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ABSTRACT 

NGUYEN, THI QUYNH NGA: In vitro anti-glioblastoma activity of novel quinic acid derivatives. 

Master of Science Thesis 

Tampere University 

Bioengineering 

April 2020 
 

 

Glioblastoma multiforme, the common malignant tumor with a worst prognosis, is considered 
as the most challenging in brain tumor treatment. Variety of therapies are currently used for glio-
blastoma treatment including the combination of surgery with radiotherapy and chemotherapy. 
Chemotherapy is effective treatment for patients, however risky due to serious side effects is 
observed. In specific, temozolomide (TMZ), the most prevalent effective anti-glioblastoma agent 
in chemotherapy, is currently utilized during or after radiation therapy, unveils drawbacks such as 
the development of TMZ resistance and bone marrow suppression. As a consequence, this treat-
ment results in reduction in mortality rate. It is expected that the appearance of novel chemother-
apeutic agents, newly synthesized anticancerous compound, could be both effective and safe to 
address these obstacles. As such, quinic acid and their derivatives recently has grasped the no-
table attention in treatment of cancers by a broad-spectrum of preeminent properties such as 
antioxidation, anti-inflammation, anticancer, which were demonstrated by afore studies. In addi-
tion, nicotinamide, which is converted from quinic acid is proven to induce apoptosis via inhibition 
of Nuclear Factor- Kappa B, indicates the efficacy of quinic acid in cancer treatment. Therefore, 
the quinic acid derivatives with the modifications to enhance their function towards glioblastoma 
treatment, were chemically synthesized and examined as potential chemotherapeutic agents. In 
this study, the total of sixteen novel quinic acid derivatives were screened for preliminary cytotox-
icity, in which AK-4 was defined as the top lead compound with cell growth inhibition of 90.12 ± 
5.10 % utilizing cytotoxic assay. Further studies were conducted in an attempt to evaluate the 
anticancer properties of AK-4 towards proliferation, migration, and reactive oxygen species (ROS) 
generation of two glioblastoma cell lines LN229 and SNB19 as well as influence on the growth of 
non-cancerous cells, MEF.  AK-4 showed the low inhibitory potency (IC50), which were determined 
as 10.66 ± 4.71 μM and 28.22 ± 9.87 μM in LN229 and SNB19, respectively. In term of time-
dependent effect, there was a slight rise in inhibitory ability of AK-4 against glioblastoma cells 
growth; nevertheless, it is observed that AK-4 was less cytotoxic with respect to sodium ortho-
vanadate, positive control, over 72 h drug exposure. Additionally, at high concentration of 100 
μM, AK-4 still be considered to be less harmful to non-cancerous cells, MEF with IC50 of 54.35 ± 
10.18 % cell growth inhibition, which was significantly lower than the IC50 of two glioblastoma cell 
lines. Moreover, scratch assay revealed that AK-4 exhibited comparable inhibitory effect on mi-
gration of the cells, in both cell lines with respect to sodium orthovanadate over 8 hours. The 
evaluation of ROS level observed in both cell lines suggests the association of AK-4 with induction 
of cancer cell death. The findings in this study provided preliminary evidence suggesting that AK-
4, a quinic acid derivative, could be promising chemotherapeutic agents, especially in glioblas-
toma treatment. This study also has laid the groundwork for further investigations aimed at devel-
oping more effective anticancer drugs.  
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1. INTRODUCTION 

Cancer, caused by gene mutation, is the second-leading reason of mortality globally. In 

relation to the origin of brain tumors, they are classified generally into primary tumors, 

and metastatic brain tumors. Glioma is a primary brain tumors and categorized into three 

major subtypes consisting of astrocytoma (including glioblastoma multiforme), ependy-

moma and oligodendroglioma in according to specific type of cells [1]. In specific, astro-

cytomas graded from II to IV class, originate in astrocytes, glia cells having shape of star. 

Likewise, ependymomas arise from ependymal cells and oligodendrogliomas originate 

in oligodendrocytes [2]. 

 

Glioblastoma multiforme, also called glioblastoma, is the most prevalent malignant brain 

tumor and classified as grade IV as specified by 2016 CNS WHO classification [3]. With 

regards to glioblastoma treatments, there are mainly four options including aggressive 

surgery, radiation therapy, chemotherapy; and tumor treating fields; notwithstanding, 

combination of therapies is considered as hallmark of cancer treatment as well as glio-

blastoma treatment. In spite of advances in treatment, GBM patients possess a poor 

prognosis and the drawback of current treatments is reduction of mortality rate. Uncon-

trollable growth as well as migration of glioblastoma cells resulting in the recurrence of 

tumor and the diffusion of tumor cells, are considered as two among crucial reasons 

causing treatment failures [4]. Specifically, Temozolomide (TMZ) in chemotherapy, rec-

ognized as the most effective agent for glioblastoma treatment and utilized during or after 

radiation therapy, reveals downsides; for example, the development of TMZ resistance 

and bone marrow suppression [5,6]. Whereby, the identification and development of 

novel chemotherapeutic agents, which are effective and safe to address these obstacles, 

will pave a promising path to glioblastoma treatment.  

 

Quinic acid is a biochemical intermediate in the shikimate biosynthetic pathway providing 

precursors for aromatic amino acids [7]. This biosynthetic pathway is found only in plants 

and microorganisms, therefore, mammals including human are not able to synthesize 

quinic acid, only supplement it via diet and nutritionally elevate the production of major 

ingredients including tryptophan and nicotinamide, which in turn results in induction of 

DNA repair and inhibition of Nuclear Factor- Kappa B (NF-κB) [8–12]. In recognition of 
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NF-κB as transcription factors in key biological processes, inhibition of NF-κB can sup-

press proliferation of cancer cells and induce apoptosis [13]. In addition, the quinic acid 

and their derivatives, especially phenolic acid derivatives, have shown broad-spectrum 

antitumor, antioxidant, anti-inflammation, neuroprotection and hepatoprotection on treat-

ment for cancers including oral, prostate cancers and inflammatory as well as central 

nervous system-related diseases [14,15]. For instance, (-)-4-O-(4-O-β-D-glucopyra-

nosylcaffeoyl)quinic acid is demonstrated to display anticancer capability against human 

colon cancer [16]. 5-O-caffeoyl-quinic acid is another example which has shown anti-

tumor activity against various type of cancer as liver and lung cancers [17]. Thereby, 

quinic acid derivatives could be novel potential chemotherapeutic agents against glio-

blastoma treatment and are recently synthesized as well as assessed their efficacy 

widely.  

 

Novel anti-tumor agents are identified and designed for targeted therapy or by computa-

tional screening methods [18]. The clinical assessment will unveil which novel anticancer 

agent possesses therapeutic values. Nonetheless, the stumbling-blocks of clinical as-

sessment in relation to ethical, economic, and medical restriction as well as limited num-

ber of patients for trial promote successful development of experimental assessment (in 

vitro), in which the therapeutic value of anticancer agent is primarily examined, mainly 

by cell-based models. The potential agents are in turn tested in vivo. In this thesis, quinic 

acid derivatives were studied in vitro to assess their anti-glioblastoma activity. The six-

teen quinic acid derivatives was first tested against glioblastoma multiforme cell line 

LN229. The further examinations were performed to ascertain the corresponding char-

acteristics in two glioblastoma multiforme cell lines including LN229 and SNB19 in as-

pects of cell proliferation, migration, reactive oxygen species (ROS) generation under 

treatment with the top leading derivative. Additionally, mouse embryonic fibroblast (non-

cancerous brain cells) and patient-derived primary glioblastoma multiforme (GBM) cells 

were also utilized to evaluate the cytotoxicity of this compound.  
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2. THEORETICAL BACKGROUND 

The development of anticancer agents plays a crucial role in cancer therapeutics, espe-

cially in chemotherapy, in which anticancer agents are utilized to destroy cancer cells by 

hindering them from growing and dividing. It is obvious that the identification, develop-

ment as well as assessment of novel chemotherapeutic agents require understanding 

the cell cycle as well as cell death programs. Therefore, the goal of this chapter is to 

show an overview of quinic acid and its derivatives as promising anticancer agents in 

term of biological activity and synthesis. Moreover, the cell death mechanisms are also 

delineated to show the working mechanism of anticancer agents towards cancer cells. 

2.1 Quinic acid and its derivatives 

Quinic acid and its derivatives are compounds containing a quinic acid moiety, which is 

composed of  a cyclohexane ring bearing  a carboxylic acid at position 1 and four hy-

droxyl groups at positions 1,3, 4, and 5 as illustrated in Figure 1A. Quinic acid is a natural 

compound which can be found widely in plant species as cinchona bark, eucalyptus 

globulus bark, nettle leaves. Other quinic acid derivatives are also present in plants as 

chlorogenic acid (Figure 1B) found in coffee bean as well as leaves of etlingera elatior, 

and hydroxycinnamoylquinic acid found in arnica flowers  [19–21] 

 

 

 

 

 

  

 

 

 

 

Figure 1. Chemical structure of quinic acid (A) [22] and chlorogenic acid (B) [23] 

In nature, quinic acid could be synthesized from dehydroquinate and shikimate using 

quinate dehydrogenase and quinate hydrolyase, respectively. Quinic acid is also known 

A B 
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as predecessor for chlorogenate in higher plants (Figure 2). Chlorogenate, partly pro-

tecting plant health against the microbial attack and probably becoming promising car-

bon sources for microbes if this impediment is broken. 

 

 

Figure 2. Biotransformation of quinic acid and shikimate pathway  [24] 

 

Quinic acid is a biochemical intermediate in the shikimate biosynthetic pathway, found 

only in plants and microorganisms, which provides precursors for aromatic amino acids. 

In Figure 2, the reactions in shikimate pathway, represented by bold arrows, are cata-

lyzed mainly by 3-deoxy-D-arabino-heptulosonate 7-phosphate synthase (DAHP) and 5-
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enolpyruvylshikimate 3-phosphate synthase (EPSP) for synthesis of chorismate ulti-

mately. Chorismate serves as substrate in anabolic sequences to synthesize the aro-

matic compounds as tyrosine, and tryptophan. Quinic acid is readily degraded into either 

protocatechuate by fungi and bacterial and then succinate and acetyl-COA or shikimate 

before entering into shikimate pathway and ultimately synthesizing aromatic compounds.  

