflammation 

Importantly, inflammation is in some cases evident at the earliest stages of neoplastic 

progression and is demonstrably capable of fostering the development of incipient 

neoplasias into full-blown cancers (Mantovani, Allavena et al. 2008).  Inflammation can 
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contribute to multiple hallmark capabilities by supplying bioactive molecules to the 

tumor microenvironment, including growth factors that sustain proliferative signaling, 

survival factors that limit cell death, proangiogenic factors, extracellular matrix-

modifying enzymes that facilitate angiogenesis, invasion, and metastasis, and inductive 

signals that lead to activation of EMT and other hallmark-facilitating programs 

(Hanahan and Weinberg 2011). Additionally, inflammatory cells can release chemicals, 

notably reactive oxygen species, that are actively mutagenic for nearby cancer cells, 

accelerating their genetic evolution toward states of heightened malignancy (Pietras and 

Östman 2010). 

1.1.9. Reprograming Energy Metabolism 

Cancer cells have different energy metabolism from normal cells; so, these cells are 

highly disordered and needs more energy for mitotic division. ATP production is 18 

times less than normal; therefore, glucose intake must be at least 18 times higher than 

normal cells (Gerlee and Anderson 2007, Seyfried and Shelton 2010). On the other 

hand, cancer cells have low membrane potential to uptake glucose and high ion 

concentration in ECM (Raghunand, Gatenby et al. 2014). The higher glucose can be 

assigned by positron emission tomography (PET) in tumor cells (Macapinlac 2013). In 

fact, normal cells prefer (Krebs) cycle by mitochondria in the presence of oxygen. 

When oxygen is absent, lactic acid production is occurred for gain enough energy 

(Gatenby and Gillies 2004). However, cancer cells evolve another way which supplied 

energy production from fermentation even presence of enough oxygen in the cell. Since, 

this new type way for energy production was firstly showed by Warburg and co-

workers in the 1920s and this called as the Warburg effect. Even in the presence of 

oxygen, cancer cells can reprogram their glucose metabolism, and energy production, 

by limiting their energy metabolism largely to glycolysis, has been termed ‘‘aerobic 

glycolysis”. It is so-called revised today because it is center of all hallmark properties 

(Koppenol, Bounds et al. 2011, Bernstein, Warburg et al. 2013). 

The metabolism in healthy cells is provided by the the citrate (Krebs) cycle by 

mitochondria, produces 36 ATPs with excellent efficacy with the help of oxygen; on the 

contrary, the fermentative ATP production  2 ATP is a low efficacy process in 

malignant cells, however,  it can occur in large amount due to its simplicity. In the 
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consequence, its overall energy-flux can be higher than obtained from the high efficacy 

process. Thus, cancer cells prefer lactic acid fermentation in high rate through 18 times 

more glucose flux into the cell (Koppenol, Bounds et al. 2011, Dhup, Kumar Dadhich et 

al. 2012). This step reanalyzed today’s cancer research; because, it is remarked that 

cancer cells and its microenvironment prefers so much amount and diverse type of 

sugars in order to rearrange energy metabolism, cell division, mobility and other main 

hallmark capabilities (Sell 1990, Hanahan and Weinberg 2011, Dhup, Kumar Dadhich 

et al. 2012). On the other hand, glutamine and cancer associated symbiotic catabolic 

microenvironment are the other factors that regulate energy production in cancer cells 

(Victoria Ruiz-Perez, Sanchez-Jimenez et al. 2014). From this perspective, explanation 

of cancer cell energy metabolism lonely does not represent reality; it must be evaluated 

by component cells of tumor microenvironment and their energy flux (Dang 2012).  

1.1.10. Evading Immune Destruction 

Immune system responses are independently not only emerging hallmark; but also, 

expanding phenomena day by day (Hanahan and Weinberg 2011). Recent studies 

showed that cells (CD8+ cytotoxic T lymphocytes (CTLs), CD4+ Th1 helper T cells, or 

natural killer (NK) cells) antitumor immunity as a significant barrier to tumor formation 

and progression in humans (Hoskin, Mader et al. 2008). In addition, immune 

surveillance confront as the strong barrier to cancer formation. Unfortunately, cancer 

cells mostly recognize this resistance and improve their mechanism to evade from 

immune system cells by adding them to its own mechanism by inalienable way (Mapara 

and Sykes 2004). This also causes complex signal mechanism and reveals new 

unknown relation between cancer cells to tumor environment and frankly human body. 

As a result, this hallmark would be explained in near future by compelling to confront 

mutual interaction between tumor microenvironment with immune system cells 

(Hanahan and Weinberg 2011).  

1.1.11. Bio-pyhsicochemical Properties of Cancer Cells Designate Design of 

Therapeutic Materials 

Cancer cells have not only main biological hallmark characteristics; but also they have 

main physicochemical properties. Permanent divided cancer cells always need higher 
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energy than homeostasis normal cells; so, they require more glucose into the cytoplasm 

(Gillies, Robey et al. 2008). This is achieved by the glucose intake is at least 18 times 

higher, because its ATP production is 18 times less than normal cells which provide 

cancer cell becoming more resist-dynamic by its differentiation, development, the 

adaptation and evolution. Even if, plentiful oxygen have been exist in the cell, they 

would like to produce energy by high rate of glycolysis by lactic acid fermentation in 

the cytosol rather than following low rate aerobic respiration (Koppenol, Bounds et al. 

2011). This called “Warburg Effect”. This situation cause sequential results in cancer 

cell and its vicinity (Warburg, Wind et al. 1927).  

 

Table 1.1. : Cell membrane comparison of cancerous cells vs. normal cells (Szasz, Iluri 

et al. 2013, Pardo and Stühmer 2014). 

 Cancer Cell Normal Cell 

Membrane Potentials Efforts less ATP 

/weakness. 

Efforts more ATP/ 

strong. 

Charge Distribution of 

Cell Membranes 

Deviates and 

electrochemically different 

within each other. 

Not so much deviates 

and same within each 

other. 

Cell Membrane 

Permeability 

Decreasing membrane 

potential 

Equilibrium. 

Cell surface  

( Glycocalix) /cytosol 

Negative ion increase/ Na+ 

increase. 

Equilibrium. 

Cell Membrane 

Conductivity 

Higher. Lower. 

 

Normal cells have active membrane stabilization and spend energy ATP for this 

purpose; on the contrary, cancer cells need more proliferating energy-consumption 

therefore provide less ATP for active membrane stabilization (K+ and Na+ transport) 

(Hulikova, Harris et al. 2013). This causes membrane potential weakness and 

electrochemically differences and deviates charge distribution. Efflux of the K+, Mg++ 

and Ca++ ions increase and K+ regulates pH of cell by taking photons out from the 

cytosol and Na+ increases in the cytosol while glycolcalix shell donated by negative 
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ions at the same time (Zhao,et al. 2014). As the consequence, tumor cell membrane 

potential decreased and negatively polarized. Therefore, the conductivity (� ) of the 

tumor cell will be higher than normal cells (Szasz, Iluri et al. 2013, Pardo and Stühmer 

2014, Zhao, Zhao et al. 2014) (Table 1.1).  

Warburg effect argues also other sequential results about gradually favorite metabolism 

that brings about fermentation in malignancy (Warburg, Wind et al. 1927).  The end 

product of fermentation has different from oxidative cycle end product. However, these 

two process occurs in aqua and their end product gives equal proton production; high 

rate fermentation cause proton accumulation in the cell (Pokorný and Pokorný 2013) 

(Figure 1.9.).  

 

Figure 1.9. Representation of oxidation and fermentation products (Szasz, Iluri et al. 

2013). 

 

When lactate ion concentration increase, osmatic pressure must increase. In order to 

control cell pressure, water monomers increase into the cell. This situation cause 

ordered water molecules becoming to non-ordered ones.  As high malignancy stages, 

cancer cells have high amount disordered water molecules. All these events cause 

reducing intracellular pH and proton gradient in mitochondria and ATP production.  

Hydrogen ionic transmitter becomes weak, the removal of the hydrogen ions becomes 

less active the membrane potential of mitochondria grows (Szasz, Iluri et al. 2013). This 

lowers the permeability of the membrane, decreases the mitochondrial permeability 

transition (MPT), which have a crucial role in apoptosis resistance by supporting the 

host cell fermentation process (Chiara, Gambalunga et al. 2012). The free-ion 

concentration increases in the cytoplasm and disordering water molecules needs energy 

and so the HSP chaperone stress proteins start to be produced (Zeng, Liu et al. 2014). 

This process needs more ATP as well as it is anti-apoptotic agent, so the process could 

lead to the complete block of apoptosis. On the other hand, there are no any adhered 

junctions that provided by E-cadherin connections between cancer cells. While healthy 
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cells establish these connections and organize in an sophisticated manner, cancer cells 

prefers autonomic control and fight from all other cells (Christiansen and Rajasekaran 

2006, David and Rajasekaran 2012).  

In the light of these bio-physicochemical properties, favorable therapies of cancerous 

cells increase in importance. Today’s effective, subtle, sneaky materials; nano-world, 

has been able to improved and used effectively in industry for past three decades (Peer, 

Karp et al. 2007).  

Nanocarriers have been investigated by 1980s and the first products on the market have 

been introduced 1990s which are liposomes and polymer-protein conjugates (Subbiah, 

Veerapandian et al. 2010, Tran, Tran et al. 2014). Then therapeutic strategy has been 

expended thorough investigation of more complex and subtle nano design materials.  

New chemotherapeutics and receptors have been found and experimented by these 

materials. Today cancer therapeutics based on targeting nano-carriers overexpress on 

only cancer cells surface is the fundamental tool in cancer research medicine. Their 

distinguishable properties are easy preparation, targeting at cancer site, effective 

encapsulation of insoluble chemotherapeutic drugs and emissary transport and liberation 

from immune system provide omitting challenges throughout translating some of the 

basic research to clinic (Parveen, Misra et al. 2012). Even if, there has not been 

appropriate nanocarrier for each cancer type, optimization of their rational designs by 

being made from a material that is biocompatible, easily functionalized, exhibiting high 

differential uptake efficiency in the target cells over normal cells (or cell), and being 

either soluble or colloidal under aqueous conditions, having an extended circulating 

half-life, a low rate of aggregation. As the consequence, it is argued that these nano-

scale, subtle materials would overcome paramount bio-physicochemical properties of 

cancer cells (Kim, Shi et al. 2010). Thereby, different targeting strategy of nano-carriers 

enhance absorption of the drugs into  tumours and improves intracellular penetration at 

target site by encapsulating insoluble drug in order to prevent drug from undesired body 

environment.  

 

1.2. Industrial Cancer Targeting Nanocarriers        

Commercially available nanoparticle based product have been increasing exaggeratedly 

in the world market in last two decades (Zhang, Gu et al. 2008). Only in Europe, 
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approximately 20 nanoparticle based product have been approved clinically and their 

sales excides 6 billion in each year. In addition, cancer nano-therapeutics acquires the 

biggest part of them (Hafner, Lovri�  et al. 2014). While, the most conventional products 

are polymeric micelles, liposomes, dendrimers and polymer-drug conjugates the other 

types; canbon-nano tubes, quantum dots, gold cages, magnetic nanoparticles have been 

mostly investigated in pre-clinic stage and they have not been participated persuasively 

in the market (Hafner, Lovri�  et al. 2014, Jain, Mehra et al. 2014, Liao, Liu et al. 2014). 

In this part will enlighten the benefits and restrictions of these different nanoparticle 

systems.  

The superior abilities of these nano-carriers have the high surface area/volume ratio of 

that provides rendering desired amount of targeting ligands at target cell- or organelle 

(Kowalczuk, Trzcinska et al. 2014). On the other hand, hydrophilic polymers to render 

hydrophobic and toxic drugs by insidious ability via participating extended in vivo 

circulation. Therefore, thir advanteges can  be summarized as (i) targeting of clinical 

agents, (ii) reduced dosage and its frequency (iii) enrich best drug solubility, (iv) 

provide minimum immunogenicity, and (v) to gain optimum half-life of clinical agents 

in vivo bring about evolution of nanotherapeutics (Kumar and Kumar 2013). 

 

1.2.1. Conventional Nanocarrier Types and Synthesis 

Nanoparticles have vast variety of compasition, structure and surface charecteristics that 

provide them outstanding abilities through the carring and liberating their content at 

their targets.  Polymeric micelles, liposomes, dendrimers and polimer-drug conjugates 

(Figure 1.10.) are the conventional used nano-carriers in industry. These drug delivery 

vehicles are between 10–200nm in size, have different surface charge, and 

functionalized different antigens. This section will introduce these drug delivery 

vehicles (Dobrovolskaia and McNeil 2007, Saad, Garbuzenko et al. 2008, Avila-Olias, 

Pegoraro et al. 2013, Krishnan and Rajasekaran 2013). 
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Figure 1.10. Overall presentation most conventnal used nanotherapeutics in the 

industry. (Krishnan and Rajasekaran 2013) 

 

1.2.1.1. Polymeric Micelles 

Today, variety of self-assembly hydrocarbon amphiphiles forms micelles and molecules 

with a size of approximately 10–200nm have been used as the drug delivery 

nanocarriers (Dobrovolskaia and McNeil 2007, Peer, Karp et al. 2007). Other most used 

amphiphilic molecules are polymeric micelles composed of by self-assembly of block 

copolymers consisting of two or more polymer chains has different hydrophobicity. 

While, hydrophobic core provide to carry hydrophobic drug in the inert part, its 

hydrophilic shell provides stability in blood by both steric protection the whole structure 

and have the structural availability to attach much diverse functional groups (Avila-

Olias, Pegoraro et al. 2013, Zhang, Ma et al. 2014). Its superior property regards to 

other type drug carrying is having larger size and liberating its content in desired 

amount at specific pH and temperature by diffusion from bulk or surface of it. The other 

important property is low CMC provide it more stability in blood (Bickerton, Jiwpanich 

et al. 2012). Two or more active material can be encapsulated without interact each 

other. Their surfaces can be easily modified by ligands such as antibodies, peptides, 

nucleic acid aptamers, carbohydrates, and small molecules can  target their delivery and 

uptake these  cells, which achieve their specificity and efficacy, and reduce their 

systemic toxicity (Barreto, O’Malley et al. 2011, Zhang, Ma et al. 2014). One of the 

most used amphipilic materials in synthesis of nano drug delivery systems is soy bean 

lecithin (Chan, Zhang et al. 2009, Koifman, Schnabel-Lubovsky et al. 2013). One of the 
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mostly used amphiphilic materials in the synthesis of nano drug delivery systems is soy 

bean lecithin, which is a natural amphiphilic and zwitterionic phospholipid (Chan, 

Zhang et al. 2009, Koifman, Schnabel-Lubovsky et al. 2013). Its functional derivatives 

have been widely used in drug delivery applications (Szuhaj 1989).  

 

1.2.1.2. Liposomes 

Liposomes are also natural or synthetic amphiphilic lipid molecules can be one or more 

compartment bilayered structural membranes as the spherical shape (Akbarzadeh, 

Rezaei-Sadabady et al. 2013). Although, they have been used widely as the drug carriers 

in last decades, it is noticed that their blood circulation are not long term stable therefore 

of high drug loading cause larger sizes that cause the alarm  immune system in the 

body. On the other hand, today’s industrial applications provide their structure more 

stable through structural stable polymers like PEG (Avila-Olias, Pegoraro et al. 2013). 

