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The Vitamin E Derivative Gamma Tocotrienol 

Promotes Anti-tumor Effects in Acute Myeloid 

Leukemia Cell Lines  
 

Maya Riad Mohamad 

 

Abstract 
 

Acute Myeloid Leukemia (AML) is a type of cancer characterized by the formation of 

faulty myelogenous cells with morphological heterogeneity and cytogenic aberrations 

leading to a total loss of their function. In the midst of the struggle to find an effective and 

safe AML treatment, vitamin E derivatives, mainly tocopherols were previously 

considered as potential anti-tumor compounds. Recently, other isoforms of vitamin E, 

namely tocotrienols have been proposed as potential potent anti-cancerous agents, 

displaying promising therapeutic effects in different cancer types. The aim of the present 

study is to investigate the anti-cancerous effect of γ-tocotrienol, through examining the 

extent of its effects on the growth of human-derived AML cell lines in vitro, and 

deciphering the underlying molecular mechanisms. This was achieved by performing 

MTS cell viability assays, propidium iodide (PI) based cell cycle analysis, flow 

cytometry-based annexin V/PI apoptosis staining assay, cell death detection ELISA, 

western immunoblotting, and reactive oxygen species detection assay. Analysis of our 

results show that γ-tocotrienol exhibits time and dose-dependent anti-proliferative, pro-

apoptotic and antioxidant effects on U937 and KG-1 cell lines, through the upregulation 

of several proteins involved in the intrinsic apoptotic pathway. 

Keywords: AML, Vitamin E, Gamma tocotrienols, U937, KG-1, Apoptosis 
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                              Chapter One 

                              Introduction 

1.1  Cancer Overview 

 

1.1.1 Background information, History, and Definition 
 

The term “cancer” came from “Karkinos”, a Greek word that describes 

carcinoma tumors, according to the Greek father of medicine Hippocrates (David & 

Zimmerman, 2010). However, Hippocrates was not the first to discover the disease, as 

traces of bone cancer were diagnosed at earlier times (1600 B.C.) in Egyptian 

mummies (Sudhakar, 2009), besides, the world’s first recorded case of breast cancer 

appeared in 1500 B.C. in ancient Egypt (Lakhtakia, 2014). Hippocrates described 

cancer as a disease resulting from an imbalance in the body’s fluids, in particular, any 

excess of black bile, as he mentioned, can cause cancer (Lukong, 2017). This theory, 

known by the “Humoral Theory”, remained standard during the middle ages. In 1838, 

Muller and his student Virchow demonstrated the Blastema theory indicating that 

cancer is not a disease of fluids; it is composed of cells that, just like normal cells, are 

derived from other cells (Sudhakar, 2009). The discovery of the DNA helical structure 

by Watson and Crick, in 1962, facilitated the way for scientists to solve the mystery 

behind the word “cancer”. Scientists later uncovered how genes within the DNA work, 

and how mutations within the genes can affect the function and/or structure of the 

proteins they encode, and so the cell itself becomes disrupted and abnormal features 
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appear (Sudhakar, 2009). This significant progress, in addition to other later 

discoveries over the past 30 years, in the field of gene mutations and their effect on the 

structure, function, characteristics and normality of the cell, have opened up the way to 

achieve a better understanding of the molecular basis of cancer (Martinez, Parker, 

Fultz, Ignatenko, & Gerner, 2003). Cancer today represents a broad term related to a 

variety of distinct diseases having a common feature, which is the ability of continuous 

unregulated cell proliferation caused by defects in the genes that control cell division, 

differentiation, and survival (Devi, 2004). Therefore, according to Robert A. Weinberg 

at the Massachusetts Institute of Technology, cancer is a disease of the DNA that leads 

to several perturbations in different cell regulatory systems, thus growing normal cells 

malignant (Gibbs, 2003). It is important to note here that the genetic mutations that 

cause normal cells to acquire abnormal functions, can be either inherited or induced by 

environmental factors such as lifestyle, diet, UV light, X-rays, tobacco habits, viruses 

or exposure to chemical toxins (Schneider, 2001). 

This cell signaling disease can occur in any cell, tissue, organ or part of the body 

(Devi, 2004). It is the second most leading cause of death worldwide, next to 

cardiovascular diseases (Sudhakar, 2009). According to the World Health 

Organization, cancer-correlated deaths cases will continue rising worldwide with an 

estimation of 12 Million deaths by 2030 (Zali, Rezaei-Tavirani, & Azodi, 2011) . 

Moreover, when genetically defective cells gain the selective advantage of 

uncontrolled continuous proliferation, they form abnormal masses of tissues called 

tumors (Devi, 2004). Yet, not all tumors are cancerous; Some tumors are benign and 

not life threatening (Sudhakar, 2009). Major differences between benign and malignant 
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(cancerous) tumors are demonstrated in (Table 1).  

 

             Table 1. Major differences between Benign and Malignant tumors 

 

 

 

 

 

 

 

 

 

 

 

                         

 

 

 

 

1.1.2 Tumor Development 

 

In 1948, Berenblum and Schubik were the first to propose the multi-step process 

of tumorigenesis which was supported later by several studies (Devi, 2004). Scientists 

confirmed that tumorigenesis results from successive accumulations of mutations in 

growth-regulating genes, where newly arising tumor cells carry additional mutations 

with progressively increasing growth advantages compared to the previously developed 

cells in the same tumor. Furthermore, knowing that all the cells constituting a tumor 

originate from one abnormal ancestral mutant cell, the process of tumorigenesis is said 

to be clonal in origin (Martinez et al., 2003).  

The process of clonal expansion can be divided into three main stages: initiation, 

promotion, and progression (Devi, 2004). Initiation is the first step of carcinogenesis 

Characteristics Benign Tumors Malignant Tumors 

Growth Rate Slower proliferation of 

cells 

Faster proliferation of 

cells 

Local Invasion of 

normal tissues 

NO YES 

Spreading throughout 

the body 

NO YES 

Recurrence Less likely to occur More likely to occur 

Capsulation Present Absent 

Treatment Surgery or sometimes 

no need for treatment 

Chemotherapy-

radiotherapy- 

immunotherapy… 
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during which a mutation strikes a growth-related gene in a single cell allowing this cell 

to grow faster evading the normal cellular growth controls. Promotion involves the 

increase in the initiated cell population due to the growth advantages the cells acquired, 

thus an increase in the tumor size (Martinez et al., 2003). Finally tumor progression 

continues as cells within the growing tumor undergo further successive changes in the 

neoplasm and acquire increasingly malignant properties including the ability to detach 

from the tumor mass, invade nearby tissues, and metastasize to distinct body sites 

(Cooper, 2000). The process of clonal expansion is demonstrated in (Figure 1). 

 

Figure 1. Clonal Evolution. The multi-stage tumerigenesis starts by a single mutation 

in one cell within a normal tissue. The uncontrolled proliferation of this genetically 

abnormal cell is followed by a second mutation leading to higher growth rate of the 

tumor cells. Successive genetic alternations in these cells leads to greater malignant 

traits and the formation of a tumor mass. All cells constituting the tumor mass are of 

one ancestral origin, called clonal origin (Hejmadi, 2010). 
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1.1.3 Cancer cell characteristics and hallmarks 
 

All types of mammalian cells carry an inbuilt circuit that regulates their behavior 

and maintains their integrity. Due to genetic disruptions in this control circuit system, 

cancer cells acquire several behavioral changes that differentiate them from their 

normal counterparts (Hejmadi, 2010). During the multistep tumorigenesis process, 

normal cells grow malignant by gaining at least six successive biological 

characteristics, William C. Hahn at the Dana-Farber Cancer Institute in Boston explains 

(Gibbs, 2003). These hallmark capabilities, manifested by almost all life-threatening 

cancers, include sustaining proliferative signaling, escaping anti-growth signals, 

resisting apoptotic cell death, inducing angiogenesis, maintaining replicative 

immortality and activating metastasis (Hanahan & Weinberg, 2000).  

After performing more research to uncover all hallmarks of cancer, Hanahan and 

Weinberg were able in 2011, to add additional cancer hallmarks to the six main 

hallmarks mentioned earlier. One of the added hallmarks demonstrates the ability of 

cancer cells to evade the immune system and any immune response fired against the 

tumor. Another hallmark acquired by almost all cancer cells is their capability to change 

or remodel cellular metabolism in favor of sustaining cell proliferation (Hanahan & 

Weinberg, 2011) . The hallmarks of cancer are depicted in (Figure 2). 
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Figure 2. The Hallmarks of Cancer. Upon successive genetic mutations, cancer cells 

have acquired several selective advantages in comparison to healthy cells. These 

hallmarks include sustaining proliferative signaling, escaping anti-growth signals, 

resisting apoptotic cell death, inducing angiogenesis, maintaining replicative 

immortality, activating metastasis, evading the immune system and remodeling cellular 

metabolism (Hanahan & Weinberg, 2011). 
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1.2   Cancer-Related Genes 
 

It has been widely agreed on among oncologists and researchers that somatic gene 

mutations are the basic event behind neoplastic transformation. Several studies showed 

that mutations or epigenetic changes hitting genes necessary for regulating normal cell 

growth induce carcinogenesis. Accordingly, only a small portion of the human genomic 

DNA, constituting of approximately 35,000 gene, has been stated as genes directly or 

indirectly associated with cancer. These aberrant malfunctioning cancer-related genes 

fall into two main classes, oncogenes and tumor suppressor genes (Devi, 2004; 

(Schneider, 2001).  

The healthy form of oncogenes, called proto-oncogenes, are a set of genes 

normally encoding proteins involved in signal transduction and growth regulation, as 

they enhance cell division and block programmed cell death mechanisms. Upon 

mutations, gene amplifications or chromosomal rearrangements, these genes become 

hyperactive as they disrupt the normal cell cycle and promote cell proliferation, 

resulting in the conversion of normal cells into cancer cells. Such mutations are 

classified as “gain of function” mutations, as the oncogene carrying the mutation 

encodes proteins that exhibit an excessive regular function or acquire a totally new 

function. Mutations in oncogenes are also dominant, meaning that only one mutant 

allele of the gene is sufficient for the expression of oncogenic proteins functions (Al-

Janabi, 2010; Ghosh A, 2016).  

Tumor suppressor genes (TSGs), the second class of cancer-related genes, were 

first proposed to play their crucial role in tumorigenesis in the 1960s. Scientists most 

closely refer to the function of TSGs as a car brake, in which they prevent uncontrolled 
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permanent cell growth just the way a car brake controls its speed. TSGs encode 

proteins that regulate the cell cycle and division. Mutations in such genes generate 

proteins that unlike oncogenic mutations, lead to “a loss of function” that in turn 

promote neoplasia. It is important to also note that unlike oncogenes, mutations of 

TSGs do not carry the feature of dominance, as both copies of the gene have to be 

mutant for the neoplastic trait to appear (Gamoudi & Blundell, 2010; Ghosh A, 2016; 

Schneider, 2001).  

Generally, it was observed that the two classes of cancer-related genes greatly 

oppose, as oncogenes appear as a result of mutations hyperactivating proto-oncogenes, 

in contrast to TSGs whose inactivation leads to malignant transformation (Gamoudi & 

Blundell, 2010). Studying mutations in these cancer-related genes, through whole 

genome sequencing techniques, helped in identifying novel drug targets and improve 

cancer therapeutics (Zhu et al., 2015). 
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1.3  The Cell Cycle 

 
As mentioned earlier “cells arise from pre-existing cells”, where cells divide 

giving up new cells carrying the same genetic information, through a regular series of 

growth, division and repair events, collectively known as the cell cycle (Hunt, 

Nasmyth, & Novák, 2011). The cell cycle consists of two main phases: interphase and 

meiosis (in germ cells) or mitosis (in somatic cells), also known by the M phase. The 

interphase is considered the longer phase of the cell cycle and is divided into 3 periods: 

the synthesis stage (S) and two gap periods (G1 & G2). During G1, the cell grows and 

prepares its DNA for replication, the process that takes place during the S phase. G2 is 

the time after DNA doubling where the cell starts to prepare itself for the M phase, 

which results in new genetically uniform daughter cells (Toteja, 2011). The cell cycle 

includes several checkpoints, the G1–S, the G2–M, and the metaphase/anaphase 

checkpoint (Figure 3), where the cell pauses in order to monitor the completion of the 

earlier stage, and checks for any DNA damage or replication error to repair it before 

resuming the cycle and proceeding to the following task  (Hunt et al., 2011). Cell cycle 

regulation is also maintained by a family of enzymes called cyclin-dependent kinases 

(CDKs), which are composed of at least two proteins: a cyclin and a kinase (M. T. Park 

& Lee, 2003). Cancer cells frequently reveal a deregulation of the cell cycle and 

defectiveness in cell cycle checkpoints, the issue that increases the chance of 

unrepaired mutations, errors, and DNA damage, which in turn facilitates the process of 

tumorigenesis (Ford & Pardee, 1999) . For instance, Su-Jae Lee and his colleague 

surveyed, in a review article published on January 2003, that several molecular analysis 

of human tumors and tumor cell lines express mutations and abnormalities in cell cycle 
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regulatory proteins, mainly CDKs (M. T. Park & Lee, 2003), which makes cancer a 

disease of the cell cycle (Clurman & Roberts, 1995). Yet, cell cycle targeted 

therapeutics are today considered promising, as restoring normal cell cycle regulation 

and appropriate checkpoints control may arrest the cells and block their further 

progression, induce apoptotic death, or even return the cells to the quiescent state (G0) 

where they become dormant and stop dividing (Chen et al., 1999). 