 

Recent studies have shown biological activities associated with quinic acid and its deriv-

atives including antitumor, antioxidation, anti-inflammation, neuroprotection, hepatopro-

tection [24–27]. As an example, the chlorogenic acid, bioconstituent of ethanol extract of 

B. vulgaris fruit was demonstrated to suppress the growth of breast cancer cell line MCF-

7. Especially, this compound is also involved in the NF-B inhibition, being responsible 

for cancer cell proliferation inhibition and apoptosis induction without affecting the 

amount of phosphorylated IB-, a NF-B inhibitor. It is also claimed that the develop-

ment of chlorogenic acid and its related derivatives would be highly competitive because 

proteasome inhibitors as bortezomib are only approved agents so far for NF-B inhibition 

(Figure 3). Meanwhile, quinic acid from flowers of Moringa oleifera Lam was reported to 

hinder the growth of prostate cancer rather than curcumin, a standard therapeutic agent. 

Methyl 5-caffeoylquinic acid, a predominant constituent from Saussurea triangulata, 

showed neuroprotective effect for neurodegeneration treatment in another study. The 

quinic acid derivatives with hepatoprotective activity in methanolic extract of compositae 

were proved as potent agents against the growth of hepatitis B virus. As reported in 

another study, extracts of Uncaria tomentosa containing quinic acid esters have been 

found to have anti-inflammatory.  
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 Figure 3. Inhibition of NF-κB signal pathway by proteasome [28] 

 

Despite the fact that quinic acid and its derivatives have shown potential effects, the 

bioavailability of them in animal were low according to several scientists. Specifically, it 

is found out that chlorogenic acid (CGA) poorly absorbed through alimentary tract in hu-

man. In rat, CGA was difficult to absorb through small intestine and was then hydrolyzed 

in cecum by microflora (Figure 4). Regrading to quinic acid in all species, gut flora played 

a crucial in conversion of quinic acid to benzoic acid as depicted Figure 4 [24]. Thereby, 

development of stable quinic acid derivatives retaining biological activities would be also 

a criterion in discovery and development of alternative anticancer agents.  
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Figure 4. The pathway of chlorogenic acid metabolism by gut microflora, in which 

CGA is degraded into quinic acid and caffeic acid and quinic acid is converted into ben-

zoic acid [24] 

 

2.2 Programmed cell death 

Cell proliferation is a vital process among multicellular organisms, in which cells grow 

and divide continuously throughout cell cycle to replenish dying cells. Meanwhile, cell 

death is also a vital process of biological cells ceasing to perform their functions. Pro-

grammed cell death (PCD) describe any type of cell death, mediated by an intracellular 

factor [29,30]. A tight regulation of cell proliferation and PCD is fundamental for mainte-

nance of tissue homeostasis. Abnormal in regulation of PCD results in variety of human 

diseases and cancers. PCD is categorized mainly into apoptosis, necrosis and autoph-

agy; nevertheless, in scope of this thesis, only necrosis and apoptosis which are associ-

ated in the regulation of cancer cells are discussed to show interaction between pro-

grammed cell death and potential chemotherapeutic agents.  
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2.2.1 Apoptosis 

Apoptosis is the most dominant type of PCD and takes places during the development 

and aging of normal cells. Apoptosis also serves as defensive mechanism to response 

cell damage caused by diseases or toxic agents [31,32]. In other words, apoptosis can 

be triggered by different stimuli; under the same stimulus, only some cells will die to 

response to it. In specific, anticancer agent, utilized for cancer treatment leads to damage 

of DNA in several cells, which in turn causes apoptotic death induced via p53-dependent 

pathway. Apoptosis is able to take place in some cells if a ligand binds to TNF receptors 

expressed on those cells [33,34]. The morphological alternation of apoptotic cells can be 

observed under light microscopy. At the early stage, apoptotic cells are characterized by 

cell shrinkage and condensation of chromatin. Subsequently, the size of cells turns into 

smaller, with condensed cytoplasm, organelles becomes tightly folded [35,36]. After-

wards, budding process takes place, in which blebbing of plasma membrane happens 

followed by cell fragmentation into apoptotic bodies containing cytoplasm with packed 

organelles with absence or presence of fragmented nuclear. These apoptotic bodies are 

enclosed by plasma membrane and then quickly engulfed and phagocytosed by macro-

phages or by the surrounding cell to avoid inflammation reactions. The alternation of cell 

morphology undergoing apoptosis is depicted in Figure 5. It is worth pointing out that 

apoptosis does not cause inflammatory reaction due to the following reasons. Firstly, 

cellular contents are not able to leak into surrounding environment because they are 

enclosed by plasma membrane. Secondly, necrosis of apoptotic bodies prevented due 

to quick digestion of adjacent cells. Lastly, anti-inflammatory cytokines could not be pro-

duced by engulfing cells [37,38]. 

 

 

 

 

 

 

 

Figure 5. Morphological alteration of apoptotic cell: cell shrinkage and chromosome 

condensation. Apoptotic bodies containing organelle and cytoplasm fragment with or 

without fragmented nuclear [39] 

Apoptosis mechanism is relatively complicated and associated with a cascade of events. 

Indeed, apoptosis takes place via the extrinsic and intrinsic pathway; however, these 
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pathways are connected to each other at execution pathway and also have mutual influ-

ence [40].   

 

Figure 6. Two major apoptosis pathways: intrinsic and extrinsic pathway [41] 

As shown in Figure 6,  the intrinsic pathway is initiated by intracellular signals produced 

by non-receptor stimuli. These stimuli could be either positive or negative stimuli. Nega-

tive stimuli trigger apoptosis due to the lack of growth factors, hormones and cytokines; 

meanwhile, positive stimuli are external factors such as radiation, toxins, hypoxia, hyper-

thermia. Both negative and positive stimuli initiate the alternation in mitochondrial mem-

brane, which in turn trigger opening the pore of mitochondrial permeability transition and 

liberate two major groups of pro-apoptotic proteins [42]. Cytochrome c belongs to the 

first group of pro-apoptotic proteins and promotes apoptosis by activating caspase-9 [43–

45]. In addition, the serine protease HtrA2/Omi triggers apoptosis by impeding the activity 

of apoptosis protein inhibitors. Besides, AIF, endonuclease G and Caspase-activated 

DNAse (CAD), which belong to another group of pro-apoptotic proteins, are liberated 

from the mitochondria during late events of apoptosis. All of these proteins promote DNA 
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fragmentation into 50–300 kb pieces. Additionally, CAD is also cleavaged by caspase-3 

before leading to chromatin condensation [46–48]. It is also worth indicating that Bcl-2 

family of proteins works as regulator for apoptotic mitochondrial reactions in intrinsic 

pathway. Especially, protein p53 was proven to be involved in regulation of the Bcl-2 

family of proteins; nevertheless, the mechanism has not been clarified. Moreover, these 

proteins are able to promote or hinder apoptosis because they are in charge of mito-

chondrial membrane permeability. So far, 25 genes encoding Bcl-2 family proteins are 

discovered. Some of them are anti-apoptotic proteins, preventing apoptosis including 

Bcl-x, Bcl-XL, Bcl-2; meanwhile, some are called pro-apoptotic proteins, promoting apop-

tosis which includes Bim, Bik, and Blk.  

 

On the other hand, extrinsic pathway requires the binding of ligand to transmembrane 

receptors for initiating apoptosis. As such, these death receptors, which belong to tumor 

necrosis factor (TNF) receptor, are responsible for transmitting the lethal signal from cell 

surface to the intracellular targets. Up to now, the numerous pairs of ligand and receptor 

are identified and among them, FasL/FasR as well as TNF-α/TNFR1 model are consid-

ered as hallmarks for extrinsic pathway of apoptosis. When homologous trimeric ligands 

in these models bind to their appropriate receptors, cytplasmic adapter proteins with re-

spective death domains will target to receptors. For instance, when homologous trimeric 

ligand Fas bind to Fas receptor, FADD is recruited and then binds to Fas receptor. After 

that, FADD connects with procaspase-8 throughout death effector dimerization, in which 

a signaling complex inducing death is established resulting in procaspase-8 activation 

and ultimately caspase 3 activation [49,50].   

 

As mentioned in the beginning of this section, these pathways are connected to each 

other at final execution pathway when execution caspases are activated. All morpholog-

ical alternations of apoptotic cell such as fragmentation of DNA and apoptotic bodies 

formation are mainly caused by activation of caspase 3.  

2.2.2 Necrosis 

In opposition to apoptosis, necrosis as an alternative type of PCD, is a noxious process, 

in which cell is passive victim of death mode. Therefore, it is also called accidental cell 

death. Interestingly, apoptosis and necrosis are able to take place simultaneously with 

the involvement of stimulus, like ATP and caspases [34]. For example, the apoptosis can 

switch into necrosis due to the low level of intracellular ATP and caspase. In other words, 

the differentiation between these forms of programed cell death is relatively challenging. 
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In specific, necrosis triggers cell death in large fields since it is uncontrolled and passive 

process; while apoptosis as energy-dependent process, causes cell death on individual 

or groups of cells. In terms of morphological alternation, the cells undergoing necrosis 

are characterized by swollen cytoplasm, swollen or fragmented mitochondria and orga-

nelles, ultimately disrupted cell membrane as depicted in Figure 7. The rupture of cell 

membrane leads to the release of the cytoplasmic components into intercellular space, 

which in turn results in the inflammatory reaction [51–53]. 

 

Figure 7. Morphological alternation of necrotic cell death: swollen cytoplasm, swol-

len or fragmented mitochondria and organelles, ultimately disrupted cell membrane 

leads to the liberation of cytoplasmic components and eventually inflammatory reaction 

[54] 

In terms of mechanism, the necrosis pathway is stimulated by variety of stimuli including 

bacterial toxin, peritoneal macrophages, immune defense components like cytokines, 

produced by viruses and bacteria as well as protozoa as illustrated in Figure 8. These 

stimuli bind to receptors involved in initiating necrosis pathway as TNF, FAS and TRAIL 

receptors. Especially, cytokines and several other stimuli can promote apoptosis and 

necrosis pathway. In other words, the switch between these pathways can be adjusted, 

nevertheless, the outcomes of apoptosis and necrosis are different. Indeed, under stim-

ulation of the receptors, oxidative stress, and DNA damage, stress kinases of JNK and 

p38 is activated before targeting to proteins of the Bcl-2 family. Besides, DNA damage 

and excitotoxins can generate necrosis as well. Specifically, binding of excitotoxins to 

NMDA receptors results in failures in Ca2+ homeostasis and in turn cause the change of 

Ca2+, which are proven to trigger cell death via necrosis. Meanwhile, DNA damage in-

duces necrosis by energy deficiency. All the above stimuli activate the proteases at last 

stage by caspases resulting in plasma membrane permeabilization as consequence.  
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Figure 8. Illustration of necrosis pathway [55] 

2.3 Statistics and statistical hypothesis test 

Statistical hypothesis test is a tool to examine how confident the set of n samples de-

scribes properties of a random variable. In this thesis, the focus is on comparing the 

parameters of two random variables X and Y. Particularly, the mean values of two vari-

ables are compared by examining the statistical properties of a set of representatives for 

each variable. The used statistical test is equal variance t-test (Student’s t distribution) 

with 𝑚 + 𝑛 − 2 degrees of freedom where m and n are the number of samples taken for 

each treatment. The results of statistical tests are considered statistically significant if its 

p-value is smaller than a chosen threshold [56]. 
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3. RESEARCH METHODOLOGY AND MATERIALS 

The objective of the work shown in this thesis is to investigate the potential anti-glioblas-

toma activity of quinic acid derivatives. Therefore, various methods and series of exper-

iments were selected and implemented carefully to ascertain the efficacy of those com-

pounds. The whole experimental approaches are described in this chapter. The image 

analysis and signal processing as well as statistical techniques are utilized to analyze 

acquired data from those experiments. 

