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1. Introduction

The incidence of brain tumors and other types of cancer have been evidently increasing during
the last few decades. Due to the well documented fact that the cancer cells are under high levels
of oxidative stress, the relevance between oxidative stress and cancer has been the main topic
of intense discourse (Powis & Baker, 1997; Pervaiz & Clement, 2004). Elevated levels of intrinsic
oxidative stress has been emphasized in different types of tumors, possibly due to the
clustering of factors such as enhanced metabolism, mitochondrial mutation, inflammation and
cytokines (Mumper, 2009). Cellular damage on account of oxidative stress has been indicated
in a range of disorders such as cancer (Floyd, 1990) diabetes mellitus (Dandona, et al.,1996),
atherosclerosis (Valko, et al., 2007), neurodegenerative disorders such as Alzheimer’s disease
and Parkinson’s disease (Jenner, 1997) autoimmune disorders such as arthritis and has also
been indicated to be involved in aging (Ames & Shigenaga, 1992)

Oxidation is a natural process of cellular metabolism, but oxidation is what creates these
destructive reactive oxygen species (ROS). ROS are constantly produced during oxidative
metabolism and can have deleterious effects on cell function and viability due to their
ability to induce damage to the cells. The formation of ROS is a consequence of aerobic
metabolism (Castro, 2001). ROS are generated in many compartments and by numerous
enzymes in cells (Fig. 1).

In normal conditions, the countenance in the intracellular ROS levels is maintained with the
contribution of antioxidant scavenging systems and defense components. Yet, in some
disorders such as cancer, the balance between the ROS and the antioxidant status falls off.
Brain tissue also displays higher susceptibility to oxygen and glucose necessity, which are
required to support normal function through glycolysis and oxidative phosphorylation thus
the brain is particularly susceptible to oxidative damage since does not have much antioxidant
storage. Additionally, the brain has a high amount of fatty acids. All these attributes lead to
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brain cell damage. Thereby human brain encounters intense percentage of oxygen consump-
tion, eventually generates an excessive amount of reactive oxygen species (ROS) when
compared with other tissues.
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Figure 1. Sources of reactive oxygen species in the human body

Oxidative stress can be defined as the disturbance in the oxidant-antioxidant balance
(Chandra, et al., 2000). The cancer cells exposed to oxidative stress tend to heavily interpret
adaptation mechanisms and may deplete cellular antioxidant capacity. The generated exces-
sive ROS cannot be neutralized by cellular antioxidants and oxidative stress endures (Pervaiz,
2006). The redox status related to the production of intracellular ROS in cancer cells has also
been denoted to control the aggression of cancer cells. The reason of the induced oxidative
stress in cancer cells is a result of the lower levels of antioxidant enzymes such as SOD,
glutathione peroxidase, glutathione reductase, and catalase (Anshul, 2009). The reduced ROS
combout is known in conjunction with tumor growth and metastasis.

The enhanced oxidative stress can lead to modification of cellular targets and induce cell
damage and death. Nuclear and mitochondrial DNA single strand breaks, mitochondrial
inner membrane damage resulting with the loss of cellular ATP storage and initiation of
lipid peroxidation in membrane phospholipids can be seen (Farber, et al., 1990). The cell
damage and the following deficiency in cellular repair processes due to the constant oxi-
dative damage are correlated with carcinogenesis( Behrend, et al., 2003; Federico, et al.,
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2007; Nair & Nair, 2007). Such as, guanine nucleotide base oxidation in DNA results in
the formation of 8- hydroxy-2-deoxyguanosine (8-OHdG), which alters DNA and eventu-
ates as mutagenesis and cause carcinogenesis (Gate, et al., 1999). ROS interaction with
DNA results in fragmentation with the loss of bases and causes DNA strand breaks (Im-
lay, 1988; Farber, et al., 1990; Farber, 1994). When DNA strand breaks accumulates in
cells, this can lead oncogenic transformation depending on the intensity of cellular repair
processes (Federico, et al.,, 2007). At this level, cells exposed to excessive ROS stress ei-
ther undergo apoptosis or in some cases the cells start to proliferate and thus are irrever-
sibly turn into malignant cells (Fruehauf & Meyskens, 1997) and maintain excessive
oxidative stress compared to normal cells. Thus the strategy of producing further ROS
stress in malignant cells could be a successful anti-cancer strategy (Anshul, 2009).

On the other hand, ROS also subserve for the regulation of cellular functions and normal
metabolism (Poli, et al., 2004). Adversely, low concentrations of ROS serve a variety of
important cellular functions such as the activation and modulation of the signal trans-
duction pathways (Monteino & Stern, 1996), modulation of the activities of the redox
sensitive transcription factors (Li, et al, 1998; Oberley, 2002) regulation of apoptosis
(Nulton-Persson, 2001; Fang & Iyer, 2007) and the regulation of mitochondrial enzyme
activities (Nulton-Persson, 2001; Oberley, 2002). Increased ROS production is well dis-
played in transformed cells (Toyokuni, et al.,, 1995; Burdon, 1995; Storz, 2005; Kryston, et
al., 2011) and growing evidence suggests that ROS act as second messengers in intracel-
lular signaling pathways (Liou & Storz, 2010).

Recently, oxidative stress has been related with the etiology and the prospective treatment of
cancer (Powis & Baker, 1997; Pervaiz & Clement, 2004). Cells have developed a number of
antioxidant defense systems to confront the hazardous effects of endogenous ROS production
and accumulation to protect against cellular oxidative damage. Antioxidants in the cells form
a heterogeneous group including low molecular weight substances which are water or lipid
soluble, being inclusive in the body through nutrition, also a number of endogenous metabo-
lites own antioxidant activities.

Malignant gliomas account for the most diagnosed primary brain cancers (Behrend, et al.,
2003). Despite of exquisite treatment approaches the prognosis remains poor. There is a well-
documented association between increased consumption of antioxidants and decreased
incidence of cancer. Antioxidant supplements are recommended as part of a cancer prevention
diet. Even though cells have endogenous antioxidant enzymes, most human cancer cells have
decreased antioxidant enzyme levels compared to their normal tissue counterparts. It is found
that; cruciferous vegetables such as broccoli, horseradish, brussels, decreased the risk of
anaplastic astrocytomas which is a type of aggressively growing brain tumor. One of the
important functions of apoptosis is disposing of preneoplastic and neoplastic cells which
appears when a damage or malfunction is recognized and signaling cascades are initiated so
caspases and endonucleases that kill the cell are activated. In cell suicide, the signaling cascade
avails ROS as messenger molecules. Thats why antioxidants are ascendant in the inhibition of
apoptosis. So, the removal of antioxidants from the diet can be suggested as this may enhance
apoptosis and inhibit tumor growth. The tumor cell survives in an ROS rich environment
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depending on the overexpression of antioxidant enzymes and the excessive levels of nonen-
zymatic antioxidant scavengers. A range of complementary and alternative therapies can be
inclusive for the treatment of brain cancer. Nutrients and herbs are believed to protect against
side effects of conventional therapies, they may also enhance chemotherapy and support
anticancer activities. At that, normal cells protect themselves when exposed to high doses of
antioxidants while cancer cells can not adapt and they suffer damage caused by the antioxi-
dants. Thus, high doses of antioxidants may be toxic to cancer cells but not to normal cells.
Antioxidants which are active in the brain tissue, can cross the blood brain barrier and prevent
oxidative damage, so this can also be taken into consideration as a good treatment and
prevention strategy of brain cancer.

2. The redox status of the brain

Brain is considered enormously vulnerable to oxidative damage so is the target for oxidative
stress damaging effects than the other tissues. One of the reasons is its having high oxygen
consumption (Sah, etal., 2002) and this is around 20% of the total metabolic activity (Dal-Pizzol,
etal., 2000). Also, the brain tissue contains much amounts of polyunsaturated fatty acids, which
are particularly sensitive to free radical attacks and prooxidative transition metals such as high
levels of iron which is a triggering factor in lipid peroxidation of the cell membranes and also
the brain has a comparatively low antioxidant capacity (Sies, 1993; Bellissimo, et al. 2001;
Freitas, et al., 2004) and glucose deprivation, which are needed to support normal metabolic
functions through glycolysis and oxidative phosphorylation.

Massive neuronal death is the outcome of the secondary injury response, creating an excessive
pool of ROS, which triggers a cascade of reactive oxygen chain reactions. The free metal
concentrations are also controlled in the nervous system by transport proteins such as ferritin
(Sies, 1993) and this limits the non-enzymatic catalysis of hydroxyl radical formation. The
nervous system contains antioxidant enzymes; including Cu/Zn- and Mn dependent SOD and
GPx which are expressed in higher quantities than CAT (Shivakumar et al., 1991; Hussain et
al.,, 1995). It was shown that the zinc, iron and selenium concentrations were found significantly
lower in cancer patients and the copper concentrations were found to be either elevated or
significantly elevated, as 2-3 fold, when compared to age matched samples of normal tissues
(Kuo, et al., 2002; Zuo, et al., 2006). It has been also shown that the Cu/Zn, Cu/Se and Cu/Fe
ratios were found higher in cancer patients when compared to normal subjects.

Cancer cells display increased glycolysis rate combined with a reduced respiration rate
(Spitz, 2000). The enhanced requirements for ATP; generates oxygen free radicals and this
causes oxidative stress conditions to come out which eventually promotes cell death. Neu-
rons and cancer cells consume glucose as energy source to respond this issue and glycolyt-
ic metabolism rules over in tumor cells. The release of cytochrome c couples with the
pentose phosphate pathway and this initiates cytochrome ¢ mediated apoptosis (Vaughn
&Deshmukh, 2008). Caspase activation is initiated by cytochrome c when released from mi-
tochondria during apoptosis. So, the cancer cells and neurons control apoptosis through
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regulation of cytochrome c release, while utilizing glucose as a source of energy (Dajas,
2012). This marked changes in metabolism have been shown to be related with increased
oxidative stress which is emphasized to be due to increased mitochondrial superoxide radi-
cal production (Oberley, et al., 1981). A more oxidizing redox status of the transforming
cell occurs and this streamlines immortalization, increases cell proliferation and supports
development of the malignant cell (Spitz, et al., 2000). In the initial steps of carcinogenesis,
a relatively prooxidant intracellular environment is developed and entails the mutation of
tumor suppression genes and the activation of the oncogenes. Thus, the loss of normal re-
dox control in cell growth and development occurs (Blackburn, et al., 1999).

Oxidative stress in the brain is known to increase the glutamate release in the hippocampus,
and this affects ionic homeostasis and neurotransmission (Costa, 2004). The glutamate
receptors are activated subsequently so acidification occurs in neurons because of Ca* entry
and this can be associated with the death of central neurons (Reynolds & Hastings, 1995;
Bellisimo, et al., 2001). This countenance can be altered by increased ROS production or
decreased intracellular antioxidant defense systems (Tejada, et al., 2006).

Studies have been done to evaluate antioxidant enzyme activities in different types of brain
tumors. However, most studies have emphasized decreased levels of antioxidant enzymes and
vitamins in diverse malignancies (Rao, et al., 2000; Manju, et al., 2002; Gromadzinska, et al.,
2003) but still the results are inconsistent (Hennekens, et al., 1996).