                                     

Figure 3. The Cell Cycle. Stages of the cell cycle, where cells replicate and divide, 

including cell cycle checkpoints that play a major role in DNA repair. Cancer cells 

have defective checkpoints, repair mechanisms and an infinite replicative potential. 
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1.4   Apoptosis and Necrosis 

 
Physiological cell death that has been observed for over a century in many 

multicellular species is not eventually a harmful outcome. This surprising fact 

represents one of the most interesting biological matters that researchers aim to study 

(Bjelakovic et al., 2005). Two well-characterized mechanisms of cell death have been 

defined, apoptosis and necrosis, distinguished by a characteristic set of features 

mentioned in (Table 2). Apoptosis is an innate genetically controlled physiological 

process used by multicellular organisms to get rid of undesired damaged cells within a 

tissue, and maintain a healthy cellular balance. During apoptosis, apoptotic bodies are 

formed as a result of cellular fragmentation with no release of the cell content into the 

extracellular milieu. On the other hand, necrosis is a passive pathological process 

induced by external stimuli like toxins, trauma, viral or bacterial infections. Necrotic 

cell death is characterized by random release of cellular content into the extracellular 

environment thus harming neighboring cells (Panawala, 2017). The mode of cell death 

depends on the type of stimuli and amount of energy present, since apoptosis is an 

energy dependent mechanism while necrosis is an energy independent mechanism  

(Bjelakovic et al., 2005) . For example, any cytotoxic internal stimuli detected such as, 

DNA damage or growth factors deprivation leads to the activation of pro-apoptotic 

proteins including Bax and Bak, thus promoting apoptotic cell death (Koff, 

Ramachandiran, & Bernal-Mizrachi, 2015). 

On the other hand, the malfunction of cell death programs in cancer cells plays an 

important role in the pathogenesis of tumors. Cancer cells are capable of evading 

apoptosis by maintaining an imbalance between Bcl-2 family members through the 
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down regulation of pro-apoptotic proteins and the over expression of anti-apoptotic 

proteins (Ghavami et al., 2009; Igney & Krammer, 2002; Koff et al., 2015). Today, cell 

death is considered a significant variable in cancer development, prevention and 

therapy with is the induction of apoptosis in malignant cells being one of the major 

targets during cancer treatment through the activation of pro-apoptotic signals and the 

inactivation of anti-apoptotic signals (Kanduc et al., 2002).  

 

                Table 2. Characteristics of Apoptosis vs. Necrosis 

 

                    Apoptosis 

 

Necrosis 

Programmed cell death Premature random cell death 

Energy-dependent mechanism Energy-independent mechanism 

Cell shrinkage, nuclear fragmentation 

condensation 

Cell swelling and lysis 

Naturally occuring Induced by external agents 

Caspase dependent pathway Caspase-independent pathway 

Cell membrane not permeable to 

staining agents 

Cell membrane permeable to staining 

agents 
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1.5   Reactive oxygen species 

 
Reactive oxygen species (ROS) are highly reactive ions, radicals or molecules 

that are derived from molecular oxygen as a by-product of normal aerobic cellular 

metabolic processes. Being terminal electron acceptors, molecular oxygen can be 

reduced into superoxide anion (O2•−), the one electron reduction product of O2, from 

which ROS arise (Zhou, Shao, & Spitz, 2014). Upon the enzymatic conversion of 

superoxide anion by superoxide dismutase (SOD), the highly reactive oxidant hydrogen 

peroxide is formed (Alfadda & Sallam, 2012) .It is noteworthy to mention here that due 

to its high diffusion capacity and reactivity, hydrogen peroxide is considered as an ideal 

candidate for intracellular signaling (Galadari, Rahman, Pallichankandy, & 

Thayyullathil, 2017). Different types of ROS formed by the sequential reduction of 

molecular oxygen are indicated in (Table 3). These reduced, highly reactive oxygen 

derivatives have been generally considered as toxicants that can lead to lethal effects, 

like cell malfunction, death, or malignant transformation (Marina Tamara, Teodora-

Monica, & Gina, 2009). The mitochondria contributes to the majority of cellular ROS 

generation, as it consumes most cellular oxygen needed for the mitochondrial Electron 

transport chain activity in mammalian cells (Zhou et al., 2014). Moreover, the 

peroxisomes are also an important site of cellular ROS production (Liou & Storz, 

2010). 

Today, our understanding of ROS, which were previously perceived only as 

harmful toxicants linked to disease states such as cancer, atherosclerosis, diabetes, 

aging and many other diseases, has changed. Numerous studies succeeded to prove that 

these small molecules play an important role in the cell’s functioning, depending on the 
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cellular level of ROS production (Alfadda & Sallam, 2012). Low levels of ROS can act 

as regulatory intra- and extracellular messengers controlling several cell-signaling 

pathways (Schumacker, 2015). For example, key signaling cascades such as the 

mitogen-activated protein kinase (MAPK)/Erk cascade as well as the IκB kinase 

(IKK)/nuclear factor κ-B (NF- κB)-activating pathways, are ROS mediated (Liou & 

Storz, 2010). Several studies also stated that ROS play a role in apoptosis, gene 

expression and gene transcription. In addition, ROS are deeply involved in controlling 

cell survival, cell death, differentiation and inflammation (Abdal Dayem et al., 2017). 

Tamara and her colleagues indicated in a study on the role of ROS, published in 2009, 

that normal somatic cells learned to use ROS in their favor and implicate their toxicity 

in some cellular processes, such as immunological defense systems. For example, ROS 

can chemically attack pathogens that escape their recognition as non-self by the 

adaptive immune system (Marina Tamara et al., 2009). On the other hand, higher levels 

of ROS are toxic and life threatening. They can non-specifically attack lipids, proteins 

and DNA, thus disrupting several cellular processes and leading to various diseases 

(Schumacker, 2015). 

Normal cells, under physiologic conditions, are able to maintain a stable 

intracellular level of ROS, which protects the cells from any ROS-induced damage 

during conditions of oxidative stress (Zhou et al., 2014). ROS homeostasis is reached 

through the cell’s powerful antioxidant system, that enables the cells to balance 

between the production and detoxification of ROS with the help of antioxidant 

enzymes such as, Glutathione (GSH), Peroxiredoxins (Prx), Thioredoxin (Txn) and 

several others (H. Yang et al., 2018). Catalase, for instance, mediates the conversion of 
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the highly reactive hydrogen peroxide into water and oxygen (Liou & Storz, 2010).  

Any disruption in the cell’s redox balance regulation that shifts the balance into 

the pro-oxidative stress state, leads to several lethal disorders, one of which is cancer. 

Abnormally, cancer cells have a high level of ROS, referred to either an increased level 

of ROS production due to the abnormally high metabolic activity, or to a 

malfunctioning antioxidant system (Bazhin, Philippov, & Karakhanova, 2016). This 

yields a state of chronic oxidative stress in cancer cells that may shield them from pro-

apoptotic signals, thus facilitating tumor progression (Marina Tamara et al., 2009). 

However, even in cancer cells, ROS level has a threshold that once disproportionally 

exceeded, leads to a state of deleterious oxidative stress that can result in cell cycle 

arrest or apoptosis, a promising method to be considered in cancer therapeutics (Liou & 

Storz, 2010).  

 

                   Table 3. Different Types of Reactive Oxygen Species     

Free oxygen radical Formula Non-radical ROS  Formula 

Nitric oxide NO• Hydrogen peroxide H2O2 

Hydroxyl radical •OH Ozone  O3 

Superoxide  O2 •− Dinitrogen oxide N2O2 

Peroxyl radicals ROO• Hypochloride  HOCl 

Organic radicals R• Hydroperoxide  ROOH  
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1.6   Leukemia 

 

1.6.1 Definition & types of Leukemia 
 

All cancers that involve blood cells or cells developing into blood cells are termed 

“leukemia”. This heterogeneous neoplastic disorder includes malignant cells that differ 

significantly in terms of morphological, immunophenotypic and molecular 

characteristics, thus reflecting the biological changes involved in carcinogenesis 

(Dohner, Weisdorf, & Bloomfield, 2015; Roganovic et al., 2013). Overtime, leukemic 

cells can crowd out normal blood cells or infiltrate other tissues leading to serious 

complications such as hepatomegaly, anemia, bleeding, swelling or pain (Goldstone et 

al., 2008). There are several different types of Leukemia. In general, leukemias have 

been classified according to the course of the disease as acute or chronic, and based on 

its cellular origin as lymphocytic (lymphoid) or myelogenous (myeloid). Acute 

leukemias are highly malignant neoplasms characterized by severe fast appearing 

symptoms, unlike chronic leukemias, which may not cause any symptoms for years. On 

the contrary, lymphoid leukemias affect white blood cells called lymphocytes, while 

myeloid leukemias affect red blood cells, granulocytes, or platelets (Johnston JB, 2009; 

Roganovic et al., 2013). Despite all targeted therapeutic advancements achieved, 

leukemia continues to be a chronic medical problem worldwide, as it can be refractory 

and relapse after treatment. According to the American Cancer Society, an estimated 

60,000 cases of leukemia among which around 24,000 leukemia related-deaths were 

recorded in the United States in 2016 (Siveen, Uddin, & Mohammad, 2017). 
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1.6.2 Acute Myeloid Leukemia 
 

Acute myeloid leukemia (AML) is a group of genetically heterogeneous 

neoplastic clonal disorders arising in hematopoietic stem cells or myeloid progenitor 

cells resulting in their aggressive malignant characteristics, as they do not function as 

normal blood cells. AML is characterized by an uncontrolled increase in the number of 

immature de-differentiated malignant myeloblasts accumulating mostly in the blood, 

bone marrow and less often in other tissues (Siveen et al., 2017). As a consequence, 

AML patients display several signs and symptoms including pallor, fatigue, weakness, 

bleeding, infections, dyspnea, as well as anemia or a low platelet count, with the latter 

being indicative of a bone marrow failure syndrome (Gur, Koren, Ehrenfeld, Ben-

Bassat, & Sidi, 1999).  

In order to improve its prognosis and course of treatment, physicians were able to 

divide AML into two subtypes: de novo AML and secondary AML, in which the first is 

not induced by any preceding factors or hematological conditions, and the latter being 

derived from such conditions (Villela & Bolanos-Meade, 2011). In addition, AML 

patients are clinically classified into favorable, intermediate and adverse-risk groups. 

This cytogenetic profiling allows for an accurate assessment of prognosis and a specific 

corresponding treatment applied respective to AML cases (De Kouchkovsky & Abdul-

Hay, 2016). Diagnosis of AML, in the first place, is based on blood or marrow blast 

count, as a count higher than 20% marks a positive diagnosis. Yet, a more detailed 

diagnosis indicating the lineage of AML in patients can be detected using methods such 

as, immunophenotyping and cytochemistry. In addition, physicians are also referring to 

molecular and genetic approaches, in which they extract the DNA or RNA from 
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patients, then screen it in order to identify leukemia associated genes (Dohner et al., 

2010).  

AML is the most prevalent myeloid leukemia. It is more frequently diagnosed in 

older adults than children with an expected incidence rate of 1.3 cases per 100,000 in 

young patients and 12.2 per 100,000 in patients over the age of 65 years old (Siegel, 

Naishadham, & Jemal, 2012). If left untreated, AML can be fatal within few months 

after diagnosis as a result of opportunistic infections or bleeding. For the past 3 

decades, AML therapy has been largely invariant based on the so called “3+7” 

regimen, in which patients receive anthracycline, daunorubicin or idarubicin in doses of 

45 mg/m2 for 3 days followed by cytarabine (ara-C) at a dose of 100mg/m2 by 

continuous infusion for 7 days (Estey & Dohner, 2006). Despite the significant 

improvements in survival rates among the younger AML patients age group, the 

conventional “3+7” therapy yielded unsatisfactory results in older patients, as it led to 

some undesirable side effects, such as fever, diarrhea, anemia, cytopaenia and 

thrombocytopenia, threatening the patients’ quality of life, thus imposing the need for 

alternative treatments with higher efficacy and lower toxicity (Cortes et al., 2004; 

Redaelli, Lee, Stephens, & Pashos, 2003; Villela & Bolanos-Meade, 2011). Later, the 

scientific community recommended providing older AML patients with investigational 

therapies at diagnosis taking into consideration patient-specific and leukemia-specific 

factors. Current therapeutic schemas and studies against AML suggest the use of 

monoclonal antibodies, epigenetic modulator drugs, and drugs targeting intracellular 

signaling pathways such as cell cycle pathways and tyrosine kinase pathways. For 

example, the first monoclonal antibody approved for treatment of AML in old patients 



19 
 

age group, was Gemtuzumab ozogamicin (Villela & Bolanos-Meade, 2011). Recently, 

phytonutrients, including members of the vitamin E family, having various protective 

properties, medicinal benefits and low cytotoxicity, are being more explored for cancer 

therapy purposes (Ng K, 2016). 