3.1 Materials 

The total of 16 quinic acid derivatives (1-16, Table 1) synthesized by Docent. Nuno Ra-

fael Candeias (Tampere University, Tampere, Finland) and characterized for its anti-gli-

obastoma activity.  

 

Cell lines 

The anti-glioblastoma activity of quinic acids derivatives were assessed mainly on two 

human glioblastoma cell lines (LN229 and SNB19) and mouse embryonic fibroblast cell 

line (MEF). LN229 and SNB19 were gifted by Dr. Kirsi Granberg (Tampere University, 

Tampere, Finland) and MEF from Wolfgang H. Ziegler of Hannover Medical School (Han-

nover, Germany). LN229 expresses mutated p53 tumor suppressor protein from a pa-

tient with a glioblastoma multiforme in the right frontal parieto-occipital zone. SNB19 also 

exhibits p53 mutation from a patient with glioblastoma multiforme, but in the left parieto-

occipital zone [57]. MEF provides a preliminary cell model to examine the functions of 

p53 protein [58,59].  
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Table 1. List of synthetic quinic acid derivatives utilized in the studies 

Compound EPP number Chemical formula Molecular weight 

(g/mol) 

1 SHA-82 C10H16O7SSi 308.38 

2 SHA-111 C55H66O4Si3 875.38 

3 SHA-150 C7H12O7S 240.23 

4 SHA-159 C46H56O7SSi2 809.18 

5 SHA-161 C53H62O9S2Si2 963.36 

6 SHA-171 C57H72O9S2Si3 1049.57 

7 SHA-181 C55H68O3Si3 861.40 

8 SHA-222 C59H78O7SSi4 1043.67 

9 SHA-272 C55H64O5Si3 889.37 

10 AK-4 C39H50O5Si2 654.99 

11 AK-7 C25H52O5Si3 516.94 

12 AK-8 C55H68O5Si3 893.40 

13 AK-15A C16H36O5Si3 392.71 

14 AK-15B C16H38O5Si3 394.73 

15 AK-17 C25H56O5Si3 520.97 

16 AK-22 C7H8O7S 236.19 
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3.2 Medium preparation and cell culture 

The human glioblastoma cell lines, SNB19 and LN229 and mouse embryonic fibroblast 

cell line MEF were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) which was 

supplemented with 10% fetal bovine serum (FBS), 1% Penicillin-Streptomycin and 0.025 

mg/mL Amphotericin B. These cells were then incubated with proper oxygenation/aera-

tion at 37°C in humidified incubator which maintains at 95% relative humidity and 5% 

CO2. These components were purchased from Biowest, St. Riverside, MO, USA and 

Sigma-Aldrich, St. Louis, MO, USA with codes as shown in Table 2. When the confluence 

reached to 70%, the cultures were passaged to T75 flasks following standard cell pas-

saging techniques.  

 

Table 2. Composition of complete medium 

Component Concentration Supplier Supplier Code 

DMEM 

High Glucose 
90% Biowest L0102-500 

FBS 10% Biowest S181H-500 

Penicillin-Streptomy-

cin 
1% Sigma-Aldrich P4333 

Ampicillin B 0.025 mg/ml Sigma-Aldrich A9528 

 

3.3 Sample preparation for the biological assays 

Sodium orthovanadate, a tyrosine phosphatases inhibitor, is reported to have antiprolif-

erative effect on human glioblastoma cells and hence, considered as  a chemotherapeu-

tic agent for glioblastoma treatment [60]. Additionally, inhibition of cell proliferation, in-

crease in ROS generation and apoptosis on tumor cells, with the positive control, Sodium 

orthovanadate were also demonstrated [46,61]. 
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In order to acquire a final concentration of 100 mM, the Sodium orthovanadate and each 

quinic acid derivative were dissolved in DMSO (0.1 %) [15]. The amount of needed 

DMSO was calculated as following (1) 

 

CM = 
𝑚

𝑀 𝑥 𝑉
              (1) 

 

In which, 

 CM denotes molar concentration (M)  

 m denotes compound mass (g)  

 M denotes molecular weight (g/mol) 

 V denotes volume (L)  

 

The intermediate dilutions were prepared by diluting 100 mM solution in MQ water (4000 

μM and 2000 μM) and final concentrations (100, 75, 50, 25, 10 μM) were diluted by the 

complete culture medium. 

3.4 Cytotoxicity assay by Trypan Blue Exclusion method 

In vitro cytotoxicity is defined as the potential of a compound to trigger cell death, one of 

the most crucial indicators for biological assessment. There are two mode of pro-

grammed cell deaths including necrosis and apoptosis. Cellular necrosis represents in 

vitro cytotoxicity in most cases. However, it is worth pointing out that in cancer related 

cytotoxicity, it is extremely valuable to distinguish apoptosis from necrosis [62]. There-

fore, cell cytotoxicity and viability assays are conducted in order to determine cell deaths 

triggered by these damages.  

 

Cell cytotoxicity and viability assays are commonly utilized in fundamental research and 

drug screening, especially anticancer agents. The Trypan Blue dye exclusion test is per-

formed extensively for detection of cell viability by staining death cells. The fundamental 

principle of this method is that Trypan Blue, a polar dye, is not able to enter the viable 

cells with intact cell membranes, while this polar dye is able to go inside of dead cells 

with porous membranes, then penetrate and stain the cytoplasm blue  [63]. The color 

difference between stained and unstained cells facilities the quantifying viable cell and 

non-viable cell populations upon analysis by Countess II FL Hemacytometer (Ther-

moFisher Scientific, A25750). This correlates to the cytotoxicity and inhibitory effects 

which the drugs possess on the cell populations.  
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Depending upon the study, the treated cells were harvested after either 24 h, 48 h, or 72 

h treatment time. The cells were trypsinized by adding 350 μL Trypsin-EDTA (T3924-

100mL, Sigma-Aldrich, St. Louis, MO) to each well in order to detach adherent cells. The 

trypsinization was stopped by adding pre-warmed complete culture medium with equal 

amount of added Trypsin (350 μL) into each well and then centrifuged at 3000 rpm for 

10 min to harvest the cells. These cells were resuspended in complete culture medium 

and Trypan Blue in 1:1 ratio and incubated for 10 min to determine the cell viability. This 

step was accomplished by quantifying living and dead cells using Countess II FL Hema-

cytometer.  

 

The assay was carried out with three biological and two technical repeats, and the results 

were statistically analyzed.  

 

The percentage of cell growth inhibition for each sample were calculated using (2).  

 

Inhibition (%) = 
𝑀𝑒𝑎𝑛 𝑁𝑜.  𝑜𝑓 𝑐𝑒𝑙𝑙𝑠  𝑖𝑛 𝐷𝑀𝑆𝑂−𝑀𝑒𝑎𝑛 𝑁𝑜 .𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑖𝑛 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒

𝑀𝑒𝑎𝑛 𝑁𝑜.𝑜𝑓  𝑐𝑒𝑙𝑙𝑠 𝑖𝑛 𝐷𝑀𝑆𝑂
 𝑥 100%     (2) 

 

In which,  

 Mean No. of cells in DMSO represents the mean number of cells in the DMSO control 

 Mean No. of number of cells in treated sample represents the mean number of cells in 

the treated samples. 

 

3.5 Cytotoxicity screening of quinic acid derivatives  

Concerning the potential chemotherapeutic drug for glioblastoma, 16 quinic acid com-

pounds were screened to measure the cell growth inhibition potential in glioblastoma. 

The LN229 cells were seeded at initial density of 1 x105 cells per well in 12-well plates. 

These cells were incubated in humidified incubator (37 °C, 5% CO2) for 48 hours. When 

the confluency reached to 70%, the cells were treated with 100 μM of each compound, 

untreated cells, and DMSO treated as control. After 48 h treatment, cell viability was 

quantified following the Trypan Blue Exclusion method as described previously. The as-

say was conducted with a triplicate of each treatment in cell line LN229. The compound, 

which exhibited the highest percentage of cell viability inhibition, was selected for further 

dose-dependent cytotoxicity.  
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The determination of relationship between dose of drug and growth inhibition on cells is 

important to assess the potency of the chemotherapeutic drug, a key factor in evaluating 

the effectiveness of the chemotherapeutic drug [64]. Hence, the cell viability assay was 

implemented to determine this relationship as well as test potency of drug. 

 

Cell lines, LN229 and SNB19 were seeded at density of 1 x105 cells per well on 12-well 

plates and maintained at proper culture condition in incubator (37 °C, 5% CO2). After 48 

hours, the cells were treated when it approximately reaches the confluence of 70%. The 

various concentrations including 25, 50, 75, 100 100 µM of the top leading derivative - 

AK-4 (from quinic acid derivatives cytotoxicity screening) were utilized to quantify the cell 

viability. The sodium orthovanadate was used as a positive control and DMSO (0.1%) 

as a negative control, along with untreated sample. After 48 h exposure, the cells were 

collected and quantified for live and dead cell percentage by Trypan Blue Exclusion 

method using Countless II FL Hemacytometer, as described above. The assay was car-

ried out with a triplicate of each treatment in the cell lines, LN229 and SNB19. After 

obtaining data of viable and non-viable cells, the percentage of cell viability inhibition was 

calculated by formula (2). Semi-log dose-response curves were generated by Microsoft 

Excel software using logistic function. In conformity with the dose-dependent curve, the 

half-maximal inhibitory concentration (IC50) of the top compound for each cell line was 

calculated.  

3.6 Time-dependent cytotoxicity 

Time of efficacy is another crucial factor in evaluating the effectiveness of chemothera-

peutic drugs. This study is also utilized in determination of therapeutic windows for the 

drugs. In addition, due to the narrow therapeutic window, the time of efficacy is relatively 

short for most anticancer drugs.  Due to the importance of exposure time, the time-de-

pendent cytotoxicity assay was employed to compare the cytotoxic effect of AK-4 at 24 

h, 48 h and 72 h. 