High hydrophobic drug encapsulation efficiency, today by polymeric modification 

make them more stable in blood and suitable surface for attaching desired targeting 

molecules onto it (Kraft, Freeling et al. 2014).  

1.2.1.3. Dendrimers 

Dendrimers are special well-defined architectures which can be made by synthetic or 

natural polymer (Tomalia, Christensen et al. 2012). They have highly branched 

structures, globular shape and  multiple layers that from initiator core to multiple layers 

with active terminal groups (Avila-Olias, Pegoraro et al. 2013). They have some 

superior abilities that overcome size dependent limitations of carrying systems. They 

can carry various drugs by multivalent surfaces that enables binding these molecules via 

covalent conjugation or electrostatic adsorption (Lim, Kostiainen et al. 2013). The other 

drug carrying mechanisms of them is carrying drugs in their cavities by hydrophobic 

interaction, hydrogen bond, or chemical linkage. Depending on all these designs, also 

polymeric structure can be designated at the desired  molecular weight  that provide 

them superior property in low size up to 5 nm as the drug delivery vehicle which even 

carry enough amount of drug molecules. Their easy modifications by targeting agents 

and their biocompatible polymeric framework can easily conceal from immune system. 
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Their low molecular weights provide higher accumulation of drug in the controllable 

manner (Svenson and Tomalia 2012). 

1.2.1.4.Polymer-drug Conjugates 

The last conventional materials used as the drug delivery are polymer-drug conjugates. 

They have mostly used as passive targeting strategy that ability can be performed for 

small molecule drugs to overcome undesirable adverse effects. Anti-cancer drugs have 

short circulation half-life, and non-site-specific targeting, resulting in undesired 

systemic side effects (Canal, Sanchis et al. 2011). However, polymer-drug conjugates 

prolong the in vivo circulation time, their mechanisms do not permits cellular uptake by 

endocytosis (Kwon and Kataoka 2012). This enhances the passive delivery of drugs to 

cells with leaky blood vessels, such as tumors and atherosclerotic plaques which named 

by EPR effect. On the other hand, some kind of cancer cells, rarely have not specific 

antigens on their surfaces. Thus, polymer-drug conjugates provide best achievement for 

carrying active agent by minimum toxicity (Pang, Yang et al. 2014). Even if, there are 

many polymers are assumed drug carrying materials, but only a few of them with linear 

architecture have been accepted into clinical practice therefore of challenges as polymer 

toxicity, immunogenicity, nonspecific biodistribution, in vivo circulation instability, 

low drug-carrying capacity, rapid drug release, and manufacturing (Kope	 ek 2013).  

From 1990s, PEG was mostly used not tobe overwhelmed from these hindrances 

(Larson and Ghandehari 2012). Today, there are six examples of PEGylated drugs in 

clinical practice. The most known trade name Oncaspar (PEG–L-asparaginase) is used 

to treat acute lymphoblastic leukemia (Pieters, Hunger et al. 2011).  

1.2.2. Passive Targeting Nanocarriers  

Passive targeting products first introduced in 1980s as the liposomer, polymer-drug 

conjugates in the market (Liu, Wang et al. 2012). Later has been expanded day by day. 

However, their mechanism works according to accumulation near the vicinity of the 

cancer cells by EPR effect, they suffer from several limitations (Maeda 2010, Fang, 

Nakamura et al. 2011). Random nature of approach and unsolubility of anti-cancer 

drugs  cause lack of control of the therapy that induces multiple drug resistance (MDR) 

(Torchilin 2011, Kunjachan, Rychlik et al. 2013).  MDR is the another big problem that 
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chemotheraphics fails therefore of resistance of cancer cells to one or more drugs by  

transporter proteins that expel drugs from cells that lowers the therapeutic effect and 

cancer cells soon develop resistance. On the other hand some kind of tumor cells do not 

displays EPR effect (Peer, Karp et al. 2007). Today, however, lots of passive targeting 

drugs in the market therefore of insufficient drug concentrations at the tumor site and, 

consequently, little therapeutic efficacy, shifted to actieve targeting (Kunjachan, Pola et 

al. 2014). Passive targeting products can be modified by their size, shape, and surface 

characteristics of the nanoparticle drug carriers (Sykes, Chen et al. 2014).  As a result, 

even today, passive targeting better than same limitations of traditional chemotherapy 

such as an inability to actively distinguishes healthy cell from tumor cell (Bahadori, 

Topçu et al. 2014, Kunjachan, Pola et al. 2014).  

1.2.3. Active Targeting Nanocarriers 

Active targeting recognition is the new and most promising strategy that binding 

specific receptor at the surface of the nano-carriers provide ability drug relase into only 

target cancer cell or onto its surface by binding antigens of cancerous cells (Peer, Karp 

et al. 2007, Mohanty, Das et al. 2011). Active targeting  prevent considerably releasing 

toxic drug to healthy cell. Targeted strategy increase drug delivery and eliminate the 

potential side effects (Steichen, Caldorera-Moore et al. 2013).  Active targeting ligands 

for tumor therapy used in industry mostly including peptides, aptamers, vitamins and 

sugars (Adamczyk, Tharmalingam et al. 2012, Bertrand, Wu et al. 2013, Chen, Blixt et 

al. 2013).  

1.2.3.1. Antibody and Protein Based Targeting 

Antibody based targeting promising therapeutics; however there are several limitations 

about their production and development. Their scale-up productions is very complex 

and expensive process (Miller and Xu 2012). Even if these restricted their widely usage 

as the ligand, today their many kinds are used in cancer drugs. mAbs is most known and 

used in the development of targeted NPs (Yang, Xiong et al. 2014). For instance,  

trastuzumab and rituximab which include mAbs and have been conjugated to PLA 

(Glennie, Türeci et al. 2014).  Unfortunately, it has some limitations because of its high 

molecular weight. This brings about instability in organic solvents and rapid clearance 
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via potentially immunogenic activity.  Antibody fragments including (Fab) and scFv’s 

have been developed to reduce these restricted effects (Lowe, Dudgeon et al. 2011). 

Affibody and nanobody molecules molecules are much more small (6-15kDa) small 

polypeptides derived from an antibody binding domains and compared to mABs have 

lower immunogenicity (Sierks, Boddapati et al. 2013). In addition, peptides have 

another of note delivering chemotherapeutics. Their differings from antibody, scale up 

production is less expensieve and complex.  Cancer cell metabolism is based on 

disruption of ligand-receptor interactions and stopping of cellular proliferation. 

Combinatorial phase library technique is able to used  screening of potential protein 

ligands that ranges change from 10–15 amino acids in length and can be selectively 

bind to tumor targets with high affinity (Justo, Suarez et al. 2014, Saito, Nakato et al. 

2014). Peptides have superior property than aptamers, which their small size, relatively 

low immunogenicity, high stability, and easy conjugation to polymers, lipids and NP 

surfaces (Kamaly, Xiao et al. 2012). Combinatorial libraries serves as discovery of short 

peptides (10–15 amino acids) which are targeted proteins, cells, or cells specifically. 

The most known  peptide sequence is that of RGD which binds to avb3 integrin 

receptors upregulated on both tumour cells and angiogenic endothelial cells; however, 

some challenges still remain, including nonspecific adhesion, as avb3 integrin is also 

expressed on normal cell and non-cancerous inflamed cells (Cho, Amadei et al. 2012). 

1.2.3.2. Nucleic Acid Based Targeting 

Aptamers are composed of short oligonucleotide sequences of DNA or RNA, which 

enables them various compositions (Gu, Karnik et al. 2007). Random RNA sequences 

are fold into a native state configuration provide in ligand binding. Systematic evolution 

of ligands by exponential amplification (SELEX), is the new process that diverse 

populations of RNA and DNA sequences to find new aptamers to act as targeting 

ligands (Kasahara, Irisawa et al. 2013). Their superior properties are, small size (15 kD), 

lack of immunogenicity, and the potential to readily penetrate and target tumor cells 

(Steichen, Caldorera-Moore et al. 2013).  

Aptamers first by selected from random oligonucleotide libraries by the process of 

selective binding to antigens with high specificity and affinity; SELEX by the groups of 

Larry Gold  and Jack Szostak  in 1990s (Ellington and Szostak 1990, Gold and Tuerk 



26 
 

1993). It is recognized that Apts isolated from the SELEX process have approximate 

molecular weights of B15 kDa, are chemically stable in a range of solvents, pH, and can 

be developed by chemical. For instance, NP-Apt conjugates targeting the PSMA have 

been used mostly prostate cancer types and PLA-PEG NPs targeted with the AS1411 

Apt is abele to cross the BBB and target protein nucleolin, found in the plasma 

membrane of cancer cells, and specifically on glioma cells.  Apts has high specificity 

against targets is their secondary structure related to their specific nucleotide sequence. 

Even if, this secondary structure may be affected by heat, exonuclease or endonuclease 

degradation, and other environmental factors which could limit the stability of Apts and 

their binding properties, today many product in the market has been targeted by 

aptamers (Kamaly, Xiao et al. 2012).  

1.2.3.3. Vitamin Based Targeting 

Vitamin based targeting has superior to the other products through their small 

structures, easy of handling and less degradation than bimolecular ligands (Chen, Zhao 

et al. 2010). On the other hand, they have easy coupling chemistry by conjugation with 

other molecules. They have higher ligand densities onto NP surfaces and vicinity. In 

addition, diverse orientations and less immunogenetic effects and scalable productions 

are the other advantages of them.  The most used small molecule targeting vitamin for 

drug delivery is folic acid (or folate) has highaffinity vitamin and is a commonly used 

ligand for cancer targeting over-expressed in a range of tumour cells without causing 

harm to normal cells (Lu and Low 2012).  For instance, EC145 is folate derivative 

isolated from vinca alkaloid have been used for cancer treatment (Leamon, Vlahov et al. 

2014).  Furthermore, folate can be attached to diverse of drug delivery vehicles easily 

including liposomes, protein toxins, polymeric NPs, linear polymers, and dendrimers, to 

deliver drugs selectively into cancer cells using FR-mediated endocytosis (Wang, Li et 

al. 2014). Additionally, folate has hydrophobic structure and increase its binding 

properties on the NP surface need to be speciafically investigated which can hamper the 

binding efficiency of folate to its receptors sometimes on which provide over-expressed 

variety of tumors such as ovarian carcinomas, choricarcinomas, meningiomas, uterine 

sarcomas, osteosarcomas, and non-Hodgkin’s lymphomas (Sudimack and Lee 2000).  
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1.2.3.4. Sugar Based Targeting 

Sugars in the other words ‘Carbohydrates’, are the most recent and promising approach 

as cancer targeting ligands (Marradi, Chiodo et al. 2013). Their biyopolimer chain 

function gives chance to arranging molecular weight amount and their size. Their 

different sequences provide different folding and sugar moieties and their ease of 

production, low molecular weight and high abundance in nature (Ting, Chen et al. 

2010). Membrane of cancer cells have many carbohydrate-binding proteins; for 

instance, lectins differentially expressed on the cellular and intracellular membranes of a 

number of cells (Boscher, Dennis et al. 2011). Cancer cells would like to internalize 

different kind of sugars; therefore, their multiplicity, high affinity, effective endocytosis 

and biocompatibile nature make them potentially suitable ligands for carriers in cell-

selective delivery of drugs and nucleic acids . Especially, to bypass mucosal barriers 

they have superior to other type of targeting ligands. Up to that time, mannose, glucose, 

galactose, and their derivatives have been successfully transferred clinical studies 

successfully (Jain, Kesharwani et al. 2012). In addition, low molecular weight chitosan, 

hyaluronic acid, dextran and  levan will be investigated in the various clinical stages 

today (Murphy and Watson 2012). Also it must be highlighted cancer cells have many 

glycol-protein receptors. For instance, transferrin is used to target to be utilized for 

tumor targeting applications by binding TfR receptors. Transferrin is a membrane 

glycoprotein that functions with its receptor, TfR  (Lambert 2012).  Much like folate, 

when transferrin binds to its receptor it initiates endocytosis and is internalized into the 

cellular cytoplasm (Steichen, Caldorera-Moore et al. 2013).  

1.2.4. Overcoming Biological Barriers by Nano-Scale Micelles 

The body has the defense mechanism regards to foreign living and unliving materials; 

for instance, bacteria, viruses, medical implants, and drugs to remove (Wingerd 2013). 

The difficulty the developing cancer nano-based devices is either these are eliminated 

by the body before reach to its target or insufficient delivery to desired cells.  Before 

design of nano-based systems, it is critical to understand the physiological and celleular 

barriers (Sharifi, Behzadi et al. 2012). Whether, cellular barriers are the cell membrane, 

endosome/lysosome, physiological barriers include the blood, liver, spleen, kidneys, 

immune system (Zhu, Nie et al. 2012). Blood brain barrier (BBB) is another 
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phenomena, which is the difficulty extravasation from the blood to reach brain tumors is 

particularly difficult due to the blood-brain barrier (BBB). Thereore of its complex 

fluid, which have salts, sugars, proteins, enzymes, and amino acids, may be destabilize 

NPs causing aggregation and embolism. In addition, blood contains immune cells that 

can recognize and remove foreign materials from circulation (Kievit and Zhang 2011). 

Thus, nanoparticles must have high stability and sneaky enough for not to be recognized 

by the immune system. That provides prolonging the blood half-life and increase access 

to the tumor.  The liver, spleen, and kidneys takes easily NPs between 10–100 nm in 

diameter to eliminate (Almeida, Chen et al. 2011). One of the most important 

physiological barriers is blood brain barrier which composed of a dense layer of 

endothelial cells connected by tight junctions that prevent passive accumulation of 

many molecules into the brain. Today, this significant challenge in mostly resolved by 

sugar targeting strategy mostly (De Rosa, Salzano et al. 2012).  

1.2.4.1. Extended Permeation Retantion (EPR) Effect 

Tumor cells have leaky angiogenesis and ineffective lymphatic drainage. In fact, this 

situation is the advantage for nanoparticles that tumor site establish the accumulation of 

materials between 30-200 nm in size (Fang, Nakamura et al. 2011).  This situation is 

named as enhanced permeability and retention (EPR) effect where leaky vasculature in 

the tumor and its vicinity occurs in highly metabolizing cancer cells. The new blood 

vessels forms new leaky ones which enables efficient extravasation of nanosized 

materials of up to several hundred nanometers into the tumor and then retained in the 

tumor site due to the lack of lymphatic drainage. Today, PEG based nanoparticles 

provide retention and high blood halflife which increases the probability of the NP 

reaching the tumor (Liu, Sun et al. 2010). On the other hand this situation is not suitable 

for brain tumors. Brain tumor barrier (BBB) is the most laborious (Gaillard, Visser et al. 

2014). 