 

1.6.3 AML cell lines 

 

Studying AML on the molecular basis and identifying the characteristics of AML 

cells was previously limited due to the absence of proper model systems to involve in 

studies on AML. The disease in lower animal models does not exactly resemble human 

AML, and studies done on fresh human AML cells were not feasible due to the cell’s 

restricted survival rate in vitro (Koeffler & Golde, 1980). In order to resolve this 

problematic research issue, cancer cell lines with high genomic similarity were 

established from original tumors. Cancer cell lines express the same morphological 

properties as the primary tumor, and maintain the cancer-related chromosomal 

abnormalities in addition to all cancer hallmarks except for angiogenesis. The use of 

cell lines in cancer research proved to be a useful tool to examine the biological 

mechanisms behind cancer. It facilitates identifying de-regulated genes, detecting 

alternations is signaling pathways, testing anti-cancerous drugs, and developing new 

improved cancer therapies (Gazdar, Girard, Lockwood, Lam, & Minna, 2010). 

One of the most important AML cell lines established is U937. A human myeloid 

leukemia cell line carrying features similar to macrophages originally isolated from the 

human histiocytic lymphoma of a 37 years old male (Nagaoka, Trapnell, & Crystal, 

1990; Sundstrom & Nilsson, 1976). This cell line grows in suspension with a 
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replication time of 20-48 hours. Some of the cell’s morphological properties include 

being round in shape with microvilli and having a large beam-shaped nucleus (Pagliara, 

Lanubile, Dwikat, Abbro, & Dini, 2005). The fact that an infinite number of uniform 

cells can be derived out of this cell line facilitate its usage in different aspects other 

than therapeutic cancer research, as it is also used as a model in studies targeting the 

mechanisms of myeloid differentiation (Chanput, Peters, & Wichers, 2015; Strefford et 

al., 2001). Even, Pearlman et al. showed interest to examine the interaction between 

this leukemic cell line and bacteria. They reached a conclusion in 1988, that the 

macrophage like U937 cell line supports the intracellular growth of Legionella 

pneumophila with a doubling time of 6 hours (Pearlman, Jiwa, Engleberg, & 

Eisenstein, 1988). Another essential leukemic cell line is KG-1. A myeloid cell line 

with a mean doubling time of 40-50 hours, established from the bone marrow of a male 

with erythroleukemia. An important feature of this cell line is its complete dependence 

on colony stimulating factors for duplication in a soft gel culture (Koeffler & Golde, 

1980). Other leukemic cell lines along with their origin and characteristics are 

presented in (Table 4). 

                     Table 4. Leukemic Cell lines     

Leukemia Cell Line Name Cell Type Origin 

GDM-1 Monoblast 67 years old patient 

MV-4-11 Macrophage 10 years old patient 

MYA-1 T-Lymphoblasts 5 months old patient 

KU812 Basophil 38 years old patient 

NCI-BL-2087 B-Lymphoblasts 69 years old patient 

HL-60 Promyeloblasts 36 years old patient 

THP-1 Monocyte 1 year old patient 

AML-193 Monocyte 13 years old patient 

MOLT-3 T-Lymphoblasts 19 years old patient 

CCRF-SB B-Lymphoblasts 11 ears old patient 
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1.7  Natural Compounds 

 

1.7.1 History in medicine 
  

The term “Natural compound” refers to all naturally present matters including 

secondary metabolites, which are small molecules, not implicated in primary life 

processes (McMurry, 2010). The discovery indicating the efficient medicinal use of 

natural products date back to 2600 BC. During this era, most of the natural substances 

used were plant based; many of which still show efficacy to date in treatment of 

diseases and symptoms such as, influenza, coughing, and parasitic infections (Gurib-

Fakim, 2006). Since then, scientists have been able to produce various drugs from 

natural existing products such as bacteria, fungi, and plants. For example, penicillin, 

which is considered a revolutionized antibiotic in medicinal improvements, was 

discovered from fungi in 1929. One of the plant-derived compounds is quinine, the first 

antimalarial agent extracted from Cinchona officinalis tree bark (Potterat, 2008). 

Additionally, studies on the opium poppy plant Papaver somniferum L led to the 

isolation of many alkaloids, among of which stands morphine the commercially 

important and well-identified painkiller (Dias, Urban, & Roessner, 2012). Later on, 

natural compounds started to get more attention in research for novel medicinal drugs. 

For instance, the FDA approved Vancomycin, an antibiotic initially isolated from 

mycobacteria and fungi by Edmund Kornfeld, in 1958, as a substitute antibiotic to be 

used by patients with high sensitivity to penicillin in treatment of certain severe 

infections (Butler, 2004). 

Although natural compounds appear to have high therapeutic potentials, some 



22 
 

pharmaceutical companies are still hesitant to use them, due to many reasons including 

mainly their difficulty in access, supply, and chemical complexity (Harvey, 2008). 

They assume that natural products still need to undergo many steps before using them 

in medicine. First and foremost, when a natural compound is identified the crude 

extract is isolated from the various secondary metabolites, and their structures are 

elucidated using advanced spectroscopic methods. Then, various research methods 

including in vivo and in vitro studies should be applied in order to discover their main 

biological activity. Studies include toxicity, stability, and solubility experiments that 

allow a better understanding of the active ingredients’ mode of action. Finally there are 

several clinical trials in which any given substance is tested on human volunteers to 

check for the drugs’ overall safety, efficacy and stability. Usually it takes about a 

decade for a natural drug candidate to get approval to be launched in the 

pharmaceutical market (Gurnani, Mehta, Gupta, & Mehta, 2014). Today, several 

hundreds of naturally derived compounds are currently undergoing clinical trials to test 

their use in several therapies including cancer (Butler, 2008). 

Regardless of the fact that deriving drugs from natural substances is a very long 

process, the great advancement in scientific methodologies, somehow resolved this 

obstacle, as techniques for screening and modifying the active constituents of natural 

resources are more efficient nowadays (Dias et al., 2012). For example, in a recently 

published review article, Zongru Guo discussed thoroughly the modification of natural 

compounds based on their structural and biological properties, for medical use. The aim 

of modifying natural compounds is to increase the overall activity, strength and 

selectivity, improve their solubility and chemical stability, and to remove or alleviate 
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any toxicity that might result from the natural compound before implicating it in 

medical use (Guo, 2017).  

 

1.7.2 Natural compounds and cancer 
 

Natural compounds have long shown a great deal of importance in the treatment 

of cancer. Examples of such compounds include vitamins, microbial agents, and almost 

100,000 natural products are plant-derived. Compounds with anti-tumor activity belong 

to several structural classes such as polyketide, anthracyclines, enediynes, and many 

others. Taxol for example, which is a polyketide, originates from both plants and fungi 

(Demain & Vaishnav, 2011). Natural compounds showed great potential in inhibiting 

cancer growth through various mechanisms including apoptosis, inhibition of key 

enzymes involved in signal transduction, or blocking tumor induced angiogenesis.  

The most important compounds used for chemotherapy are microbially produced 

antibiotics or their derivatives. Some famous anti-tumor agents include Doxorubicin, 

Rebeccanycin, Bleomycin, and Actinomycin D, the first microbial product to show a 

survival rate of 90% in Wilm’s tumor in children (Chung, 2009). In addition, 

Bleomycin, which is a glycopeptide produced by Streptoalloteichus Hindustanus, is 

most commonly used for squamous cell carcinomas, Hodgkin’s lymphomas and testis 

tumors. Bleomycin has shown a dramatic effect on the treatment of testicular cancer, 

which is the most common cancer in men aged between 15 and 35. It’s efficacy in 

treating cancer has improved widely over years of research, as results indicated 

approximetly a 90% cure rate in 2010 compared to only 5% in 1974 (Demain & 

Vaishnav, 2011). 
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Indeed, the use of plants as an effective source and an approved anti-cancer agent 

first appeared in 1961, where nine plant derivatives where used as anticancer drugs in 

the U.S. Some examples of plant derived antitumor products are Etoposide, Taxol, 

Taxotere and Vincristine. For instance, Taxol which is a diterpene alkaloid originally 

discovered in plants, has shown to be a very successful antitumor agent. It is primarily 

used for breast and ovarian cancer treatments, and acts by blocking the de-

polymerization of microtubules. Taxol binds to and stabilizes microtubules essential for 

DNA replication and cell division; therefore, it inhibits rapidly dividing cancer cells 

(Manfredi & Horwitz, 1984). Another example involves Etoposide, a natural compound 

derived from an antimitotic metabolite of the roots of a plant named Podophyllum 

peltatam (Demain & Vaishnav, 2011).  Etoposide acts as a topoisomerase II inhibitor, 

which is involved in cell growth by regulating levels of DNA supercoiling (Baldwin & 

Osheroff, 2005). The use of etoposide has been approved for the treatment of lung and 

ovarian cancers, in addition to acute myeloid leukaemia.  

Vitamins, on the other hand, have also proved effectiveness in the treatment of 

cancer. Primarily, Vitamin C, Vitamin D and Vitamin E appeared to play a significant 

role in improving the side effects of chemotherapy and radiation for lung, stomach, and 

prostate cancers (Jain, Tiwari, Verma, & Jain, 2017). Originally, Vitamins behave as 

antioxidants, but later showed to carry a great apoptotic and antiangiogenic potentials 

against metastasis in cancer cells. For example, studies suggest that adequate folate, 

vitamin B6, and B12 intake may be important in reducing the risk of breast cancer 

(Catarina Mamede et al., 2011). Similarly, in vivo studies performed using mice models 

have shown that riboflavin deficiency would result in disrupting the integrity of the 
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esophageal epithelium increasing the risk of developing esophageal cancer (Siassi & 

Ghadirian, 2005). Moreover, Rozanova et al, showed that Vitamin C can act as a 

catalyst in the treatment of cancer. In his study, almost 40% of the cancer cells 

underwent apoptosis 24 hours post treatment. In conclusion, all such studies stress out 

the point that natural compounds are definitely associated with a better quality of life 

for cancer patients (Gröber, Holzhauer, Kisters, Holick, & Adamietz, 2016). 
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1.8  Vitamin E and derivatives 

 

1.8.1 Background information & history of Vitamin E 
 

In the early 1900s, the British biochemists Fletcher and Hopkins discovered that 

several foods contain nutritional materials that are important to health and aid in 

preventing diseases. Few years later, Cashmir Funk, a Polish scientist, named these 

nutritional substances by “vitamins” (Sen, Khanna, & Roy, 2006). In 1922, Herbert 

Evans and Katherine Bishop, Researchers at the University of California, were able to 

isolate a vitamin from green leafy vegetables. This vitamin, which plays a role in 

fertility and reproduction, was termed vitamin E (Schauss, 2009; Sen et al., 2006). 

Vitamin E is the collective term that refers to the plant-derived and lipid-soluble 

micronutrient essential for maintaining the oxidative balance in tissues (Traber & 

Manor, 2012) Besides its antioxidant activity, many studies proved that Vitamin E 

plays numerous important roles within the human body. The Canadian physicians 

Wilfrid and Evan Shute were the first to report, in late 1930s, the various benefits of 

Vitamin E at worldwide medical conferences, indicating the importance of implicating 

this vitamin in treatments of several diseases (Schauss, 2009). Since then, studies 

indicated that Vitamin E is effective against all diseases and conditions linked to 

oxidation, including arthritis, atherosclerosis, aging and cancer. In addition, it also aids 

in blocking the production of platelet clotting factors such as thromboxane, reducing 

death rate due to thromboembolism, and enhancing resistance to viral diseases. In the 

elderly, vitamin E supplementation showed an improvement in their impaired immunity 

by enhancing both humoral and cell mediated immune responses, in addition to 

phagocytosis. Other studies performed at Harvard University’s School of Medicine in 
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1993, indicated that a daily uptake of 100 IU of vitamin E for a two years interval or 

above leads to approximately a 40% lower risk of coronary heart attacks or diseases. A 

recent study by Howard et al shows that vitamin E also has an important role in 

preventing muscular degeneration and retaining a skeletal muscle homeostasis. It is 

reported as a safe non-toxic vitamin that can be easily tolerated with minimal if any 

side effects (Constantinou et al., 2009; Rasool, Yuen, Yusoff, Wong, & Rahman, 

2006). Furthermore, being mainly located in cell membranes, vitamin E exerts its 

maximum effect by protecting the cell against lipid peroxidation, preventing free 

radical attack, and maintaining a greater stability to the cell through increasing the 

uniformity of the membrane lipid packaging yielding a tighter packing of the 

membrane (Rizvi et al., 2014; Schauss, 2009). Vitamin E absorption into the plasma is 

similar to fat uptake through the small intestine. Micelles containing vitamin E and 

lipid hydrolysis products are formed upon the secretion of bile acid in the intestinal 

lumen, after which it is absorbed through the intestinal wall and transported into the 

lymph or blood in the form of lipoproteins known as chyclomicrons (Cardenas & 

Ghosh, 2013). Genetic abnormalities, fat malabsorption, or atypical lipoprotein 

synthesis can be causes of vitamin E deficiencies in humans. Such deficiencies lead to 

anemia, retinopathy, neurological or muscular atrophy, immunity difficulties and many 

others. Based on such drawbacks of vitamin E deficiencies reported in several studies, 

this vitamin was listed by the U.S. National Research Council as a primary essential 

vitamin for humankind (Sen et al., 2006; Shahidi & de Camargo, 2016; Traber & 

Manor, 2012). 
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1.8.2 Forms and isoforms of Vitamin E 
 

The vitamin E family, collectively termed tocochromanols, consists of two 

subgroups exhibiting the biological activity of vitamin E, tocopherols and tocotrienols. 