2.1. Mitochondrial changes in tumor cells

Mitochondrial DNA is more vulnerable to mutation when compared with nuclear DNA.
Conversely to nuclear DNA, mitochondrial DNA is in close proximity to the electron transport
system where ROS are produced, and it doesn’t have any protective histones and chromatin
structure, also its repair capabilities are limited, and it doesn’t have any introns (Copeland, et
al., 2002). Many studies have established mitochondrial DNA changes in different cancer types
related to these features (Lu, et al., 1992; Savre-Train, et al., 1992; Polyak, et al., 1998; Modica,
et al., 2002; Modica, et al., 2007). Cancer specific mitochondrial DNA mutations have been
identified. Recent studies, associating the alterations in mitochondrial DNA and cancer risk,
suggest mitochondrial DNA changes during cancer development are more complicated than
estimated (Ebner, et al., 2011; Lam, et al. 2012).

Mitochondria are highly prospered with antioxidants such as GSH and antioxidant enzymes
such as superoxide dismutase and GPx, which exist on both sides of their membranes to
minimise oxidative stress in the organelle because mitochondria are the major zone of free
radical generation (Cadenas & Davies, 2000). Superoxide radicals are ascendantly detoxified
into hydrogen peroxide and into water by Cu/ZnSOD and MnSOD. The redox components of
the cell comprises mitochondrial redox indicators which are glutathione (GSH/GSSG),
thioredoxin (Trx/TrxR), glutaredoxin (Grx) and peroxiredoxin (Prx) systems dependent
merely on NADPH generation via reduction of NADP* by mitochondria.

In some apparent cases, when mitochondrial oxidative stress increases, over generation of the
antioxidant defences above a certain threshold may lead to cell death. In normal cells, the same
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process would take longer to happen as mitochondrial oxidative stress would be in basal levels
and lower. Indeed, most of the anti tumor agents are known to act as prooxidant agents and
they disturb the mitochondrial respiratory chain and this leads to an increase in mitochondrial
oxidative stress levels (Chou, et al., 2004).

Relying on glycolysis other than oxidative phosphorylation for glucose oxidation and en-
hanced usage of glutamine as an energy source are the the two common metabolic re-
programming processes in cancer. Excessive upregulation in glutamine consumption is
seen in tumor cells which is a second shift in energy metabolism (Barbosa, et al., 2012).
Mitochondria are the the main energy producers via oxidative phosphorylation in nor-
mal cells and they produce various metabolic intermediates, and they mediate various
apoptotic pathways (Weinberg & Chandel, 2009). Mitochondria exhibits same essential
roles in cancer cells, too. Though, mitochondria undergo massive changes during onco-
genesis, and this mostly result with a change in the energy metabolism, a resistance to
apoptosis and enhanced ROS production.

Because the cancer cells have different metabolic and mitochondrial needs other than their
normal counterparts, metabolic and mitochondrial changes in cancer cells may suggest an
efficient and selective anti cancer therapy opportunity. This fact can be taken into consideration
when targeting tumor mitochondria in terms of therapy.

3. Antioxidant defence systems

ROS are detoxified by exhaustive antioxidant defence systems. When the balance between ROS
and antioxidant status is disturbed, cellular defences can be reeled causing an abnormal cell
growth and this leads in turn to tumor cell forming (Wang, et al., 2011). Mammalian cells have
developed a number of antioxidant defense systems to withstand the detrimental effects of
ROS and they protect against cellular oxidative damage (Aoyama, et al., 2008). Antioxidants
comprise of a highly heterogeneous group. They involve water or lipid soluble low molecular
weight substances and enzymes such as CAT, SOD, GPx and GR. Also, a number of endoge-
nous metabolites have antioxidant activities (Table 1).

Superoxide dismutase enzyme decomposes superoxide radicals into H,O, and O,. The most
important H,O, scavenging enzymes and concerned proteins having antioxidant capacity
comprise CAT, GPx, GR enzymes associated with the synthesis of reduced GSH (Halliwell &
Gutteridge, 1996) and a group of cysteine containing proteins known as thioredoxins, thiore-
doxin peroxidases (peroxiredoxins), and glutaredoxins (Kumar & Holmgren, 1999; Rhee, et
al.,, 1999; Powis, et al., 2000; Holmgren, 2000). When ROS production is enhanced, the antiox-
idant scavenging capacity is disturbed and this results in the development of oxidative stress
which leads to tissue injury and apoptosis activation (Todorova, et al., 2004).

GSH is a low molecular weight thiol and it has a key role in maintaining the intracellu-
lar redox balance. Cellular glutathione appears mainly in the reduced form as GSH,
while some of the total GSH exists in its oxidized disulfide form as GSSG. Depletion of
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GSH and an eventual decrease in the GSH/GSSG ratio may be seen in oxidizing condi-
tions, yet peroxidise coupled reactions can mediate its antioxidant activity. GSH also
amends signaling pathways and some cellular events. In oxidative stress, GSH is deplet-
ed hereby the GSH pool is affected (Dickinson & Forman, 2002; Circu & Aw, 2008; Bis-
was & Rahman, 2009; Forman et al., 2009; Yuan & Kaplowitz, 2009).

ﬁrrroxmmcrs \
Enzymatic antioxidants
Superoxide dismutase (SOD)

Catalase (CAT)

Glutathione peroxidase (GPx)
Glutathions raductasze (GRE)
Glutathions-S-transferaze (G5T)

Non-enzymatic antioxidants

Vitamin E Flavonoids  Albumin Haptoglobin
Vitamin C Melatonin Glutathione Ceruloplasmin
Vitamin A Uric acid Ubiguinene Transferrin

Qﬂpmcaﬂd Bilirubin Salenium Lactoferrin /

Table 1. Antioxidants

Vitamin E, vitamin C and carotenoids can be defined as traditional antioxidant nutrients when
consumed with diet, also they have antioxidant and anti inflammatory properties along with
multiple other bioactive phytochemicals. The phytochemicals that includes phenolic acids and
their derivatives, flavonoids and different types of coumarins and tannins consist of a large
and heterogeneous group (Liu, 2004).

The phenolic compounds have recently been attracting attention conversely to antioxidant
vitamins and carotenoids (Gescher, et al., 2001) and still most have not been tested in placebo
controlled cancer prevention strudies. Curcumin, a phenolic acid derivative obtained from the
spice turmeric; resveratrol, a polyhydroxylated stilbene found in grapes ; and genistein, an
isoflavone readily isolated from soy have been pointed out for future studies (Gullet, et al.,
2010). These compounds are known to have antioxidant and anti inflammatory features
(Djuric, et al., 2001; Leu, et al., 2006; Brisdelli, et al., 2009), and they are implied as promising
in cancer prevention depending on in vitro and in vivo animal experiments (Sarkar, et al.,
2006; Sarkar, et al., 2010; Kelkel, et al., 2010; Patel, et al., 2010; Slusarz, et al., 2010). Resveratrol;
having a hydroxylated structure, is a well identified antioxidant. It can act both as free radical
scavenger and as metal chelator. Moreover, it also amends many enzymes in the regulation of
redox status which are CAT, SOD, GR, NADPH oxidase, xanthine oxidase and (Delmas et al.,
2005; Pervaiz & Holme, 2009). Flavonoids are polyphenols and isoflavones and anthocyani-
dines as the subclasses of flavonoids. They have a strong antioxidant activity because of their
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free radical scavenging and metal chelating features, also they can interact with enzymatic and
non enzymatic mechanisms of the regulation of redox status (Heim et al., 2002; Laguerre et al.,
2007; Aron & Kennedy, 2008) (Fig.2).
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Figure 2. Antioxidant defence systems

Antioxidant molecules has been known as also beneficial in the induction of endogenous
protective antioxidant enzymes and in the modulation of various of cellular signaling path-
ways (Valko et al., 2007). They can quickly oxidize spontaneously or induced by the biological
microenvironment.

Antioxidant enzymes can antagonize initiation and promotion steps of carcinogenesis and they
are reduced in cancer. Mitochondrial Mn-SOD is the most frequently decreasing enzyme and
this suggests that MnSOD may be a new type of tumour suppressor gene. On the other hand,
studies also suggest that the deficiency of the MnSOD enzyme activity depends on a defect in
the expression of the related gene. Transition metal ions such as Mn and Fe have been found
to be significantly lower in some tumours. It can be thought that, an impairment in the signal
transduction may cause the defect in the MnSOD gene expression in the early stage of
carcinogenesis (Mates, et al., 2000).

Studies are present implying low antioxidant status and enhanced oxidative stress in cancer pa-
tients, even before chemotherapy starts. Low activities of Cu, Zn-SOD, MnSOD, CAT, and GPx
are shown in different types of tumor cells when compared with their normal counterparts
(Sykes, etal., 1978). Some studies show that administration of antineoplastic agents during can-
cer therapy resultsin a higher level of oxidative stress rather than the stress induced by cancer it-
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self (Conklin, 2000). Chemotherapeutic agents are thought to cause increase in ROS generation
by affecting mitochondrial respiration chain (Carew, etal., 2003; Pelicano, et al., 2003).

In chemotherapy, an increase in lipid peroxidation products and a significant decrease in some
plasma antioxidants such as Vitamin E, Vitamin C and carotenes are shown (Jeanne, et al.,
2003). The increase in oxidative stress during chemotherapy may exceed the oxidative defense
in cancer cells and this may initiate lipid peroxidation. Enhanced lipid peroxidation inhibits
cancer cell proliferation and intervenes chemotherapy. Thus, the antioxidant status in cancer
may play an important role in response to chemotherapy (Papageorgiou, et al., 2005).

3.1. Antioxidant status of the brain

Tumor cells frequently demonstrate a change in redox status. The alterations in the redox
environment enhancing oxidation can induce some of the factors that cause cell proliferation
and malignant transformation.

Elevated MnSOD levels were shown in the serum samples of neuroblastoma patients in a study
(Kawamura, et al., 1992). In recent studies, MnSOD was found to be associated with loss of
differentiation and increased clinical malignancy in neuroepithelial origined brain tumors
(Landriscina, et al., 1996; Ria, et al., 2001). MnSOD was found significantly positive in Grade
IV astrocytomas and medulloblastomas and negative in normal brain samples (Cobbs, et al.,
1996). It can be said that MnSOD is overexpressed in most brain tumor types and enhanced
MnSOD expression is related with a poor prognosis. MnSOD seems to be a tumor suppressor
in the proliferative stage. When tumor progresses more aggressive, MnSOD is upregulated.
MnSQOD level positively correlates with increased metastasis so MnSOD has an oncogene role
(Hempel, et al.,, 2011; Dhar, et al., 2011). Increase in MnSOD level was seen during the
progression of different types of tumors, including brain, to the metastatic stage. Tumorigen-
esis and metastasis are dependent on the levels of ROS. A cell having low levels of MnSOD is
vulnerable to oxidative stress then it may turn its progression to a tumor cell (Miriyala, et al.,
2012). Oxidative gene polymorphism and brain tumor risk seems associated, the increased risk
of glioma and meningioma type brain tumors were found to be related with variants in some
antioxidant enzyme genes (Rajaraman et al., 2008) and in a study, MnSOD tissue expression
is said to be a prognostic marker for glioblastoma (Park et al., 2009). SOD and GPx activities
showed a clear decrease proportionally with tumor malignancy, decrease of SOD activity with
the increasing grades of malignancy in brain tumors were implied.