1.2.4.2. Multi Drug Resistance (MDR) 

ATP-binding cassette (ABC) transporters actively pump chemotherapy drugs out of 

cancer cells. This situation is called multidrug resistance (MDR) that overexpression of 

ATP-binding cassette (ABC) transporters which actively pump chemotherapy drugs out 
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of cancer cells (Martinez and Falson 2014). The promising approaches have been 

experimented that include strategy drug loading nano-particles pointed to attaching 

larger molecules or to proteins which are not considered substrates of ABC transporter 

mediated efflux (Thakor and Gambhir 2013). By the courtesy of these molecules, drug 

can be entered inside the target cell to carry out own therapeutic function before it is 

noticed and effluxed by ABC transporters; especially, ABCB and Pglycoprotein (P-gp) 

(Klepsch, Vasanthanathan et al. 2013).  Nowadays, in small sized charbohydrate based 

polymers was specifically used in many applications. In recent decades many strategies 

was investigated to reduce the ABC transporters’ functions; but, but clinical application 

has been hindered due to low efficacy and high toxicity (Sunasee, Adokoh et al. 2014).  

1.2.4.3. Optimal bio-physicochemical characteristics of NPs 

The best nanoparticle design would be enable by taking into account the uptake and 

targeting mechanisms to certain organs, cells and cells. In addition, surface charge, 

surface chemistry, hydrophobicity, roughness, rigidity, and degree of composition 

effects design of NPs (Palombo, Deshmukh et al. 2014). In this part, these primary 

properties of NPs have been  introduced in order to assign suitable synthesis conditions 

by the light of NPs-cell interactive circumstances (Figure 1.11) (Albanese, Tang et al. 

2012).   

1.2.4.3.1. Nanoparticle Size 

Particles with diameters <5.5 nm are cleared rapidly from the circulation via renal 

filtration.56 NPs with diameters ranging >100 nm accumulate in the spleen and liver, 

only to be further degraded by the mononuclear phagocyte system (MPS) (Krishnan and 

Rajasekaran 2013, Liu, Yu et al. 2013). On contact with blood, plasma proteins such as 

fibronectin, thrombospondin, von Willebrand factor, C-reactive protein, 

lipopolysaccharide-binding proteins, and immunoglobulins adsorb onto the NP surface 

(protein opsonization) (Krishnan and Rajasekaran 2013). This leads to an increase in 

effective size and formation of NP aggregates. Phagocytes, in turn, recognize the NPs as 

foreign entities and interact with adsorbed proteins via receptors expressed on the 

plasma membrane to facilitate phagocytosis and clearance. Because a majority of 

macrophages in the blood are Kupffer cells located in the liver sinuses, opsonized NPs 
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tend to accumulate rapidly within the liver, which constitutes the MPS (Boraschi and 

Duschl 2013).  

 

Figure 1.11. Bio-physicochemical characteristics of NPs (Albanese, Tang et al. 2012). 

It is therefore vital that the particles are of an optimal size so as not to be identified as 

pathogens and marked for elimination from the circulatory system (Peer, Karp et al. 

2007, Kim, Shi et al. 2010). Studies have reported efficient cell uptake rates for actively 

targeted NPs in the size range of 40–50 nm (Kamaly, Xiao et al. 2012, Sykes, Chen et 

al. 2014). This may also be sufficient to carry drugs across the blood–brain barrier, 

probably via endocytosis, to target leukemic blasts that infiltrate the CNS at advanced 

stages of the disease (meningeal leukemia). For enhanced permeability and retention 

effect– based accumulation in solid tumors, a size range of 70–200 nm has been 

determined to be optimal. A size >70 nm ensures ease of extravasation of drug-

encapsulated NPs into the leaky tumor vasculature, and dimensions within 200 nm 

prevent the drug’s rapid clearance by protein opsonization (Albanese, Tang et al. 2012). 

1.2.4.3.2. Nanoparticle Shape 

Nanoparticle shape effects targeting strategy in order to be internalized effectively by 

the cancer cells (Petros and DeSimone 2010). Studies showed however there are a lot of 

particle shape would be possible, spherical and rod shape types are the most effective 

ones (Chen, Guo et al. 2012). Rod shape micelles have filamentous structure that let 
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them not to be perished by macrophages; because, shear stress of blood flow appears 

distant from the surface in contact that let them not to be engulfed by macrophages 

(Daum, Tscheka et al. 2012). It is argued that rod type micelles are effective  especially 

in solid tumor for penetrating inner parts; just as, spherical types are effective in liquid 

tumors therefore their binding are more strength. Also, it is known that nanoparticle 

shape establishes also rate of its internalization by the cell. Since, increasing the 

wrapping amount of cancer cells, they are internalized more rapidly.  

1.2.4.3.3. Nanoparticle-Surface Charge 

Nanoparticle surface charge is most effective factor especially in nonspecific binding to 

cells and protein throughout blood circulation (Du, Mao et al. 2013). Cationic 

nanoparticles may achieve cellular binding by endocytosis or direct penetration with 

cellular membranes thereby interact with the negatively charged phospholipid head 

groups, proteins and glycans on the surface of cancer cells. Just as, positive charged 

ones, negatively charged NPs can be effective internalized by neutral surfaces (Verma 

and Stellacci 2010). In fact, nanoparticle surface charge is the most important factor to 

let them uptake by the cancer cells. However, high positive charged nano-particles can 

be pass through the cell membrane by creating holes in the cellular bilayers rather than 

waiting for internalization via endocytosis, it is more energy dependent process rather 

than negatively charged nanoparticle uptake (Zhu, Nie et al. 2012).   

1.2.4.3.4. Nanoparticle hydrophobicity, roughness, and rigidity 

Hydrophobicity, roughness and rigidity are the other types of effects of nano-particle 

internalization (Kamaly, Xiao et al. 2012). Hydrophobicity is the main strategy for 

nanoparticle internalization because high hydrophobic surfaced micelles are more 

readily taken by the cancer cells therefore of cellular surfaces, which higher levels of 

protein adsorption, and IgG proteins; for instance, opsonins, have high affinities for 

hydrophobic surfaces preferences (Zhu, Nie et al. 2012, Nam, Won et al. 2013).  

Furthermore, rough surfaces also influence the degree of NP surface binding to cells. 

Nano-scale ‘‘roughness’’ means protrusions or depressions on the NP surface forming a 

harsh surface that provide minimization of repulsive forces between cellular and NP 

surfaces (Kamaly, Xiao et al. 2012). Particle rigidity can also effect nanoparticle 
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distribution and elimination in the body (Yoo, Chambers et al. 2010).  High flexible and 

deformable nano-particles have high distribution and less eliminated from the body. 

Studies showed that the elastic modulus properties of flexible NPs can transfer vessels 

and pores more easily in vivo (Kamaly, Xiao et al. 2012).  

4.1.  Glycomics Era and Importance for Cancer 

Nowadays recent recognized and the most promising field -glycomics- has been aruged 

about their major roles in the treatments of much disease.  Scientist needs much even 

more than proteome and genome to resolve some kind of metabolic mechanisms. 

Thereby, by the omics era, the glycome, a glycan parts of the proteome and genome, 

consider as a source of new biomarkers (Kumar, Singh et al. 2014, Svarovsky and Joshi 

2014). On the other hand, solely glycan based biopolymers has been able to be used as 

the remarkable properties, high cell adhesion property confers its promising use in drug 

targeting application he sugar based studies and glycomics is the systemic study of a 

given cell type which relevant to derived for answering to open question to fill the gaps 

of sugar based genotype and phenotype knowledge (Tra and Dube 2014). The differing 

property and complexity from glycomics and proteomics approach is huge diversity, 

branced structures, many possible conformations and very dynamic specified roles in 

biological systems (Solís, Bovin et al. 2014). Glycolipodome and glycoproteome are 

gradually being developed for screening and treatments of many disease (Kiessling and 

Splain 2010, Chandler and Goldman 2013, Marth 2013, Dalziel, Crispin et al. 2014). 

Frankly, it can be summarized that glycomics provides the personalized medicine in the 

clinical practice by the discovering of glycomolecules purification and identification 

(Liang and Wu 2010). Recent studies showed that glycans have many critical roles in 

pathophysiological steps of tumor progression. Glycans can regulate tumor cell energy 

and adhesive mechanism for proliferation, invasion, metastasis and angiogenesis. 

Therefore, they can be used lonely or combination with some other noval agents for 

cancer targeting strategy (Li, Song et al. 2010, Rambaruth and Dwek 2011). Jamey D. 

Marth, indicated in 2008 that cell have four basic cellular component which include 

approximately 70 cellular metabolites - carbohydrates, lipids, proteins and nucleic 

acids-;and, resolving many complex disease mechanism would be possible by 
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incorporation and possible conformations of these groups; especially sugars and their 

conformations (Marth 2008) (Figure 12).                        

 

Figure 1.12. Bulding bloks of Life: carbohydrates, lipids, proteins and nucleic acids 

(Marth 2008) . 

Fundamentally, sugar based studies about cancer was started to be focus on by the paper 

of pathologist Steward Sell, 1990. Sell recognized new carbohydrate structures on the 

surface of or secreted by cancer cells in order to regulate primarily energy metabolism 
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and cellular functions. Sell has paid attention of aberrant fucosylation and/or sialyation 

functions of oligosacharides and firstly said different modification of them effects 

individual roles for cancer methabolism. On the other hand, different charbohydrate 

chain links establishes these functions. He also indicated, these sugar based some 

structures- CA 15.3, CA 19.9, CA 50, CA 125, CA 242, MCA, SLEX, Tn, B72.3-  migh 

have been used as the biomarker for targeting strategy to cancer cells (Sell 1990).   

Today it is clearly known, many  types of glycans either on the tumor surface or into the 

ECM have been mediating key pathophysiological events during tumor metastasis 

cascade (Rambaruth and Dwek 2011). In order to progression of tumor cells there are 

lots of intracellular or intercellular signaling alterations eventuate. These all starts by 

regulation of the cell cycle and energy metabolism, encourage proliferation; provides 

invasion of cells that dissociate from the tumour through host extracellular matrix 

(ECM) by migration (Cook, Hurst et al. 2011, Justo, Suarez et al. 2014). Also, it 

initiates adhesion to endothelial-lined neovascular network in order to convert it to host 

endothelial cells (angiogenesis); increasing adhesiveness of tumour cells changes 

surface characteristics that promote adhesive interactions with platelets, leukocytes and 

blood or lymphatic vascular endothelial cells; and to facilitate the evasion of innate 

immunity (Hanahan and Weinberg 2011, Tsuboi, Hatakeyama et al. 2012).  

Glycans (oligosaccharides, polysaccharides) are sugar rings assembles, which are sited 

in either free form or in covalent complexes with proteins and lipids is called as 

‘glycoconjugates’ (Taylor and Drickamer 2011). Many types of glycans have been 

found naturally. Therefore, these complex structures were needed to be  classified 

according to their structural and functional properties (Table 1.2) (Du and Yarema 2010, 

Tang, Mayampurath et al. 2014).   

Tumor microenvironment is very dynamic and it changes in glycosylation to allow 

neoplastic cells to let to establish many events for development and regulation energy 

methabolism; for instance, receptor activation, cell adhesion and cell motility (Favretto, 

Wallbrecher et al. 2014, Mitchell and King 2014). This trigger metastasis cascade for 

tumour cells invasion and spread throughout the organism (Finger and Giaccia 2010). 

Therefore, tumor cells have high affinity all type of sugar in the methabolism  (Sell 

1990, Moreno-Sánchez, Marín-Hernández et al. 2014). They quickly catch them from 
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blood and use for reregulation of many metabolic pathways (Hanahan and Weinberg 

2011).  

Table 1.2. Glycan types and examples (Yarema and Bertozzi 1998, Du and Yarema 

2010, Haltiwanger, Hart et al. 2013, Tang, Mayampurath et al. 2014). 

 

 

 

Glycan Type Glycan Linkage Glycan Name 

Glycoproteins: Asn-
linked 

N-Linked 

 

ASN-linked 
oligosaccharides 

Glycoproteins: 

Ser-linked  
oligosaccharides 

Thr-linked 
oligosaccharides 

O-linked 

Many diversed types, 

Negatively surface charged 

 

Mucins 

O-GlcNAc; 

O-Man, 

O-Fucose 

Large Polysacharides 

 

Free  
oligosaccharides 


  and �  ring conformation. 

Various degree of branching or sometimes 
linear. 

Hyaluronan, Mannan, 
Chitosan, Levan, Inulin. 

Proteoglycans Signal Transduction 
Xyl-SerLinkage; Core 

Gal-Gal-.Xyl 

Glycosphingolipids Glycosidically linked to ceramide 
Gangliosides, Neutral 
Glycolipids, Sulfatides 

Complex Glycans 
glycosylphosphatidyli
nositol (GPI)-linked 

proteins 

Proteins that bear a glycan chain linked to 
phosphatidylinositol; 

Nuclear and cytoplasmic proteins, which bear 
the monosaccharide O-linked N-

acetylglucosamine (O-GlcNAc) linked to serine. 

Glycosyl 
phosphatidylinositols 

Heparan sulphate, 
Chondroitin sulphate 
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4.1.1. Glycans: from Metabolite to Material 

 

Animal cells have many glycoconjugates including one type or combining of at least 

two type glycoconjugates, which are charbohydrate chains covalently bound to protein 

‘glycoproteins and proteoglycans’ or lipid ‘lipid-linked oligosaccharides, 

glycosphingolipids and glycosylphosphatidylinositols’ backbones (Table 1.2.) .  Outer 

vicinity of cells forms a thick layer is called glycocalyx that responsibility of diffusion 

of all nutrients, hormones, growth factors, and soluble proteins to access to plasma 

membrane receptors and transporters (Haltiwanger, Hart et al. 2013). Healthy cells have 

many glycoproteins in ECM that roles are supporting, organizing of cells 3D structures 

and creating barriers to deregulate diffusion and filtration.  Although, glycans roles were 

not be able to unlighted  for many years, now it is clearly known, they have critical and 

individual roles in fundamental properties of cells,  including protein quality control, 

cell adhesion and motility, endocytosis, and signal transduction. In addition, they 

participate developmental steps; cell proliferation and differentiation, and 

morphogenesis. For instance, many pathological microorganisms use glycans as 

adhesion receptors for colonization for infection (Figure 1.13).  Especially, small sets of 

sugar residues can be easily bind to either cell surfaces or, specific carbohydrate-

recognition domains in proteins and lipids. Glycosylation is the fundamental 

phenomena of the cells membrane, cytosolic and nuclear proteins also. Therefore, it can 

be summarized all organisms cannot survive in the absence of glycosylation. (Du and 

Yarema 2010, Hart and Copeland 2010)  

Structure and amount of glycan synthesis depend on of ensuring a balance between 

positive and negative regulatory mechanism of carbohydrate binding proteins of cells 

(Bishop and Gagneux 2007). Since, they have good plasticity, glycans often interact 

with proteins with great specificity and avidity (Brown, Crawford et al. 2007, 

Wolfenden and Cloninger 2011). Therefore today many drug was designed to  glycan-

protein antagonists or agents that would modulate glycan metabolism in many disease 

especially for cancer targeting (Hudak and Bertozzi 2014). These agents have validated 

glycans involved in their metabolism as therapeutic targets. Some of the agents have 

proven therapeutic value and have provided leads for further drug development efforts.  