Four isoforms of each subgroup exist in nature, α, β, γ and δ with saturated analogs 

belonging to tocopherols and unsaturated analogs comprising the tocotrienols class of 

vitamin E (Singh, Beattie, & Seed, 2013). Tocopherols and tocotrienols share a very 

close basic chemical structure, which consists a chromanol head composed of 2 rings, 

heterocyclic and phenolic, attached at the C-2 position to a long hydrocarbon 

isoprenoid tail (Rizvi et al., 2014). However, tocopherols and tocotrienols have some 

distinct structural features among their isoforms (Figure 4). Tocotrienols possess three 

trans-double bonds at positions 30, 70 and 110 in their unsaturated farnesyl 

hydrocarbon side chain, unlike tocopherols that have a saturated phytyl tail. 

Furthermore, the number and position of methyl groups attached to their chromanol 

ring distinguish the isomeric forms of tocotrienols and tocopherols (Shahidi & de 

Camargo, 2016).  

Despite sharing a basic structural similarity, tocopherols and tocotrienols differ 

widely in their bioavailability and activity. Tocopherols, which are considered the 

major vitamin E source in the U.S. diet, are most commonly found in dietary oil 

sources such as vegetable oils, soybean, sesame and nuts (C. S. Yang, Suh, & Kong, 

2012). The β and δ isoforms of tocopherols are found in the plasma in minor 

concentrations, while the α and γ tocopherols accumulate in the serum and red blood 

cells (RBCs) (Rizvi et al., 2014). Tocotrienols, on the other hand, are primarily derived 

from palm oil, wheat, oat, barley, rice bran oil, rye and mainly Annatto (Bixa orellana) 
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which is highly concentrated with tocotrienols and free of any tocopherols. In addition, 

the human milk has been found to contain several isomers of tocotrienols (Aggarwal et 

al., 2019; Schauss, 2009).  

Upon examining the biological functions of various vitamin E forms, researchers 

discovered that each member in the vitamin E family exhibits a unique bioactivity. For 

example, analyzed studies on tocopherols concluded that they have preventive effects 

against Parkinson’s syndrome as well as Alzheimer’s disease. Tocopherols also play a 

role in decreasing the risk of heart diseases and chronic ailments in addition to certain 

types of cancer (Shahidi & de Camargo, 2016). Previously, the high bioavailability of 

tocopherols led researchers to neglect studying other vitamin E forms. Nonetheless, 

recent developments indicating the great bioactivity of tocotrienols reinforced 

considering them as topics for basic and clinical research. Tocotrienols are highly 

neuroprotective and antioxidant. Several investigations also state that tocotrienols 

possess powerful anti-cancerous effects and cholesterol lowering potentials not 

exhibited by tocopherols (Ahsan, Ahad, Iqbal, & Siddiqui, 2014; Sen et al., 2006). 
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Figure 4. Chemical Structures of tocopherols and tocotrienols. The difference in the 

structural features between the two classes of vitamin E, tocopherols and tocotrienols, 

in which the former possess saturated side chains and the latter consist of an 

unsaturated side chain including double bonds. The 4 isoforms (α, β, γ and δ) of each 

class differ by the location of methyl groups present of the chroman ring structure. 
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1.8.3 Vitamin E and Cancer 
 

The fact that vitamin E and its derivatives have strong antioxidant properties and 

DNA protective potentials attributed to their free radical scavenging abilities, increased 

the interest around the question whether vitamin E nutrition correlates inversely to 

cancer risk (Knekt et al., 1991). The chemopreventive properties of vitamin E emerged 

at first after performing an epidemiological study on populations between the 

Mediterranean area, Europe and USA. This study investigated that Mediterranean 

people, whose daily diet is richer in vitamin E isoforms than Europeans and Americans, 

exhibit a lower risk of developing colon cancer, thus suggesting the anticarcinogenic 

effect of vitamin E (Constantinou et al., 2009). Until the late 1980s, researchers focused 

their studies on the predominantly bioavailable form of vitamin E, which is α-

tocopherol (Cardenas & Ghosh, 2013). Even though, some epidemiological studies 

showed a clear inverse relation between α-tocopherol intake and cancer risk, laboratory 

in vivo and in vitro research studies on cancer models aiming to examine the 

anticancerous potential of α-tocopherol were disappointing. α-Tocopherol showed 

weak, unstable and inconsistent outcomes in such studies. For example, the Selenium 

and Vitamin E Cancer Prevention Trial (SELECT), which is a large randomized 

population-based clinical trial issued by the National Cancer Institute in 2001, intended 

to test the efficacy of a monotherapy in comparison to a combination therapy of 

Selenium and Vitamin E in treatment of prostate cancer. This study showed unexpected 

outcomes indicating that a 400 IU daily intake of α-tocopherol would promote prostate 

cancer instead of reducing its occurrence risk (Constantinou, Papas, & Constantinou, 

2008; Jiang, 2017; Klein et al., 2011). Later on, studies conducted on other isomers of 
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tocopherols were indicative. Jiang et al. investigated in their study that a 72 hours 

treatment, using a combination of γ and δ isoforms of tocopherols, shows a pro-

apoptotic effect on prostate cancer cells (Rizvi et al., 2014). Studies on different 

isomers of tocotrienols also were indicative showing that they interfere with various 

intracellular signaling pathways implicated in apoptosis, proliferation, and metastasis 

(Marelli, 2018).  

Several studies since then stressed on the chemopreventive potential of vitamin E 

and its derivatives through tracking the intracellular signaling pathways associated to 

antiproliferation, apoptosis, and oxidative stress that may be implicated in its mode of 

action. Results indicate that vitamin E’s anti-cancerous function relies in stimulating 

the p53 tumor suppressor gene, deregulating mutant p53 proteins, inhibiting the 

production of PKC and nitrosamines, and activating heat shock proteins, all of which 

promote carcinogenesis (Rizvi et al., 2014). Furthermore, several vitamin E isoforms 

appeared to play a role in inhibiting the constitutive activation of various genes related 

to NF-kB and STAT3, the key transcription factors that act as oncogenes upon 

activation in cancer cells leading to an increase in the expression of genes promoting 

cancer cell proliferation, survival, angiogenesis, invasion and metastasis. In addition, 

vitamin E also exerts its anti-cancer properties by blocking the PI3K-mediated AKT 

phosphorylation, enhancing PPAR-g expression, and upregulating mitochondrial 

apoptotic proteins (Jiang, 2017; R. Kannappan, S. C. Gupta, J. H. Kim, & B. B. 

Aggarwal, 2012). An early in vivo study performed on mice melanoma showed that a 

treatment involving vitamin E acid succinate resulted in tumor suppression along with 

some morphological changes (Prasad & Edwards-Prasad, 1982). A subsequent study 
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analyzing samples from around 5000 women using high-performance liquid 

chromatography, indicated that women with a high risk of acquiring breast cancer have 

lower vitamin E plasma levels compared to their controls (Cardenas & Ghosh, 2013). 

 

1.8.4 Tocotrienols  
 

Tocotrienols, the predominant vitamin E form in the seed endosperm of most 

monocots and some dicots, were first discovered by Pennock et al. in 1964. Two years 

later, in 1966, Whittle et al. succeeded in isolating tocotrienols from the latex of the 

rubber plant, Havea brasiliensis. The name of tocotrienols was suggested by Dr. 

Bunyan et al. to describe vitamin E forms having an isoprenoid side chain (Aggarwal et 

al., 2019; Schauss, 2009). A decade following its discovery, several biological 

properties of tocotrienols were identified including its antioxidant, cardioprotective, 

neuroprotective and anti-inflammatory properties. In addition, it was suggested that 

tocotrienols also have cholesterol-lowering potentials. In 1986, Qureshi et al. 

performed a study on chickens to provide an evidence in support of the notion 

indicating that tocotrienols block cholesterogenesis (Qureshi, Burger, Peterson, & 

Elson, 1986; Schauss, 2009). Few years later, several studies concluded that 

tocotrienols inhibit a rate limiting enzyme in cholesterol biosynthesis, named HMG-

CoA reductase (Ahsan et al., 2014). Furthermore, Serbinova et al. provided an evidence 

to tocotrienols antioxidant activity, as they reported that tocotrienols have 

approximately 50 times stronger antioxidant potentials against iron-induced lipid 

peroxidation than tocopherols (Serbinova, Kagan, Han, & Packer, 1991). The 

neuroprotective ability of tocotrienols was proven by Liu and colleagues, who 
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determined tocotrienols’ positive impact in treatment of Parkinson disease (X. Liu, 

Yamada, & Osawa, 2009). Moreover, Koba et al. examined in their study on 

hypertensive rats, that tocotrienols exhibit also blood pressure regulatory potentials 

(Koba, Abe, Ikeda, & Sugano, 1992). All such proven biological properties started to 

attract biologists’ attention to conduct more research about tocotrienols to detect their 

role in medicine, mainly cancer therapeutics. 

A series of studies enforced the recognition of tocotrienols as a potential 

chemotherapeutic agent. Sundram and his colleagues were the first to report the anti-

cancerous properties of tocotrienols, as they observed a suppression of mammary 

tumorigenesis in female rodents upon treatment (Sundram, Khor, Ong, & 

Pathmanathan, 1989). Soon thereafter, an in vitro study by Guthrie et al. indicated that 

tocotrienols exhibit an anti-proliferative activity on the two breast cancer cell lines 

MCF-7 and MDA-MB-435 (Guthrie, Gapor, Chambers, & Carroll, 1997). Manu et al. 

later on, showed that tocotrienols’ anti-proliferative activity on breast cancer relies 

mainly in its ability to regulate the expressions of key genes in breast cancer biology, as 

it inhibit the expression of the AP15 gene and induce the expression of the MIG6 gene 

in MCF-7 cells (Manu et al., 2012). In a similar fashion, Nesaretnam et al. revealed that 

180 mg/ml tocotrienol rich fraction (TRF) supplementation inhibited the proliferation 

of the breast cancer cell line MDA-MB-435 by 50%, while only 6 mg/ml TRF were 

enough to reduce the proliferation of ZR-75-1 breast cancer cells by 50% (Nesaretnam, 

Meganathan, Veerasenan, & Selvaduray, 2012). Wada et al. in an in vivo study on 

athymic mice models with liver cancer, showed that TRF supplementation significantly 

suppressed the tumor volume in a dose-dependent manner (Wada et al., 2005). This 
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was supported by another in vivo study indicating a reduction in the tumor volume, 

following 10 days of intravenous treatment with TRF encapsulated in transferring 

bearing vesicles (Cardenas & Ghosh, 2013).  

The fact that several studies succeeded in proving the role of tocotrienols in 

cancer therapeutics led to further experimental studies to detect its mode of action. For 

instance, upon treating the non-small cell lung cancer (NSCLC) cell lines H1299 and 

A549 with 30µM tocotrienol, inhibition of proliferation, migration and invasion was 

observed mediated by Notch-1 at the transcriptional and translational levels. Another in 

vivo study indicated that a daily intake of tocotrienol rich compounds would result in 

suppressing angiogenesis through blocking the formation of VEGF-stimulated tube in  

human umbilical vein endothelial cells (HUVEC) (Ji, Wang, Geamanu, Sarkar, & 

Gupta, 2011; Ramaswamy Kannappan, Subash C. Gupta, Ji Hye Kim, & Bharat B. 