 

Two cell lines, LN229 and SNB19 were seeded at density of 1 x105 cells per well on 12-

well plates and incubated at 37 °C in humidified incubator with 5% CO2. The cells were 

treated when confluency was approximately at 70% after 48 hours. The time dependent 

assay on both the cell lines LN229 and SNB19 were carried out using IC50 concentration 

of AK-4 acquired from dose-dependent cytotoxicity assay for 24 h, 48 h and 72 hours. 

Sodium orthovanadate and DMSO (0.1%) were used as a positive and negative controls, 

respectively. Untreated cells were also used as additional control. After each 24 h, 48 h, 
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and 72 h exposure, the cells were quantified in accordance with the Trypan Blue Exclu-

sion method as presented previously. All the experiments were done in triplicate. After 

acquiring data of viable and non-viable cells, the percentage of cell viability inhibition 

after each 24 h, 48 h, and 72 h treatment was calculated also by formula (2). 

3.7 Non-cancerous cell line cytotoxicity 

The non-selective cytotoxicity of chemotherapeutic drugs exerts cytotoxic effect on both 

normal and cancerous cells. These effects were considered as the side effects of current 

chemotherapeutic drugs. The present hypothesis is that quinic acid derivatives may 

show selectivity between normal as well as cancerous cells, and this hypothesis should 

be ascertained by experiment. 

 

Hence, in order to investigate whether quinic acid compound – AK-4 performed cytotoxic 

effects on healthy cells, cell viability assay was employed on mouse embryonic fibroblast 

MEF cell line. The cells were seeded on 12-well plates with a density of 1 x 105 cells per 

well and incubated until the confluency reached 70% (after 48 hours). The MEF cells 

were treated with DMSO (0.1%) as negative control, 25 µM and 100 µM AK-4. Untreated 

cells were also used as additional control. Cell viability was quantified following the Try-

pan Blue Exclusion method after 48 h exposure. The quantification of living and dead 

cells was performed using Countess II FL Hemacytometer. The experiment was done in 

triplicate. The percentage of cell viability inhibition was calculated following the formula 

(2) to obtain the number of viable and non-viable cells. 

3.8 Proliferation scratch assay 

Cell migration refers to the integrated multistep process which involves the movement of 

individual cells or cluster of cells from one site to another site by adopting various motility 

modes [65]. Cell migration plays a central role in variety of distinct pathologic and phys-

iologic processes such as wound healing, cancer as well as growth and differentiation of 

cell. The cell migration of normal cells is regulated; nevertheless, the tumor cancer cells 

are able to move to distant locations and form metastasis. Whereby, the ability to hinder 

metastasis is one of the most important criteria for an effective chemotherapeutic drug.  
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Figure 9. Diagram of scratch assay, (a) represents a confluent monolayer of cells, 

(b) the scratch created on monolayer by using a thin tip and captured as the first im-

age, and (c) the healing of scratch [67]. 

Scratch assay is a straightforward and cost-efficiency as well as the simplest assay to 

assess cell migration in vitro ( Figure 9). It is based on the observation of scratch, also 

known as the artificial gap, which is created by a tip or needle across the confluent cell 

monolayer. Subsequently, the cells at the edges of scratch migrates to cell-free zone 

created by scratch until this area is completely closed. Briefly, the fundamental steps of 

scratch assay consist of creating the scratch, capturing images at the beginning and 

each point of time during cell migration. The image analysis is employed to determine 

the percentage of cell migration[66]. 

 

Glioblastoma multiforme possesses complicated pathogenesis involving mutations as 

well as alterations of crucial cellular pathways which are related to cell migration and 

proliferation (allowing for rapid growth) [68]. As such, an effective anticancer drug for 

glioblastoma should be capable of slowing or halting the glioblastoma multiforme cells 

migration. Evaluating the effect of AK-4 against the migration of glioblastoma multiforme 

cells was performed using scratch assay. 

 

In this assay, LN229 and SNB19 were seeded at initial density of 2 × 105 cells/well on 

12-well plates, then grown overnight in humidified incubator (37 °C, 5 % CO2) to obtain 

a monolayer of adherent cells. The monolayer of cells formed was scratched using 200 

μl pipette tip and followed by washing step using 1 ml of the complete culture medium to 

remove the cell debris and to smoothen the edge of the scratch as well. The IC50 con-

centration of compound AK-4 was mixed with 1 ml of complete culture medium supple-

mented with 5 % FBS. The untreated cells cultured with complete culture medium sup-
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plemented with 5% FBS were prepared as negative control. The scratch area was cap-

tured using a light microscope at every 2 h intervals for total of 8 hours. The distance 

between the edges of scratch at each point of time was measured by image analysis. 

The scratch closure showed the difference in measurement of scratch width at each point 

of time (2 h, 4 h, 6 h, and 8 h) with respect to 0 h and the scratch closure percentage 

was calculated using (3).  

 

                 𝑆𝑐𝑟𝑎𝑡𝑐ℎ 𝑐𝑙𝑜𝑠𝑢𝑟𝑒 (%)  =  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝐴 − 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝐵

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝐴
 𝑥 100%              (3) 

In which,  

 Distance A represents measured distance of the scratch at 0h. 

 Distance B represents measured distance of the scratch at 2 h, 4 h, 6 h, and 8 h respec-

tively. 

3.9 Detection of Intracellular Reactive Oxygen Species 

Reactive Oxygen Species (ROS) are oxygen-containing chemical reactive species. They 

are reactive molecules and free radicals stemmed from molecular oxygen. It acts as cru-

cial cell signaling when maintained at proper concentration in cells. The state of cellular 

stress normally causes dramatic imbalance in ROS levels [69]. 

 

The release of ROS during electron transport of mitochondrial aerobic respiration is con-

sidered as the prime source of ROS. The protective response of cells is initialized to 

secure their survival when levels of ROS production are low, whereas, an excess of ROS 

production is implicated in pathogenesis of diverse diseases [70]. Thereby, detection of 

intracellular ROS production in LN229 and SNB19 cells treated with AK-4 was performed 

to assess the cellular stress on these cell line.  

 

Variety of methods are available to measure the ROS activity within mammalian cells. 

The detection of ROS utilizing 2′, 7′-dichlorodihydrofluorescein diacetate (H2DCFDA) flu-

orescent probe is widely applied due to its simplicity, fast and affordable cost. The 

method is based on the principle that the H2DCFDA is permeable to diffuse passively 

into the cells which is retained in the intracellular level after cleavage by intracellular 

esterases. Once the nonfluorescent H2DCFDA is oxidized by ROS, it is converted to the 

highly fluorescent 2',7'-dichlorofluorescein (DCF). As such, the fluorescence intensity is 

proportional to the ROS generation in cell.  
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LN229 and SNB19 cells were seeded in 12-well plates with the initial density of 1x105 

cells per well and grown for 48 hours in incubator at 37 0C with 5 % CO2. The cells were 

dosed with IC50 concentration of AK-4 for 5 hours. Subsequently, cells  were transferred 

into 96- well plate after being collected by centrifugation at 3000 rpm for 10 min. Cells 

were maintained for 30 min with 2 μM H2DCFDA (Sigma-Aldrich, St. Louis, MO) in incu-

bator at 37 0C with 5 % CO2. Afterwards, the cells were washed using pre-warmed PBS 

and then recovered for 20 min in pre-warmed completed culture medium. The 200 μM 

concentration of Hydrogen peroxide (H2O2, Sigma-Al- drich, St. Louis, MO) was pre-

pared as positive control. The microplate reader (Fluoroskan Ascent FL, Thermo Labsys- 

tems) at the wavelength of 485nm excitation and 538nm emission, was used to read 

fluorescence intensity. The fold increase in ROS generation is calculated using (4). 

𝐹𝑜𝑙𝑑 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 =  
𝐹𝑡𝑒𝑠𝑡 −  𝐹𝑏𝑙𝑎𝑛𝑘

𝐹𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −  𝐹𝑏𝑙𝑎𝑛𝑘
                  (4) 

In which,  

 Ftest denotes the fluorescence readings obtained from the treated wells. 

 Fcontrol denotes the fluorescence readings obtained from the untreated wells. 

 Fblank denotes the fluorescence readings obtained from the unstained wells. 

3.10  Cytotoxicity assay on patient-derived glioblastoma cell 

lines 

Low passage cell lines MMK1 and RN1 from patient‐derived primary glioblastomas mul-

tiforme cells at low passage, exhibiting the phenotype of glioblastomas multiforme cells, 

were gifted by Dr. Brett Stringer (Medical Research Institute, QLD, Australia). These cells 

were isolated from patients’ tumor according from Novel Therapies for Brain Cancer, and 

the approval was obtained from the human ethics committee of the Queensland Institute 

of Medical Research and Royal Brisbane and Women’s Hospital (P3420, 

HREC/17/QRBW/577) [71]. 

 

These cells were seeded at initial density of 10
5 cells/well on 12-well plates with serum‐

free medium containing 1 % matrigel‐coated flasks at 37 °C in incubator supplemented 

with 5% CO2 [72]. The cells were then treated with 20 μM concentration of AK-4.  The 

cell viability was quantified following Trypan Blue Exclusion method described above and 

counted using Countess II FL Hemacytometer after 48 h exposure. The percentage of 
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cell viability inhibition was calculated following formula (2) after the number of viable and 

non-viable cells was acquired. 

3.11  Statistical data analysis 

All results are expressed as mean ± one standard deviation of all biological and technical 

replicates. Statistical significance was ascertained by equal variance t-tests. The results 

of statistical tests are considered statistically significant if p < 0.05. The result p-value of 

each test and its degrees of freedom, n will be shown, e.g. p-value = 0.04, n = 4. 
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4. RESULTS 

In this chapter, all the experimental results including raw data, image processing results 

and statistical evaluation from experiments outlined in chapter 3 were described and 

examined in detail. This chapter is divided into seven sections. In specific, in the first 

section, the result from most common method to appraise cytotoxicity of 16 quinic acid 

derivatives on cell line LN229 is presented. The top compound expressing the highest 

growth inhibition, is then selected to conduct dose and time - dependent experiments. 

Afterwards, the next section refers to the inhibitory effect of top compound at different 

concentrations and time intervals on cell growth of two cell lines LN229 and SNB19 from 

those experiments. Additionally, the response of healthy cells MEF treated with top com-

pounds is taken into account and thereby, selectivity of this compound toward healthy 

cells is evaluated utilizing cytotoxicity assay and reported in third section. Subsequently, 

the top compound is employed to investigate its effectiveness on migration of cell lines 

LN229 and SNB19; hence, results obtained from these experiments are shown in fourth 

section. Furthermore, the fifth section mentions ROS generation by cell lines LN229 and 

SNB19 treated with top compound. Thereafter, the assessment of all modalities of cell 

death by colony forming assay is demonstrated in the fifth section. Eventually. the induc-

tion of cell death by top compound in patient-derived glioblastoma multiforme cell lines 

MMK1 and RN1 is presented in this last section. 