The most promising group is glucosamino glycans therefore of  derivatives of 
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monosaccharide precursors that alter glycan synthesis by their incorporation of sugar 

units by 
  and �  structural linkage by brancehed or linear form (Nicolas, Mura et al. 

2013). 

      

Figure 1.13. Functions of Glycans within the cell and ECM (Hart and Copeland 2010).  

Today, investigating the structure and functions of carbohydrates, which is the one of 

the four fundamental classes of biomolecules next to nucleic acids, proteins and lipids, 

is important for a fundamental understanding of metabolism. This provides new 

therapeutic and diagnostic strategies for major diseases (Chiodo 2013, Hudak and 

Bertozzi 2014).  

Nature has been evolving highly specific glycan based interactions to regulate and 

incorporate many methabolic process  including cell signalling, molecular recognition, 

immunity and inflammation (Hart and Copeland 2010). Glycans  are the nature’s finest 
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hybrid materials that provides many bio-inspired synthetic materilas (Figure 1.14)  

(Chiodo 2013, Reichardt, Martín-Lomas et al. 2013).  

Wood, shells of insects, extremophile organism adhesives -first line of contact- for any 

other surfaces are some of well known (Poli, Kazak et al. 2009, Lichtenthaler 2010, 

Kaya, Baran et al. 2014).  Nature has exploited weak but highly specific protein–

carbohydrate interactions to control and mediate a multitude of biological processes. 

These examples prove how glycoscience research can also impact and inspire 

nanotechnology. Now, glycoscience is the main concepts for future nanodevices 

(Marradi, Martín-Lomas et al. 2010, Chiodo 2013).  

 

Figure 1.14 Glycan based hybrid materials for diagnose and theraphy (Chiodo 2013). 

Glycoscience has been historically less appealed and funded science regards to nucleic 

acid or protein research.  Therefore, most recent and advance studies have been started 

to investigate by 1990s. Today, glycan based devices; carbon nanotubes, nanodiamonds, 

fullerenes, dendrimers and nanostructured metal and metal oxide surfaces have been 
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prepared and applied most recently in many disease therapy (Reichardt, Martín-Lomas 

et al. 2013).  

The most promising application is glycan based targeting materials for cancer cells.  

This exciting perspective is glycoscience based targeting strategy as biofunctional 

ligands for the targeting of specific glycan binding proteins (Bernardi, Jiménez-Barbero 

et al. 2013, Marradi, Chiodo et al. 2013). Even if, the interaction between  glycan 

molecule and  targeting site, here the nanomaterial can provide multivalent ligand 

presentation through its large surface to volume ratio, increasing the avidity by several 

orders of magnitude by the flexible conformation of biopolymer (Hossainy, Pacetti et al. 

2011). This increases the targeting effectiveness in the cancer site. As a result, today 

many biopolymers are used in the preparation of glycan based nano-devices for either 

main construction or targeting aim (Chabre and Roy 2010, Wang, Ramström et al. 

2010).  

4.1.2. Glycan Based Biopolymers Used for Cancer Theraphy 

High molecular weight, water soluble, biodegradable, anti-inflammatory and blood 

plasma extender  polymers  has high cell adhesion property confers their promising use 

in drug delivery applications (Rodríguez-Carmona and Villaverde 2010, Liechty, 

Caldorera-Moore et al. 2011). Cancer cells and their microenvironments need much 

more sugar-induced energy compared to normal cells in order to rearrange energy 

metabolism, proliferation and change their shape to increase extracellular adhesion 

ability (Toole 2004, Fuster and Esko 2005, Hanahan and Weinberg 2011). Due to its 

polyfructan structure, glycan based polymers are expected to be more preferred energy 

source by cancer cells compare with normal cells (Borsig 2011, Gabius and Kayser 

2014). While, chitosan and hyalouran were well known used by cancer targeting 

biopolymers; mannan and levan has been recently used for active nano-drug carriers for 

cancer therapy (Ossipov 2010, Park, Saravanakumar et al. 2010, Cui, Cohen et al. 2011, 

Sezer, Kazak et al. 2011). High avidity using their flexible conformations and adjustable 

molecular weight and high adhesive property becomes them promising materials for 

cancer targeting strategy (Sima, Mutlu et al. 2011, Wolfenden and Cloninger 2011, 

Bostan, Mutlu et al. 2013, Bostan, Senol et al. 2013). On the other hand, they can be 

easily functionalized with different chemical groups that preventing nanocarrier binding 
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to healthy cells would be also possible. Most promising four kinds of polymers were 

summarized in detailed about cancer targeting strategy.  

4.1.2.1. Chitosan 

Chitosan, composed of  the randomLy distributed (1�
 4) linked D-glucosamine and N-

acetyl-D-glucosamine units of linear aminopolysaccharide. This polymer  is produced 

from the deacetylation of chitin, which another  natural polysaccharide found in the 

exoskeleton of crustaceans such as crab and shrimp (Lee, Lim et al. 2013, Yeul and 

Rayalu 2013). There are the hydroxyl and amine groups in its structure. Thus, natural 

cationic groups in structure have been drawn increasing attention within pharmaceutical 

and biomedical applications. It has abundant in nature, unique mucoadhesivity, 

biocompatibile, biodegradabile, non-toxicity and low-immunogenicity (Victor, Paul et 

al. 2013). Synthesis type and mechanism effect also its molecular weight and degree of 

acetylation (Bostan, Senol et al. 2013).  

Chitosan is the excellence for safe and effective drug delivery systems through its 

biological and physicochemical characteristics (Park, Saravanakumar et al. 2010). The 

hydroxyl and amine groups on the backbone of chitosan are eligible for chemical 

functionalization (Bostan, Senol et al. 2013). Today, many self –assembled nano 

particles are produced by the hydrobhob modification of these groups for encapsulating 

hydrophob drugs to access the cancer site of action (Patel, Patel et al. 2010). On the 

other hand, by chemical linkages with both drug and functional groups, lots of pro-drug 

can be prepared using chitosan for drug targeting. Likely other glycans, mucoadhesive 

absorption mechanism of chitosan provide in vivo residence in the gastrointestinal tract, 

which increases the bioavailability of various drugs (Chen, Mi et al. 2013). 

1.3.2.2. Hyalouranic Acid 

Hyaluronan is so called polymer which discovered in 1934 by Karl Meyer in the eye 

clinic of Columbia University (Laurent 2002). HA is also unique polysaccharide 

structure was non-sulphated which was naturally synthesized by a class of  integral 

membrane proteins (Schiller, Volpi et al. 2011, Afratis, Gialeli et al. 2012). It has 

composed of disaccharide units, each consisting of glucuronic acid and N-
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acetylglucosamine, linked together via � -1,4 and  � -1,3 glycosidic bonds (Hubbard, 

McNamara et al. 2012). The number of repeat disaccharides in a completed hyaluroan 

molecule can  reach 105.000-150.000 g/mol (Baier, Cavallaro et al. 2013). The first 

chemical characterization dates back to 1950 and described morphology of it is stiffened 

random coil,which occupies a very large volume (Weissmann and Meyer 1954). Just as, 

other biopolymers, its physico-chemical and biological properties are dependent on its 

molecular weight (Almond, Brass et al. 2000). According to its chemical property HA is 

used as a space filler and or lubricant (Day and de la Motte 2005). 

HA is mostly found in the ECM in order to communicate with a variety of ECM 

molecules. It is well noticed that recent synthesized HA molecules can bound  to several 

cell surface receptors (such as CD44 and RHAMM) that provides important 

physiological processes, including signal transduction, formation of pericellular coats 

and receptor-mediated internalization (Laurent, Laurent et al. 1995, Laurent, Laurent et 

al. 1996, Toole 2004). On the other hand, HA is also known to play a role in 

physiological and pathological processes, including embryological development, 

inflammation and tumor development (Toole 2004).  

 HA provides  cell proliferation, differentiation, migration and adhesion. Cancer cells 

have high  mobility in the presence of excess hyaluronan (Goebeler, Kaufmann et al. 

1996). In addition, HA-binding proteins hyaladherins aids many aspects of cell behavior 

such as cell migration, attachment and  metastasis (Knudson and Knudson 1993, Toole 

2001). 

Hyaluronic acid (HA) can bind to CD44 receptor, which is overexpressed in various 

kinds of cancer cells (Day and Sheehan 2001, Garg and Hales 2004). HA is an anionic, 

non-sulfated glycosaminoglycan distributed throughout connective, epithelial, and 

neural cells. HA is synthesized by hyaluronan synthases (HAS) and is abundant in 

extracellular matrices and degraded by hyaluronidases. Its biocompatibility and 

biodegradability enable its application to numerous methods of drug delivery 

(Yanagishita 1993). 
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4.1.2.2. Mannan 

Mannan is abundant in the plant and fungal cell walls associated with celluloses 

(Popper, Michel et al. 2011). Recently, some bacteria have been produced it, also 

(Kawahara, Saburi et al. 2012).  Mannan structure was composed of � -(1,4) - linked 

linear w/out 
 -(1,6) branched  glucomannans that found attach component of the 

hemicellulose fraction of the secondary cell wall of gymnosperms and Konnyaku 

powder; a popular food source in Japan (Vuksan, Jenkins et al. 1999). In addition, one 

group glucomannan is that derived from the fungus Microellobosporia grisea 

(Nakajima, Kita et al. 1984). Galactomannans copolymers of galactose and mannose are 

found in seeds such as coffee, locust, guar, and soy beans. These seed galactomannans 

arc usually based on a � -(l, 4) mannan backbone solubilized with short 
 -(l, 6) - linked 

galactose side chains. Seed galactomannans may be used as gums, such as guar gum or 

locust gum  and are incorporated in many foods as texture modifiers and as binders 

(Cunha, Vieira et al. 2009, Prajapati, Jani et al. 2013). Beta-mannanases have been 

obtained from wood-rotting bacteria, from human gas- trointestinal bacteria, from 

rumen streptococci, from some seeds, and from arthropod digestive juice (Moreira 

2008). 

It is widely known that like the other glycans,  mannans and selected glucans are potent 

anti-cancer agents (Albeituni and Yan 2013). It is water soluble, D-glucans and may be 

linear, or excessively branch form (Ren, Perera et al. 2012). Polysaccharides or multiple 

oligosaccharides, such as mannan, which contains a large group of mannose residues, 

are recognized as having a much higher affinity than single sugar molecules because of 

the moiety density (Yu, Liu et al. 2010). They can interact with serum albumin and 

other cell membrane proteins easily (Hu, Fang et al. 2014). Its mucoadhesive property, 

highly flexible conformation and its energy based mannose monomeric units render it 

more preferable for cancer targeting nano-based material (Lembo and Cavalli 2010). 

Today, most nano-carrier in pre-phase was developed by various MW mannan and its 

fucnctional derivatives (Vassilaros, Tsibanis et al. 2013, Zhang, Wang et al. 2014). 
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1.3.2.4. Levan 

Levan is the environmentally friendly, water-based, non-cytotoxic and biodegradable 

polymer from sugar. Levan structure is suitable is � -D-fructo-furanose with �  (2 � 6) 

linkages between fructose rings (Figure 1.15) (Tajima, Uenishi et al. 1997, Poli, Kazak 

et al. 2009).  The side of residues joined to side chains effects its molecular weight 

which depends on both source; plant or microorganism, and the growth conditions 

(Apolinário, de Lima Damasceno et al. 2014). However biopolymers have enormous 

usages in Industry, their structures sometimes could not resist extreme conditions. Thus, 

investigations has been lapsed biopolymers which are produced by special bacteria 

survive in extereme conditions as temperature and high salinity or pH. The Levan is the 

natural polymer therefore of advantageous over petroleum-derived polymers. Secondly, 

it is obtained from extremophiles which is supposed as these microorganisms dwell in 

some extreme environmental conditions, such as desiccation, temperature, pressure, 

salinity and acidity. Therefore, biopolymer  Levan is great promise within today’s 

trendy polymers (Poli, Kazak et al. 2009, Küçüka� ik, Kazak et al. 2011).  
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Figure 1.15. The chemical structure of linear Levan (Tajima, Uenishi et al. 1997).   

Frankly, cancer targeting strategy has been directed to sugars by the rise of GAGs. 

However, levan production has not being scaled up so much, first studies has been 

occurred by the glycan array  in 2003 by Wang (Wang 2003). Wang has patented new 

glycan based biomarkers which includes Levan (Wang, Herzenberg et al. 2011). 

Immediately, first products has been started to produce in prostate cancer product in the 

market (Murphy and Watson 2012). Levan also has been used in many other cancer 

types in various pre-clinical and clinical levels (Wang, Liu et al. 2002, Arnold, 

Wormald et al. 2007). In fact, Levan lonely has ben used for the encapsulation of BSA 
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as the model drug carrier (Sezer, Kazak et al. 2011) . Studies have shown that cancer 

cells have the good affinity of levan (Küçüka� ik, Kazak et al. 2011, Sima, Mutlu et al. 

2011, Bostan, Mutlu et al. 2013). In this study Levan was investigated as the promising 

targeting agent to the A549 Lung Cancer cells lines. 

4.2.  Conventinal Anti-Cancer Active Agents and Chemical 

Properties 

4.2.1. Doxorubicin  

Doxorubicin has been used in practically since 1960 are members of the family of the 

anthracycline antibiotics that were introduced into cancer therapy about 3 decades ago 

(Arcamone 2012). As a result of a small structural difference, DOX is a much more 

potent anticancer agent than daunorubicin. Since its introduction into human cancer 

therapy, DOX is still the most widely used chemotherapeutic drug, with the broadest 

spectrum of antitumor effect (Nagy, Armatis et al. 1996, Peer, Karp et al. 2007). The 

antiproliferative activity of DOX is due mainly to its ability to intercalate into DNA and 

break the strands of double helix by inhibiting topoisomerase II (Du, Liu et al. 2011). 

Despite its wide acceptance in the chemotherapy of various cancers, prolonged use of 

DOX is severely limited by cardiotoxicity (Shaaban, Negm et al. 2014). Another 

limitation of DOX is multidrug resistance (Kunjachan, Rychlik et al. 2013). Thousands 

of anthracycline derivatives were synthesized to overcome these limitations and in 

search for even more active analogs. One of the most significant milestones in the 

semisynthetic development of more potent, non-crossresistant analogs of DOX with 

lower cardiotoxicity (Shaul, Frenkel et al. 2013).  

4.2.2. Camptothecin 

Eukaryotic DNA topoisomerases I and II are essential nuclear enzymes responsible for 

the organization and modulation of the topological features of DNA so that a cell may 

rEPSicate, transcribe, and repair genetic information. Topoisomerase I levels are tumor 

type specific. Thus, topoisomerase I represents a promising target for the development 

of new cancer chemotherapeutic agents against a number of solid human tumors (Chen, 

Chan et al. 2013). The pentacyclic alkaloid natural product camptothecin  was first 
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reported by Wall and co-workers to have potent anticancer activity and, upon the basis 

of its preclinical antitumor activity, was progressed into humans for clinical evaluation 

(Rodriguez-Berna, Cabañas et al. 2013). Camptothecin appears to stabilize this 

“cleavable complex” by interfering with the religation of DNA. Enzymology studies 

have demonstrated that the closed lactone of camptothecin was necessary for 

topoisomerase I inhibition (Huang, Wang et al. 2013, Wei, Hamza et al. 2013). Today 

many drug carrier are prepared by camptothecin in order to overcome DNA reparation 

in various cancer cell types (Hariri, Edwards et al. 2013, Surova and Zhivotovsky 

2013). 