The GSH redox cycle is one of the most important antioxidative systems (Arrick & Na-
than, 1984; Mitchell, et al.,, 1989; Tedeschi, et al., 1990). GSH is a primary endogenous
neuroprotectant for the brain. GSH protects neuron cells from lipid peroxidation and
brain cells from peroxynitrite mediated oxidative damage (Mark et al., 1997, Koppal et
al., 1999). GSH, also has roles in the activation of transcription factors, DNA repair, regu-
lation of enzyme activity and many other metabolic processes (Meister, 1995). GSH syn-
thesis, usage and export are the processes on which GSH homeostasis is dependent in
glial and neuronal cells (Anderson, 1998). The main path for chemotherapy metabolism
is through the conjugation of the xenobiotic with GSH. The removal of the GSH conju-
gates from the cell causes cellular GSH depletion and cellular redox balance disruption.
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GSH content depends on the substrate availability in the brain and cysteine is the rate
limiting substrate for neuronal GSH biosynthesis (Dringen, et al., 1999). Astrocytes pro-
vide neighbour cells the needed precursor amino acids for GSH synthesis (Hirrlinger, et
al., 2010). GSSG levels and the GSH/GSSG ratios can be restored through the GR mediat-
ed pathway and flow of GSSG leaded by ATP dependent multi drug resistance-associat-
ed protein-1 (Mrpl) transporter in astrocytes and neurons (Hirrlinger, et al., 2001;
Casagrande, et al., 2002; Minich, et al., 2006). Cultured astrocytes have high levels of re-
duced GSH (Dringen & Hamprecht, 1998) while oligodendrocyte precursors have high
levels of iron but lower levels of cellular GSH when compared with astrocytes or neu-
rons (Hussain & Juurlink, 1995; Thornburne & Juurlink, 1996), also oligodendrocyte pre-
cursors are more sensitive to oxidative stress induced death in relation to GSH depletion
(Back, et al., 1998). The GSH neutralization system has been shown also in the chemore-
sistance of medulloblastoma (Colvin, et al., 1993). GSH and GST are prevalantly seen in
brain tissue, thus highly expressed in various primary brain tumors (Bredel, 2001). GSH
content and GST expression was shown to be related to tumor response to nitrogen mus-
tard therapy in human brain neoplasms (Evans, 1993). Also in another study it was indi-
cated that the cytotoxic effect of BCNU in human brain tumor cells seems associated
with the GSH content (Ali-Osman, et al., 1989). When GST isoenzymes in neoplastic and
non-neoplastic astroglia were compared, GST3 isoenzyme was seen to be significantly
higher in tumors (Strange, et al., 1992). It is said that GST expression levels in brain tu-
mors seems in association with the tumor histology as some tumor types express en-
hanced levels but some show only slight rise or decrease when compared to normal cells
(Bredel, 2001). GST was found to be active in high levels in benign tumors such as men-
ingioma but only two, three folds higher compared to normal tissue but it was slightly
increased in astrocytoma (Matsumoto, et al., 1992). In glioblastomas, GSH levels were
found significantly lowered compared to normal tissue and merely elevated in meningio-
ma (Kudo, et al., 1990).

It has been reported that elevation of intracellular GSH in tumour cells is associated with
mitogenic stimulation (Shaw & Chou, 1986), that GSH controls the onset of tumour-cell
proliferation by regulating protein kinase C activity and intracellular pH (Terradez et al,,
1993). GPx and GR decrease and protein oxidation increases in patients with glioblasto-
ma multiforme and transitional meningioma and clear different oxidative status was
found in the two kinds of tumors which represent specially one of the most malignant
and most benign tumors respectively (Tanriverdi et al.,, 2007) and it was shown that
there is a complex relationship between pro- and anti-apoptotic molecules in glioblasto-
ma multiforme pathogenesis, thus targeting multiple pathways with advanced chemo-
therapeutic agents or radiotheraupetic regimens following total resections might be
helpful in patients with glioblastoma multiforme (Atukeren et al., 2010).

Antioxidant enzymes activity and concentration of nonenzymatic antioxidants in human
brain tumours were evaluated and significant increases in all enzyme activities and de-
creases in GSH and ascorbate levels were observed in brain tumors (Dudek et al., 2004) and
consistent differences in the levels of antioxidants in different types of brain tumors were
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emphasized in different studies (Hanimoglu et al., 2007; Tanriverdi et al., 2007; Tuzgen et
al., 2007; Zengin et al., 2009).

Serum (3-carotene and a-tocopherol levels were found to be decreased in brain tumor pa-
tients when compared to healthy subjects and also more less in malign tumors than the
benign types (Potishman, et al., 1991; Zheng, et al, 1993; Palan, et al., 1996). Few studies
have been done to compare the levels of these antioxidants in various histological types
of brain tumors. It was seen that (-carotene and a-tocopherol levels decreases when ma-
lignancy grade increases and the decrease was found significant for oligodendroglioma
grade I-II, glioblastoma multiforme and medulloblastoma. The protective antioxidant ef-
fects of these two vitamins are suggested (Brigelius-Flohe, et al., 2002). The decreased
antioxidant levels in brain tumor patients reflect the enhanced oxidative damage and in-
creased cancer developing possibility, stating the role of antioxidants in cancer preven-
tion and role of oxidative injury as the of cancer (Aggarwal, et al., 2006).

4. The potential therapy in brain tumors regarding antioxidants

Antioxidant consumption is appraised if it can be a pledging therapeutic approach in pre-
venting or minimizing neuronal oxidative damage (Halliwell, 2001; Uttara et al., 2009). A
relationship between excessive antioxidant consumption or high blood levels and a low cancer
incidence was found in many studies (Comstock, et al., 1992; Van den Brant, et al., 1992). Also
the importance of exogenous utilization of antioxidants with malignant glioma was shown in
various studies (Il'yasova et al., 2009; DeLorenze et al., 2010) yet antioxidant supplementation
by cancer patients during treatment is quite contentious. Indeed, a distinct declination or
recommendation for the simultaneous use of antioxidants with chemotherapy has not been
verified currently. The prospective antioxidant therapeutic approaches should involve either
inhibiting the ROS generation or scavenging. Recently, new strategies for antioxidant con-
sumption have been studied carefully in order to maximize the influence and safety by
improving drug release and site specific targeting and to limit the adverse effects (Ratnam, et
al., 2006). Cancer cells’ having a a weak antioxidant defense system against oxidative stress
brings about a theoretical basis for the use of ROS generating systems in treatment (Laurent,
et al., 2005). Knowing that ROS have stimulating effects on tumor metastasis, the scavenging
of ROS is also a reasonable strategy to inhibit metastasis (Nishikawa, et al., 2006). Main
strategies as a potential treatment are the inhibition of the antioxidant enzymes and molecules
in cancer cells and the production of ROS leading to apoptosis (Lopez-Lazaro, 2007; McCarty,
et al., 2007). Recent studies involving ROS producing agents implied that their anti cancer and
cytotoxic effects are limited to cancer cells and no toxicity was seen in the surrounding normal
tissue (Yoshikawa, et al., 1995). The main mechanism of most chemotherapy drugs is via ROS
formation, but also free radicals production during chemotherapy is a serious side effects
(Block, et al., 2008). Interactions between chemotherapeutic compounds and antioxidants are
quite complicated and also the dose, the localization and the metabolism of the drug have
different effects. Furthermore, some antioxidants may act as oxidative molecules related with
their relative concentration (Badajatia, et al., 2010).
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The coexpression of catalase was shown to revert malignancy (Hempel, et al., 2011). The
overexpression of catalase protected cancer cell from excessive peroxide production as a
result of combined menadione/ascorbate anticancer treatment (Glorieux, et al., 2011). Al-
so, the ability of ascorbate to radiosensitize primary human glioblastoma cells and
mouse astrocytes and astrocytoma, was investigated and it was concluded that pharma-
cological concentrations of ascorbate radiosensitize glioblastoma primary cells more than
astrocytes and this can be of clinical significance in therapeutic approach (Herst, et al.,
2012). Besides, the activation of ferroptosis was shown to be resulted in the nonapoptotic
destruction of some cancer cells and inhibiting this process by ferrostatin-1 seems to pro-
tect from neurodegeneration (Dixon, et al., 2012).

4.1. Targeting GSH pathway

GSH and the GSH related enzyme system might be a distinctive factor for the susceptibility of
several brain tumors to different chemotherapeutic agents (Backos, et al., 2012). Studies have
shown that drug resistance mediated by the GSH/GST system mediated drug resistance in
brain tumors might be the outcome of a change in a GSH related enzyme system and increased
GSH level (Ali-Osman, et al., 1989; Freidman, et al., 1992). Chemotherapeutics, thereby
chemoresistance, were shown to be related with increased cellular GSH content in brain tumor
cell lines (Ali-Osman, et al., 1989; Ali-Osman, et al., 1990). The increased GSH content is related
with tumor drug resistantance so exhaustion of cellular GSH can restore the sensitivity to the
cytotoxic effect of an anticancer agent (Barbosa, et al., 2012). So, it can be suggested that the
depletion of GSH content may increase the sensitivity to different chemotherapeutics. The
multidrug resistance-associated proteins (Mrp) can function as GSH, GSSG and GSH conjugate
carrier (Jedlitschky, et al., 1994; Muller, et al., 1994). Expelling these drug metabolites conju-
gated with GSH ; changes the intracellular GSH levels distinctly. Mrps are considered to have
a role in resistance development to chemotherapeutics in most human brain tumors (Bredel &
Zentner, 2002). Mrp overexpression is associated with drug resistance in gliomas (Abe, et al.,
1998) and conversely with clinical outcome in neuroblastoma (Norris, et al., 1996). Astrocytes
have a potent GSH biosynthesis and antioxidant coupling is substantial in sustaining neuronal
GSH status and conserving neurons from ROS (Dringen R & Hirrlinger, 2003). Even the
concerned GST polymorphisms have been found to be associated with the survival (Kilburn,
et al., 2010), decreased GSH levels seems to play an important role in the increased sensitivity
of oligodendrogliomas to chemotherapy due to decreased GSH needed for detoxification. The
elevated iron levels in these cells also makes them daintily exquisite to ROS generation based
on chemotherapeutics (Yonezawa, et al., 1996). In a study, alantolactone which inhibits tumor
growth and triggers apoptosis and GSH depletion in glioblastoma, is suggested as a potential
lead compound for antiglioma therapy (Khan, et al., 2012).

4.2. Targeting mitochondria

Cancer cells have distinct metabolic and mitochondrial needs from their normal counterparts
so mitochondrial alterations in the context of metabolic reprogramming are an appealing target
for different therapeutic approaches. Most anti tumor agents act as prooxidants and they
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disturb mitochondrial respiratory chain and enhance mitochondrial oxidative stress (Chou, et
al., 2004). Considering that ROS have a role in activating signaling pathways thereby guiding
to metabolic remodeling; mitochondrial oriented antioxidants involving MitoQ may donate
to normalizing the metabolic phenotype in cancer cells. This antioxidant molecule has already
been indicated to diminish the hypoxic stimulation of ROS and to impair HIF-1alpha protein
by decreasing its transcriptional activity (Sanjuan-Pla, et al., 2005).