4.1 In vitro cytotoxicity of quinic acid derivatives 

In fundamental research and drug screening, especially anticancer drugs, cytotoxicity 

assay is the most prevalent method to assess the preliminary effect of novel compounds. 

A series of sixteen quinic acid derivatives at 100 μM concentrations were tested for their 

cytotoxicity activity on glioblastoma cell line LN229. The trypan blue exclusion assay is 

utilized to examine the cell growth inhibition after 48 h treatment. 

 

The viability of LN229 after treatment with quinic acid derivatives is depicted in Figure 

10A. Among sixteen compounds, AK-4 apparently exhibited the highest inhibitory effect 

on cell line, LN229 at a concentration of 100 μM. Among the sixteen quinic acid deriva-

tives, AK-4 revealed cell growth inhibition of 90.12 % and thus is considered as the most 

cytotoxic compound in comparison with others. AK-4 compound with the presence of 

tert-butyldiphenylsilyl (TBDPS) was also represented in Figure 10B .  
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Other compounds like SHA-161, SHA-181, SHA-159, SHA-171, and AK-8 showed inter-

mediate cytotoxicity like 53.14 %, 48.90 %, 49.99 %, 37.79 % and 30.78 %, respectively.  

Two other compounds, AK-7 and SHA-82 exhibited low cytotoxicity against LN229, with 

only 5.54 % and 20.20 %, respectively. Moreover, nearly 100 % of LN229 cells were still 

viable after treatment with compounds such as SHA-111, AK-17, SHA-150, AK-22, SHA-

222, SHA-272, AK-15A and AK-15B.  

 

The statistical tests are conducted in order to verify that AK-4 yields the greatest cytotoxic 

effect against the growth of LN229, i.e., the calculated p-value is compared with the 

threshold of 0.05. The comparison of the result from AK-4 and the result from SHA-161, 

a compound with the second greatest mean value are accessed. The p-value calculated 

by utilizing function T.DIST.2T is 0.0053 (4 degrees of freedom). Thus,  statistically AK-

4 yields greater cytotoxic effect than SHA-161. The statistical tests between AK-4 and 

other compounds were also conducted. All of those tests showed the same outcome as 

above. Hence, AK-4 exhibits statistically the greatest cell growth inhibition among other 

compounds. 

 

Thus, AK-4 was the top leading compound with the highest inhibitory effect on cell growth 

of LN229 compared to other quinic acid derivatives. Therefore, further kinetic studies 

were carried out using AK-4. 
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Figure 10. (A) In vitro cytotoxicity assays of 16 quinic acid derivatives on LN229 at 

100 μM after 48-h drug exposure, in which results are normalized with DMSO control 

and presented as mean ± standard deviation (n = 3). (B) Chemical structure of AK-4 

with tert-butyldiphenylsilyl side group (TBDPS). 

 

Cell morphology was observed under phase contrast microscope after treatment with 

AK-4, where a dense monolayer was appeared in untreated cells (Figure 11A); whereas 

LN229 cells treated with AK-4 were fragmented after 48 h of exposure (Figure 11B). 

 

 

 

 

 

 

 

A 
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Figure 11. (A) Images showing the growth of untreated LN229 cells and (B) treatment 

of LN229 with AK-4 at 100 μM after 48 hours. 

4.2 Induction of cell death by AK-4 in LN229 and SNB19  

The top leading compound, AK-4 at four different concentrations of 25, 50, 75, 100 μM 

were used to conduct dose-dependent pharmacokinetic experiments on both glioblas-

toma cell lines and the results obtained from the experiments were later plotted as the 

dose-response curve (Figure 12). Anticancer drugs are most likely to be studied over 

wide range of doses in preliminary assessment, hence dose-dependent pharmacokinet-

ics have been commonly reported for anticancer drugs than other kind of drugs.  

 

Different concentrations of AK-4 exhibited their inhibitory effects differently against 

LN229 and SNB19 cell growth. Figure 12 illustrates the change of cell viability percent-

ages on both the cell lines over varying concentrations of AK-4 from 25, 50, 75 and 100 

μM. Overall, the inhibitory effect of AK-4 increased over concentrations on both the cell 

lines. Moreover, the highest cytotoxicity effect of AK-4 was found to be 95.39 ± 1.78 % 

on cell line SNB19 at 50 μM, whereas AK-4 exhibited the strongest cytotoxic effect 

against growth of LN229 at 75 μM, in which cytotoxicity was found to be 93.65 ± 2.57 % 

(Figure 12).  

 

With regard to SNB19, when concentration of AK-4 was increased from 25 to 50 μM, the 

cytotoxicity raised significantly from 18.15 ± 2.62 % to 95.39 ± 1.78 and reached the 

highest cytotoxicity at 50 μM. At concentrations of 75 μM and 100 μM, the cytotoxicity 

effect of AK-4 was found to be approximately 92.36 ± 1.48% and 94.69 ± 2.28 %, re-

spectively. 

A B 
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Meanwhile, cytotoxicity of AK-4 in LN229 was found to be 78.24 ± 6.81 % at 25 μM, 

which was higher than cytotoxicity of AK-4 in SNB19 at the same concentration. The 

cytotoxic effect also increased when raising the concentration of AK-4 from 25 to 50 μM; 

however, the highest inhibitory effect was found to be 93.65 ± 2.57 %  at 75 μM. At 100 

μM, AK-4 showed decreased growth inhibition, in which cytotoxicity was found to be 

92.92 %. As such, the inhibitory effect of AK-4 on LN229 was mostly on par with its effect 

on SNB19 at 75 and 100 μM concentration of AK-4. 

 

The same statistical test as in section 4.1 is applied, which means that the calculated p-

value is compared with the threshold of 0.05. In LN229, the cell growth inhibition exhib-

ited by AK-4 at a concentration of 25 μM is statistically higher than the concentration of 

0 μM (p-value of 0.0001, n = 4) and AK-4 at a concentration of 75 μM is statistically 

higher than the concentration of 50 μM (p-value = 0.0478, n = 4). While the cell growth 

inhibition is not statistically different between concentration of 25 and 50 μM (p-value = 

0.1258, n = 4) or 75 and 100 μM (p-value = 0.8439, n = 4). Thus, it implies that increasing 

the concentration of AK-4 from 25 to 50 μM or 75 to 100 μM cannot guarantee the in-

crease in cytotoxicity effect. In SNB19, there is statistically significant increase in cell 

grow inhibition when AK-4 concentration is increased from 0 to 25 μM (p-value of 0.0070, 

n = 4) or 25 to 50 μM (p-value < 0.0001, n = 4). At the concentration of 50 μM, there is 

no statistically improvement in cytotoxicity effect against cell growth when increasing the 

concentration of AK-4 (p-value > 0.05, n =4). 

 

As expected, AK-4 inhibited considerably the growth of both the cell lines and thereby its 

potential anticancer ability was analyzed further in the following experiments. 

 

The IC50 value is the concentration of drug which inhibits viability of cells by 50% and 

extrapolated from dose-response curve. Sodium orthovanadate with IC50 of 50 μM was 

utilized as control chemotherapeutic drug on both cell lines LN229 and SNB19. IC50 val-

ues of AK-4 against glioblastoma cell lines were determined by plotting data points over 

a concentration range of 25 to 100 μM and calculated using regression analysis. 

 

AK-4 revealed IC50 values at 10.66 ± 4.71 μM and 28.22 ± 9.87 μM for LN229 and SNB19 

respectively. These values were significantly lower than sodium orthovanadate. The 

lower the IC50, the more cytotoxic to the cancer cell lines; in other words, a low IC50 

indicates that AK-4 is significantly effective with even a small concentration.  
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Figure 12. Dose-dependence cytotoxicity curves used to extrapolate IC50 value of 

AK-4 on both LN229 and SNB19. Where labeled points represent the calculated IC50. 

The results were normalized with DMSO control and expressed as mean ± standard 

deviation (n = 3). 

 

Time of efficacy is also considered as a crucial factor for preliminary assessment of 

chemotherapeutic drugs. As such, the inhibitory effect on the cell lines LN229 and 

SNB19 was examined when treated with the  IC50 concentration of AK-4 after 24, 48 and 

72 hours of drug exposure.  

 

In general, AK-4 induced varying cell death on both the cell lines and showed lower 

cytotoxicity in comparison to sodium orthovanadate over time, as depicted in Figure 13. 

 

In LN229, both AK-4 and sodium orthovanadate revealed a steady increase in cell growth 

inhibition over time. The percentage of cell death induced by AK-4 was 20.18 % at 24 h 

and which increased to 32.28 % at 48 h and 38.48% at 72 h of exposure. Likewise, 70 

% of cell death was exhibited by sodium orthovanadate at 24 h after which there is grad-

ual increase of cytotoxicity to 90.12 % and 98.85 % at 48 and 72 h exposure, respec-

tively.  

 

Similarly, the cytotoxicity of AK-4 and sodium orthovanadate also increased gradually in 

SNB19 over time. In SNB19, AK-4 was more competitive with a difference of 27.41 % 

cell death in comparison with sodium orthovanadate, while this difference in  LN229 was 

60.37 %. Specifically, AK-4 showed the lowest inhibitory effect against the growth of 
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SNB19 at 24 h of exposure, in which cytotoxicity was found to be 43.35 %. The cytotox-

icity of AK-4 remained relatively stable at 45.74 % at 48 h of exposure before reaching 

to 53.86 % at 72 h of exposure. Sodium orthovanadate initially exhibited a fairly high cell 

growth inhibition, in which cytotoxicity was found to be at 57.95 % at 24 h of exposure 

and increased slightly to 62.22 % at 48 h of exposure. Sodium orthovanadate reached 

to the highest inhibitory effect against the cell growth of SNB19 at 72 h of exposure, in 

which cytotoxicity was found to be 81.27 %.  

 

The statistical test is applied to compare the effect of AK-4 with sodium orthovanadate 

treatment over time. Regarding to LN229, the p-value is 0.0028 (n = 4) when comparing 

AK-4 with sodium orthovanadate treatment after 24 hours of treatment, which shows that 

AK-4 has statistically lower inhibitory effect than sodium orthovanadate. The same re-

sults occur also at 48 h and 72 h post-treament with p-values as 0.0005 (n = 4) and 

0.0020 (n =4), respectively. In the case of SNB19, only after 72 hours of drug exposure, 

the inhibitory effect of sodium orthovanadate dominates AK-4 with p-value of 0.0072 (n 

= 4). Otherwise, with the p-value as 0.0850 (n=4) for 24h and 0.0723 (n=4) for 48h post-

treatment, statistical method shows that inhibitory effect of AK-4 is not different to sodium 

orthovanadate. 