1.1.1. Paclitaxel  

Paclitaxel was first isolated from bark of yew tree Taxus brevifolia in 1967 by Monroe 

Wall and Mansukh Wani. Soon after the isolation, Schiff and Susan Horwitz discovered 

that the extracts of the needles and bark of the Pacific yew tree had microtubule 

polymerization property. Naturally occurring taxane was started to be used in 1979 as 

an anti-tumor agent against various tumors. Currently, paclitaxel and its synthetic 

derivative docetaxel are being used clinically in treatment of many cancer types such as 

breast, ovarian, lung cancer, non-small-cell lung cancer and Kaposi’s sarcoma (Wani, 

Taylor et al. 1971, Schiff, Fant et al. 1979, Spencer and Faulds 1994). However, 

Paclitaxel has a very complex molecular structure and its semi-synthetic production was 

made feasible since 1995. The most known side effects of paclitaxel are neurotoxicity 

and myelosuppression (FRIEDLAND, GORMAN et al. 1993, Jordan and Wilson 2004, 

Wei, Hao et al. 2009). Paclitaxel molecular formula is C47H51NO14 and its structure 

carries a diterpenoid skeleton (Figure 1.16) (Singla, Garg et al. 2002). 

 It promotes the polymerization of tubulin by binding with high affinity to � -subunits 

through the length of microtubule. Extra ordinarily, dysfunctional microtubule structure 

is formed by Paclitaxel diffusion through small openings in the microtubule. This 

causes surface stabilization and increases microtubule polymerization, which enables 

conformational change of normal tubule dynamics and provides cell death. In addition, 

paclitaxel has also neoplastic activity particularly in tumor vascular cells during 

angiogenesis (Jordan and Wilson 2004). 
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                           Figure 1.16. Chemical structure of Paclitaxel. 

Poorly water soluble paclitaxel can be formulated by amphiphilic drug carrier 

molecules, such as liposomes, which are polymeric nanoparticles, to overcome 

biological barriers, reduce toxicity and achieve sustained release of drug within the 

tumor cell by enabling the advantage of Enhanced Permeability and Retention (EPR) 

effect (Peer, Karp et al. 2007, Malam, Loizidou et al. 2009, Kumari, Yadav et al. 2010).                

 

 

 

 

        

 

 

 

 

 



47 
 

2. MATERIALS AND METHODS 

2.1.  Materials and Equipments  

2.1.1. Chemicals 

Soybean lecithin was supplied from BDH PROLABO GPR Rectapur VWR (Cat# 

24967.183) and used as received. 2-Acrylamido-2-methylpropane sulfonic acid (AMPS) 

(MW207.25, CAS# 15214-89-8 ) was supplied from Sigma Aldrich and used as 

received. A biodegradable polyester, poly(caprolacton)-diol (PCL-diol), (MW1250 

g/mol, CAS# 36890-68-3)  was supplied from Polysciences. Three ethyl amine (TEA) 

(MW101.9, CAS# 121-44-8) and methacryloyl chloride (MW104.5, CAS# 920-46-7) 

were purchased from Sigma-Aldrich. 2,2-Dimethoxy-2-phenylacetophenone (DMPA, 

98%, CAS#24650-42-8) is a photoinitiator which was used to initialize radical 

polymerization between 310-380 nm and supplied from Sigma-Aldrich. Paclitaxel™, 

kindly supplied by DEVA Holding A.� ., was produced by Pyhton Biotech Inc. Pure 

Levan biopolymer was produced at Marmara University Department of Bioengineering 

as described elsewhere (Poli, Kazak et al. 2009, Poli, Nicolaus et al. 2013). All reagents 

were used without further purification. 30 Slide-A-Lyzer MINI dialysis microtubes with 

a molecular weight cutoff of 3500 Da (Pierce, Rockford, IL) dialysis membrane was 

used for purification of samples. All used solvents were HPLC grade and were obtained 

from Fisher Scientific or Sigma-Aldrich. Phosphate Buffer saline (1xPBS, pH=7.4) was 

prepared by dissolving 8 g NaCl, 0.2 g KCl, 1.44 g Na2HPO4, 0.24 g KH2PO4 in 800 

mL of distilled H2O and pH was adjusted to 7.4 with HCl. Final volume was fixed to 1L 

by adding purified H2O and subsequently sterilized by autoclave. Triethyl amine (TEA, 

CAS#121-44-8, 99%), used for methacrylation catalyst of PCL-diol, was supplied from 

Sigma-Aldrich. All solvents used were reagent grade. Fluorescein sodium salt CAS # 

518-47-8 was purchased from Sigma-Aldrich and used as fluorescein dye to get optical 

images of nano-carriers using fluorescent microscopy.  All reagents were used without 

further purification. For the cell culture experiments, DMEM, Fetal Bovine Serum 

(FBS), DMSO, trypsin-EDTA, fetal bovine serum (FBS) and 100 ng/mL of penicillin 

and streptomycin, finally formazan were purchased from Sigma Chemical Co. 
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2.1.2. Laboratory Equipments 

2.1.2.1.  Nuclear Magnetic Resonance Spectroscopy (NMR) 

The conversion of L-AMPS, metahacrylation reaction of PCL, quaternization of levan 

and its detailed structural characterization was performed using 1H NMR performed 

using Varian 600 MHz NMR at room temperature for assigning the conversion of 

methacrylation reaction. Proton chemical shifts were recorded in ppm downfield from 

tetramethylsilane (TMS). 

 

2.1.2.2.  Fourier Transform Infrared Spectroscopy (FTIR) 

Synthesized molecules: L-AMPS, PCL-MAC and QL Levan FT-IR spectra were 

recorded on a Thermo Nicolet 6700 FT-IR spectrophotometer equipped with a Smart 

Orbit high performance diamond attenuated total reflectance (ATR) accessories. 

Measurements were conducted 400-4000 cm-1 in transmission mode.  

 

2.1.2.3. Malvern Nano-Sizer 

Measurements were performed at 25oC, using a particle size analyzer (Nano-ZS Zen 

3600, Malvern Ltd., Malvern, UK) with a laser diode illuminated light scatter sensor. 

Samples were sonicated before measurement for 0.5 min. Each measurement was 

repeated three times at pH 8 and the results were averaged. Particle size data were 

evaluated by volume and intensity-weighted distributions. The samples were kept for 

three days and measurements were repeated for each sample to be sure of the particle 

size and stability (Vagberg, Cogan et al. 1991). 

 

2.1.2.4. Gel Permeation Chromotography-Light Scattering (GPC-LS) 

The molar mass and molar mass distribution of levan were determined by gel 

permeation chromatography (GPC) system, equipped with Perkin Elmer-series 200 

GPC high pressure pump, injector, serial connected four Water columns (Ultrahydrogel 

120 + Ultrahydrogel 250 + Ultrahydrogel 500 + Ultrahydrogel 1000), Wyatt Optilab 

differential refractive index detector (RI) at 654 nm and Dawn Heleos multiangle light-
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scattering (LS) detector. The mobile phase was 0.1 M solution of sodium nitrate 

(NaNO3) in 2% acetic acid water mixture, which had a flow rate of 1.0 mL/min. 

Measurements were carried out at 25 
C. Polymer concentrations were in the range of 

0.5–2.0 mg/mL and all the samples were filtered through 0.2 µm filter prior to use. 

 

2.1.2.5. Scanning Electron Microscope (SEM) 

Scanning electron microscopy (SEM), images were obtained by Jeol JSM-5910 LV,  

Tokyo, Japan model SEM instrument at 20 kV3. The prepared nanoparticles were 

mounted on metal grids with double sided adhesive carbon tape, coated with gold to 

~500×10�8  cm in thickness using SC7640 sputter coater (QuorumTechnologies, 

Newhaven, UK) under high vacuum, 0.1 Torr, 1.2 kV, and 50mA at 25
C±1 
C.  

 

2.1.2.6. Differential Scanning Calorimetry (DSC) 

A Perkin Elmer Jade type differential scanning calorymetry (DSC) system was used to 

determine the completion of polymerization in PXSLNPS at a heating rate of 10 oC/min 

under argon atmosphere (20 mL/min flow rate). All the measurements were repeated 

twice and the data were evaluated with Pyris software. Samples (5-7 mg) were weighted 

in crimped aluminum pans and tested in the temperature range of 0 - 300 oC. DSC cell 

was periodically calibrated with metallic indium (99.99% purity) according to its 

melting point and melting enthalpy. 

 

2.1.2.7.   Fluorecence Spectrofotometers 

Critical micelle concentration (CMC) of the negatively charged L-AMPS ionic complex 

was determined by fluoramete FS2 model fluorecence spectrophotometer (Scinco ™) 

with Floro Master FS-2 software.  

 

2.1.2.8. Elisa Reader 

Drug release studies were carried out using Molecular Devices Spectro Max340 PC 

Eliza Reader Spectrophotometer comparing with performed concentration curve.  
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2.1.2.9. Fluorance Microscope 

Fluoranced QL-Nano Ptx have been visualized by using Leica-PFC320 Microsystems. 

It was performed with an inverted Leica DM IL microscope and a 40X objective lens 

under green light. The photos were captured using a digital CCD camera (Leica DC 

500) and were processed using Adobe Photoshop CS2 software (Adobe Systems).  

 

2.1.2.10. Ultracentrifuje 

Different micelle PXSLNPs size has been fractionalized by using MLA-55 rotor S/N 

IOU568 Optima max-XP Ultracentrifuge backman Coulter-USA which has Maximum 

Speed (rpm) 50.000 rpm. Fractionalized of (OP) PXSLNPs was performed at 15.000; 

30.000 and 50.00 rpm during 20 min at .ambient operating conditions between 15°C to 

35°C.  

2.1.2.11. UV lamb 

UV Lamp was 300/E27/Ultra Vitalux OSRAM Sun Lamp medical Tanning Bulb 300 

WATTS UV BULB 230 VOLTS was used in UV polymerization between 315-400 nm 

to obtain stable micelle core. 

 

2.2.  PXSLNPs Core Optimization and Preperation 

2.2.1. Synthesis of methacrylated PCL 

Synthesis of methacrylated PCL (PCL-MAC) was carried out in dry DCM at room 

temperature using TEA as catalyst. For this, 1.25 g of PCL-diol (20 mmol) was 

dissolved in 40 mL of dry DCM and added to a three necked 250 mL reactor sealed 

with rubber septa and equipped with magnetic stirrer and condenser. To this solution, 10 

mL of TEA (20 mmol) was added as catalyst and the reactor was immersed into the ice 

bath. A solution of 5.22 g methacryloyl chloride (50 mmol) in 10 mL dry DCM was 

slowly added to the reaction within 30 minutes with vigorously stirring under argon 

atmosphere. Subsequently, the reaction mixture was allowed to slowly warm up to room 

temperature and continuously stirring overnight in dark. Product was isolated by 
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washing with 15% HCI two times and extracted using DMC. Then, it was precipitated 

by petroleum ether. Conversion was evaluated by using 1H NMR. 

2.2.2. Preparation of Lecithin-AMPS ionic complex 

1 g of soybean Lecithin (1 mmol) was dissolved in 100 mL ddH2O at 70°C. Likewise, 

2.75 g of AMPS (10 mmol) was dissolved in 10 mL ddH2O. Immediately, AMPS was 

neutralized at pH 8 by sodium carbonate (to obtain AMPS-Na) and allowed to interact 

with lecithin solution by vortexing for 30 min at room temperature. After sample was 

filtered through a coarse filter paper (Macherey-Nagel, 751/75/20, Germany), it was 

lyophilized in order to establish cation exchange interaction (Son, Hughes et al. 2004). 

The formed L-AMPS ionic complex was extracted with di-chloromethan (DCM) and 

the product was characterized by using FTIR analysis.     

2.2.3. Determination of Critical Micelle Concentration (CMC) 

CMC values of lecithin and L-AMPS ionic complex were determined by fluorescence 

spectroscopy in aqueous media. The variation in vibronic band intensity ratios of pyren 

emission peaks were determined as a function of lecithin and L-AMPS concentrations 

which has a sharp change at around CMC concentration (Kalyanasundaram and Thomas 

1977). Pyrene solution was prepared at a concentration of 6 x 10-7 mol.L-1 in Eppendorf 

tubes in acetone and then acetone was evaporated. Lecithin and L-AMPS solutions at 

differing concentrations (C1: 360 mg/3mL diluted to 3/4 proportion up to C30) were 

added to the Eppendorf tubes  and vortex for 2 min, sonicated for 5 min and 

subsequently kept at room temperature for 2 hours to obtain stable micelles. Steady-

state fluorescence emission spectra of pyrene were measured for excitation wavelength 

at 333 nm.  And the ratio values of I3/ I1 for each sample were calculated from the ratio 

of peak intensities at 336 nm and 333 nm. 

 

2.2.4. Size optimization of  Empty Micelles (XLSNPs) by using EDGM and 

PCL 

Ethylene glycol dimethacrylate (EDGM) was used firstly for this optimization study 

therefore of trace amount of PCL-MAC was found. 6 mg/mL (L-AMPS) 3 mg/mL 
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EDGM of Lecithine amount and 1% photo-initiator DMPA of total polymer amount 

was used for this study. Then, best one was evaluated by PCL-MAC rather than EDGM. 

PCL-MAC proportion optimized according to EDGM bond making potential. PCL-

MAC: 1250 g/mol and EGDMA: 198 g/mol. 1250/198: 6 ratio is designated as a 

basement for the proportion for the set L-AMPS/PCL-MAC proportions; 0.025, 0.15 

and 0.3 were prepared with 6 mg L-AMPS and 1% DMPA of total polymer amount. 

Final product (XLSNPs) was precipitated in MeOH by using centrifuge 12.000 rpm 1h. 

Results were evaluated by using Dynamic Light Scattering Zeta Size Analyzer and 

Scanning Electron Microscope. 