Occasionally, overloading the antioxidant system by increasing mitochondrial oxidative stress
over a certain threshold can be encountered leading to cell death. The same process would
take longer to come up in normal cells because the basal mitochondrial oxidative stress would
be lower. In a recent study, sulforaphane, having antioxidant and anti tumor features is
suggested to provide antitumor activity in malignant glioma cells via mitochondria and
caspase dependent pathways (Huang, et al., 2012).

4.3. Therapy via natural antioxidants

A great number of plants are good sources of phytochemical antioxidants and which have
been estimated having cancer fighting ability (Wang, et al., 2011). There is a reasonable
scientific and commercial interest in espialling new anti cancer molecules from natural sources,
involving secondary plant metabolites (Kinghorn, et al., 2003). Phytochemical antioxidants
existing in foods exhibit their anticancer properties via reducing ROS induced oxidative
damage by either scavenging or by increasing endogenous antioxidants (Du, et al., 2007).
Natural antioxidants have the ability to modulate signal transduction pathways by the
activating or inhibiting multiple redox sensitive transcription factors which is asserted as their
potential use as chemopreventive agents for therapy. They can act a part in initiation, promo-
tion and progression stages of carcinogenesis to prevent cancer progress (Sporn, 1991).

Recently potential chemopreventive activities of dietary polyphenols was shown in most
studies (Thomasset, et al., 2007). The effects of flavonoids being natural polyphenolic antiox-
idant compounds in brain development, neuroprotection and glial tumor formation are
mentioned and developing new therapeutic approaches was discussed (Nones et al.; 2010).
Epigallocatechin-3-gallate (EGCG) from green tea, curcumin from turmeric, and resveratrol
from grapes are some examples of polyphenols.

Resveratrol has the ability to block the activation of carcinogens and induce their detoxifi-
cation, thus to prevent ROS damage and alleviate inflammatory responses and to reduce
the proliferation of cancer cells which reflect its chemopreventive property (Aggarwal, et
al., 2004; Shankar, et al., 2007). The chemotherapeutic potential of resveratrol is refered to
its blocking angiogenic and metastatic processes of tumor progression and relieving che-
motherapy resistance (Aggarwal, et al., 2004; Fulda & Debatin, 2006). The potential thera-
peutic effect of resveratrol being a dietary phytochemical antioxidant, is investigated in
glioma type brain tumors (Gangliano et al., 2010) and glioblastoma multiforme cells exhib-
ited variable responses to resveratrol depending on the brain associated sulfonation activi-
ty of the cells and resveratrol seemed to have value in glioblastoma treatment (Sun, et al.,
2012). Also the combination of resveratrol with alkylating agent temozolomide was shown
to improve the efficacy of chemotherapy for brain tumors (Herst, et al., 2012). EGCG also
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exhibited the same effect with temozolomide like as resveratrol in another study, in brain
tumor therapy (Chen, et al., 2011). Curcumin as a polyphenol gets attention in blocking
brain tumor formation in a study. The chemopreventive and anticarcinogenic action of cur-
cumin is shown and suggested as this might be due to its ability to inhibit proteins that ini-
tiate protective signals (Purkayastha, et al., 2009).

Different studies implied the importance of using nutritional antioxidants. Lycopene,
present in tomato, was shown for its potential therapeutic benefit in the adjuvant man-
agement of high grade gliomas (Puri et al., 2010). Gynostemma pentaphyllum extract se-
lectively shifted H,O, concentration in glioma tumor cells to toxic levels due to increased
SOD activity so can be suggested for cancer therapy (Schild et al., 2010) and the apoptot-
ic effect of y-Mangostin in Garcinia mangostana fruit was shown and it was suggested
as a prospective anti brain tumor agent (Chang et al., 2010).

5. Conclusion

The incidence of brain tumors is obviously increasing recently. The occurance of ROS are the
inevitable outcome of the metabolism and they have important roles in many biochemical
processes but they must be precisely kept under control. Antioxidant molecules are that delay,
prevent, or remove the existing oxidative damage to a target molecule. The brain is quite
vulnerable to ROS damage because of its low antioxidant levels. To get over ROS damage, the
brain needs a sufficient supply of antioxidants and it seems convinent that working up with
ROS signaling pathways would provide a great neuroprotective effect. The development of
the suitable antioxidant compounds seems a challenging and pledging strategy for brain tumor
treatment but plenty of work has to be done to emphasize the exact role of antioxidants for
therapy in clinical use.

Adjusting the antioxidant dose and scheduling of the administration or combining different
antioxidants and exploring a more potent and specific antioxidant should be the main theme.
Also the preventive and therapeutic molecule should target multiple biochemical pathways
comprising the processes entailing malignancy and restrain the unwanted side effects and
toxicity in the normal tissue counterparts. In the same time should attend a beneficial task in
stimulating the therapeutic effect of chemotherapy and diminishing certain side effects. It is
clear that there is a deficient evidence concerning the prospective antioxidant therapies in brain
tumors. Regarding to the fact that there is little knowledge concerning complementary therapy
with antioxidant molecules and their effects or side effects, there is a crucial need for further
research of these treatment strategies.

Acknowledgements

We would like to dedicate this chapter to brain cancer patients.



The Stance of Antioxidants in Brain Tumors
http://dx.doi.org/10.5772/54791

Author details

Pinar Atukeren' and M. Ramazan Yigitoglu®

1 Istanbul University, Cerrahpasa Medical Faculty, Department of Biochemistry, Istanbul,

Turkey

2 Turgut Ozal University, Medical Faculty, Department of Biochemistry, Ankara, Turkey

References

[1]

[3]

[4]

[6]

[7]

[10]

Abe, T.; Mori, T.; Wakabayashi, Y.; Nakagawa, M.; Cole, SP; Koike, K; Kuwano, M. &
Hori, S. (1998). Expression of multidrug resistance protein gene in patients with glioma
after chemotherapy, J. Neurooncol., Vol. 40, pp.11-8 1998;40:11-8

Aggarwal, BB.; Bhardwaj, A.; Aggarwal, RS.; Seeram, NP.; Shishodia, S. & Takada, Y.
(2004). Role of resveratrol in prevention and therapy of cancer: preclinical and clinical
studies, Anticancer Res., Vol. 24, pp. 2783-2840

Aggarwal, S.; Subberwal, M.; Kumar, S. & Sharma. M. (2006). Brain tumor and role of
3-carotene, a- tocopherol, superoxide dismutase and glutathione peroxidase, J. Cancer
Res., Vol. 2(1), pp. 24-7

Ali-Osman, F.; Caughlan, J. & Gray, GS. (1989). Decreased DNA interstrand cross-
linking and cytotoxicity induced in human brain tumor cells by 1,3-bis(2-chloroethyl)-
1-nitrosourea after in vitro reaction with glutathione, Cancer Res., Vol. 49, pp.5954-8

Ali-Osman, F.; Stein, DE. & Renwick A. (1990). Glutathione content and glutathione-S
— transferase expression in 1,3-bis(2-chloroethyl)-1-nitrosourea-resistant human
malignant astrocytoma cell lines, Cancer Res., Vol. 50, pp. 6976-80

Ames, BN. & Shigenaga, MK. (1992). Oxidants are a major contributor to aging, Ann.
NY Acad. Sci., Vol. 663, pp. 85-96

Anderson ME. (1998). Glutathione: an overview of biosynthesis and modulation, Chem.
Biol. Interact., Vol.11, pp.1-112

Aoyama, K.; Watabe, M. & Nakaki, T. (2008). Regulation of neuronal glutathione
synthesis, |. Pharmacol. Sci., Vol. 108, pp. 227-38

Aron, P. M., & Kennedy, J. A. (2008). Flavan-3-ols: nature, occurrence and biological
activity, Mol. Nutr. Food Res., Vol. 52(1), pp.79-104

Arrick, B. A. & Nathan, C. F. (1984). Glutathione metabolism as a determinant of
therapeutic efficacy: a review, Cancer Res., Vol. 44, pp. 4224-4232

537



538 Clinical Management and Evolving Novel Therapeutic Strategies for Patients with Brain Tumors

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[22]

[23]

Atukeren, P.; Kemerdere, R.;Kacira, T.; Hanimoglu, H.; Ozlen, F.; Yavuz, B.; Tanriverdi,
T.; Gumustas, K. & Canbaz, B. (2010). Expressions of some vital molecules: glioblastoma
multiforme versus normal tissues, Neurol Res.,Vol.32, No.5, pp. 492-501

Badajatia, N.; Satyam, A.; Singh P.; Seth, A. & Sharma, A. (2010). Altered antioxidant
status and lipid peroxidation in Indian patients with urothelial bladder carcinoma,
Urol. Oncol., Vol. 28, pp. 360-7

Back, SA.; Gan, X; Li, Y.; Rosenberg, PA. & Volpe, JJ. (1998). Maturation-dependent
vulnerability of oligodendrocytes to oxidative stress-induced death caused by gluta-
thione depletion, J. Neurosci.,Vol.18, pp. 6241-53

Backos, DS.; Franklin, CC. & Reigan, P. (2012). The role of glutathione in brain tumor
drug resistance, Biochemical Pharmacology, Vol. 83, pp. 1005-1012

Barbosa, [A.; Machado, NG.; Skildum, AJ.; Scott, PM. & Oliveira, OJ. (2012). Mitochon-
drial remodeling in cancer metabolism and survival: Potential for new therapies,
Biochimica et Biophysica Acta, Vol. 1826, pp. 238-254

Block, K.; Koch, A. & Mead, M. (2008). Impact of antioxidant supplementation on
chemotherapeutic toxicity: A systematic review of the evidence from randomized
controlled trials, Int. . Cancer, Vol. 123, pp. 1227-39

Bredel, M. & Zentner J. (2002). Brain-tumour drug resistance: the bare essentials, Lancet
Oncol., Vol. 3, pp. 397-406

Behrend, L.; Henderson, G. & Zwacka, RM. (2003). Reactive oxygen species in onco-
genic transformation, Biochem. Soc. Trans., Vol. 31, pp. 14414

Bellissimo, MI.; Amado, D.; Abdalla, DS.; Ferreira, EC., Cavalheiro, EA. & Naffah-
Mazzacoratti, MG. (2001). Superoxide dismutase, glutathione peroxidase activities and

the hydroperoxide concentration are modified in the hippocampus of epileptic rats,
Epilepsy Res., Vol. 46, pp. 121-128

Biswas, S. K., & Rahman, I. (2009). Environmental toxicity, redox signalling and lung
inflammation: the role of glutathione., Mol. Aspects Med., Vol. 30(1-2), pp. 60-76

Blackburn, R. V.; Spitz, D. R.; Liu, X.; Galoforo, S. S.; Sim, J. E.; Ridnour, L. A.; Chen, J.
C.; Davis, B. H.; Corry, P.M.; Lee, Y. ]. (1999). Metabolic oxidative stress activates signal
transduction and gene expression during glucose deprivation in human tumor cells,
Free Radic. Biol. Med., Vol. 26, pp. 419- 430

Bredel, M. (2001). Anticancer drug resistance in primary human brain tumors, Brain
Research Reviews, Vol. 35, pp. 161-204

Brigelius-Flohe, R.; Kelly, FJ. & Salonen, JT. (2002). The Europeon perspective on
vitamin E: current knowledge and future research, Am. J. Clin. Nutr., Vol. 76. pp. 703—
16