Aggarwal, 2012). Tocotrienol has also been shown to induce cell cycle arrest and 

programmed cell death in pancreatic and stomach cancer cells through the 

downregulation of the Raf-ERK signaling pathway (Ahsan et al., 2014). Comitato et al. 

demonstrated that treating the breast cancer cell line MDA-MB-231 with tocotrienols 

upregulates the expression of estrogen responsive genes at the protein level, such as 

MIC-1 and EGP-1, thus inducing apoptosis and an S-phase cell cycle arrest 

(Nesaretnam et al., 2012). Researchers then focused on studies that would systemically 

evaluate the safety of tocotrienols. For example, tocotrienol was tested on a small 

population of healthy people receiving a daily dose of this vitamin E derivative and no 

signs of toxicity appeared proving that tocotrienols are safe and should be more 

considered for therapeutic cancer research (Jiang, 2017).  
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1.8.5 Gamma Tocotrienols 
  

The gamma isomer of tocotrienols appeared to exert some activities not observed 

by other vitamin E forms, even α-tocopherol the most readily available vitamin E 

derivative. Indeed, γ-tocotrienol plays a role in maintaining the body’s calcium 

homeostasis and a normal metabolism of vitamin D (Mohamed, W. Ng, & Soelaiman, 

2005). γ-tocotrienol was also shown to play a role in enhancing bones’ function. This 

was proven recently by Xu et al. who found that γ-tocotrienol improved the 

proliferation, differentiation and mineralization in osteoblastic MC3T3-E1 cells, 

without affecting their cell cycle progression (W. Xu et al., 2018). Besides such unique 

functions, various studies proved that γ-tocotrienol has great anti-neoplastic activities 

that made it of a great interest for researchers to focus on. For instance, an in vitro 

study by Park et al. revealed that γ-tocotrienol enhances the expression of death 

receptor 5 (DR5), thus promoting apoptosis in breast cancer cells (S. K. Park, Sanders, 

& Kline, 2010). Further evidence of γ-tocotrienol efficacy in treatment of breast cancer 

was provided by Ahmed and Sylvester, who explained that γ-tocotrienol prevents 

breast cancer metastasis through elevating the expression of negative regulators within 

the Wnt and Hedgehog pathways, and inhibiting epithelial to mesenchymal transition 

via significantly decreasing the expression of mesenchymal markers such as, vimentin 

and α-SMA (Ahmed, Alawin, & Sylvester, 2016; Rasool et al., 2006). In addition, 

Chang and his colleagues demonstrated that γ-tocotrienol blocks the invasive abilities 

in human melanoma cells, as γ-tocotrienol-treated G361 had approximately two folds 

lower matrigel-invasion potential than their subsequent untreated controls (Chang et al., 

2009). Shibata et al. showed that γ-tocotrienol inhibited angiogenesis in colon cancer 
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cells through suppressing the secretion of the angiogenic factor HIF-1a (Shibata et al., 

2008). Zhang et al. then investigated the dose-dependent inhibitory effects of γ-

tocotrienol on the human colon cancer SW620 and HCT-8 cells. They detected that the 

mode of cell death exhibited by γ-tocotrienol on these cancer cell lines was mediated 

by a paraptosis-like cell death, associated with the suppression of c-jun and cyclin D1 

proteins involved in the Wnt signaling pathway (Zhang et al., 2013). Also, Liu et al. 

showed that γ-tocotrienol inhibited the migration and invasion capabilities in stomach 

cancer cells through suppressing the expression of metalloproteinases, mainly MMP-2 

and MMP-9, in the gastric adenocarcinoma SGC-7901 cell line (H. K. Liu et al., 2010). 

γ-tocotrienol was also shown to exert anti-cancerous activities in treatment of prostate 

cancer, as Luk et al. proved that it downregulates the expressions of two well-known 

stem cell survival proteins, Id-1 and β-catenin, in prostate cancer cells (Luk et al., 

2011). In treatment of pancreatic cancer, Shin Kang et al. found that γ-tocotrienol 

inhibits the proliferation of pancreatic cancer cells, through disrupting the PI3/AKT 

signaling pathway (Shin-Kang et al., 2011). Its’ efficacy in treatment of prostate cancer 

was then reinforced by Srivastava et al., who also proved the safety of γ-tocotrienol 

treatment, in which they induced cell death in prostate cancer cells only, without 

affecting the viability of normal prostate epithelial cells. This selectiveness was 

suggested to be through the induction of cytokines such as interleukin-24 (IL-24), 

which promotes apoptotic cell death in cancer cells rather than non-malignant cells 

(Selvaduray, Radhakrishnan, Kutty, & Nesaretnam, 2010; Srivastava & Gupta, 2006). 

γ-Tocotrienol is considered generally safe as several in vivo and in vitro studies showed 

that it accumulates only in cancer cells without affecting the activity or morphology of 
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normal tissues (Jiang, 2017; Yap et al., 2010).  

Such studies, along with several other studies exploring γ-tocotrienol’s 

therapeutic potentials, indicate that this vitamin E derivate can suppress the growth of 

various types of cancer by interfering with multiple cell signaling pathways (Aggarwal 

et al., 2019). For example, some studies show that it enhances the direct activation of 

caspases 3 and 9, upregulates extrinsic death receptor signaling, and increases the 

Bax/Bcl-2 protein ratio. Other studies show that γ-Tocotrienol also inhibits the 

activation of pro-proliferative pathways, such as the NF-kB pathway, by tumor necrosis 

factors, epidermal growth factors or interleukins. For example, an vivo study done on a 

xenograft mouse model, indicate that γ-tocotrienol inhibits the progression of human 

gastric cancer via modulating the expression of NF-kB regulated proteins playing 

significant roles in proliferation, invasion and metastasis (Manu et al., 2012). 

Furthermore, some stated that it blocks the STAT3 pathway leading to the 

downregulation of proteins in favor of survival, such as c-myc and cyclin D1, in 

addition to anti-apoptotic proteins including survivin and the Bcl-xl family of proteins 

(Ahn, Sethi, Krishnan, & Aggarwal, 2007; Kannappan, Yadav, & Aggarwal, 2010).  

Taking advantage of its antioxidant potential, γ-tocotrienols were later implicated 

in several combination therapies. For instance, Its’ coupling to tyrosine kinase 

inhibitors such as gefitinib or erlotinib, resulted in the inhibition of EGF-dependent 

mitogenic signaling in murine mammary tumor cells (Kannappan et al., 2010). 

Similarly, Bachawal et al. showed that coupling γ-tocotrienol to erlotinib or gefitinib 

suppresses STAT and AKT signaling in +SA murine mammary tumor cells, through 

downregulating the expression levels of phosphorylated pdk-1, AKT, STAT3 and 



39 
 

STAT5 (S. V. Bachawal, V. B. Wali, & P. W. Sylvester, 2010). Malaviya and 

Sylvester, also showed in their study performed in 2013, that a combined treatment 

involving γ-tocotrienol with PPARγγ antagonists such as, GW9662 or T0070907, 

synergistically inhibited the cell growth of the two breast cancer cell lines, MCF-7 and 

MDA-MB-231 (Malaviya & Sylvester, 2013). A subsequent study combining it with δ-

tocotrienol indicated high efficacy through inducing apoptosis and autophagy, in 

addition to minimizing inflammation and chemoresistance in various cancer cell types 

(Jiang, 2017). Paul W. Sylvester demonstrated, in his 2012 study, that γ-tocotrienols 

exert synergistic growth inhibitory effects with statins or EGF receptor inhibitors on 

highly malignant +SA mammary epithelial cells in vitro (Sylvester, 2012).  

All studies mentioned indicate that γ-tocotrienol alone or in combination to other 

chemotherapeutic drugs, exert anti-cancerous effects on various cancer types including, 

breast, colon, prostate, gastric, skin and pancreatic cancers. However, data on the 

efficacy of γ-tocotrienol in treatment of leukemia in general, and AML in specific, is 

still very poorly studied. 
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1.9  Purpose of the study 
 

The purpose of this study is to investigate the anti-cancerous effect of the 

vitamin E derivative, γ-tocotrienol on human acute myeloid leukemia. Several 

experiments have been performed on the AML cell lines U937 and KG-1, to elucidate 

the efficacy, signaling pathways, and mechanisms behind the mode of action of this 

natural compound. Experimental assays done include, cytotoxicity assays, annexin 

V/PI assay, Cell death ELISA, PI assays, and western immunoblotting, each of which 

will be discussed in details later on, along with explaining the outcomes and final 

conclusions regarding the use of γ-tocotrienol in treatment of AML. 
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                             Chapter Two  

Materials and methods 

2.1  Cell lines 

 
The model AML cell lines used in this study are U937, isolated from the histiocytic 

lymphoma of a 37-years old male patient, and KG-1, established from the bone marrow 

of a 59 years old male patient.  Both AML cell lines are maintained as replicative cells 

growing in suspension, carrying approximately the same biochemical and 

morphological features of blood monocytes.  

 

2.2  Cell culture 

 
Human AML cell lines U937 and KG-1 were obtained from ATCC and cultured 

in fresh RPMI 1640 (Roswell Park Memorial Institute medium), containing 25 mM 

Hepes and L-glutamine supplemented with 10% fetal bovine serum (FBS) and 100 U 

of penicillin and streptomycin, in a humidified incubator at 37°C and 5% CO2. 

 

2.3  Isolation and culture of mesenchymal stem cells (MSCs) from rat 

bone marrow 

 
A single, 12-weeks old rat was provided by the animal facility at the Lebanese 

American University. The animal was maintained under optimal laboratory conditions 

and received food and water ad libidum. All experiments were approved by the 
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University’s Animal Care and Use Comity (ACUC) and complied with the Guide for 

the Care and Use of Laboratory Animals. MSCs were isolated from rat bone marrow 

according to a modified procedure. Briefly, the rat was sacrificed by CO2 

asphyxiation and both hind legs were aseptically removed. Femoral and tibial bones 

were then isolated and washed with 70% Ethanol and placed in sterile Phosphate 

Buffered Saline (PBS, Lonza) supplemented with100 U/mL penicillin and 100 mg/mL 

streptomycin (Lonza). After removing the bone epiphyses with sterilized scissors, the 

bone marrows were flushed out using a needle filled with Dulbecco’s Modified Eagle 

Medium (DMEM, Sigma-Aldrich) supplemented with 10% Fetal Bovine Serum 

(Gibco
TM

) and 100 U/mL penicillin and 100 mg/mL streptomycin (Lonza). The cells 

collected were then incubated in vented flasks at 37 °C with 5% CO2. After 5 days of 

daily medium change, MSCs were identified by their spindle-shaped morphology as 

observed using the ZOE Fluorescent Cell Imager (Najar et al., 2019, Soleimani & 

Nadri, 2009). 

 

2.4  Preparation of ɣ-tocotrienol 

 
The vitamin E derivative, ɣ-tocotrienol, was purchased from abcam (ab144448) with 

a purity ≥ 98%. This antioxidant agent, that is chemically named (2R)- 2,7,8 -Trimethyl-

2-[(3E.7E)-4,8,12-trimethyltrideca-3,7,11-trienyl]-3,4-dihydrochromen-6-ol, has a 

molecular weight of 410.64 MW (Abcam Inc., Cambridge, UK). The product was 

solubilized in dimethyl sulfoxide (DMSO), diluted in RPMI, and stored at -20 °C.  After 

that, the desired final concentrations to be used in this study, ranging from 10 to 50 µM, 

were prepared.  
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Etoposide, a topoisomerase II inhibitor with a proven efficacy on several cancer types 

including leukemia, was also prepared in DMSO, and used as a positive control at a 

concentration of 20 µM. 

 

 

2.5  Cytotoxicity Assay 

 
The cytotoxicity assay, also known by the cell proliferation assay, was performed to 

test the sensitivity of the AML cell lines U937 and KG-1 to the ɣ-tocotrienol form of 

vitamin E. Briefly, the cells were seeded in flat-bottomed 96-well plates (Corning Inc., 

NY, U.S) at a density of 3x10^5 cells/well with 100µL RPMI cell culture medium. 

After being kept overnight in a humidified incubator, the cells were treated with 

increasing doses of ɣ-tocotrienol (10, 20, 30, 40 and 50µM).  

Following 24 and 48 hours of incubation with the treatment at 37°C and 5% CO2, 

the CellTiter 96® Aqueous One Solution Cell Proliferation Assay, was used to assess 

the anti-proliferative activity of ɣ-tocotrienol by spectrophotometrically quantifying the 

number of metabolically active viable cells in all treated wells normalized to control 

untreated cells. This colorimetric reagent consists of a tetrazolium salt (MTS) that is 

cleaved to formazan by mitochondrial dehydrogenases upon contact with metabolically 

active cells, in addition to a coupling reagent, that maintains the stability of MTS, 

called phenazine ethosulfate (PES). The MTS cell proliferation assay was performed by 

adding 20µl of the reagent (Promega Co., Wisconsin, U.S) to all wells, followed by 

preferably a 4-hours incubation period. The formazan dye absorbance was then 

assessed colorimetrically at 490 nm using a Varioskan Flash plate reader (Thermo 

Fisher Scientific, Waltham, MA).  
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Using GraphPad Prism 5 software (GraphPad Software, San Diego, CA), the 

nominal absorbance and percent maximal absorbance were plotted against the log of 

concentration to generate a non-linear regression with a variable slope sigmoidal dose 

response curve along with t h e  inhibitory concentration 50 (IC50) of ɣ-tocotrienol. 