 

2.2.5. Preparation of XLSNPs With  and Without Paclitaxel   

To increase the drug loading capacity of XLSNPs, PCL-MAC was used as spacer.  To a 

250 mL round bottom (RB) flask, 7.8 mg of L-AMPS and PCL-MAC mixture (L-

AMPS/PCL-MAC weight proportion was 3/1), 0.078 mg of UV initiator (1% of L-

AMPS and PCL-MAC mixture), 0.3 mg of tween 80 were added. To this mixture, 

various predetermined amount of paclitaxel on the basis of the amount of PCL-MAC 

was added. All content was dissolved in DCM and mixed for 1 hour at room 

temperature in dark. The solvent was then removed by vacuum rotary evaporation to 

form a thin, dry film in inner wall of RB flask. The obtained dry film in RB flask was 

further dried under vacuum overnight to remove any traces of remaining solvent. After 

the film was equilibrated by 20 mL ddH2O at pH 8, it was vortexed for 30 min followed 

by 30 min shaking at at 200 rpm to form micelles subsequently sonicated for 5 min at 

room temperature. Then the micelles were irradiated with UV for 4 hours to obtain 

paclitaxel loaded XSLNPs (PXSLNPS). Particle size analysis of the PXSLNPSs was 

performed by dynamic light scattering (DLS), and their SEM images were taken. The 

XSLNPs without paclitaxel (XSLNP) were prepared as reference samples in release and 

cell experiments using the same procedure. To determine the drug loading capacity and 

in vitro assays, the PXSLNPS formulation was lyophilized and re-hydrated at pH 7.4 

using Phosphate Buffer Saline (PBS).  
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2.3. QL Optimization: Synthesis of quaternalized Low MW Levan 

2.3.1. Optimization of Low MW Levan (RL) to designate shell of micelle 

2.3.1.1. dn/dc study of  Levan by Using GPC 

30 mg Extra Pure Levan (EPS) biopolymer was dissolved in 10 mL 2% Acetic Acid 

solution in 0,1M NaNO3. This solution (C5) was diluted with 2% acetic acid solution to 

C4: 1.5 mg.mL-1; C3: 0.75 mg.mL-1; C2: 0.25 mg.mL-1; C1: 0.0625 mg mL-1  

concentrations. Each sample was filtered with Whatman 0.002 � m pore size filter prior 

to injection.  

2.3.1.2.  Acid hydroloysis to obtain low MW levan 

This procedure was used to reduce the levan molecular weight without decomposition 

under mild condition. For this purpose, sodium nitrite (NaNO2) was dissolved in a 

mixture of  2% acetic acid in water to get nitrose acid solution. (Suitcharit, Awae et al. 

2011). Separately, 0.5 mg Extra Pure Levan (EPS) was dissolved in 100 mL of 2% 

Acetic Acid/ water solution and then the nitrose acid solution was obtained. Hydrolysis 

reaction was carried out at 60°C with stirring. Samples for LS measurements were taken 

at definite time intervals (60 min., 120 min. and 180 min.), and gently neutralized using 

1M Na2CO3 solution. After neutralization, samples were dialysis using Spectra Por 

®Dialysis Membrane cut of: 2 kDa. Final products were freeze dried and characterized 

by LS, NMR and FTIR. 

 

2.3.2. Quaternization of the low MW levan shell (QL synthesis) 

1.5 gr of reduced molecular weight Levan (RL) (Mn: 16.000 g/mol) was dissolved in 50 

mL of 2% acetic acid in water solution (pH 3).  Then 5 mL of GTMAC was added 

dropwise at 60 oC and the reaction was allowed to stirring for 4 hours. Product QL was 

purified by dialysis using Spectra Por ®Dialysis Membrane cut of: 2 kDa, freeze dried 

and the conversion was determined using NMR and FTIR.  
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2.4.  QL-PXSLNPs Preparation  and “in vitro” experiments 

2.4.1. QL coating of PXSLNPs 

The coating of negatively surface charged PXSLNPs was performed as follws. Under 

stirring, 80 mg mL-1 QL-GTMAC solution in ultra-pure water at pH 8 containing 

flourescein sodium salt was added dropwise to PXSLNPSP dispersion at pH 8 to 

visualize the nanoparticles under fluorescence microscopy. Amount of fluoroscein 

sodium salt molecules to fructose units of QL was set to 1/320 #.  After 1 h stabilization 

the final product was freez-dried and fluorescence microscopy images were obtained. 

2.4.2. “in vitro”  drug relase kinetic of PXSLNPs and QL-PXSLNPs 

Drug loading yield and release profile of paclitaxel from nanoparticles were carried out 

using 2 mL of performed PXSLNPS in PBS solutions at a concentration of 5 mg mL-1 

which were split equally into 30 Slide-A-Lyzer MINI dialysis microtubes with a 

molecular weight cutoff of 3500 Da (Pierce, Rockford, IL). These microtubes were 

dialyzed in 45 mL of PBS buffer at 37 °C at 90 rpm with gentle stirring. Three 

milliliters of dialysis medium was withdrawn at 0.5, 1, 2, 3, 4, 5, 6, 12 and 24 hours of 

the experiment, followed by renewal of the PBS buffer. At each data point, nanoparticle 

solutions from three microtubes were collected separately and 10 times diluted with 

equal volumes of acetonitrile to disassemble the particles and obtain free drug. The 

resulting free paclitaxel content in each microtube was assayed comparing with an 

already performed concentration curve obtained by measuring the fluorescence 

emission of paclitaxel at 440 nm excited at 390 nm using Molecular Devices Spectro 

Max340 PC Eliza Reader Spectrophotometer. The resulting free Paclitaxel content in 

each microtube was assayed using placed in 45 mL PBS, maintained at 37 
C and stirred 

at a speed of 90 rpm. The encapsulation efficiency and the loading efficiency tests were 

performed in triplicate. The encapsulation efficiency and the drug loading efficiency 

were calculated from the following equations: 

 Encapsulation efficiency (%) =           weight of Ptx in particle        × 100% 

                                                       weight of Ptx fed initially  

Drug loading efficiency(%) =                weight of Ptx in particle         ×100%     

                                         weight of Ptx in particle + weight of lipid fed initially 
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2.4.3. “in vitro”  anti–tumour activation experiments 

Anticancer activities of four different micelle concentration (20 � M, 18 � M , 15 � M, 13 

� M, 10 � M)  were evaluated. Anticancer activity test of nanoparticles were carried out 

on human lung cancer (A549) cell line. A549cell line was obtained from Marmara 

University, Faculty of Engineering, and Department of Bioengineering. This cell line 

was continuously maintained from the stock cultured at Marmara University, Faculty of 

Engineering, and Department of Bioengineering. The cells were maintained in 

Dulbecco's modified eagle's medium (DMEM, Invitrogen) containing 10% fetal bovine 

serum (FBS) and 100 ng/mL of penicillin and streptomycin (Sigma). Cells were allowed 

to grow in cell culture flasks and were kept in CO2 incubator at 37°C in a humidified 

atmosphere of 5% CO2 and 95% air. For experimental purpose, cells from exponentially 

growing culture were used. All experiments were repeated three times.  The in vitro 

assay was used in this study to assess growth inhibition. For the assay, the A549 cells 

from exponential-phase culture were detached with 0.1% trypsin-EDTA (Sigma 

Chemical Co.) to make single-cell suspensions, and viable cells were counted using a 

Coulter counter. About 1x104 viable cells in 100 � l of culture medium (DMEM) were 

added to each well in of a 96-well cell culture plate and incubated for 24 h at 37 °C 

under 5 % CO2 in a humidified incubator to allow cells to attach to wells of 96 well cell 

culture plates. After 24 h or 48 h, the cell attachment was checked and the cells were 

treated with the serial concentrations of micelles and then incubated for 24 h, 48 h, 72h. 

PXSLNPS Micelles were initially dissolved in an amount of 100% ddH2O according  to 

dilution of polymer content between 0.37 � g/� L to 0.18 � g/� L by setting paclitaxel 

loading content 20 � M , 18 � M, 15 � M, 13 � M, 10 � M after diluted in the medium. 

Also, Paclitaxel concentrations were dissolved in 100% DMSO and further diluted in 

medium to produce six (20 � M, 18 � M, 15 � M, 13 � M, 10 � M) concentrations. 10 � l 

per well of each concentration was added to the plates to obtain final concentration of 

20 � M, 18 � M, 15 � M, 13 � M, 10 � M for the extracts. The final concentration of 

DMSO for the tested dilutions was not greater than 0.25 % (v/v) to avoid solvent 

toxicity, the same as in solvent control wells. The final volume in each well was 200 � l. 

The plates were incubated for 24 h, 48 h, 72 h.  After incubation of 24 h, 48 h, 72 h the 

culture medium was removed and replaced with 90 � l fresh culture medium, DMEM. 

Then, 10 � l of WST1 solution (5 mg/mL) in phosphate buffered saline (PBS, pH 7.4) 
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was added to each well and the final concentration of WST1 reached 0.5 mg/L. The 

final product of WST-1 reaction were allowed to incubate at 37°C, in a 5% CO2 

humidified incubator for a night. After incubation, absorbance of WST-1 was measured 

spectrophotometrically in a Promega GloMax®-Multi+ Microplate Multimode Reader 

at 570 nm. Each experiment was carried out three times in triplicate. The percent 

cytotoxicity of micelles (cell viability) was calculated according to their control groups 

as; 100 × A570 nm (sample) / A570 nm (control). Quantitative data were expressed as 

mean absorbance ± S.E.M. The significance of differences between the means was 

assessed using one-way ANOVA. Same procedure has been applied also to QL-

PXSLNPS. They have been prepared by using above and below IC50 concentrations; 20 

� M, 18 � M and 15 � M of PXSLNPS formulations. For control experiment QL in 

Water, QL-PXSLNPS and DMSO was evaluated. For cellular uptake imaginagion A549 

Lung cancer cell line has been allowed that cells to attach to lamella. After micelles 

applied, the final product were obtained by incubation at 37 °C, in a 5% CO2 humidified 

for a night. Micelle cellular uptake was visualized under fluorescent microscope under 

green light at 20X. 
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3. RESULTS AND DISCUSSION 

3.1.  PXSLNPs Synthesis, Optimization and Preperation 

3.1.1. FTIR and NMR Characterization of L-AMPS and PCL-MAC  

Lecithin, which is a zwitter ionic phospholipid, has been widely used in the preparation 

of drug carrier systems for various purposes. Lecithin posseses one polar head and two 

lipid tails. This structure therefore makes lecithin amphiphilic and readily emulsifiable 

in water. Its free trimethylammonium end is convenient for modification and thus to 

prepare a new amphiphilic polymerizable derivative of lecithin, this end was capped 

with negative charge of AMPS-Na through cation exchange interaction.  Thus prepared 

negatively charged L-AMPS ionic complex had two hydrophobic lipid tails and one 

polymerizable acrylamide group which was ionically attached to lecithin (Figure 3.1). 

The idealized structure and FT-IR spectrum of negatively charged L-AMPS complex 

are given in (Figure 3.2), respectively. In FTIR spectrum of L-AMPS, a broad peak 

observed at 3300-3500 cm-1 is due to the –OH groups of absorbed water and a small 

peak at 3200 cm-1 is due to the N-H group of AMPS. Furthermore, this spectrum 

indicated strong C=O and P-O-C absorption peaks of lecithin at 1730 cm-1 and 1045 

cm-1, respectively. Characteristic peaks at 1600 cm-1and 1320 cm-1 are due to the C=O 

vibration of  (amide I) and N-H bending (amide II), respectively. Two peaks observed at 

1370 cm-1 and 1350 cm-1 are due to the asymmetric and symmetrical stretching of S=O 

group of AMPS, respectively. After the liyophilization of lecithin and AMPS-Na 

mixture, the complex formed through the cation exchange interaction was isolated by 

DCM extraction. Considering the insolubility of hydrophilic AMPS-Na in DCM, the 

characteristic absorption peaks of AMPS observed in the FTIR spectrum given in can be 

taken as a proof of a stable L-AMPS complex formation. 
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Figure 3.1. Chemical structure of L-AMPS complex  
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Figure 3.2. FTIR pikes L-AMPS ionic complex.   
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PCL-MAC is a synthesized novel molecule (Figure 3.3.). Since PCL-MAC is a 

methacrylated biodegradable polymer, it was used as cross-linker to form the core of the 

nano particles and in the mean time it served as spacer component to increase the drug 

loading capacity. Due to the crosslinking the nano particle become more stable. The 

mechanism of the nano particle formation is schematically presented (Figure 3.3.) PCL-

MAC reacts with both hydrophobic drug and vinile grups of L-AMPS. 

OO
O

O

O O

 

Figure 3.3. Chemical structure of PCL-MAC 

PCL-MAC was synthesized by capping its hydroxyl ends of PCL-diol (1250 g/mol) 

with methacryloyl chloride it is aimed to be used as both the spacer for drug entrapment 

and the stabilizer for the core part of the nanoparticle. Its polymerizable weak double 

bonds bind PCL-MAC tails to each other and to L-AMPS vinyl groups (Figure 3.4.).  

This was further confirmed by NMR spectrum given in Figure 3. 5. at The singlets at 

5.6 ppm and 6.1 ppm are due to vinyl protons of  PCL-MAC which is evidence of the 

methacrylation of PCL. Other specific peaks of PCL-MAC are defined in Figure 3.5.  

Due to the polymerizable vinyl groups at the both end, PCL-MAC served as crosslinker 

in the UV polymerization as well as a spacer group. Thus, the ionically crosslinked and 

stable XSLNPs were obtained. This vinyl groups were reacted with lecitin-AMPS ionic 

complex in UV polymerization to form the ionically crosslinked and stable nano 

particles (Berger, Reist et al. 2004) 

20 
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Figure 3.4.  PCL-MAC reacts with drug; Ptx and vinile groups of L-AMPS  

This indicates PCL-MAC serves not only as a good spacer for drug loading, but also 

helps stabilization of core during UV process. NMR results showed CH2-O groups at 4 

ppm (d+b) peakes which are more than PCL. Also, increased C-CH2-O (c) pike also 

was seen. While, CH2 pike was at 1.8 pmm, CH2–C(O) photons at 2.3 ppm; CH2-

photons were at 4 ppm and edge CH2 photons were at 5.6 and 6.2; CH3 photons at 1.9 

ppm were noticed.   
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Figure 3.5. 1H NMR result of PCL-MAC 

3.1.2. Determination of Critical Micelle Concentration (CMC) 

Critical micelle concentration (CMC) is the important parameter which indicates 

minimum micelle molecule concentration to form stable micelles in water or buffer 

environment which usually determined by fluorescence spectroscopy 

(Kalyanasundaram and Thomas, 1977). CMC value is detected by excitation or 

emission spectra of hydrophobic pyrene molecule in micelle structure. In this study, 

excitation spectra at 336 and 333 nm was used to determine the concentration of micelle 

molecule (lecithin and L-AMPS complex) in which the core was formed. Thereby, 

intensity ratio (I336/ I333) to logarithmic micelle molecule concentration have been 

drawn. CMC values have been achieved by slope of curves. Micelle molecule 

concentrations were prepared between 2.86 x 10-6 mg mL-1to 90 mg mL-1. The CMC 

values were determined as 0.003 mg mL-1  mg for lecithin and 0.00074 mg mL-1  for L-

AMPS complex (Figure 3.6.).  
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Figure 3.6. CMC concentration of (a) Lecithin and (b) L-AMPS Complex 
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This shows by the rxn of Lecithin with AMPS-Na, CMC value decreases; because, 

hydrocarbon chains have smaller spatial space for L-AMPS molecules than Lecithin 

itself. However, this increases the interaction of molecules within the solution in a trace 

amount, vinile groups of AMPS-Na complex increases nanoparticle stability therefore 

of strong hydrphobic interactions between hydrocarbon chains of monomers. 

3.1.3. Optimization of L-AMPS /PCL-MAC core (XSLNPs) 

Synthesized PCL-MAC is the unique molecule. Thereby, micelle core structure firstly 

experimented with EDGMA (Figure 3.7) to optimize and designate best condition ratio 

for L-AMPS and PCL-MAC.                  