Brisdelli, F.; D'Andrea, G. & Bozzi, A.(2009). Resveratrol: a natural polyphenol with
multiple chemopreventive properties, Curr. Drug Metab., Vol. 10, pp. 530-546



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[33]

[34]
[35]

[36]

[38]

The Stance of Antioxidants in Brain Tumors
http://dx.doi.org/10.5772/54791

Burdon, RH. (1995). Superoxide and hydrogen peroxide in relation to mammalian cell
proliferation, Free Radic. Biol. Med., Vol. 18, pp. 775-794

Cadenas, E. & Davies KJA. (2000). Mitochondrial free radical generation, oxidative
stress, and aging, Free Rad. Biol. Med., Vol. 29, pp. 222-230

Carew, JS.; Zhou, Y.; Albitar, M.; Carew, JD.; Keating, MJ. & Huang P. (2003). Mito-
chondrial DNA mutations in primary leukemia cells afterchemotherapy: clinical
significance and therapeutic implications, Leukemia, Vol. 17, pp 143747

Casagrande, S.; Bonetto, V.; Fratelli M.; Gianazza, E.; Eberini, I.; Massignan, T.;
Salmona, M.; Chang, G.; Holmgren, A. & Grezzi, P. (2002). Glutathionylation of human
thioredoxin: a possible crosstalk between the glutathione and thioredoxin systems,
Proc. Natl. Acad. Sci., Vol., 99, pp. 9745-9

Castro, L. (2001). Reactive oxygen species in human health and disease, Nutrition, Vol.
17, pp. 161-5

Chandra, J.; Samali, A. & Orrenius, S. (2000). Triggering and modulation of apoptosis
by oxidative stress, Free. Rad. Med. Biol., Vol.29, pp. 323-33

Chang, HF.; Huang, WT.; Chen HJ. & Yang LL. (2010). Apoptotic Effects of y-Mangostin
from the Fruit Hull of Garcinia mangostana on Human Malignant Glioma Cells,
Molecules, Vol. 7, No. 15(12), pp. 8953-66

Chen, TC.; Wang, W.; Golden, EB.; Thomas, S.; Sivakumar, W.; Hofman, FM.; Louie,
SG. & Schonthal, AH. (2011). Green tea epigallocatechin gallate enhances therapeutic
efficacy of temozolomide in orthotopic mouse glioblastoma models, Cancer Lett.,Vol.
302(2), pp. 100-8

Chou, WC;; Jie, C,; Kenedy, AA.; Jones, R].; Trush, MA. & Dang, CV. (2004). Role of
NADPH oxidase in arsenic-induced reactive oxygen species formation and cytotoxicity
in myeloid leukemia cells, Proc. Natl. Acad. Sci., Vol. 101(13), pp. 4578-83

Circu, M. L., & Aw, T. Y. (2008). Glutathione and apoptosis, Vol. 42(8), pp. 689-706

Cobbs, CS.; Levi, DS.; Aldape, K. &lsrael, MA. (1996). Manganese superoxide dismu-
tase expression in human central nervous system tumors, Cancer Res.,Vol. 56, pp. 3192—
3195

Colvin, OM.; Friedman, HS.; Gamcsik, MP.; Fenselau, C. & Hilton ].(1993). Role of
glutathione in cellular resistance to alkylating agents, Adv. Enzyme Regul., Vol. 33, pp.
19-26

Comstock, GW.; Bush, TL. & Helzlsouer, K. (1992). Serum retinol. beta-carotene,
vitamin E and selenium as related to subsequent cancer of specific sites, Am. J. Epide-
miol., Vol. 135, pp. 115-121

Conklin, KA. (2000). Dietary antioxidants during cancer chemotherapy: impact on
chemotherapeutic effectiveness and development of side effects, Nutr Cancer., Vol. 37,
pp- 1-18

539



540 Clinical Management and Evolving Novel Therapeutic Strategies for Patients with Brain Tumors

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[49]

[50]

[51]

[52]

Copeland, WC.; Wachsman, JT.; Johnson, FM. & J.S. Penta. (2002). Mitochondrial DNA
alterations in cancer, Cancer Invest., Vol. 20, pp.557-569

Costa, MS.; Rocha, JB.; Perosa, SR.; Cavalheiro, EA. & Naffah-Mazzacoratt, G. (2004).
Pilocarpine-induced status epilepticus increases glutamate release in rat hippocampal
synaptosomes, Neurosci. Lett., Vol. 356, pp. 41-44

Dajas, F. (2012). Life or death:Neuroprotective and anti cancer effects of quercetin,
Journal of Ethnopharmacology, Doi: 10.1016/j.jep.2012.07.005

Dal-Pizzol, F.; Klamt, F.; Vianna, MM.; Schroder, N.; Quevedo, J.; Benfato, MS.; Moreira,
JC. & Walz, R. (2000). Lipid peroxidation in hippocampus early and late after status
epilepticus induced by pilocarpine or kainic acid in Wistar rats, Neurosci. Lett., Vol. 291,
pp- 179-182

Dandona, P.; Cook, S.; Synder, B. & Makowski, ].(1996). Oxidative damage to DNA in
diabeted mellitus, Lancet, Vol. 347, pp. 444-5

Delmas, D., Jannin, B., & Latruffe, N. (2005). Resveratrol: preventing properties against
vascular alterations and ageing. Mol. Nutr. Food Res., Vol. 49(5), pp. 377-395

DeLorenze, GN.; McCoy, L.; Tsai, AL.; Quesenberry, CP Jr.; Rice, T.; Il'yasova, D. &
Wrensch M. (2010). Daily intake of antioxidants in relation to survival among adult
patients diagnosed with malignant glioma, BMC Cancer, Vol.19, pp. 10-215

Dhar, SK,; Tangpong, J.; Chaiswing, L.; Oberley, TD. & St Clair, DK. (2011). Manganese
superoxide dismutase is a p53-regulated gene that switches cancers between early and
advanced stages, Cancer Res., Vol. 71, pp. 6684-6695

Dickinson, D. A., & Forman, H. J. (2002). Cellular glutathione and thiols metabolism,
Biochem. Pharmacol., Vol. 64(5-6), pp. 1019-1026

Dixon, SJ.; Lemberg, KM.; Lamprecht, MR.; Skouta, R.; Zaitsev, EM.; Gleason, CE;
Patel, DN; Bauer, AJ.; Cantley, AM.; Yang, WS.; Morrison, B 3rd. & Stockwell, BR.
(2012). Ferroptosis: an iron-dependent form of nonapoptotic cell death, Cell, Vol.
25;149(5), pp- 1060-72

Dijuric, Z.; Chen, G.; Doerge, D. R.; Heilbrun, L. K. & Kucuk, O. (2001). Effect of soy
isoflavone supplementation on markers of oxidative stress in men and women, Cancer
Lett., Vol. 172, pp. 1-6

Dringen, R. & Hamprecht, B. (1998). Glutathione restoration as indicator for cellular
metabolism of astroglial cells, Dev. Neurosci., Vol. 20, pp. 401-7

Dringen, R. & Hirrlinger J. (2003). Glutathione pathways in the brain, Biol. Chem., Vol.
384, pp. 505-16

Dringen, R.; Pfeiffer, B. & Hamprecht, B. (1999). Synthesis of the antioxidant glutathione
in neurons: supply by astrocytes of CysGly as precursor for neuronal glutathione, J.
Neurosci., Vol. 19, pp. 562-9



[54]

[55]

[60]

[61]

[64]

The Stance of Antioxidants in Brain Tumors
http://dx.doi.org/10.5772/54791

Du, Y., Guo, H., & Lou, H. (2007). Grape seed polyphenols protect cardiac cells from
apoptosis via induction of endogenous antioxidant enzymes, Journal of Agricultural and
Food Chemistry, Vol. 55, pp. 1695-1701

Dudek, H.; Farbiszewski, R.; Rydzewska, M.; Michno, T. & Kozlowski A. (2004).
Evaluation of antioxidant enzymes activity and concentration of non-enzymatic
antioxidants in human brain tumours, Wiad Lek., Vol. 57, No. 1-2, pp. 16-9

Ebner, S.; Lang, R.; Mueller, EE.; Eder, W.; Oeller, M.; Moser, A.; Koller, ].; Paulweber,
B.; Mayr, JA.; Sperl, W. & Kofler, B. (2011). Mitochondrial haplogroups, control region
polymorphisms and malignant melanoma: a study in Middle European Caucasians,
PLoS One, Vol 6(12), pp. €27192.

Evans, VG. (1993). Multiple pathways to apoptosis, Cell Biol. Int., Vol. 17, pp. 461-476

Fang, J. & Iyer, AK. (2007). Tumor-targeted induction of oxystress for cancer therapy,
J. Drug Targ., Vol. 15, pp. 475-86

Farber, JL.; Kyle, ME. & Coleman, JB. (1990). Mechanisms of cell injury by activated
oxygen species, Lab. Invest. Vol. 62, pp. 670-9

Farber, JL. (1994). Mechanism of cell injury by activated oxygen species, Env. Health
Perspect., Vol. 102, pp. 17-24

Federico, A.; Tuccillo, C.; Ciardiello, F. & Loguercio, C. (2007). Chronic inflammation
and oxidative stress in human carcinogenesis, Int .J. Cancer, Vol. 121, pp. 2381-6

Floyd, RA. (1990). Role of oxygen free radicals in carcinogenesis and brain ischemia,
FASEB]., Vol. 4, pp. 2587-97

Forman, H. J., Zhang, H., & Rinna, A. (2009). Glutathione: overview of its protective
roles, measurement, and biosynthesis, Mol. Aspects. Med., Vol. 30(1-2), pp. 1-12

Friedman, HS.; Colvin, OM.; Kaufmann, SH.; Ludeman, SM.; Bullock, N.; Bigner, DD.
& Griffith, OW. (1992). Cyclophosphamide resistance in medulloblastoma, Cancer
Res., Vol.52, pp. 5373-8

Freitas, RM.; Nascimento, VS.; Vasconcelos, SM.; Sousa,FC.; Viana, GS. & Fonteles,
MM. (2004). Catalase activity in cerebellum, hippocampus, frontal cortex and striatum

after status epilepticus induced by pilocarpine in Wistar rats, Neurosci. Lett., Vol. 365,
pp- 102-105

Fruehauf, JP. & Meyskens, FL. (2007). Reactive oxygen species: A breath of life or
death?, Clin. Cancer. Res., Vol. 13, pp. 789-94

Fulda, S. & Debatin, KM. (2006). Resveratrol modulation of signal transduction in
apoptosis and cell survival: a mini-review, Cancer Detect. Prev., Vol. 30, pp. 217-223

Gangliano, N; Aldini, G.; Colombo, G.; Rossi, R.; Colombo, R; Gioia, M.; Milzani, A.; &
Dalle-Donne, I. (2010). The potential of resveratrol against human gliomas, Anticancer
Drugs., Vol.21, No.2, pp. 140-50

541



542  Clinical Management and Evolving Novel Therapeutic Strategies for Patients with Brain Tumors

[68]

[69]

[70]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Gate, L.; Paul, J.; Ba, GN.; Tew, KD. & Tapiero H. (1999). Oxidative stress induced in
pathologies: the role of antioxidants. Biomed. Pharmcother., Vol. 53, pp. 169-80