 

 

Figure 13. Time-dependent effect of AK-4 in LN229 and SNB19. All the results were 

normalized with DMSO control and presented as mean ± standard deviation (n = 3). On 

LN229, all results are significant between sodium orthovanadate (SOV) and AK-4 (all p 

< 0.003). On SNB19, only the result at 72 h point is significant between sodium ortho-

vanadate and AK-4 with p = 0.0072. At 24 and 48 h post-treatment, p = 0.085 and 

0.072 respectively.  
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4.3 Effect of AK-4 in mouse embryonic fibroblast cell line 

The therapeutic safety is considered as one of the most crucial concerns when utilizing 

anticancer drugs to treat cancer patients. Comparing IC50 of anticancer drugs can be 

utilized to examine their safety on cancer cells in comparison with normal cells [73]. But, 

IC50 does not show selectivity towards certain cell types. Therefore, in order to investi-

gate the selectivity of AK-4 to certain cell type, the cytotoxic effect of AK against growth 

of normal cells was assessed in non-cancerous cell line at concentration of 25 and 100 

μM utilizing trypan blue exclusion essay. 

 

In Figure 14, it is observed that AK-4 exhibited high cytotoxic effect in the cell lines in-

cluding non-cancerous cell line MEF, LN229, SNB19 at 100 μM; however, its effective-

ness declined when the concentration was reduced to 25 μM. In specific, at 100 μM AK-

4 concentration, the cytotoxicity in MEF was found to be 54.05 %, which was markedly 

lower than cytotoxicity of AK-4 in both glioblastoma cell lines. At 25 μM concentration, 

AK-4 showed decreased cytotoxic effect against the growth of cell lines. The cytotoxicity 

of AK-4 in MEF was found to be 19.98 %, which was significantly lower than cytotoxicity 

in LN229 (78.24 %); whereas, it was slightly higher than in SNB19 (18.15 %) at the same 

concentration. 

 

Statistical test is also used to examine the mean value of cell growth inhibition between 

MEF and glioblastoma cells. MEF cells treated with AK-4 at a concentration of 100 μM 

yields the statistically lower cytotoxic effect than LN229 (p-value = 0.0031, n = 4) and 

SNB19 (p-value = 0.0035, n =4), which were treated with AK-4 at the same concentra-

tion. While at a concentration of 25 μM, AK-4 showed statistically comparable cytotoxic 

effect in MEF and SNB19 (p-value = 0.6929, n = 4); whereas, the cytotoxicity of AK-4 in 

MEF is statistically lower than LN229 (p-value = 0.0005, n = 4). The result is shown in 

Figure 14.  
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Figure 14. Cytotoxicity assay in MEF at 25 and 100 μM concentration of AK-4 in 

comparison to LN229 and SNB19 cytotoxicity at the same concentrations. All the re-

sults were normalized with DMSO control and expressed as mean ± standard deviation 

(n = 3). LN229 100 μM, p = 0.003; SNB19 100 μM, p = 0.004; LN229 25 μM, p < 0.001 

and SNB19 25 μM, p = 0.693. 

4.4 Effect of AK-4 against the migration of glioblastoma multi-

forme cell lines 

Cancer metastasis is a major cause of cancer death, which occupies approximately 90 

% of cancer death, not primary tumors [74]. Metastasis involves multiple steps including 

detachment from primary tumor, migration, invasion to different locations and adhesion 

for growing [75]. In another words, cell migration is considered as one of the most crucial 

characteristics of cancer. Therefore, the potential chemotherapeutic drugs should be 

able to hinder the migration of cancer cells. Likewise, inhibitory effect of AK-4 at IC50 

concentration against the migration of glioblastoma cell lines was evaluated as well. 

 

A variety of methods such as chamber assay or barrier assays are utilized for visualizing 

the cell migration; however, these methods are not cost-effective, while scratch assay is 

 

100 μM  25 μM  
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a simple and cost-effective method. Whereby, the scratch assay was performed to test 

inhibitory effect of AK-4 against the migration of both the cell lines. At appropriate culture 

conditions, the adherent cells grow and create a confluent cell monolayer on the surface. 

Under mechanical stresses; for instance, a scratch, these cells response by releasing 

rapidly growth factors which enhance cell migration. Cell migratione can be quantified by 

time-lapsing photography with microscope at time intervals. The inhibitory effect of AK-

4 against the migration of glioblastoma cell lines was measured at every 2 h intervals for 

total 8 of hours by using light microscope to capture photomicrographs (Appendix A.1 

and A.2). The migration of cells treated with sodium orthovanadate at a concentration of 

50 μM was also used as positive control.  

 

Figure 15. Quantification of scratch closure in LN229, in which all data points repre-

sent mean ± standard deviation (n= 4 for AK-4 and n = 2 for others). 

As illustrated in Figure 15, it can be seen that the scratch closure percentage of LN229 

treated with AK-4 and sodium orthovanadate was inhibited significantly at 8 h post-treat-

ment in comparison with negative controls. Sodium orthovanadate, DMSO-treated cells 

and untreated cells exhibited increased the scratch closure percentage. The scratch clo-

sure percentage of cells treated with AK-4, on the other hand, remained relatively stable 

over 8 hours of exposure. 

 

Looking in more detail, the scratch closure percentage of cells treated with AK-4 was 

found to be 28.80 % at 2 h, which was higher than the untreated cells and sodium ortho-

vanadate-treated cells at the same time and increased slowly to 30.10 % at 4 h. AK-4 

showed inhibitory effect against the migration of LN229 at 6 h and 8 h of exposure, in 

which scratched area percentage was found to be 26.50 % and 27.60 %, respectively. 
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These values were lower than percentage of scratch closure in both positive and nega-

tive controls at same time.  

 

In terms of sodium orthovanadate, the scratch closure percentage increased steadily for 

first six hours until it reached a plateau at 8h. In specific, percentage of scratch closure 

was found to be 15.30 %, 20.50 %, 30.80 %, and 30.7 % at 2 h, 4 h, 6 h and 8 h respec-

tively.  

 

Interestingly, untreated and DMSO treatment followed a very different trend from 2 to 6 

h. The scratch closure percentage of untreated cells was found to be 9.3 % at 2 h and 

18.6 % at 4 h and 33 % at 6 h, while the scratch closure percentage of DMSO-treated 

cells was found to be 32.50 %, 25 %, and 35 % respectively. At 8 h, the scratch closure 

percentage of untreated and DMSO treatment was 49.8 % and 47.5 %, respectively. 

 

Accordingly, at 8 h post-treatment, the figure demonstrates that AK-4 exhibited a similar 

inhibitory effect on migration of LN229 compared to sodium orthovanadate. Additionally, 

AK-4 showed considerable reduction in migration of LN229 cells relative to negative con-

trols. 

 

The same statistical test to compare the mean values of results from AK-4 and other 

treatments in LN229 as mentioned in previous sections is applied. However, in this ex-

periment, the scratch closure in AK-4 treatment was measured in quadruplicates for each 

corresponding time point, while the scratch closure in other treatments were measured 

twice. At 2 h of exposure, AK-4 treatment possesses the scratch closure percentage 

statistically higher than untreated (p = 0.0047, n = 4) and sodium orthovanadate treat-

ment (p = 0.0204, n = 4), while it is statistically equal to DMSO treatment (p = 0.2353, n 

= 4). At 4 h of exposure, the result only keeps when comparing with sodium orthovana-

date treatment (p = 0.0012, n = 4), while the scratch closure percentage in AK-4 treat-

ment is higher than DMSO (p = 0.0176, n = 4) and statistically equal to untreated (p = 

0.0990, n = 4). At 6 h post-treatment, the result from AK-4 treatment is statistically equal 

to all treatments (p = 0.3300 for untreated, p = 0.1326 for DMSO, p = 0.2667 for sodium 

orthovanadate, n = 4 for all treatments). Finally, the scratch closure percentage in AK-4 

treatment is statistically lower than both untreated (p = 0.0043, n = 4) and DMSO (p = 

0.0024, n = 4) treatment, while it is statistically equal to the one from sodium orthovana-

date at 8 h post-treatment (p = 0.4400, n = 4). 
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Figure 16. Quantification of scratch closure in SNB19, in which all data points repre-

sent mean ± standard deviation (n = 3 for SOV and n = 4 for others).  

The Figure 16 depicts a slight rise in the scratch closure percentage in SNB19 over the 

time. Likewise, both AK-4 and sodium orthovanadate exhibited inhibitory effect against 

the migration of SNB19 but at moderated level.  

 

In specific, it can be observed that the scratch closure percentage was found to be 3.60 

% at 2 h post-treatment and increased gradually to 11.30 % at 4 h of exposure. AK-4 

exhibited inhibitory effect against the migration of SNB19, in which scratch closure per-

centage was found to be 15.10 % at 6 h and maintained at 15 % at 8 h post-treatment.  

 

The scratch area percentage in sodium orthovanadate treatment was found to be 5.9 % 

at 2 h, after which it increased gradually to 12 % at 4 h before staying constant for two 

following hours and ultimately increased scratched area percentage to 14.2 % at 8 h of 

exposure. In other words, treatment with sodium orthovanadate expressed similar inhib-

itory effect on the migration of SNB19 compared to treatment with AK-4 at two points of 

time, 4 h and 8 h.  

 

With regards to negative controls, as expected, their scratch area percentage was gen-

erally higher than treatments with AK-4 and sodium orthovanadate over time. Specifi-

cally, scratch closure percentage in untreated cells was found to be 11.80 % at 2 h post-

treatment, while the respective value from DMSO-treated cells was 7.1 %. At 4 h of ex-

posure, the scratch area percentage of untreated cells and DMSO-treated cells reached 
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to 14.30 % and 13.70 %, respectively. The scratch area percentage of untreated cells 

continued to increase from 21.40 % at 6 h to 25.20 % at 8 h compared to 23.30 % at 6 h 

and 28.60 % at 8 h of exposure for treatment with DMSO.  

 

Consequently, it is apparent that the migration of SNB19 was inhibited by AK-4 and so-

dium orthovanadate, which exhibited lower scratch closure percentage over 8 h post-

treatment relative to negative controls.  