 

2.6  Propidium Iodide Assay 

 
The flow cytometric analysis of the cell cycle, using the propidium iodide (PI)-

DNA staining assay, enables the quantification of the DNA in each phase of the cell 

cycle. This assay was performed to test the effect of ɣ-tocotrienol of the cell cycle 

progression of U937 and KG-1, AML cell lines. PI is a fluorescent dye that binds 

nucleic acids (DNA or RNA) with little or no sequence preference.  

Cells were seeded in 24-well plates at a density of 3x10^5 cells/ml, and treated with 

increasing concentrations of ɣ-tocotrienol ranging from 10 µM to 50 µM. After 24 

hours of the treatment, the cells were harvested and washed with 600 µl 1x PBS. 

Knowing that PI is a fluorescent dye that is membrane impermeant, the cells were fixed 

using 1400 µl 70% cold ethanol added drop wise while vortexing, to facilitate the 

access of the dye to the DNA. The samples were then stored overnight (or up to 3 

weeks) at -80 °C.  

Before staining the cells, they were treated with 50 µl of a 100 µg/ml Ribonuclase I, 

RNase, (Roche, Penzberg, Germany) in order to digest cellular RNA and ensure that 

only DNA will be stained, since PI has the tendancy to bind nucleic acids (DNA or 

RNA) with little or no sequence preference. The cells were then stained with 200 µl of 

a 1mg/ml PI solution (P4864) (Sigma-Aldrich, Missouri, U.S) and incubated for 40 



45 
 

minutes in dark, after which cell’s DNA content is assessed and quantified by flow 

cytometry using C6 flow software.  

2.7  Annexin V/PI Assay 

 
The Annexin V/Propidium Iodide Apoptosis Staining Assay was performed to 

accurately assess cell death and detect whether the mode of cell death induced by ɣ-

tocotrienol on U937 and KG-1, AML cell lines, is apoptotic, necrotic, or both, 

depending on the cell membrane integrity and permeability. This assay relies on 

staining phospatidylserine (PS) molecules that usually translocate from the inner 

plasma membrane to the outer cell membrane surface once apoptosis is triggered. 

Annexin V has a strong calcium dependent affinity to the PS residues, thus Annexin V-

FITC staining enables the detection of apoptosis. In parallel, PI staining results in the 

visualization of the DNA in late apoptotic or necrotic cells as propidium iodide’s entry 

to the cell and intercalating into nucleic acids depends on the weakness of the 

membrane’s integrity. Therefore, this assay allows us to differentiate between the early 

apoptotic stage, late apoptotic stage, and necrosis.  

The cells were plated in 24 well-plates then treated with ɣ-tocotrienol using 

increasing concentrations (10, 20, 30, 40 and 50 µM). After 24 hours of the treatment, 

the cells were harvested and stained by Annexin V and PI following the instructions 

provided by the Annexin V-FITC Apoptosis Staining / Detection Kit [ab145085] 

(Abcam Inc., Cambridge, UK). After 5 minutes incubation in dark, the results were 

detected and measured by the flow cytometry using the florescent dye FITC signal 

detector and the phycoerythrin emission signal detector for annexin V-FITC binding 

and PI staining, respectively. 
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2.8  Cell Death Detection ELISA 

 
The photometric enzyme-linked immunosorbent assay (ELISA) was further 

performed to confirm that ɣ-tocotrienol induces apoptotic cell death in U937 and KG-1, 

AML cell lines. This assay enables the quantification of cytoplasmic histone-associated 

DNA fragments, a hallmark of apoptosis. In the process of performing a sandwiched 

ELISA (Figure 5) two essential monoclonal antibodies (mAbs) are being used, anti-

histone antibody and anti-DNA antibody that recognize and bind to histones and DNA 

respectively, thus detecting cytoplasmic nucleosomes, which appear during early 

apoptotic events. 

U937 and KG-1 cells were plated in 6-well plates at a density of 3x10
5
 cells/ml. 

Following treatment for 24 hours with the assigned doses of ɣ-tocotrienol ranging 

between 10 µM and 50 µM, cytosolic DNA was extracted and DNA fragmentation was 

measured according to the manufacturer’s instruction kit (Roche Co., Basel, 

Switzerland) using the Varioskan Flash plate reader at 405 nm (Thermo Fisher 

Scientific, Waltham, MA). Results were reported as enrichment factor following the 

below formula: 
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Figure 5. Cell Death Detection ELISA. Reagents used in a sandwiched ELISA. An 

assay done to measure DNA fragmentation in AML cell lines, in response to treatment 

with an increasing dosage of ɣ-tocotrienol. 

 

 

 

2.9  Antibodies  

 
The primary antibodies used in this study are: Mouse monoclonal anti- β- Actin 

C4 [sc-47778] (Santa Cruz Inc, CA, U.S), Rabbit polyclonal Cytochrome c1 [E-AB-

63402] (Elabscience Inc., Texas, U.S), Rabbit monoclonal anti- cleaved PARP1 

[ab32064], Mouse monoclonal anti-Caspase-3 [ab13585], Rabbit monoclonal anti-

Bax [ab182733], and Mouse monoclonal anti-Bcl-2 antibodies [ab692] (Abcam Inc., 

Cambridge, UK). 

The secondary antibodies used in this study are: anti-rabbit and anti-mouse HRP-

conjugated secondary antibodies, obtained from promega (Promega Co., Wisconsin, 

U.S). 
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2.10 Western Immunoblotting 

 
Western immunoblotting assays were performed to investigate the molecular basis 

and signaling pathways behind the anti-cancerous activity of ɣ-tocotrienol, through 

detecting the expression levels of certain intracellular proteins involved in several 

growth-related signal transduction pathways.  

First, U937 cells were seeded in petri-dishes, and then treated with increasing 

doses of ɣ-tocotrienol (10, 20, 30 and 40 µM). After 24 hours of treatment, cellular 

proteins were extracted and whole cell lysates were prepared following the Qproteome 

mammalian protein preparation Kit provided by the manufacturer (Qiagen Co., 

Hilden, Germany). 

Second, the extracted proteins were quantified using the colorimetric Lowry-like 

Assay, called Bio-Rad DC Protein Assay (Bio-Rad Inc., CA, U.S) and stored at -80°C. 

Based on the quantification assay, the protein samples were then prepared in vials 

with 20µl laemmli sample buffer containing 4% SDS, 10% β mecraptoethanol, 20% 

glycerol, 0.004% bromophenol blue, and 0.125M Tris HCL o f  pH 6.8.  

After boiling the protein samples for 5 to 7 minutes, SDS-PAGE was carried out 

under standard conditions, and the proteins were transferred onto PVDF membranes 

at 0.25 mA for 90 minutes. Then, the membranes were blocked using 5% skimmed 

dry milk or bovine serum albumin (BSA) in PBS containing 0.05% Tween20 for an 

hour on the shaker at 40 rpm. After that, each membrane is incubated with one of the 

primary antibodies, mentioned in section 2.6, overnight at 4 °C. The next day, the 

membranes were washed 3 times for 10 minutes each using 1x PBS containing 

Tween20 (for each 100ml 1x PBS add 600 µl Tween20) , while placed on the shaker 
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at 90 rpm, then incubated with the specific secondary antibody on the shaker at 30 rpm. 

An hour later, the membranes were washed again for 30 min under the same washing 

conditions previously used.  

Finally, the bands were visualized on the ChemiDoc XRS+ machine (Bio-Rad, 

Hercules, CA, US), using western blotting chemiluminescent reagent enhanced 

chemiluminescence (ECL) (GE Healthcare, Chicago, IL, U.S). The levels of protein 

expression were later quantified and compared using the ImageJ software. 

 

2.11 Reactive Oxygen Species Assay 

 
Later on, the reactive oxygen species (ROS) assay was done to test whether ɣ-

tocotrienol induces any changes in the cellular oxidative state though assessing its 

effect on the level of ROS in AML cells treated with ɣ-tocotrienol. 

The assay relies on using the cell permeant fluorogenic dye 2’,7’ –

dichlorofluorescin diacetate (DCFDA) which measures hydroxyl, peroxyl and other 

ROS activity within the cell. When DCFDA diffuses into the cell it gets oxidized by 

ROS into 2’, 7’ – dichlorofluorescein (DCF), a highly fluorescent compound that can 

be detected by fluorescence spectroscopy at 495 nm-529 nm. 

The ROS assay was performed to quantitatively measure the cellular levels of ROS 

following the protocol provided by the DCFDA Cellular Reactive Oxygen Species 

(ROS) Detection Assay Kit [ab113851] (Abcam Inc., Cambridge, UK). Breifly, KG-1 

cells were washed with 1x PBS then incubated with the prepared DCFDA stain 

solution at 37 °C. After 30 minutes of incubation, the stain solution was removed 

following a 5 minutes centrifugation at 1500 rpm, and the pellet was re-suspended in an 
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FBS- containing supplemental buffer. Afterwards, cells were plated in 96-well dark 

plates at a density of 10^6 cells/well, and then directly treated with different 

concentrations of ɣ-tocotrienol alone (10, 20, 30, 40 & 50 µM) and ɣ-tocotrienol along 

with 75 µM Tert-Butyl Hydrogen Peroxide (TBHP) used as a positive control for better 

visualization of the results. Following 2 hours of incubation at 37 °C, the results were 

obtained using the Varioskan Flash plate reader (Thermo Fisher Scientific, Waltham, 

MA).  

 

2.12 Statistical Analysis 

 
All the experiments were carried out in triplicates and each experiment was repeated 

three times. The error estimates were reported as mean ±SEM. The analysis was done 

using two-way analysis of variance. The level of significance (p-values) upon 

comparing control versus treatment was set at P0.05. 
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Chapter Three 
 

 
 
 

Results 
 

  

 

3.1  Effect of ɣ-Tocotrienol on the proliferation of AML cell lines 

 
The cell viability assay was performed at various doses and time points to 

determine the cytotoxic effect of ɣ-tocotrienol, an isoform belonging to the Vitamin E 

family, on the two AML cell lines, U937 and KG-1, in vitro. 

 Results indicate a halt in cell proliferation upon the treatment of U937 and KG-1 

cells with increasing dose of ɣ-tocotrienol ranging from 10 µM to 50 µM for 24 hours. 

The % viability of U937 cells has decreased from 91.9% upon treatment with a low 

dose of 10 µM to 6.6% when increasing the concentration to 50 µM ɣ-tocotrienol 

(Figure 6A). Similarly, the % viability of KG-1 cells has decreased from 94.2% upon 

treatment with a 10 µM dose to 4% when increasing the concentration to 50 µM ɣ-

tocotrienol (Figure 6B). 

Based on our results, showing a dose-dependent decrease in cell viability upon 

treatment of both cell lines for 24 hours, we moved to testing whether ɣ-tocotrienol’s 

efficacy is time dependent. 

The cytotoxicity assay was repeated under the same conditions for both cell lines, 

U937 and KG-1, yet the results were measured 48 hours post treatment. ɣ-tocotrienol 

appears to induce a dose and time dependent decrease in the proliferation of both cell 

lines compared to our results after 24 hours of treatment, as the % viability of U937 
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cells has decreased from 82.5% upon treatment with a dose of 10 µM to 1.6% when 

increasing the concentration to 50 µM ɣ-tocotrienol (Figure 6A). The % viability of 

KG-1 cells has decreased from 88.9% upon treatment with a 10 µM dose to 2.1% 

when increasing the concentration to 50 µM ɣ-tocotrienol (Figure 6B). 

                         

 

           
                 

Figure 6. Effect of ɣ-tocotrienol on the cell viability of U937 (A) and KG-1 (B) 

AML cell lines for 24 & 48h. ɣ-tocotrienol induced a dose-dependent decrease in cell 

viability of the two cell lines following 24 & 48h of treatment with a significant time-

dependent activity on both cell lines. Data represent mean ± SEM from three 

independent experiments. The relative level of the p-value is reported as well, in which, 

"*" means p< 0.05, "**" means p< 0.01, and "***" means p< 0.001. 

 

 

A 

B 
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The half inhibitory concentration (IC50), which is the concentration of ɣ-

tocotrienol inducing a 50% cell death after 24 and 48 hours of treatment, are 

represented in (Table 5) and (Table 6), respectively, for both cell lines. 

 

                      Table 5. IC50 of ɣ-tocotrienol on U937 and KG-1 for 24h 

Cell Line IC50 of ɣ-tocotrienol (µM) 

U937 29.43 

KG-1 25.23 

 

 

 

                          Table 6. IC50 of ɣ-tocotrienol on U937 and KG-1 for 48h 

Cell Line IC50 of ɣ-tocotrienol (µM) 

U937 22.47 

KG-1 24.01 
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3.2  Effect of ɣ-Tocotrienol on the proliferation of MSCs 

 
Furthermore, we exposed normal stem cells prepared fresh from rats to ɣ-

tocotrienol to test its selectivity to cancer cells, thus its safety in treatment. 

Cytotoxicity results indicated a negligible decrease in the % viability of MSCs with 

the increase in ɣ-tocotrienol concentration up to 50 µM for 24 hours. (Figure 7). 