Gescher, AJ.; Sharma, RA. & Steward, WP. (2001). Cancer chemoprevention by dietary
constituents: a tale of failure and promise, Lancet Oncol., Vol. 2, pp. 371-379

Glorieux, C.; Dejeans, N.; Sid, B.; Beck, R.; Calderon, PB. & Verrax, J. (2011). Catalase
overexpression in mammary cancer cells leads to a less aggressive phenotype and an
altered response to chemotherapy, Biochem. Pharmacol., Vol. 82, pp. 1384-1390

Gromadzinska, J.; Wasowicz, W.; Rydzynski, K. & Szeszenia—Dabrowska, N. (2003).
Oxidative stress markers in blood of lung cancer patients occupationally exposed to
carcinogens, Biol. Trace. Elem. Res., Vol. 91, pp. 203-15

Gullett, N. P.; Ruhul Amin, A. R.; Bayraktar, S.; Pezzuto, ]J. M.; Shin, D. M.; Khuri, F.
R.; Aggarwal, B. B.; Surh, Y. J. & Kucuk, O.(2010). Cancer prevention with natural
compounds, Semin. Oncol., Vol. 37, pp. 258-281

Halliwell, B. (2001). Role of free radicals in the neurodegenerative diseases: therapeutic
implications for antioxidant treatment, Drugs Aging, Vol. 18, No. 9, pp. 685-716

Halliwell, B. & Gutteridge, JMC. (1996). Free radicals in biology and medicine. Oxford:
Clarendon

Hanimoglu, H.; Tanriverdi, T.; Kacira, T.; Sanus, GZ.; Atukeren, P.; Aydin, S.; Tunali,
Y.; Gumustas, K. & Kaynar, MY. (2007). Relationship between DNA damage and total
antioxidant capacity in patients with transitional meningioma, Clin Neurol Neuro-
surg., Vol. 109, No. 7, pp. 561-6

Heim, KE., Tagliaferro, AR., & Bobilya, D J. (2002). Flavonoid antioxidants: chemistry,
metabolism and structure-activity relationships, J. Nutr. Biochem., Vol. 13(10), pp.
572-584

Hempel, N.; Carrico, PM. & Melendez, JA. (2011). Manganese superoxide dismutase
(S0d2) and redox-control of signaling events that drive metastasis, Anti-cancer Agents.
Med. Chem., Vol. 11, pp. 191-201

Hennekens, CH.; Buring, JE.; Manson, JE.; Stsmpfer, M. & Rosner, B. (1996). Lack of
effect of long term supplementation with $—carotene on the incidence of malignant
neoplasms and cardiovascular disease, N. Eng. |]. Med., Vol., 334, pp. 1145-9

Herst, PM.; Broadley, KW.; Harper, JL.; McConnell, M]. (2012). Pharmacological
concentrations of ascorbate radiosensitize glioblastoma multiforme primary cells by
increasing oxidative DNA damage and inhibiting G2/M arrest, Free Radic. Biol.
Med.,Vol.52(8), pp. 1486-93

Hirrlinger, J. & Dringen R. (2010). The cytosolic redox state of astrocytes: maintenance,
regulation and functional implications for metabolite trafficking, Brain Res. Rev., Vol.
63, pp. 177-88



[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

The Stance of Antioxidants in Brain Tumors
http://dx.doi.org/10.5772/54791

Hirrlinger, J.; Konig, J.; Keppler, D.; Lindenau, J.; Schulz, JB. & Dringen, R. (2001). The
multidrug resistance protein MRP1 mediates the release of glutathione disulfide from
rat astrocytes during oxidative stress, . Neurochem., Vol., 76, pp. 627-36

Holmgren, A. (2000). Antioxidant function of thioredoxin and glutaredoxin systems,
Antioxid. Redox Signaling, Vol. 2, pp. 811- 820

Huang, TY., Chang, WC.; Wang, MY.; Yang, YR. & Hsu, YC. (2012). Effect of sulfora-
phane on growth inhibition in human brain malignant glioma GBM 8401 cells by means
of mitochondrial- and MEK/ERK-mediated apoptosis pathway, Cell Biochem. Biophys.,
Vol. 63(3), pp. 247-59

Husain, J. & Juurlink, BH. (1995). Oligodendroglial precursor cell susceptibility to
hypoxia is related to poor ability to cope with reactive oxygen species, Brain Res., Vol.
698, pp. 86-94

Hussain, S.; Slikker, Jr W. & Alj, SF. (1995). Age-related changes in antioxidant enzymes,
superoxide dismutase, catalase, glutathione peroxidase and glutathione in different
regions of mouse brain, Int. |. Dev. Neurosci., Vol. 13, pp. 811- 817

II'yasova, D.; Marcello, JE.; McCoy, L.; Rice, T. & Wrensch, M. (2009). Total dietary
antioxidant index and survival in patients with glioblastoma multiforme, Cancer Causes
Control, Vol.20, No. 8, pp. 1255-60

Imlay, JA. (1988). DNA damage and oxygen radical toxicity. Science, (New York, NY),
Vol. 240, pp. 1302-9

Jeanne, A.; Drisko, JA.; Chapman, J. & Hunter, V]. (2003). The use of antioxidant
therapies during chemotherapy, Gynecol. Oncol., Vol. 88, pp. 434-9

Jedlitschky, G.; Leier, I.; Buchholz, U.; Center, M. & Keppler D. (1994). ATP-dependent
transport of glutathione S-conjugates by the multidrug resistance-associated protein,
Cancer Res., Vol. 54, pp. 4833-6

Jenner P. (1994).Oxidative damage in neurodegenerative diseases, Lancet, Vol.344, pp.
796-8

Kawamura, N.; Suzuki, K.; Ishikawa, M.; lizuka, S.; Miyake, M.; Mino, M. & Taniguchi,
N. (1992). High levels of Mn-superoxide dismutase in serum of patients with neuro-
blastoma and in human neuroblastoma cell lines, Free Radic. Biol. Med, Vol. 12, pp. 281—
286

Kelkel, M.; Jacob, C.; Dicato, M. & Diederich, M. (2010). Potential of the dietary
antioxidants resveratrol and curcumin in prevention and treatment of hematologic
malignancies, Molecules, Vol. 15, pp. 7035-7074

Khan, M.; Yj, F.; Rasul, A; Li, T.; Wang, N.; Gao, H.; Gao, R. & Ma, T. (2012). Alanto-
lactone induces apoptosis in glioblastoma cells via GSH depletion, ROS generation, and
mitochondrial dysfunction, IUBMB Life.,Vol. 64(9), pp. 783-94

543



544  Clinical Management and Evolving Novel Therapeutic Strategies for Patients with Brain Tumors

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

Kilburn, L.; Okcu, MF.; Wang, T.; Cao, Y.; Renfro-Spelman, A.; Aldape, KD.; Gilbert,
MR. & Bondy, M. (2010). Glutathione S-transferase polymorphisms are associated with
survival in anaplastic glioma patients, Cancer, Vol. 116, pp. 2242-9

Kinghorn, AD.; Farnsworth, NR.; Soejarto, DD.; Cordell, GA.; Swanson, SM.; Pezzuto,
JM.;Wani, MC.; Wall, ME.; Oberlies, NH.; Kroll, DJ].; Kramer, RA.; Rose, WC.; Vite, GD.;
Fiarchild, CR.; Peterson, RW. & Wild, R. (2003). Novel strategies for the discovery of
plant-derived anticancer agents, Pharmaceut. Biol., Vol. 41, pp. 53-67

Koppal, T.; Drake, J. & Butterfield, DA. (1999). In vivo modulation of rodent glutathione
and its role in peroxynitrite-induced neocortical synaptosomal membrane protein
damage, Biochim. Biophys. Acta, Vol. 1453, pp. 407-411

Kryston, TB.; Georgiev, AB.; Pissis, P. & Georgakilas, AG. (2011). Role of oxidative
stress and DNA damage in human carcinogenesis, Mutat. Res., Vol. 711, pp. 193-201

Kudo, H.; Mio, T.; Kokunai, T.; Tamaki, N.; Sumino, K. & Matsumoto, S. (1990).
Qunatitative analysis of glutathione in human brain tumors, . Neurosurg., Vol. 72, pp.
610-615

Kumar, S. & Holmgren, A. (1999). Induction of thioredoxin, thioredoxin reductase and
glutaredoxin activity in mouse skin by TPA, a calcium ionophore and other tumor
promoters, Carcinogenesis, Vol. 20, pp. 1761- 1767

Kuo, KW.; Chen, SE.; Wu, CC.; Chen, DR. & Lee, JH. (2002). Serum and tissue trace
elements in patients with breast cancer in Taiwan, Biol. Trace Elem. Res., Vol. 89, pp. 1-
11

Laguerre, M., Lecomte, J., & Villeneuve, P. (2007). Evaluation of the ability of antioxi-
dants to counteract lipid oxidation: existing methods, new trends and challenges, Prog.
Lipid Res., Vol. 46(5), pp. 244-282

Lam, ET.; Bracci, PM.; Holly, EA.; Chu, C,; Poon, A.; Wan, E.; White, K.; Kwok, PY.;
Pawlikowska, L. & Tranah, GJ. (2012). Mitochondrial DNA sequence variation and risk
of pancreatic cancer, Cancer Res., Vol. 72, pp. 686695

Landriscina, M.; Remiddi, F.; Ria, F.; Palazzotti, B.; De Leo, M. E.; lacoangeli, M.;
Rosselli, R.; Scerrati, M. & Galeotti, T. (1996). The level of MnSOD is directly correlated

with grade of brain tumours of neuroepithelial origin, Br. ]. Cancer, Vol. 74, pp. 1877-
1885

Laurent, A.; Nicco, C.; Chereau, C.; Goulvestre, C.; Alexandre, J.; Alves, A.; Levy, E,;
Goldwasser, F.; Panis,Y.; Soubrane, O.; Weill, B. & Batteux, F. (2005). Controlling tumor
growth by modulating endogenous production of reactive oxygen species, Cancer
Res., Vol. 65, pp 948-956

Leu, T. H. & Maa, MC. (2002). The molecular mechanisms for the antitumorigenic effect
of curcumin, Curr. Med. Chem. Anticancer Agents, Vol. 2, pp. 357-370



[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

The Stance of Antioxidants in Brain Tumors
http://dx.doi.org/10.5772/54791

Li, JJ.; Fan, M. & Colburn, NH. (1998). Inhibition of AP-1 and NF-kappa B by manga-
nese-containing superoxide dismutase in human breast cancer cells, FASEB |., Vol. 12,
pp- 1713-23

Lin, CJ.; Lee, CC,; Shih, YL,; Lin, TY.; Wang, SH.; Lin, YF. & Shih, CM. (2012). Resver-
atrol enhances the therapeutic effect of temozolomide against malignant glioma in vitro
and in vivo by inhibiting autophagy, Free Radic. Biol. Med.,Vol. 52(2), pp. 377-91

Liu, RH. (2004). Potential synergy of phytochemicals in cancer prevention: mechanism
of action, J. Nutr., Vol. 134, 34795-3485S.