 

The same statistical test is also applied to compare the mean values of result from AK-

4 and other treatments in SNB19. Nevertheless, in this experiment, the scratch closure 

in sodium orthovanadate treatment was measured in triplicates for each corresponding 

time point, while the scratch closure in other treatments were measured in quadrupli-

cates. After 2 h of treatment, the scratch closure percentage in AK-4 treatment is statis-

tically equal to all other treatments (p = 0.1197, 0.5968 and 0.6857 for untreated, DMSO 

and sodium orthovanadate treatment, respectively with n = 3 for all). The same result is 

obtained at 4 h of treatment (p = 0.6049, n = 6 for untreated, p = 0.7579, n = 6 for DMSO, 

p = 0.8534, n = 5 for sodium orthovanadate), at 6h (p = 0.2787, n= 6 for untreated, p = 

0.0674, n =6 for DMSO, p = 0.5283, n = 5 for sodium orthovanadate), and at 8h (p = 

0.0898, n = 6 for untreated, p = 0.8337, n = 5 for sodium orthovanadate) with the excep-

tion that the scratch closure percentage in AK-4 treatment is statistically lower  than the 

treatment of DMSO after 8 hours of treatment (p = 0.0035, n = 6). 

 

It is also worth pointing out that both the cell lines treated with AK-4 started detaching 

from plate at 8 h of exposure. 

 

In conclusion, AK-4 was effective against the migration of both glioblastoma cell lines, 

especially in LN229. Furthermore, the effectiveness of drug was dependent to the drug 

exposure time. 

4.5 ROS generation by glioblastoma multiforme cell lines 

treated with AK-4 

The elevated reactive oxygen species  (ROS) level has been detected in almost cancers 

and could be considered as the prevalent hallmark of cancer progression . Nevertheless, 

the cancer cells also perform the detoxification from ROS by surging level of antioxidant 

proteins [76,77]. This indicates that the function of cancer cells requires a balance of 
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intracellular ROS production as well. The high ROS level is capable of damaging pro-

teins, nucleic acids and resulting to the activation of intrinsic apoptosis pathway [78]. As 

such, ROS generation is one of evaluation criteria in screening novel chemotherapeutic 

drugs. The ROS assay was carried out to investigate the ROS mediated apoptosis in 

glioblastoma cells treated with IC50 concentration of AK-4, utilizing 200 μM H2O2 as pos-

itive control.  

 

The level of ROS is directly proportional to fluorescence intensity yielded by H2DCFDA. 

As illustrated in Figure 17, ROS generation was promoted considerably by AK-4 in both 

glioblastoma cell lines. It is explicitly observed that, AK-4 treatment elevated a notable 

fold change of ROS in LN229 with 2.9-fold increase, whereas, only with 1.1-fold in 

SNB19. This demonstrated that AK-4 was effective in enhancing the ROS production in 

both LN229 and SNB19. Yet the noticeable difference of 1.8-fold increase between ROS 

level in both the cell lines indicated that higher ROS level was triggered by AK-4 in 

LN229. On other words, AK-4 became more effective in elevating ROS level in LN229 

than in SNB19. Furthermore, the elevated ROS generation of LN229 cells treated with 

AK-4 was found to be equal to H2O2 control. With regards to SNB19, the ROS production 

promoted by AK-4 was just under level of ROS in H2O2 control, which was 1.4-fold in-

crease. It is suggested that AK-4 exhibited equivalent effect on promoting ROS level in 

comparison with  H2O2 control. 
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Figure 17. Elevated intracellular ROS level in LN229 and SNB19, which were 

treated with IC50 concentration of AK-4. The 2 μM H2DCFD as fluorescent probe, was 

used to determine fluorescence intensity and 200 μM H2O2 was utilized as positive con-

trol. All the results were expressed as mean ± standard deviation (n = 3). 

 

The statistical test is made to confirm the afore mentioned results. First, the change of 

ROS in LN229 is compared with the one in SNB19 under AK-4 treatment. It is shown 

that the treatment is indeed more effective in LN229 with p-value of 0.0438 (n = 5). When 

comparing effectiveness of AK-4 with H2O2, it is shown that they are statistically compa-

rable with p-value of 0.9734 for LN229 (n = 6) and 0.5666  (n = 5) for SNB19 cell lines.  

 

The cytotoxicity of AK-4 was again verified in ROS assay, where an elevated amount of 

ROS, associated to activation of intrinsic apoptosis pathway, was produced by AK-4 in 

both glioblastoma cell lines.   

4.6 Induction of cell death by AK-4 in patient-derived glioblas-

toma cell lines RN1 and MMK1 

Low passage, serum free cell lines as RN1 and MMK1, cultured from patient-derived 

primary glioblastoma multiforme (GBM) cells has been considered as the benchmark for 

preclinical studies as well as research on glioblastoma biology [79]. Thus, the efficacy of 

AK-4 for GBM treatment was examined by conducting cytotoxicity assay on RN1 and 

MMK1.  
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In Figure 18, the growth of both RN1 and MMK1 was considerably inhibited by AK-4 at 

a concentration of 20 μM. The percentage of cell growth inhibition in RN1 was found to 

be 91.33 ± 5.36 %, while percentage of cell growth inhibition in MMK1 was 88.31 ± 3.63 

%. Those results are statistically comparable with p-value of 0.4644 (n = 4).  These 

demonstrated that AK-4 was a promising chemotherapeutic agent for GBM treatment. 

 

 

Figure 18. The cytotoxicity effect of AK-4 on cell lines RN1 and MMK1 at 48 h post-

treatment. The results were normalized with DMSO control and presented as mean ± 

standard deviation (n = 3).   
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5. DISCUSSION  

The aim of this chapter is to critically examine acquired results in chapter 4 in the light of 

previous state of chemotherapeutic agents screening methods as outlined in the back-

ground and in previous studies. The promising anti-tumor activity of quinic acid deriva-

tives is also demonstrated in this chapter and consequently, may contribute new insights 

for further studies about chemotherapy for treating glioblastoma multiforme. The possible 

limitations during research process are acknowledged as well to provide an accurate 

picture of what can and cannot be concluded from this study; afterwards, options for 

eliminating such limitations are presented. Eventually, suggestions for further studies to 

elevate the practical applications of this work are mentioned. 

 

In recognition of natural quinic acid as potential chemotherapeutic agent with strong abil-

ity of antioxidative, anti-inflammatory, and anticancer properties, chemical synthesis of 

quinic acid derivatives is becoming more prevalent for various cancers and diseases 

treatment. The synthesis of derivatives, derived from quinic acid, can be approached by 

different manners such as molecular rearrangement, attachment or substitution of func-

tional groups [80,81]. Nevertheless, there is not much evidence to prove efficacy of quinic 

acid derivatives on glioblastoma multiforme. 

 

The paramount objective of this study was to investigate the potential anticancer char-

acteristics of sixteen quinic acid derivatives against the growth of GBM. This objective 

was achieved by the following findings, which generated important insights into the role 

of quinic acid derivatives in chemotherapy and aided their preclinical biopharmaceutics 

as well as pharmacokinetic studies.  

 

After screening of sixteen quinic acid derivatives, it is found that compound AK-4 exhib-

ited the highest inhibitory effect against the growth of GBM cells with respect to others. 

As proven [82], the presence of highly reactive tert-butyldimethylsilyl group, not only 

plays a crucial role for protecting group from organic synthesis and but also enhances 

the cellular uptake of drugs toward cancer cells by introducing lipophilicity in drugs. As 

such, it is hypothesized that the presence of tert-butyldiphenylsilyl, which belongs to silyl 

group as well, enhanced significantly the cytotoxicity of AK-4 compound; however, fur-

ther studies are required to verify this hypothesis. 
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Herein the low concentration of AK-4 was adequate to induce high growth inhibition of 

glioblastoma cells. Anti-glioblastoma inhibitory potency (IC50) was calculated to be 10.6 

and 28.2 μM in LN229 and SNB19 respectively, while IC50 values of Temozolomide 

(TMZ), the known chemotherapeutic agent approved by United States of America - The 

Food and Drug Administration (FDA) in 2005 for GBM treatment, were determined at 

75.4 μM in LN229 and 84.4 μM in SNB19  [57,83]. The IC50 values of AK-4 in both the 

cell lines are much lower than those of TMZ with the remarkable difference of 64.8 and 

56.2 μM in LN229 and SNB19 respectively. In other words, since AK-4 shows higher 

inhibitory effect toward growth of both the cell lines than TMZ, this implies that AK-4 could 

be a potential novel anticancer agent. This implication is in agreement with many studies 

demonstrating the cytotoxic capability of quinic acid derivatives on breast, liver and lung 

cancer cells [17,84]. However, further examinations are required to corroborate this be-

cause cell death may be induced by various factors as well as complicated mechanisms.  

 

It is worth pointing out that increasing the dose of AK-4 from 25 to 50 μM or 75 to 100 

μM cannot guarantee the increase in growth inhibition of LN229 since there is not statis-

tical difference between those values. In contrast, there is statistically improvement in 

cytotoxic effect of AK-4 in SNB19 when the dose is increased from 25 to 50 μM. From 

concentration of 50 μM, there is no statistically improvement in growth inhibition of 

SNB19 when increasing the dose of AK-4 to 75 or 100 μM. 

 

Previously, quinic acid derivatives including 5-caffeoy1 quinic acid and 4-caffeoy1 quinic 

acid were studied simultaneously on breast cancer cell line, which showed cytotoxic ef-

fect to breast cancer cells without harmfulness to non-cancerous cells [25]. This thesis 

suggests a similar finding that AK-4 showed considerably lower cytotoxicity in MEF than 

two glioblastoma cell lines, with exception of AK-4 treatment at 25 μM in SNB19. As 

depicted by dose-dependent curve in Figure 12, this could be understood that at a con-

centration of 25 μM, the cytotoxicity of AK-4 has not increased exponentially and the 

difference of cell growth inhibition between MEF and SNB19 is relatively small; therefore 

it is not able to conclude clearly that cytotoxicity of AK-4 towards MEF is higher than 

SNB19 at 25 μM. It is believed that with additional targeting, AK-4 could achieve the 

cytotoxic threshold with minimal effect on non-cancerous cells and turn out to be more 

selective towards cancer cells. 

 

Furthermore, the application of patient‐derived glioblastoma cell lines in preclinical can-

cer research is becoming prevalent because such cell lines are able to preserve genetic 
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diversity as well as fidelity of human glioblastoma multiforme [85]. In this study, two pa-

tient‐derived glioblastoma cell lines MMK1 and RN1 were utilized to assess cytotoxicity 

of AK-4 toward these cell lines. It is observed that at a concentration of 20 μM AK-4 

induced considerably cell death by around 90 % in both MMK1 and RN1. This outcome 

demonstrates strong inhibitory capability of AK-4 towards patient‐derived glioblastoma 

cell lines in comparison with Temozolomide, a control chemotherapeutic agent, which 

exhibited approximately 20 % growth inhibition on these cell lines in afore study at a 

concentration of 100 μM [57]. This implies that AK-4 is a potential chemotherapeutic 

agent for patient‐derived glioblastoma cell lines. 