                   

                

                                        

Figure 3.7. EGDMA: 2-(2-Methyl-acryloyloxy) ethyl 2-methyl-acrylate. 
 
For optimization of UV polymerization parameters, L-AMPS complex was first 

crosslinked using EGDMA to form the core of the carriers. SEM images of the nano 

particles prepared with EGDMA are shown in Figure 3.8. It can easily be observed from 

this figure that while the average particle size of the nano carriers were aimed to be 200 

nm, all particles have obtained app. 300 nm and spherical.  
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Figure 3.8.  L-AMPS and ½ EGDMA SEM image  

Therefore, synthesized PCL-MAC: 1250 g/mol has higher molecular weight than 

EGDMA: 198 g/mol.; so, 1250/198: 6 was assigned as the ratio for the optimization of 

L-AMPS/ PCL-MAC as at the 0.025; 0.15 and 0.30 ratio.  

L-AMPS/PCL-MAC nano particles were first optimized before incorporation of drug. 

Therefore, dynamic light scattering measurements further showed that by keeping the L-

AMPS weight ratio constant at 75%, we varied the PCL-MAC inherent viscosity and 

demonstrated that we can fine-tune particle size in a highly reproducible manner while 

maximum affecting SLNP surface charge. Results showed that preparation of 

(XSLNPs) by using PCL-MAC:L-AMPS in 0.025; 0.15; 0.30 ratio concluded by 

achievement of particles below 200 nm  without drug entrapment. Even if, 186 nm 

particles have been obtained by 0.025  proportion,  the most stable particles have been 

provided by 0.30 proportion (Figure 3.9, Figure 3.10, Figure 3.11, Figure 3.12); 

because, the particle �  potential highly fluctuated in the range of -51 to -79 mV by 

incorporation of PCL-MAC to the structure. 

XSLNPs were prepared by UV polymerization technique. The synthesis mechanism of 

the XSLNMs is given before. A series of XSLNPs having four different L-AMPS/PCL-

MAC ratios were synthesized without using paclitaxel to explain the effect of 

composition on the particle size and surface charge. As shown in Figure 3.9., increasing 

amount of PCL-MAC, which acts as cross-linker, led to the increase in particle size and 

zeta potential and thus an increase in drug loading capacity and more stable 
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nanoparticles were observed. Considering these results the most desirable composition 

for paclitaxel delivery was determined 0.3 proportion as the PCL-MAC/L-AMPS ratio. 

The composition of the XSLNP and PXSLNPSP and their particle size and zeta 

potential values are collected in Table 1.   

 

Table 3.1. The composition of the XSLNPs and PXSLNPs 
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Figure 3.9. Size and zeta results ratio of 0.025, 0.15 and 0.30 proportions of L-

AMPS/PCL-MAC (XSLNPs) 

 

 

0.00 0.05 0.10 0.15 0.20 0.25 0.30

180

200

220

240

260

280

300

320

340

PCL-MAC/L-AMPS(wt/wt) 

N
an

op
ar

tic
le

 s
iz

e 
(n

m
)

-80

-75

-70

-65

-60

-55

-50

 N
an

op
ar

tic
le

 z
et

a 
po

te
nt

ia
l (

m
v)



66 
 

 

 

 

 

 

�
�
�
�
�
�
�
�
�
 
 
 
 
 
 
 
 
Figure 3.10. 0.30 ratio PCL-MAC:L-AMPS in a) 10.000 b) 5.000 c) 50.000 d) 20.000 
magnification images 
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Figure 3.11.  0.15 ratio PCL-MAC:L-AMPS in a) 5.000 b) 10.000 c) 20.000 
magnification images 
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�
�
Figure 3.12. 0.025 ratio in PCL-MAC:L-AMPS a) 50.000 b) 20.000 magnification 

images. 

3.1.4.  Preparation of L-AMPS /PCL-MAC core with Paclitaxel 

3.1.4.1. SEM Image Analysis  

Drug adding in various ratio (Ptx:PCL-MAC; 2:1; 3:1 and 4:1) were prepared.  

Designated SEM has L-AMPS: PCL-MAC in ratio 0.30 was used to preparation of drug 

loading particles therefore of its homogenous image (Figure 3.13 a and b). Maximum 

drug loading capacity has been noticed by Ptx: PCL-MAC ratio 2:1 (30% Ptx of total 

polymer content) (Figure 3.13. c) as 404 nm. Upper limits of the drug, particle form 

damaged and gel form mount up because Ptx encapsulation yield dropped when the 

initial drug input was increased to 69% and 92% of total polymer content. Prepared 

three different ratio combination nano-particles has monosize distribution after drug 

entered the particle structure. As the result, nanoparticle is the gel system has been 

swollen up by incorporation drug into the L-AMPS: PCL-MAC ratio 0.30 structure. 

       

Figure 3.13. SEM images of a) XSLNPs; b) PXSLNPs and c) PXSLNPs PCL-MAC/L-

AMPS ratio of 0.3 with 30% of paclitaxel 

a b c 
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3.1.4.2. Size and Zeta Analysis 

PCL-MAC:Ptx ratio was fixed 20% to obtain optimum PXSLNPS particles was 

designated in order to reduce particle size  �  200 nm (Figure 3.14). On the other hand, 

1.5 % tw80 emulgator have the ability to reduce nanoparticle size by achieving more 

incorporation of drug into the particle by the Van der Walls interaction in the particle 

core. While average particle size of XSLNP and PXSLNPSP were 264 nm and 192 nm, 

respectively, zeta potential values did not change too much. It is worth noting that 

paclitaxel loaded nano particles possessed lower particle size than that of XSLNPs 

which is probably due to the strong intermolecular interaction between hydrophobic tail 

of L-AMPS and paclitaxel. It is important to note that above a certain paclitaxel 

concentration, which was 30 %, the PXSLNPSP were disrupted and XSLNMs were not 

obtained.  

                     

Figure 3.14.  a) Size results of PXSLNPs and b) XSLNPs c) Zeta Potential results of 

PXSLNPs and d) XSLNPs 
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3.1.4.3. Fractionalization of PXSLNPS by Ultracentrifuje 

PXSLNPS fractionalization was carried out in three steps by ultracentrifuje at 15.000 

rpm 20 min, 30. 000 rpm 20 min. and 50.000 rpm 20 min. as represented figure 3.15. 

After the 15.000 rpm, pellets were hydrated again to subjugate 30.000 rpm and obtained 

pellets again were hydrated one more time to subjugate 50.000 rpm. Aim of this study 

was to investigate fractionalization ability of highly stabilize PXSLNPS.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.15.  Shematically representation of PXSLNPs. fraction by Ultra Centrifuje   

Results show that PXSLNPs can be fractionalized without loosing their stability (-70 

mV) even after 50.000 rpm (Figure 3.16). By the 15.000 rpm, starting particles 229 nm 

in diameter (Figure 3.17) were fractionalized firstly. Therefore, it can be obtained 

particles 219 nm in diameter (Figure 3.18.) Immediately after, it was obtained 112.9 nm 

particles in diameter from 30.000 rpm by using first spin pellets (Figure 3.19.). Finally, 
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second spin pellets were used to obtain 94 nm particles in diameter by 50.000 rpm. 

(Figure 3. 20). 

 

Figure 3.16.  PXSLNPs stabilization after 50.000 rpm. 

 

Figure 3.17. Size distribution of PXSLNPs starting material before ultracentrifure. 
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Figure 3.18.  Size distribution of PXSLNPs after ultracentrifure at 15.000 rpm.  

 

Figure 3.19. Size distribution of PXSLNPs after ultracentrifure at 30.000 rpm 
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Figure 3.20. Size distribution of PXSLNPs after ultracentrifure at 50.000 rpm 

Results showed that PXSLNPs synthesis material (229 nm ) can be easily fractionalized 

by ultra centrifuje to 112 nm and 94 nm. On the other hand there has not seen any 

stabilizing problem after centrifuge process; even after 50.000 rpm micelle zeta 

potentials do not change. As a result, PXSLNPs is the adventous drug carrier material in 

order to separate different size NPs from each other. It can ve evaluated that 

ultracentrifuge at 15.000 rpm, 30.0000 rpm and 50.000 rpm do not effect PXSLNPs 

structure.  

 

3.1.4.4. DSC studies of core complex: PXSLNPs and XSLNPs 

Differential scanning calorimetry (DSC) can provide useful information regarding 

curing reactions, phase transitions and morphological structure of materials. It has been 

extensively used in polymer blends and mixtures of low molecular weight compounds 

to estimate the compatibility and miscibility. The peak area and the temperature 

obtained by DSC are characteristic and quantitative measure of phase transitions. Thus, 
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the completion of curing reaction and extent of inter-molecular interactions of the 

components in XSLNPs were identified by DSC.  

As shown in Figure 3.21, the melting temperatures of pure components were 

determined from their DSC curves of lecithin (Tm=40 oC), AMPS-Na (Tm=118 oC), 

PCL-MAC(Tm=56 oC) and Paclitaxel (Tm=219 oC). In this thermogram, L-AMPS ionic 

complex shows two melting behavior at 66 oC and 100 oC which are between melting 

temperatures of lecithin and AMPS-Na. This is due to the intermolecular interaction 

between lecithin and AMPS-Na which is an evidence of the formation of stable L-

AMPS ionic complex. Additionally, PCL-MAC has the same melting point with PCL-

diol indicating those terminal metahcylate groups do not influence its crystallization 

behavior.  
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Figure 3.21. DSC curves of pure components and L-AMPS ionic complex. 
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Figure 3.22. shows the DSC curves of the bulk mixture in the film form (containing all 

components except paclitaxel) and its cured form (XSLNP). In these curves the melting 

peaks are mostly related to lecithin. Interestingly, any melting peak attributed to PCL-

MAC, which is observed at 56 oC in Figure 3. 21, is not observed in this thermogram. 

This is probably due to the suppression of PCL-MAC crystallinity by hydrophobic 

interaction with L-AMPS complex.  
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Figure 3.22. DSC curves of bulk film without paclitaxel and XSLNPs.  

 

Other interesting result is disturbed crystallinity of paclitaxel in PXSLNPs by lipid tails 

of L-AMPS complex (Figure 3.23.). DSC curve of the PXSLNPs and paclitaxel 

incorporated bulk film were recorded to explain the state of paclitaxel in PXSLNPs and 

the extent of polymerization. In Figure 3.23.a, DSC curve of paclitaxel incorporated and 

un-irradiated bulk film has two distinct exothermic peaks at 110 oC and 135 oC. The 

first peak is due to the exothermic thermal decomposition of UV initiator present in the 

formulation and the second is due to the polymerization of vinyl groups initiated by the 
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radicals produced by the decomposition of initiator (Eroglu, Hazer et al. 1998). In 

Figure 3.23.b, DSC curve of PXSLNPs have no melting peak indicating fully 

amorphous and uniform distribution of paclitaxel in PXSLNPs. It is worth noting that 

there is no exothermic peak on the DSC curve during the whole heating up to 250 oC. 

This is a clear indication for the completion of polymerization reaction after UV 

irradiation.  
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Figure 3.23. DSC curve of  a) bulk film with paclitaxel, b) PXSLNPs                 

 

3.2.  PXSLNPs Encapsulation by Quaternalized Low MW Levan  

3.2.1. Optimization of reducing molecular weight of Levan  

Molar mass values of levan was determined using online  GPC-LS system as the 

analysis method was reported in the previous study (Bostan, Mutlu et al. 2013).  

However, there are many molecular weight calculations in the literature, there has not 

been any specific refractive index increment (dndc-1) value about levan which was 

obtained 0.1370±0.0028 mL g-1 in 0.1M NaNO3& 2% acetic acid solution (Figure A.1). 
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Five different concentrations have been injected (Figure B.2) and all experiment 

repeated three times. Calculation showed that Levan dndc-1 was 0.137 mL g-1.  

High MW Levan (NRL) has conventionally has Mw 12.748 x 106 g/mol (Table 3.2.). 

Reduced molecular weight levan was carried out  in nitrose acid solution (Suitcharit, 

Awae et al. 2011). Results showed reduced MW of levan was designated 16.000 g/mol 

as indicated Figure 3.24. and Table 3.2. 

 

Figure 3.24. Molecular weight distribution reduced low MW levan (RL)    

Table 3.2. Comperative molar mass RL and NRL. 

Molar mass 
moments (g/mol) RL 

High MW Levan 
(NRL) 

Mn 1.371e+4 (1%)  1.183e+7(0.4%) 

Mp 1.186e+4 (0.3%)  1.430e+7(0.3%) 

Mw 1.561e+4 (2%) 1.253e+7 (0.3%) 

Mz 1.921e+4 (5%) 1.296e+7 (0.7%) 

M(avg) 1.270e+4 (0.0%) 9.940e+6 (0.0%) 

 

Polymer polydispersity is the important factor for encapsulation of core of micelles 

(Peer, Karp et al. 2007, Daman, Ostad et al. 2014). In our study, RL has considerably 

small (Table 3.3) ; so, polymer fragmant has similar molecular weight.  
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 Table 3.3. Polydispersity of RL and NRL.  

Polydispersity RL 

High MW 
Levan (NRL) 

in water 
Mw/Mn 1.138(2%) 1.060(0.5%) 

Mz/Mn 1.401(5%) 1.095(0.8%) 

 

The geometric radii for NRL and RL polymers in 0.1M NaNO3&2% Acetic Acid 

solution spheres is given by Table 3.4 for reducing condition. Experiments showed RL 

has smaller geometric radius than NRL in water 0.1M NaNO3&2% Acetic Acid 

solution.  

Table 3.4.  Geometric radius moments of the RL and NRL 

 

 

 

 

 

On the other hand, comparative FTIR and (1H and 13C) NMR results showed that nitrose 

acid solution does not affect structural stability of  Levan ether and hydroxyl groups 

(Figure 3.25 , Figure 3. 26, Figure C.2 )  

It is clearly seen nitrose acid method is the best way to obtain low molecular weight 

levan in order to encapsulate to core of micelle (PXSLNPs). Low polydispersity has 

been noticed between polymeric fragments and reducing the high molecular weight 

levan to small fragmants by this method an easy and safe way to prevent it from the 

structural damage. Let the setting mild conditions at pH 3 does not effect Levan ring 

structure conformation.  

rms radius 
moments 
(nm) 

RL High MW 
Levan 
(NRL)water 

  Rn 1.1(3.4%) 39.9(0.9%) 

  Rw 5.1(182%) 40.7(0.7%) 

  Rz 9.2(7.5%) 40.6(0.7%) 

R(avg) 3.4 (1.2%) 40.8(0.0%) 
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Figure 3.25. FTIR comparision of RL and NRL after acid hydrolysis method. 

 

 Figure 3.26. 1H and 13C NMR result of Reduced Levan (16.000 g/mol). 
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3.2.2. Quaternalization of the low MW levan shell (QL synthesis) 

Quaternalized low molecular weight Levan (QL) obtained by a simple reaction. 

Continous stirring at 60°C at aquaus medium at pH 4, Levan was easily functionalized 

at desired amount. Detailed structure and its NMR result was represented at Figure 3.27. 