 

Figure 7. Effect of ɣ-tocotrienol on the cell viability of normal stem cells for 24h. 
The proliferation of MSCs was almost independent of the dose of ɣ-tocotrienol applied 

to cells indicating its safety and selectivity in treatment of AML. 
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3.3 Effect of ɣ-Tocotrienol on the cell cycle progression of AML cell lines 

 
The propidium iodide assay was performed to test whether ɣ-tocotrienol induces any 

changes on the cell cycle progression. The cell cycle analysis is based on the estimation 

of the frequency of cells in each phase of the cell cycle depending on the cells’ DNA 

content. Sub-G0/G1 (Pre-G) cells are <2n, G0/G1 cells are 2n, S cells are >2n but <4n, 

whereas M phase cells are 4n. Cell death was determined by an increase in the 

percentage of cells in the pre-G phase as compared to the control. In a normal untreated 

population, most cells appear in the G1 phase of the cell cycle, with a normal 

distribution between the G1, S and M phases, with a negligible amount of cells in the 

pre-G phase (Figure 8). 

                    

Figure 8. A DNA content frequency histogram of a normal population of cells. 

Most cells appear in the G1 phase of the cell cycle, where the cell pauses to check 

whether it is capable of proceeding into the S phase or not. 

 

 

The cell DNA content, of both AML cell lines, U937 and KG-1, was assessed 24 

hours post treatment with ɣ-tocotrienol using the C6 flow software.  

The flow cytometric cell cycle analysis of the U937 cells indicated the highest 

population normally concentrated in the G1 phase for the control, untreated cells. As 
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for treated cells, a dose-dependent increase appears in the percentage of dead cells at 

the sub-G0/G1 phase of the cell cycle, reaching 63.5% with a dose of 50 µM ɣ-

tocotrienol (Figure 9). 

    
Figure 9. Effect of ɣ-tocotrienol on the cell cycle progression of U937. ɣ-tocotrienol 

induced an increase in the percentage of dead cells in sub-G1 phase in the AML cell line 

U937. 
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The flow cytometric cell cycle analysis of the KG-1 cells showed matching results 

indicating a dose-dependent increase in the percentage dead cells at the sub-G0/G1 

phase, to be 64.5% with 50 µM ɣ-tocotrienol (Figure 10). 

 

           

Figure 10. Effect of ɣ-tocotrienol on the cell cycle progression of KG-1. ɣ-tocotrienol 

induced an increase in the percentage of dead cells in sub-G1 phase in the AML cell line 

KG-1. 
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3.4 Effect of ɣ-Tocotrienol on apoptosis in AML cell lines 

 

The Annexin V-FITC/PI dual staining assay was performed to test the effect of ɣ-

tocotrienol on apoptosis in the AML cell lines, U937 and KG-1, 24 hours post 

treatment. Results obtained by flow cytometry are explained according to the quadrant 

scheme represented in (Figure 11).  

             

Figure 11. Representative annexin V-FITC flow cytometry scheme illustrating 

gating and quadrant strategy. The flow cytometry density plots showing annexin V 
(X-axis) and PI (Y-axis) staining indicating viable, early apoptotic, late apoptotic, and 
necrotic cells. 
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The annexin V/PI flow cytometric analysis of U937 cells showed that the majority 

of cells corresponding to the control untreated sample were viable and non-apoptotic, 

as they were concentrated in the left bottom quadrant (94.8%) indicating negativity to 

both stains. This Annexin V-/PI- population was observed to decrease with increasing 

concentrations of ɣ-tocotrienol reaching 33% with the highest dose of 50 µM. In 

parallel to this decrease, the number of cells in the right upper (Annexin V+/PI+) 

quadrant was increasing, in a dose dependent manner, indicating that the cells are in the 

late apoptotic stage (34.9% at 50 µM ɣ-tocotrienol). The population of cells in the 

Annexin V-/PI+ quadrant also showed a dose-dependent increase (0.4% at 10 µM to 

22.7% at 50 µM ɣ-tocotrienol) indicating dead cells, probably necrotic. As for the slight 

increase observed in the right bottom population at higher doses of ɣ-tocotrienol, the 

cells here were undergoing early apoptosis (Figure 12). 
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Figure 12. Dose-dependent effect of ɣ-tocotrienol on apoptosis in U937 cells. The 
cells were co-stained with annexin V-FITC and propidium iodide to indicate the effect 

of ɣ-tocotrienol on apoptosis using flow cytometry. 
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Results obtained from the annexin V/PI flow cytometric analysis of KG-1 cells exactly 

match those of U937 cells, as in the absence of ɣ-tocotrienol, the majority of cells were 

viable (95.2%) present in the Annexin V-/PI- quadrant, and decreased in treated cells 

with increasing doses of ɣ-tocotrienol. Yet, the population of cells in the late apoptotic 

(Annexin V+/PI+) and dead cells (Annexin V-/PI+) quadrants appear to be higher than 

those obtained for U937, reaching 56.4% and 38.8%, respectively (Figure 13). 

           

Figure 13. Dose-dependent effect of ɣ-tocotrienol on apoptosis in KG-1 cells. The 
cells were co-stained with annexin V-FITC and propidium iodide to indicate the effect 

of ɣ-tocotrienol on apoptosis in these cells using flow cytometry. 
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3.5 Effect of ɣ-tocotrienol on DNA fragmentation, a hall-mark of 

apoptosis, in AML cell lines 

 

To further confirm the effect of ɣ-tocotrienol on apoptosis in the two AML cell 

lines, U937 and KG-1, a sandwich ELISA was performed in order to quantify 

cytoplasmic histone-associated DNA fragments, a hallmark of apoptosis, in response to 

treatment with increasing concentrations of ɣ-tocotrienol (10 to 40 µM).  

The absorbance measurements recorded which reflect the amounts of apoptotic 

histone/DNA were further calculated on a scale of apoptotic enrichment factor based on 

the manufacturer’s instructions. The results obtained reveal an increase in DNA 

fragmentation in U937 cells with increasing concentrations of ɣ-tocotrienol reaching a 

7 fold increase at 40 µM ɣ-tocotrienol. Similarly, results show an approximately 4.5 

fold increase in the apoptotic enrichment factor upon treating KG-1 cells with 40 µM of 

ɣ-tocotrienol (Figure 14). 
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Figure 14. Effect of ɣ-tocotrienol on DNA fragmentation in U937 (A) and KG-1 

(B) cell lines. Results show a dose-dependent increase in apoptotic enrichment factor 

upon treatment with ɣ-tocotrienol. Data represent mean ± SEM from three independent 

experiments. The relative level of the p-value is reported as well, in which "***" means 

p< 0.001. 

A 

B 
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3.6 Effect of ɣ-tocotrienol on the expression of proteins involved in pro-

apoptotic and anti-proliferative pathways 

 

In order to examine the metabolic pathway through which ɣ-tocotrienol inhibits the 

cell proliferation of the AML cell line, U937, western immunoblotting assays were 

performed to assess the expression of various proteins, related to pro-apoptotic and 

anti-proliferative signaling pathways, in AML cell lines treated with increasing 

concentrations of ɣ-tocotrienol ranging from 10 to 40 µM.  

Beta-actin, a well-known housekeeping highly conserved protein with an 

approximate molecular weight of 42 kD, was used as a loading control to normalize the 

levels of proteins detected, ensure equal protein loading across the gel and allow a 

proper interpretation of western blot results.  

The expression of the pro-apoptotic protein Bax (21 kDa) appeared to be higher 

with increasing dosage of treatment to be 36% greater at 40 µM ɣ-tocotrienol compared 

to the control level of Bax. The expression of the antiapoptotic protein Bcl-2 (26 kDa) 

also seemed to be slightly increasing, yet the Bax to Bcl-2 ratio showed an inrease in 

favor of apoptotic cell death rather than cell survival. The expression of pro-caspase-3 

(35 kDa) appeared to be decreasing with a proportional increase in its cleaved active 

form (17 kDa) upon treatment with the increasing concentrations of ɣ-tocotrienol 

ranging from 10 to 40 µM (a 27% decrease in the expression of pro-caspase-3 

associated with approximately a proportional increase in the expression of the cleaved 

caspase-3 with the highest dose of 40 µM ɣ-tocotrienol). The pro-apoptotic effect of ɣ-

tocotrienol was also assessed by measuring the expression of cytochrome c (12 kDa) 

and cleaved PARP-1 (35 kDa), both of which indicated a significant dose-dependent 
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upregulation, 36% and 34% increase in protein expression, respectively, with the 

highest dose of 40 µM ɣ-tocotrienol (Figure 15). 

 
 

 

A 

B 
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Figure 15. Western blot analysis showing the effect of ɣ-tocotrienol on the 

expression levels of proapoptotic and antiproliferative proteins in AML cell lines. 
Actin was used to ensure equal loading. (A) Representative western blotting images for 

the expression of Bax, Bcl‑ 2, caspase-3, cytochrome c, and cleaved PARP-1 in U937 

cells following treatment with ɣ-tocotrienol for 24 hours. (B) & (C) Quantification of 

(A). (D) Bax/Bcl-2 ratio. Data represent mean ± SEM from three independent 

experiments. The relative level of the p-value is reported as well, in which, "*" means 

p< 0.05, "**" means p< 0.01, and "***" means p< 0.001. 

 

 

 

 

D 
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3.7 Effect of ɣ-tocotrienol on Reactive Oxygen Species production in 

AML cell lines 

 

The ROS assay was performed to assess the effect of ɣ-tocotrienol on the oxidative 

stress in AML cells. The assay relies on measuring the amount of produced reactive 

oxygen species in the AML cell line, KG-1 using TBHP as a potent ROS-inducer. 

Results show a negligible change in ROS production in cells treated with increasing 

doses of ɣ-tocotrienol indicating that its anti-cancerous activity is ROS-independent, 

and an approximately 1.5 fold decrease in the level of cellular ROS production with an 

increase in the dose of treatment applied along with the positive control TBHP, 

suggesting an antioxidant activity of ɣ-tocotrienol (Figure 16).   

 
Figure 16. Effect of ɣ-tocotrienol on ROS level in KG-1 cells. TBHP was used in 

combination with ɣ-tocotrienol as a positive control in order to magnify the scale of 

change. ɣ-tocotrienol decreased ROS production in KG-1 cells in a dose-dependent 

manner. Data represent mean ± SEM from three independent experiments. The relative 

level of the p-value is reported as well, in which "***" means p< 0.001. 
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Chapter Four 
 

 
 
 

Discussion 
 

  

 
Several in vivo and in vitro studies have proven that the vitamin E derivative, ɣ-

tocotrienol, has valuable anti-cancerous effects on different cancer types including 

breast, colon, prostate, pancreatic and lung cancers. However, no studies have 

investigated the effect of ɣ-tocotrienol in the treatment of acute myeloid leukemia. 

Thus, in the present study we aimed to investigate whether ɣ-tocotrienols’ anti-tumor 

effect also applies to AML cells. For this purpose, several experimental assays were 

performed to study the effects of exposing the human AML cell lines, U937 and KG-1 

to ɣ-tocotrienol. All results obtained were in accordance with previously published 

studies of ɣ-tocotrienol on other cancer types, whether given alone, pre-applied, or in 

synergistic combination to chemotherapeutic drugs.  

First, the cytotoxic potential of ɣ-tocotrienol on U937 and KG-1 cells after 24 and 

48 hours of treatment, was highly indicative as the percent viability of both cell lines 

decreased in a dose and time-dependent manner upon treatment with 10, 20, 30, 40 and 

50 µM ɣ-tocotrienol, suggesting the anti-proliferative activity of our tested vitamin E 

analog. In addition, ɣ-tocotrienol exhibited a time-dependent activity in U937 cells, 

which was not clearly indicative for KG-1 cells. Ng KL et al. showed that ɣ-tocotrienol 

induced a dose-dependent proliferation inhibitory effect on the CML cell line, K562 

after 24 hours of treatment with an IC50 of 30.962 µM (Ng KL et al., 2016), which is 
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approximately similar to the IC50s obtained in our study at 24 hours of treatment with 

ɣ-tocotrienol, 29.43 and 25.23 µM for U937 and KG-1 cells respectively. Furthermore, 

Wei-Li Xu and his colleagues showed that ɣ-tocotrienol inhibited the proliferation of 

the human colon carcinoma HT-29 cells for 48 hours of treatment with an IC50 of 31.7 

µM (W. L. Xu et al., 2009), greater than the IC50s detected in our study at 48 hours 

treatment: 22.47 and 24.01 µM for U937 and KG-1 respectively. Unpublished data 

from our lab by Idriss et al., suggests that ɣ-tocotrienol exhibits an anti-proliferative 

effect on the breast cancer cell line MDA-MB-231, with IC50s of 39.9 and 30.7 µM for 

a 24 and 48 hours treatment period, respectively, higher than the IC50s obtained in our 

present study on AML cell lines. This imposes the hypothesis that AML cells are more 

sensitive to ɣ-tocotrienol than breast and colon cancer cells. Many other studies 

indicated similar cytotoxicity results, as Zhang and colleagues also displayed the anti-

proliferative effect of ɣ-tocotrienol on the human colon cancer cell lines SW620 and 

HCF-8, and Hasani et al. proved the proliferation inhibitory potential of ɣ-tocotrienol 

on the cervical carcinoma cell line CaSki (Ngah, Hasani, Ghapor, & Khalid, 2009; 

Zhang et al., 2013). Before proceeding with examining the mode of action of ɣ-

tocotrienol, we tested its selectivity to cancer cells, thus it’s safety to be clinically 

applied to cancer patients. Normal stem cells were exposed to ɣ-tocotrienol and no 

significant change appeared in their % viability, indicating that the potent cytotoxicity 

of ɣ-tocotrienol does not extend towards normal cells, and its activity is selective to 

cancer cells only. Our safety results were compatible with the results obtained in the 

randomized blinded end-point placebo-controlled clinical trial performed by Rasool et 

al., in which subjects were divided into 4 groups receiving placebo, 80, 160 and 320 mg 
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supplements of ɣ-tocotrienol, and all given doses were tolerated with no significant 

adverse effects (Rasool et al., 2006). Another study by Yap et al. showed that treatment 

of the prostate cancer cell line PC-3 and normal prostate epithelial cells, PZ-HPV-7, 

with increasing dosage of ɣ-tocotrienol (20, 40 & 80 µM) suppressed the proliferation 

of PC-3 without affecting the proliferation rate of PZ-HPV-7, approving the selectivity 

of ɣ-tocotrienol to cancer cells (Yap et al., 2008a). Nesaretnam and colleagues also 

highlighted on the safety of ɣ-tocotrienol by showing that it enhances the immune 

response in cancer patients through a detectable increase in IFN-c and IL-12 production 

(Nesaretnam et al., 2012).  