 

The time-dependent effect of AK-4 on the growth inhibition of glioblastoma also revealed 

significant outcomes. The increase of inhibitory effect against the growth of glioblastoma 

cell lines could be achieved by increasing the intracellular concentrations of AK-4 over 

the time. Moreover, the AK-4-induced cell growth inhibition was lower than sodium or-

thovanadate, a control chemotherapeutic agent, and the difference of their inhibitory ac-

tivities slightly increased over time, which could be a downside of AK-4 since time-de-

pendent anticancer effect of an anti-glioblastoma agent would be prolongated at low con-

centration. Nevertheless, this can be enhanced by applying combination chemotherapy, 

simultaneous administration of multiple anticancer drugs for obtaining long-term effect 

[86]. Additionally, the difference in time-dependent anticancer activities of AK-4 on both 

cell lines indicates that the expression of AK-4 can be altered depending on cell lines.  

 

In the study of migration, an essential process involved in metastasis, the scratch assay 

was applied to evaluate the migration of glioblastoma cells treated with AK-4 in a time-

dependent manner. Over 8 hours, both the cell lines in AK-4 treatment inhibited signifi-

cantly scratch closure, representing for the migration of cancer cells. This is in alignment 

with previous studies that quinic acid derivatives are capable of inhibiting migration of 

cancer cells as breast, liver, lung cancer cells [17,84,87]. In addition, the antimigration 

capability of AK-4 was comparable to control chemotherapeutic agent after 8 hours of 

treatment. It is also noted that the cells started detaching from plate and the reason for 

detachment is relatively vague. It is assumed that the cells were dead and detached from 

plates. This explanation could be acceptable; however, there was no evidence support-

ing this assumption due to the limited scope of experiment. In case of AK-4-induced cell 

detachment, detaching of cancer cells in vivo could increase the risk of metastasis. 

Hence, future studies are required to clarify whether AK-4 reduces the cell adhesion and 

increases the cellular attachment. Besides, the concentration of FBS in complete culture 
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medium was decreased from 10 % as usual to 5 % to minimize the influence of cell 

proliferation on scratch closure as well as migration results.  

 

It is worth considering that AK-4 increased remarkably ROS generation in both the cell 

lines, especially in LN229. This is totally in alignment with many studies mentioning that 

the elevated ROS level plays a major role in induction of glioblastoma  cell death [88,89]. 

Additionally, it is proven by afore studies that the increase of ROS level is associated 

with apoptosis induction [90,91]. Hence, it is proposed that AK-4 could be promising an-

ticancer drug inducing the cell death via apoptosis. In fact, the fragmentation was ob-

served in LN229 treated with AK-4 after 48-h drug exposure as illustrated in 

Figure 11. This result is in agreement with afore study on morphologic hallmarks of cell 

apoptosis including cell shrinkage and fragmentation [92]. Moreover, it is proven by an-

other study that nicotinamide, an potential anticancer drug which can be converted from 

quinic acid, is capable of inducing apoptosis [93]. Thus, the migration and cell death 

mechanism induced by AK-4 would be consistent with nicotinamide. Nonetheless, the 

concentration of nicotinamide (mM) as mentioned previously is much higher than con-

centration of AK-4 (μM). It is presumed that the presence of tert-butyldiphenylsilyl side 

group in AK-4 compound, which could induce apoptosis, results in the difference of ef-

fective concentration between AK-4 and nicotinamide. In order to verify this hypothesis, 

further examinations such as apoptosis pathway are required. 

 

As a matter of fact, the technical errors cannot be avoided when conducting experiments 

in the current study; however, these errors could be minimized by repeating experiment. 

In specific, each treatment in the trypan blue exclusion method was repeated three times 

and consequently, the number of viable and non-viable cells is also counted repeatedly 

to minimize errors. In addition, the measurement of scratch closure width in scratch as-

say was also performed repeatedly at each time point. 

 

Overall, the results found in this study have pointed out that AK-4 compound can poten-

tially be anti-glioblastoma multiforme agent, providing alternatively effective drug for gli-

oblastoma multiforme treatment. Nevertheless, further studies about cell death mecha-

nism are required to clarify whether cell death was induced by apoptosis or necrosis as 

well as the detachment of cell in migration assay. Besides, computational modelling and 

nanomedicine can be applied in experiments to investigate the effect of quinic acid-con-

jugated nanoparticle on glioblastoma cell lines. 
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6. CONCLUSION  

In this thesis, the promising anti-glioblastoma activity of quinic acid derivatives was char-

acterized by a series of preclinical screenings. Quinic acid derivatives are well known to 

possess a wide spectrum of antitumor, antioxidant, anti-inflammatory properties; notwith-

standing, the number of researches about their efficacy on glioblastoma has been very 

limited. In addition, the adverse effects caused by available anti-glioblastoma agents or 

the failures of potential agents in clinical trials have necessitated the urge to develop the 

novel agent for glioblastoma treatment.  

 

In accordance with data presented in drug screening, AK-4 compound (C39H50O5Si2) 

displayed strong cytotoxic capability against the growth of two glioblastoma cell lines 

LN229 and SNB19 over other quinic acid derivatives with IC50 concentration of 10.6 and 

28.2 μM, respectively. This implies that AK-4 induced higher cytotoxic effect rather than 

TMZ, the most common anti-glioblastoma agents in the same cell lines. The presence of 

tert-butyldiphenylsilyl group is hypothesized to enhance considerably the cytotoxicity of 

AK-4 compound. Moreover, as a potential anti-glioblastoma agent, the selectivity of 

quinic acid derivative towards non-cancerous cell lines was also taken into account and 

hence augmented by cytotoxicity assay on mouse embryonic fibroblast cell line. The 

results acquired from this assay indicated that AK-4 exhibited lower cytotoxic effect on 

normal cells than glioblastoma cells. It is strongly believed that with additional targeting, 

AK-4 is able to reach the cytotoxic threshold with minimal effect on non-cancerous cells 

and turn out to be more selective towards the cancer cells. Furthermore, cytotoxicity of 

AK-4 was also ascertained in the patient‐derived glioblastoma cell lines, bearing a close 

resemblance to patient glioblastoma genome. According to obtained data in this assay, 

AK-4 was proved to induce notably inhibitory effect against the growth of MMK1 and 

RN1, in which cytotoxicity was found to be approximately 90 % in both the cell lines. 

Besides, the scratch assays in LN229 and SNB19 unveiled the significant inhibitory effect 

of AK-4 against scratch closure. This proved the ability of AK-4 to hinder the migration 

of glioblastoma cells as well as impede their metastasis. In comparison with sodium or-

thovanadate, control chemotherapeutic agent, AK-4 exhibited comparable antimigration 

capability over 8 h post-treatment. Lastly, the elevated ROS level, found in glioblastoma 

cells, revealed that AK-4 possessed capability of triggering glioblastoma cell death. 
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In conclusion, this thesis demonstrates scientific rationale to develop AK-4 based chemo-

therapeutic agent as a novel class of anti-glioblastoma agents.  
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APPENDIXES A 

A.1 Supplemented figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.1. Examples of photomicrographs showing closing of scratched area in un-

treated LN229 cells and DMSO, AK-4, sodium orthovanadate – treated cells at 0, 6, 8 h 

post-treatment. 
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Figure A.2. Examples of photomicrographs showing closing of scratched area in un-

treated SNB19 cells and DMSO, AK-4, sodium orthovanadate (SOV) – treated cells at 

0, 6, 8 h post-treatment.  
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A.2 Experimental results 

 

Table A.1. Cell growth inhibition of 16 quinic acid derivatives and negative control at 

100 μM on LN229 

Compounds Cell growth inhibition (%) 

NC -1.68 ± 10,99 

SHA-82 20.22±16.63 

AK-7 5.54±3.62 

SHA-161 53.14±10.42 

SHA-181 48.90±17.14 

SHA-111 -6.71±9.50 

AK-17 -4.68±11.90 

SHA-159 49.99±11.08 

SHA-171 37.79±23.10 

SHA-150 -0.01±11.89 

AK-4 90.12±5.10 

AK-8 
30.78±7.60 

 

AK-22 -6.41±10.89 

SHA-222 -11.29±10.01 

SHA-272 -6.43±8.30 

AK-15A -9.66±10.97 

AK-15B -9.51±10.04 
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Table A.2. Dose dependent effect of AK-4 on cell lines LN229 and SNB19 

Concetration (μM) 
Cell growth inhibition (%) 

Cell line LN229 Cell line SNB19 

0 11,01±4.55 9.31±1.46 

25 78.24±6.81 18.15±2.62 

50 86.73±3.38 95.39±1.78 

75 93.65±2.57 92.36±1.48 

100 92.92±5.51 94.69±2.28 

 

Table A.3. Time dependent effect of AK-4 on cell lines LN229 and SNB19 

Time 

Cell growth inhibition (%) 

LN229 SNB19 

AK-4 
Sodium ortho-

vanadate 
AK-4 

Sodium ortho-

vanadate 

24 20.18±11.19 70.59±7.25 43.35±7.83 57.95±7.87 

48 32.08±7.19 90.12±6.68 45.74±9.26 62.22±7.26 

72 38.48±14.6 98.85±0.86 53.86±7.06 81.27±6.21 

 

Table A.4. Effect of AK-4 on scratch closure ass in LN229 

Time 
Scratch closure in LN229 (%) 

Untreated DMSO AK-4 SOV 

2 9.3±6.1 32.5±3.5 28.8±1.3 15.3±6.7 

4 18.6±12.2 25.0±0 30.1±4.4 20.5±0.7 

6 33.0±11.2 35.5±7.1 26.5±4.4 30.8±1.1 

8 49.8±6.7 47.5±3.5 27.6±9.4 30.7±6.1 

24 100±0 100±0  33.6±12.1 
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Table A.5. Scratch closure in SNB19 

Time 
Scratch closure in SNB19 (%) 

Untreated DMSO AK-4 SOV 

2 11.8±3.6 7.1±7.1 3.6±5.1 5.9±5.9 

4 14.3±10.2 13.7±14.3 11.3±4.1 12±5.5 

6 21.4±8.5 23.3±3.8 15.1±6.3 12±5.5 

8 25.2±8.4 28.6±1.7 15.0±5.6 14.2±3 

24 35.8±10.9 31.8±7.5  14.2±3 

 

 

Table A.6. ROS generation on LN229 and SNB19 

 

Compound 
 

LN229 SNB19 

H202 2.925±0.996 1.405±0.176 

AK-4 2.949±0.907 1.149±0.836 
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