Frankly, peaks between 3.5 pmm - 4 ppm display of levan ring protons. The NMR 

spectrum result of QL-GTMAC was obviously seen by methyl alpha protons which 

have been sharply remarked in 3.30 ppm. Also when it is compared to levan CH1 

protons at 3.6 ppm, it is clearly understood GTMAC has been added 6% to the 

structure. As a result, it can be assessed Levan can be easily functionalized by GTMAC 

by this method. Thereby, it can easily attach to flurocein sodium salt and then 

encapsulate negatively charged core of micelles (PXSLNPs). 

                       

Figure 3.27. Representation of QL structural conformation and 1H NMR result. 

3.3.  QL-PXSLNPs Preparation  and “in vitro” experiments 
 
3.3.1. QL-PXSLNPs Preparation 

 
QL-PXSLNPS was prepared by using fluorecein sodium salt (FSS) in order to visualize 

micelles under the fluorecent microscope. The ratio of QL-GTMAC to total polymer of 

PXSLNPs concentration was set to 10:1 (wt/wt). Firstly, FSS was added by appropiate 
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proportion to the QL. After, it was vortex; core of micelles added and was subjugated 

vortex 20 min. Then, they were lyofilized. Results, clearly shows QL-FSS can 

encapsulate micelle core succesfully (Figure 3.28).  

 

Figure 3.28. Fluorecent image of encapsulated PXSLNPs by QL. 

The zeta potential were reduced to -0.85 mV from -74 mV after the encapsulation of 

QL-PXSLNPS. This also obviously shows that PXSLNPs has been encapsulated by 

quaternalized low molecular weight Levan succesfully (Figure 3.29). 
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Figure 3.29. After the encapsulation QL-PXSLNPs zeta potential measurement. 

3.3.2. “ in vitro” drug relase kinetic of PXSLNPs and QL-
PXSLNPs 
 

Results obviously showed that, the percentage of drug release was plotted against time, 

as shown in (Table 3.5) and (Figure 3.30) according to excitation spectra of Ptx (Figure 

D.1). The particles possessed stable drug release rate. The release result revealed that 

the particle was more stable when diluted and that the drug was slowly released from 

the particle. In addition 115 � g/mL Paclitaxel has not been encapsulated in particles.  

Therefore, paclitaxel release was followed by fluorescence spectroscopy in PBS 

solution at room temperature. Initially a calibration curve was prepared and the 

percentage release of paclitaxel was determined. In Figure 3.30, the release profile of 

paclitaxel from the PXSLNPs is shown as a function of time. The release of paclitaxel 

was completed within 12 hours and nearly 15% of paclitaxel was remained in 

PXSLNPS. Using the formulas given before the efficiencies of paclitaxel loading and 

encapsulation were calculated as 23% and 68%, respectively. 
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It is a desired feature for a nano formulation to show a strong effect at the first moments 

of therapy. Together with this, a very slow release continues for 48 h which is enough 

time for an anti-cancer drug to be sufficiently effective on the cancer tumor site 

(Bahadori, Topçu et al. 2014). 

Table 3.5. Drug relase data of PXSLNPs and QL-PXSLNPs    
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Figure 3.30. Drug relase profile of PXSLNPS and QL-PXSLNPS 
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On the other hand, drug relase graph of QL-PXSLNPS shows that quaternalized low 

MW levan displays optimum contion for targeting strategy; so, QL encapsulation 

provides reachment to target cell within 6 hours. Immediately after, 63% of drug 

liberate within the target cell by the aid of quaternalized low MW Levan shell (QL). As 

a result, drug effectively binds to the microtubules of cancer cells (Table 3.5).  

 

3.3.3.  “in vitro” anti–tumour activation experiments  

Although the cytotoxic activity of commercial formulations of Ptx are well-known, this 

experiment was carried out to understand whether or not PXSLNPs and QL-PXSLNPs 

can exhibit cytotoxic effects in cell culture and to compare the cytotoxic activity of nano 

formulations with the commercial drug. The data suggests that all used polymers  and 

solutions are not toxic (Table 3.6. and Figure 3.31). PXSLNPs display significant 

cytotoxic activity to the A549 lung cancer type. Studies displays 20 � M, 18 � M, 15� M, 

13� M and 10 � M PXSLNPs effective at 24h, 48h and 72h when they were compared 

with Ptx in DMSO at 20 � M, 18 � M, 15� M, 13� M and 10 � M concentrations (Table 

3.7, Table 3.8., Table 3.9; Figure 3.32, Figure 3.33, Figure 3.34). Results showed that 

therapeutic range of PXSLNPs is between 20 � M to 18 � M. Graph of 72h gives 

preciese IC50 value of PXSLNPs which is 18.84 � g/mL and for Ptx 15.85 � g/mL 

(Table 3.10, Figure 3.35). Finally, it was noticed that PXSLNPs can be used for passive 

targeting strategy. 
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 Table 3.6. Cytotoxicity of Controls of PXSLNPs  
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Figure 3.31. Controls of Empty Micelle (XSLNPs), Water, PBS and DMSO. 
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Table 3.7. 24h Cytotoxicity of PXSLNPs and Ptx 
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Figure 3.32. Cytotoxic activity of PXSLNPs and Ptx after 24h. 
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 Table 3.8. 48h Cytotoxicity of PXSLNPs and Ptx 
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Figure 3.33. Cytotoxic activity of PXSLNPs and Ptx after 48h. 
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Table 3.9. 72h Cytotoxicity of PXSLNPS and Ptx                          
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Figure 3.34. Cytotoxic activity of PXSLNPs and Ptx after 72h.     
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 Table 3.10. IC 50 value of PXSLNPs and Ptx. 

�� �� �� ������ � � �����
5����


���

��
� �

 (�("�
�

#� ����
5����
14� � � ��  ��(�� � � #�  ���

  

IC50 NanoPtx IC50 Ptx
0

2

4

6

8

10

12

14

16

18

20

mg
/m

l

IC50 PXSLNPs

 

Figure 3.35. IC50 value of PXSLNPs and Ptx.     

QL-PXSLNPs have been also investigated for above and below IC50 of PXSLNPs. 

Thefore, 20 � M, 18� M and 15� M QL-PXSLNPs were subjugated to A549 Lung cancer 

cell line. Controls obviously showed that there have not seen any cytotocity of QL in 

water and QL-XSLNPs (Table 3.11) and (Figure 3.36). 
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 Table 3.11. Cytotoxicity Controls of QL-PXSLNPs  

  24h   48h   72h   

QL in Water 94.52 #� 0.5 95.64 #� 2.00 76.22 #� 13.7 
QL- XSLNPs 26.39 #� 1.4 18.10 #� 0.75 10.00 #� 0.0 
DMSO 24.76 #� 14.0 16.41 #� 6.65 11.51 #� 1.4 
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 Figure 3.36. Cytotoxicity of controls; QL in water, QL-XSLNPs and DMSO. 

All concentration showed same amount cytotocity to A549 human lung cancer cell line 

(Table 3.12, Table 3.13, Table 3.14). As well as, concentration difference of Ptx in QL-

PXSLNPs does not affect cell affinity, adhesion and internalization of QL-PXSLNPs 

(Figure 3.37). 

 

 



90 
 

Table 3.12. Cytotoxicity of QL-PXSLNPs and Ptx after 24h 

 

 

 

Table 3.13. Cytotoxicity of QL-PXSLNPs and Ptx after 48h. 

  48h QL-PXSLNPs     48h Ptx     

C1: 20 � M 9.29 #� 0.2 22.38 #� 5.0 

C2: 18 � M 9.61 #� 0.0 23.09 #� 2.9 

C3: 15 � M 9.95 #� 0.1 24.30 #� 0.2 
 

 Table 3.14. Cytotoxicity of QL-PXSLNPs and Ptx after 72h. 

  72h QL-PXSLNPs     72h Ptx     

C1: 20 � M 9.47 #� 0.5 13.05 #� 0.8 

C2: 18 � M 9.79 #� 0.3 13.48 #� 5.3 

C3: 15 � M 9.97 #� 0.3 14.29 #� 2.9 
 

Consequently, it was seen that quaternalized low molecular weight Levan can easily 

internalized by A549 human Lung cancer cell type without depending on nor Ptx 

concentration or PXSLNPs polymer amount. Impetuous internalization of PXSLNPs 

and their fast working cell cytotoxicity closely related to its fructan based quaternalized 

low MW levan shell; because, cancer cells have high affinity to sugar structure of  

Levan. Cell survival reduced to 9% even after 24h. There has not been any differing 

IC50 value between concentrations of QL-PXSLNPs; on the contrary, all concentrations 

of QL-PXSLNPs (20 � M, 18� M and 15� M) have similar effect and utmost cytotoxicity. 

Apoptotic cell images have been shown at Figure 3.38. Cancer cells have seen as high 

affinity to QL-PXSLNPs after 24h and PXSLNPS have been already engulfed and 

apoptosis was started. After 48 h, apoptotic cell remedies have been clearly noticed. 

  24h QL-PXSLNPs     24h Ptx     

C1: 20 � M 10.45 #� 0.1 32.94 #� 1.0 

C2: 18 � M 11.28 #� 0.2 40.20 #� 3.5 

C3: 15 � M 11.37 #� 0.6 44.31 #� 13.2 
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Finally, after 72h, all cancer cells have been almost dissappered. Consequently, this 

show, QL-PXSLNPs can be used for active targeting strategy.  
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Figure 3. 37. Cytotoxic Activity of QL-PXSLNPs compared to Free Ptx 

 

 

 

 

 

 

Figure 3. 38. QL-PXSLNPs internalization to A549 Lung Cancer after (a) 24, (b) 48, 

(c) 72 h. 
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4. CONCLUSIONS AND RECOMMENDATIONS 

In this study, passive and active targeting strategy has been compared. Firstly, micelle 

core (PXSLNPs) was prepared by neutralizing of acrylamide derivate AMPS with 

sodium salt in order to react with soy bean lecithin to form gel has been newly 

synthesized and used for drug carrier strategy by forming the viniylated hydrocarbon 

chain L-AMPS, which has the high hydrphob drug occupy space. On the other hand, 

PCL have been most known synthetic molecule which was used as the synthetic 

monomer to prepare in drug nano-carrier systems. Therefore, synthesized PCL-MAC 

molecule has the good drug occupier. Thereby, this provides the overcoming the drug 

loading problems paclitaxel by the aid of passive targeting strategy of PXSLNPs. UV 

polymerization technique provides reducing toxicity of Paclitaxel while the increasing 

PXSLNPs stability by providing optimum delivery size range between 20-200 nm. DSC 

studies showed PCL-MAC is able to be good interact with L-AMPS; and, Ptx does not 

crystalized; it is dispersed homogenously between hydrocarbon chains of L-AMPS. Cell 

culcure experiment was carried out by A549 human lung cancer types. IC50 value of 

PXSLNPs nanoformulation was designated as 18.84� g/mL. Studies showed that this 

nano-formulation (PXSLNPs) has the great promise for the treatment human lung 

cancer by passive targeting strategy. 

Fructan Levan targeting is the promising concept therefore of the sugar affinity of 

cancer cells to reregulate their all metabolism. In this study, quaternalized low MW 

Levan (QL) was used as the new and promising cancer targeting agent to the A549 lung 

cancer cell type. It was clearly seen that, QL function elevates Ptx accumulation into 

cancer cells by increasing the uptake of PXSLNPs which were prepared above and 

below IC50 value of nanoformulation (QL-PXSLNPs). Results showed that cancer cell 

viability reduced 9% witihin 24 h at all concentrations (20 � M, 18� M and 15� M) of 

QL-PXSLNPs. Collectively, these data indicates that (QL-PXSLNPs) can be developed 

as a new, safe and stable nanoformulation for the treatment of A549 lung cancer type 

for active targeting strategy. 

The new purpose which explains the adhesion of quaternalized low molecular weight 

Levan must be enlightened in a next study. However, it is known that � -fructan Levan 
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has been able to adhere to various cells via using OH group on its structure, mechanism 

has not been explained clearly, yet (Costa, Neto et al. 2013, Erginer M. 2014, Mutlu 

E.C. 2014) . Thereby, next future remark should be to focus on using new microscopic 

techniques in order to come to light interaction between cancer cells and functionalized 

levan. 

The idea of developing a drug that selectively destroy disease cells without damaging 

healthy cells was proposed by Paul Ehrlich, almost a century ago; he called his 

hypothetical drug the “magic bullet”(Strebhardt and Ullrich 2008). Thereafter, over the 

past several decades, many scientists have focused their attention on the development of 

ideal drugs that specifically target the site of action. Although little progress has been 

made in this field, the advent of nanomedicine and our understanding of cellular and 

molecular biology have opened new avenues to transform the Ehrlich's concept into 

clinical reality. The targeted drug delivery system is comprised of three components: a 

therapeutic agent, a targeting moiety, and a carrier system. The drug can be either 

incorporated by passive absorption or chemical conjugation into the carrier system. The 

choice of the carrier molecule is of high importance because it significantly affects the 

pharmacokinetics and pharmacodynamics of the drugs. Safe, effective, and specific 

targeting strategy depends on biocompatible, biodegradable and bioeliminable 

materials. Appropriate therapeutics for cancer disease would be designed by polymeric 

nanoparticles.  

Consequently, the state art developments in order to produce more sensitive 

nanoparticles related to drug relase at at the cancer site of action. Even if, targeted 

nanoparticles have been slowly enter the clinic studies, their pharmaceutical potential 

increase day by day as the new class of therapeutics. In this study, new promising 

strategy has been evaluated by using quaternalized low molecular weight Levan and it 

was seen that sugar based Levan can be able to developed new cancer targeting 

material. PXSLNPs and QL- PXSLNPs can be used for passive and actieve strategy. 
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APPENDIX A  

dn/dc Peaks of Levan for 0.1M NaNO3&2% Ac.A. 

 

Figure A.1. dn/dc Peak results of Levan for 0.1M NaNO3&2% Ac.A. solution; raw oux 

input (red) data and  dIR (magenta) 
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APPENDIX B 

dn/dc Levan concentrations  (g/mL)  and  peak  times  (min).  

 
 Peak   Begin (min)   End (min)   Concentration (g/mL) 

0.
1M

 N
aN

O
3 

&
 

2%
 A

c.
A

. 

  Peak 1   3.866   4.439   6.25e-5 

  Peak 2   6.604   7.222   2.50e-4 

  Peak 3   8.537   9.542   7.50e-4 

  Peak 4   11.553   12.574   1.50e-3 

  Peak 5   14.615   15.698   3.00e-3 

 

Figure B.1.  Levan concentrations  (g/mL)  and  peak  times  (min) for 0.1M 

NaNO3&2% Ac.A solution. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



124 
 

APPENDIX C 
1H and 13C NMR of High MW Levan (NRL) 

 

 
Figure C.1. 1H and 13C NMR of High MW Levan (NRL) 
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APPENDIX D  

Paclitaxel Excitation Curve vs. Concentrations  

 

 

Curve 
Name 

Curve 
Formula 

Parameter Value Std. 
Error 

95% 
CI min 

95% 
CI max 

StdCurve Y=A*X+B A 45.3 8.05 24.6 66 

 

Figure D.1. Paclitaxel Excitation Curve vs. Concentration 
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