The flow cytometric cell cycle analysis conducted in this study, suggests that ɣ-

tocotrienol induces a shift in the cell cycle of treated cells, as compared to the controls, 

towards the sub-G0/G1 phase indicating the induction of cell death. Similarly, Yap and 

his colleagues showed that ɣ-tocotrienol induced a dose-dependent elevation in the 

population at pre-G1 phase of the cell cycle of the treated prostate cancer cell lines 

LNCaP and PC-3 compared to the control untreated cells, indicating cell death 

probably through apoptosis (Yap et al., 2008b). Almost all previously performed 

studies of ɣ-tocotrienol on different cancer cell types showed that ɣ-tocotrienol disrupts 

the cell cycle progression by inducing a phase arrest, cell death or both. Yet, the cell 

cycle phase in which ɣ-tocotrienol blocks the cells appears to be variant depending 

probably on the type of cancer cells being treated, drug doses, conditions used for 

treatment, in addition to other variables differentiating each study from the other. For 

instance, Sylvester demonstrated in his study on highly malignant +SA mouse 

mammary epithelial cells, that a combination treatment of ɣ-tocotrienol with low doses 
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of statins, which are 3-hydroxy-3-methylglutaryl-coenzyme A (HMGCoA), induced a 

G1 cell cycle arrest disrupting the cell cycle progression of +SA cells (Sylvester, 2012), 

while, Samant et al. proved that ɣ-tocotrienol induces an S-phase arrest in the +SA 

mammary cells (Samant, Wali, & Sylvester, 2010).  

In order to verify that ɣ-tocotrienol induces cell death as assumed through 

apoptosis rather than necrosis, we further performed the flow cytometric annexin V-

FITC apoptosis detection assay followed by the cell death detection ELISA to confirm 

our obtained results. Results of the annexin V/PI assay indicated that ɣ-tocotrienol 

induces apoptotic cell death in AML cells, as the percentage of cells in the late 

apoptosis quadrant (Annexin V+/PI+) increased upon treatment for both cell lines, 

U937 and KG-1. In a similar manner, Bachawal et al. concluded that ɣ-tocotrienol in 

combination to erlotinib or gefinitib but not trastuzumab, induces apoptosis in +SA 

mammary tumor cells, as annexin V staining demonstrated an increase in the 

percentage of cells in the annexin V+/PI- quadrant indicating that treated cells are in 

the early apoptosis stage (Sunitha V. Bachawal, Vikram B. Wali, & Paul W. Sylvester, 

2010). The apoptotic effect was then confirmed by cell death detection ELISA as ɣ-

tocotrienol appeared to be indeed inducing a dose-dependent DNA fragmentation in 

AML cells, which is a hallmark of apoptosis. Similarly, Ng KL et al., in their study on 

the CML cell line K562, used cell death ELISA to quantify the level of cell death and 

detect the cell death form induced by ɣ-tocotrienol. They concluded the apoptotic 

activity of ɣ-tocotrienol, as DNA fragmentation increased in treated cells with the 

highest dose of ɣ-tocotrienol used (Ng KL, 2016). Sakai et al. also proved the apoptotic 

potential of ɣ-tocotrienol, through assessing its effect on DNA fragmentation in liver 
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rat hepatoma dRLh-84 cells (Sakai, Okabe, Yamasaki, Tachibana, & Yamada, 2004).  

Wilankar and colleagues reported that ɣ-tocotrienol plays a role in inducing 

apoptosis via multiple apoptotic signaling pathways, including the death receptor 

pathway (extrinsic), the mitochondrial pathway (intrinsic), or other mechanisms like 

the endoplasmic reticulum (ER)-mediated apoptotic pathway (Wilankar et al., 2011). 

For example, Park et al. stated in their study conducted in 2010, that ɣ-tocotrienol 

induces apoptosis in breast cancer cells through generating ER stress (S. K. Park et al., 

2010). On the other hand, Rickmann et al. and Sun et al. indicated in their studies on 

pancreatic and stomach cancers respectively, that ɣ-tocotrienols’ apoptotic activity is 

mainly via the mitochondrial intrinsic pathway (Rickmann, Vaquero, Malagelada, & 

Molero, 2007; Sun et al., 2009). Their outcome was compatible with ours, as the 

western blots analysis of our studied proteins, also suggested that ɣ-tocotrienol induces 

its apoptotic activity via the intrinsic pathway. ɣ-tocotrienol appeared to upregulate the 

expression of the proapoptotic protein Bax in U937 cells. The antiapoptotic protein 

Bcl-2 also appears to be increasing in treated cells. However, the Bax/Bcl-2 ratio was 

increased, thus a net effect of ɣ-tocotrienol in favor of apoptotic cell death over cell 

survival. This is in line with the data presented which reflect an increase in DNA-

fragmentation, a hall-mark of apoptosis, as revealed by sandwich-ELISA. Furthermore, 

ɣ-tocotrienol have been also proven to induce apoptosis in AML cells through the 

activation of caspase-3, release of cytochrome c, and cleavage of PARP-1, as their 

expressions at the protein level appeared to increase in a dose-dependent manner. Our 

western immunoblotting results were consistent with the observed increase in apoptosis 

detected by annexin V/PI assay and the cell death ELISA upon treatment of AML cells 
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with ɣ-tocotrienol. Our results were also in accordance with the western immunoblots 

obtained by Ng KL et al., in which they observed a significant upregulation in the 

expression of various pro-apoptotic proteins belonging to the Bcl-2 family, including 

Bax and Bad, in addition to an enhanced expression of the pro-survival protein Bcl-2 in 

K562 CML cells treated with ɣ-tocotrienol. Yet, similar to our observations, the net 

effect obtained in their study was apoptosis. Ng KL et al. also observed a significant 

increase in the expression of the tumor suppressor protein P53 with ɣ-tocotrienol 

treatment, to reach a conclusion indicating that ɣ-tocotrienol promotes apoptotic cell 

death induction in CML cells via both intrinsic and extrinsic apoptotic pathways (Ng 

KL et al., 2016). Yap at al. also reported the activation of PARP and procaspases (3, 7, 

8, and 9) in the prostate cancer cell line, PC-3, as their cleaved products appeared upon 

treatment with different concentrations of ɣ-tocotrienol. In their study, unlikely with 

what was observed in our current study, ɣ-tocotrienol didn’t seem to exert an effect on 

the expression of Bax, yet the expression of Bcl-2 was significantly downregulated, 

leading to a similar end-result of ours showing a higher Bax/Bcl-2 ratio, thus favoring 

apoptosis in PC-3 cells (Yap et al., 2008b). Another study by Sakai et al. manifested the 

apoptotic potential of ɣ-tocotrienol on human hepatoma Hep3B cells, through 

observing its effect on the expression levels of Bax, Bcl-2, Bid and caspase-8. They 

stated that ɣ-tocotrienol induces the cleavage of the intact PARP protein (116 kDa) into 

its 85kDa active form, and causes a higher Bax to Bcl-2 ratio in Hep3B cells through 

upregulating Bax levels without affecting Bcl-2 levels, resulting in an intrinsic 

apoptotic cell death (Sakai, Okabe, Tachibana, & Yamada, 2006). In a similar fashion, 

Sun and his colleagues displayed that ɣ-tocotrienols’ apoptotic activity was 
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accompanied by fragmentation of PARP, cleavage of caspase-3, upregulation of Bax, 

and downregulation of Bcl-2, favoring apoptosis in human gastric SGC-7901 cells 

through the intrinsic pathway (Sun et al., 2008). All such studies of ɣ-tocotrienol on 

different cancer types, supported the notion displayed throughout our study indicating 

that the ɣ-tocotrienol form of vitamin E induces apoptosis in the AML cell lines, U937 

and KG-1, through the apoptotic intrinsic pathway.  

On the other hand, some studies performed aiming to uncover the molecular 

mechanisms behind ɣ-tocotrienols’ anti-cancerous activity, suggest that ɣ-tocotrienol 

affects signaling transduction pathways other than the apoptotic one demonstrated in 

our study. For example, Shah et al. indicated that ɣ-tocotrienol exhibits its anti-

cancerous activity on the mouse mammary tumor cells through the PI3/AKT pathway, 

as a drastic decrease in the phosphorylation of phosphoinositide-dependent Kinase-1 

(PI3K) and AKT was detected by western immunoblotting following the treatment of 

cells with ɣ-tocotrienol (Ling, Luk, Al-Ejeh, & Khanna, 2011). Furthermore, Ahmed 

and Sylvester concluded that ɣ-tocotrienol also acts through inhibiting proteins 

involved in the canonical β-catenin dependent Wnt pathway and Hedgehog signaling, 

regulating gene transcription and proper cellular differentiation, respectively (Ahmed et 

al., 2016). 

After proving the anti-cancerous effect of ɣ-tocotrienol, through the induction of 

cell death in AML cells via apoptotic intrinsic signaling pathways, we moved on to test 

its effect on the oxidative state in AML cells. The ROS assay performed shows that ɣ-

tocotrienol alone did not affect ROS production in cells, indicating that its anti-

cancerous activity is not ROS-mediated. However, ɣ-tocotrienol in combination with 
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TBHP suppresses the production of ROS in AML cells in a dose-dependent manner, 

suggesting that ɣ-tocotrienol has an antioxidant potential. Abd Hafid and Iran focused 

in their study on explaining the antioxidant activity of ɣ-tocotrienol. They showed that 

when vitamin E forms, especially ɣ-tocotrienol are used in combination with leukemic 

drugs in treatment of AML, the antioxidant activity of ɣ-tocotrienol, displayed by the 

ROS assay, aids in reducing the oxidative stress generated as a drawback of 

chemotherapy, thus improving the side effects of treatment and estimating better 

survival outcomes (Hafid, 2018). Budin et al. also showed that TRF supplementation 

reduces oxidative DNA damage, indicating the antioxidant potential of tocotrienols 

(Budin et al., 2009).  
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Chapter Five 
 

 
 
 

Conclusion 
 

  

 
This study aimed to investigate the anti-cancerous effect of the vitamin E 

derivative, ɣ-tocotrienol, on acute myeloid leukemia. In order to reach our objective, 

several in vitro studies were performed to test the antiproliferative efficacy of ɣ-

tocotrienol, the mode of cell death it induces in AML cells, and the molecular 

mechanisms and signaling pathways behind its chemopreventive activity. Treatment of 

the AML cell lines, U937 and KG-1 with ɣ-tocotrienol led to a decrease in their percent 

viability, an increase in DNA fragmentation accompanied by an  increase in the number 

of cells at the late apoptotic stage  indicating a strong apoptotic response to treatment, 

and an elevation in the expression levels of proapoptotic and antiproliferative proteins 

involved in the apoptotic intrinsic pathway. All results obtained support the notion 

indicating that ɣ-tocotrienol is an effective cytotoxic and antiproliferative agent 

towards AML. It exerts a potent apoptotic potential through regulating protein 

members of the intrinsic apoptosis pathway. This study also supports the potential 

antioxidant beneficial properties of ɣ-tocotrienol, which can be used for an effective 

improvement in cancer treatment. Proving that ɣ-tocotrienol exhibits anti-cancerous 

and antioxidant properties on U937 and KG-1, future in vivo and in vitro studies should 

examine the efficacy of ɣ-tocotrienol on a larger panel of AML cell lines.  
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