Liou, GY. & Storz, P. (2010). Reactive oxygen species in cancer, Free. Radic. Res., Vol. 44,
479-496

Lopez-Lazaro, M. (2007). Dual role of hydrogen peroxide in cancer: Possible relevance
to cancer chemoprevention and therapy, Cancer Lett., Vol. 252, pp. 1-8

Lu, X.; Walker, T.; MacManus, JP. & Seligy, VL. (1992). Differentiation of HT-29 human
colonic adenocarcinoma cells correlates with increased expression of mitochondrial

RNA:effects on trehalose on cell growth and maturation. Cancer Res., Vol. 52(13), pp.
3718-25

Manju, V.; Kalaivani Sailaja J. & Nalini N. (2002). Circulating lipid peroxidation and
antioxidant status in cervical cancer patients:a case—control study, Clin. Biochem., Vol.
35, pp. 621-5

Mark, R].; Lovell, M.; Markesbery, WR.; Uchida, K. & Mattson, MP. (1997). A role for
4- hydroxynonenal, an aldehydic product of lipid peroxidation, in disruption of ion
homeostasis and neuronal death induced by amyloid beta-peptide, J. Neurochem., Vol.
68, pp. 255-264

Mates, JM. & Sanchez-Jimenez, FM. (2000). Role of reactive oxygen species in apoptosis:
implications for cancer therapy, The International Journal of Biochemistry & Cell Biology,
Vol. 32, pp. 157-170

Matsumoto, Y.; Sasaoka, N.; Tsuchida, T.; Fujiwara, T. & Nagao, S. (1992). Quantitative
analysis of glutathione and glutathione S-transferase in human brain tumors, C6 rat
glioma cells and drug resistant C6 cells, No Shinkei Geka, Vol. 20, pp. 1069-1074

McCarty, MF.; Barraso-Aranda, J. & Contreras, F. (2007). A two phase strategy for
treatment of oxidant dependent cancers, Med. Hypothesis, Vol. 69, pp. 489-96

Meister, A. (1995). Mitochondrial changes associated with glutathione deficiency,
Biochim Biophys Acta, Vol. 1271, pp. 35-42

Minich, T.; Riemer, J.; Schulz, ]B.; Wielinga, P.; Wijnholds, J. & Dringen, R. (2006). The
multidrug resistance protein 1 (Mrp1), but not Mrp5, mediates export of glutathione
and glutathione disulfide from brain astrocytes, | Neurochem, Vol. 97, pp. 373-84

545



546 Clinical Management and Evolving Novel Therapeutic Strategies for Patients with Brain Tumors

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

Mitchell, JB.; Cook, JA.; DeGraff, W.; Glatstein, E. & Russo, A. (1989). Keynote address:
Glutathione modulation in cancer treatment: will it work? Int. |. Radiat. Oncol. Biol.
Phys., Vol. 16, pp. 1289-1295

Miriyala, S.; Spasojevic, I.; Tovmasyan, A.; Salvemini, D.; Vujaskovic, Z.; St. Clair, D. &
Batinic-Haberle, I. (2012). Manganese superoxide dismutase, MnSOD and its mimics,
Biochimica et Biophysica Acta, Vol. 1822, pp. 794-814

Modica-Napolitano, JS. & Singh, KK. (2004). Mitochondrial dysfunction in cancer,
Mitochondrion, Vol. 4, pp. 755-762

Modica-Napolitano, JS.; Kulawiec, M. & Singh, KK. (2007). Mitochondria and human
cancer, Curr. Mol. Med., Vol. 7, pp. 121-131

Monteiro, HP. & Stern, A. (1996). Redox modulation of tyrosine phosphorylation-
dependent signal transduction pathways, Free Rad. Biol. Med., Vol. 21, pp. 323-33

Muller, M.; Meijer, C.; Zaman, GJ.; Borst, P.; Scheper, R].; Mulder, NH.; de Vries, EG.
& Jansen, PL. (1994). Overexpression of the gene encoding the multidrug resistance-
associated protein results in increased ATP-dependent glutathione S-conjugate
transport, Proc. Natl. Acad. Sci. USA, Vol. 91, pp. 13033-7

Mumper, AGR]J. (2009). Elevated copper and oxidative stress in cancer cells as a target
for cancer treatment, Cancer Treatment Reviews, Vol. 35, pp. 32— 46

Muthu, MS.; Kulkarni, SA.; Xiong, J. & Feng, SS. (2011). Vitamin E TPGS coated
liposomes enhanced cellular uptake and cytotoxicity of docetaxel in brain cancer cells,
Int. ]. Pharm., Vol. 421(2), pp. 332-40

Nair, U. & Nair J. (2007). Lipid peroxidation-induced DNA damage in cancer-prone
inflammatory diseases: a review of published adduct types and levels in humans, Free
Rad. Biol. Med., Vol. 43, pp. 1109-20

Nishikawa, M. & Hashida, M. (2006). Inhibition of tumour metastasis by targeted
delivery of antioxidant enzymes, Expert Opin. Drug Deliv., Vol. 3, pp. 355-369

Nones, J.; Stipursky, J.; Costa, SL.; Gomes, FC. (2010). Flavonoids and astrocytes
crosstalking: implications for brain development and pathology, Neurochem. Res., Vol.
35, No. 7, pp. 955-66

Norris, MD.; Bordow, SB.; Marshall, GM.; Haber, PS.; Cohn, SL. & Haber, M. (1996).
Expression of the gene for multidrug-resistance-associated protein and outcome in
patients with neuroblastoma, N. Engl. |]. Med., Vol. 334, pp. 231-8

Nulton-Persson, AC. (2001). Modulation of mitochondrial function by hydrogen
peroxide, J. Biol. Chem., Vol. 276, pp. 23357-61

Oberley, TD. (2002). Oxidative damage and cancer, Am. J. Path., Vol. 160, pp. 403-8



[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

The Stance of Antioxidants in Brain Tumors
http://dx.doi.org/10.5772/54791

Oberley, LW.; Oberley, TD. & Buettner, GR. (1981). Cell division in normal and
transformed cells: the possible role of superoxide and hydrogen peroxide. Med.
Hypoth., Vol. 7, pp. 21- 42

Orrenius, S. (2007). Reactive oxygen species in mitochondria-mediated cell death, Drug
Metab. Rev., Vol. 39, pp. 443-55

Palan, P.; Mikhail, M.; Goldberg, G.; Runowicz, C. & Romney, S. (1996). Plasma levels
of a- carotene, lycopene, canthaxanthin, retinol, and & and a tocopherol in cervical
intraepithelial neoplasia and cancer, Clin. Cancer Res., Vol. 2, pp. 181-5

Papageorgiou, M.; Stiakaki, E.; Dimitriou, H.; Malliaraki, N.; Notas, G.; Castanas, E. &
Kalmanti, M. (2005). Cancer chemotherapy reduces plasma total antioxidant capacity
in children with malignancies, Leukemia Research, Vol. 29, pp. 11-16

Park, CK.; Jung, JH.; Moon, MJ.; Kim, YY.; Kim, JH.; Park, SH.; Kim, CY.; Paek, SH.;
Kim, DG,; Jung, HW. & Cho, BK. (2009). Tissue expression of manganese superoxide
dismutase is a candidate prognostic marker for glioblastoma, Oncology, Vol.77, No. 3-4,
pp- 178-81

Patel, VB.; Misra, S.; Patel, BB. & Majumdar, AP. (2010). Colorectal cancer: chemopre-
ventive role of curcumin and resveratrol. Nutr. Cancer, Vol. 62, pp. 958-967

Pelicano, H.; Feng, L.; Zhou, Y.; Carew, ]JS., Hileman, EO.; Plunkett. W.; Keating, MJ. &
Huang, P. (2003). Inhibition of mitochondrial respiration: a novel strategy to enhance
drug-induced apoptosis in human leukemia cells by a reactive oxygen species-
mediated mechanism, J. Biol. Chem., Vol., 26, pp. 37832-9

Pervaiz, S. & Clement, MV. (2004). Tumor intracellular redox status and drug resist-
ance-serendipity or a causal relationship?, Curr. Pharm. Des., Vol. 10, pp. 1969-77

Pervaiz, S. (2006). Pro-oxidant milieu blunts scissors: insight into tumor progression,
drug resistance, and novel druggable targets, Curr. Pharm. Chem., Vol. 12, pp. 4469-77

Pervaiz, S. & Holme, AL. (2009). Resveratrol: its biologic targets and functional activity,
Antioxid Redox Signal, Vol. 11(11), pp. 2851-2897

Poli, G.; Biasi, F. & Chiarpotto, E. (2004). Oxidative stress and cell signaling, Curr. Med.
Chem., Vol. 11, pp. 1163-82

Polyak, K,; Li, Y.; Zhu, H.; Lengauer, C.; Willson, JK., Markowitz, SD., Trush, MA.;
Kinzler, KW. & Vogelstein, B. (1998). Somatic mutations of the mitochondrial genome
in human colorectal tumors, Nat. Genet., Vol. 20(3), pp. 291-3

Potishman, N.; Herrero, R.; Brinton, LA.; Reeves, WC. & Stacewicz-Sapuntzakis, M.
(1991). A case control study of nutrient status and invasive cervical cancer. II. Serolog-
ical indicators, Am. J. Epidemiol., Vol. 134, pp. 1347-55

Powis, G. & Baker, A. (1997). Redox signaling and the control of cell growth and death,
Adv. Pharmacol., Vol. 38, pp. 329-59

547



548 Clinical Management and Evolving Novel Therapeutic Strategies for Patients with Brain Tumors

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

Powis, G.; Mustacich, D. & Coon, A. (2000). The role of the redox protein thioredoxin
in cell growth and cancer, Free Radic. Biol. Med., Vol. 29, pp. 312—- 322

Puri, T.,; Goyal, S.; Julka, PK.; Nair, O.; Sharma, DN & Rath, GK. (2010). Lycopene in
treatment of high-grade gliomas: a pilot study, Neurol India, Vol. 58, No. 1, pp. 20-23

Purkayastha, S.; Berliner, A.; Fernando, SS.; Ranasinghe, B.; Ray, I.; Tariq, H. & Banerjee,
P. (2009). Curcumin blocks brain tumor formation, Brain Res., Feb 10 (in press).

Rajaraman, P.; Hutchinson, A.; Rothman, N.; Black, PM.; Fine, HA ; Loeffler, JS.; Selker,
RG.; Shapiro, WR.; Linet, MS. & Inskip, PD. (2008). Oxidative response gene polymor-
phisms and risk of adult brain tumors, Neuro Oncol., Vol. 10, No. 5, pp. 709-715

Ratnam, DV.; Ankola, DD.; Bhardwaj, V.; Sahana, DK. & Kumar, MN. (2006). Role of
antioxidants in prophylaxis and therapy: a pharmaceutical perspective. | Control
Release., Vol. 20;113 pp. 189-207

Rao, GM.; Rao, AV.; Raja, SN. & Rao, A. (2000). Role of antioxidant enzymes in brain
tumors, Clin. Chim. Acta, 2000;Vol. 296, pp. 20312

Reynolds, IJ. & Hastings, TG. (1995). Glutamate induces the production of reactive
oxygen species in cultured forebrain neurons following NMDA receptor activation, J.
Neurosci., Vol. 15, pp. 3318-3327

Rhee, SG.; Kang, SW.; Netto, LE.; Seo, MS. & Stadtman, ER. (1999). A family of novel
peroxidases, peroxiredoxins, Biofactors, Vol. 10, 207-209

Ria, F.; Landriscina, M.; Remiddi, F.; Rosselli, R.; Iacoangeli, M.; Scerrati, M.; Pani, G.;
Borrello, S. & Galeotti, T. (2001). The level of manganese superoxide dismutase content
is an independent prognostic factor for glioblastoma. Biological mechanisms and
clinical implications, Br. |. Cancer, Vol. 84, pp. 529—- 534

Sagara, J.; Makino, N. & Bannali, S. (1996). Glutathione efflux from cultured astrocytes,
] Neurochem, Vol. 66, pp. 1876-81

Sah, R.; Galeffi, F.; Ahrens, R.; Jordan, G. & Schwartz-Bloom, RD. (2002). Modulation
of the GABA(A)-gated chloride channel by reactive oxygen species, . Neurochem., Vol.
80, pp. 383-391

Sanjuan-Pla, A.; Cervera, AM.; Apostolova, N.; Garcia-Bou, R.; Victor, VM.; Murphy,
MP. & McCreath, KJ. (2005). A targeted antioxidant reveals the importance of mito-
chondrial reactive oxygen species in the hypoxic signaling of HIF-1alpha, FEBS Lett,
Vol. 579, pp. 2669-2674

Sarkar, FH.; Adsule, S.; Padhye, S.; Kulkarni, S. & Li, Y. (2006). The role of genistein
and synthetic derivatives of isoflavone in cancer prevention and therapy, Mini Rev.
Med. Chem., Vol. 6, pp. 401-407

Sarkar, FH.; Li, Y.; Wang, Z. & Kong, D. (2010). The role of nutraceuticals in the
regulation of Wnt and Hedgehog signaling in cancer, Cancer Metastasis Rev., Vol. 29,
pp- 383-394



[161]

[162]

[163]

[164]

[165]

[166]
[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

The Stance of Antioxidants in Brain Tumors
http://dx.doi.org/10.5772/54791

Savre-Train, I.; Piatyszek, MA. & Shay, JW. (1992). Transcription of deleted mitochon-
drial DNA in human colon adenocarcinoma cells, Hum. Mol. Genet., Vol. 1, pp. 203-204

Schild, L.; Chen, BH.; Makarov, P.; Kattengell, K.; Heinitz, K. & Keilhoff, G. (2010).
Selective induction of apoptosis in glioma tumour cells by a Gynostemma pentaphyl-
lum extract, Phytomedicine, Vol. 17, No. 8-9, pp. 589-597

Shankar, S.; Singh, G. & Srivastava, RK. (2007). Chemoprevention by resveratrol:
molecular mechanisms and therapeutic potential, Front. Biosci., Vol. 12, pp. 48394854

Shaw, JP. & Chou, IN. (1986). Elevation of intracellular glutathione content associated
with mitogenic stimulation of quiescent fibroblasts, |. Cell. Physiol., Vol. 129, pp. 193
198

Shivakumar, BR.; Anandatheerthavarada, HK. & Ravindranath, V. (1991). Free radical
scavenging systems in developing rat brain. Int. |. Dev. Neurosci., Vol. 9, pp. 181-185

Sies, H. (1993). Strategies of antioxidant defense, Eur. J. Biochem., Vol. 215, pp. 213-219

Slusarz, A.; Shenouda, NS.; Sakla, MS.; Drenkhahn, SK.; Narula, AS.; MacDonald, RS.;
Besch-Williford, CL. & Lubahn, DB. (2010). Common botanical compounds inhibit the
hedgehog signaling pathway in prostate cancer, Cancer Res.,Vol. 70(8), pp.3382-90

Spitz, DS.; Sim, JE.; Ridnour, LA.; Galoforo, SS. & Lee, YJ. (2000). Glucose deprivation-
induced oxidative stress in human tumor cells: a fundamental defect in metabolism?,
Ann. N. Y. Acad. Sci., Vol. 899, pp. 349-362

Sporn, MB. (1991). Carcinogenesis and cancer: different perspectives on the same
disease, Cancer Res., Vol. 51, pp. 6215-6218

Storz, P. (2005). Reactive oxygen species in tumor progression, Front. Biosci., Vol. 10,
pp- 1881-1896

Strange, RC,; Fryer, AA.; Matharoo, B.; Zhao, L.; Broome, J.; Campbell, DA.; Jones, P.;
Pastor, IC. & Ringh, RV. (1992). The human glutathione S-transferases: comparison of
isoenzyme expression in normal and astrocytoma brain, Biochim. Biophys. Acta, Vol.
1139, pp. 222-228

Sun, Z.; Li, H.; Shu, XH.; Shi, H.; Chen, XY ; Kong, QY.; Wu, ML. & Liu, J. (2012). Distinct
sulfonation activities in resveratrol-sensitive and resveratrol-insensitive human
glioblastoma cells, FEBS ]., Vol. 279(13), pp. 2381-92

Sykes, JA.; McCormack Jr., FX. & O’Brien, T]. (1978). A preliminary study of the
superoxide dismutase content of some human tumors, Cancer Res., Vol. 38, pp. 2759—
2762

Tanriverdi, T.; Hanimoglu, H.; Kacira, T.; Sanus, GZ.; Kemerdere, R.; Atukeren, P;
Gumustas, K, Canbaz, B. & Kaynar, MY. (2007). Glutathione peroxidase, glutathione
reductase and protein oxidation in patients with glioblastoma multiforme and transi-
tional meningioma, J. Cancer Res. Clin. Oncol., Vol. 133, pp. 627-633

549



550 Clinical Management and Evolving Novel Therapeutic Strategies for Patients with Brain Tumors

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

Tedeschi, M.; Bohm, S.; DiRe, F.; Oriana, S.; Spatti, GB.; Tognella, S. & Zunino, F. (1990).
Glutathione and detoxification, Cancer Treat. Rev., Vol. 17, pp. 203-208

Tejada, S.; Roca, C.; Sureda, A.; Rial, RV.; Gamund's, A. & Esteban, S. (2006). Antioxi-
dant response analysis in the brain after pilocarpine treatments, Brain Research Bulle-
tin, Vol. 69, pp. 587-592

Terradez, P.; Asensi, M.; Lasso de la Vega, MC.; Puertes, I.; Vin'a, J.; Estrela, JM. (1993).
Depletion of tumour glutathione in vivo by buthionine sulfoximine: modulation by the

rate of cellular proliferation and inhibition of cancer growth, Biochem. |., Vol., 292, pp.
477-483

Thomasset, SC.; Berry, DP.; Garcea, G.; Marczylo, T.; Steward, WP. & Gescher,AJ.
(2007). Dietary polyphenolic phytochemicals—promising cancer chemopreventive
agents in humans? A review of their clinical properties, Int. ]. Cancer, Vol. 120, pp. 451-
458

Thorburne, SK. & Juurlink, BH. (1996). Low glutathione and high iron govern the
susceptibility of oligodendroglial precursors to oxidative stress, J. Neurochem., Vol.67,
pp- 1014-22

Todorova, VK.; Harms, SA.; Kaufmann,Y.; Luo, S.; Luo, KQ.; Babb, K. & Klimberg, VS.
(2004). Effect of dietary glutamine on tumor glutathione levels and apoptosis-related

proteins in DMBA-induced breast cancer of rats, Breast Cancer Res. Treat., Vol. 88, pp.
247-256

Toyokuni, S.; Okamoto, K.; Yodoi, J. & Hiai, H. (1995). Persistent oxidative stress in
cancer, FEBS Lett., Vol. 358, pp. 1-3

Tuzgen, S.; Hanimoglu, H.; Tanriverdi, T.; Kacira, T.; Sanus, GZ.; Atukeren, P.; Dashti,
R.; Gumustas, K.; Canbaz, B. & Kaynar, MY. (2007). Relationship between DNA damage
and total antioxidant capacity in patients with glioblastoma multiforme, Clin Oncol (R Coll
Radiol)., Vol. 19, No. 3, pp. 177-81

Uttara, B.; Singh, A. V.; Zamboni, P.; Mahajan, RT. (2009). Oxidative stress and
neurodegenerative diseases: a review of upstream and downstream antioxidant
therapeutic options, Curr.Neuropharmacol., Vol. 7, No. 1, pp. 65-74

Valko, M.; Leibfritz, D.; Moncol, ]J.; Cronin, MTD.; Mazur, M. & Telser, J. (2007). Free
radicals and antioxidants in normal physiological functions and human disease, Int. J.
Biochem. Cell Biol., Vol. 39, pp. 44-84

Valko, M.; Leibfritz, D.; Moncol, J.; Cronin, MT.; Mazur, M. & Telser, J. (2007). Free
radicals and antioxidants in normal physiological functions and human disease, Int |
Biochem Cell Biol., Vol. 39(1), pp. 44-84

Van den Brandt, PA.; Goldbohm, RA.; Van’t Veer, P.; Bode, P.; Dorant, E.; Hermus, R].;
Sturmans, F. (1993). A prospective cohort study on selenium status and the risk of lung
cancer, Cancer Res., Vol. 53, pp. 4860-4865



[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

The Stance of Antioxidants in Brain Tumors
http://dx.doi.org/10.5772/54791

Vaughn, AE. & Deshmukh, M. (2008). Glucose metabolism inhibits apoptosis in
neurons and cancer cells by redoxin activation of cytochrome c, Nature Cell Biology, Vol.
10, pp. 1477-1483

Wang, S.; Meckling, KA.; Marcone, MF.; Kakuda, Y. & Tsao, R.(2011). Can phytochem-
ical antioxidant rich foods act as anti-cancer agents?, Food Research International, Vol.
44, pp. 2545-2554

Weinberg, F. & Chandel, NS. (2009). Mitochondrial metabolism and cancer, Ann. NY.
Acad. Sci., Vol. 1177, pp. 66-73

Yonezawa, M.; Back, SA.; Gan, X.; Rosenberg, PA. & Volpe, JJ. (1996). Cystine depri-
vation induces oligodendroglial death: rescue by free radical scavengers and by a
diffusible glial factor. J. Neurochem., Vol. 67, pp. 566-73

Yoshikawa, T.; Tainaka, K.; Naito, Y. & Kondo, M. (1995). A novel cancer therapy based
on oxygen radicals. Cancer Res., Vol. 55, pp. 1617-20

Yuan, L. & Kaplowitz, N. (2009). Glutathione in liver diseases and hepatotoxicity. Mol.
Aspects Med., Vol. 30(1-2), pp. 29-41

Zengin, E.; Atukeren, P.; Kokoglu, E.; Gumustas, MK. & Zengin, U. (2009). Alterations
in lipid peroxidation and antioxidant status in different types of intracranial tumors

within their relative peritumoral tissues, Clin Neurol Neurosurg., Vol. 111, No. 4, pp.
345-51

Zheng, W.; Blot, W].; Diamond, EL.; Norkus, EP. & Spate, V. (1993). Serum micronu-
trients and the subsequent risk of oral and pharyngeal cancer. Cancer Res., Vol. 53, pp.
795-8

Chen, JM.; Zhou, X.; Li, XZ. & Mei, GY. (2006). Levels of selenium, zinc, copper and
antioxidant enzyme activity in patients with leukemia, Biol. Trace. Elem. Res., Vol. 114,
pp- 41-54

551



ntechOpen

ntechOpen



