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Abstract

Natural compounds of plant origin are being used in cancer research since several decades. More than
treatment, they hold promise in cancer prevention. Besides cancer, they are also used in other health disorders.
Interest in natural compounds mediated treatment is increasing due to their low toxicity, wide variety of health
benefits and natural abundance. They can be easily obtained from nature and can be taken in diet without doctor
consulting based upon their availability. As they do not result in significant health problems, a little change in dietary
habits can give us benefit against various diseases including cancer. Tocotrienols are vitamin E groups of
compounds obtained from Pam oil in high concentrations. In this review, we describe the anticancer activities of
Tocotrienols in various cancer types. Tocotrienols have shown potential in vitro and in vivo activity and are being
tested in several clinical studies.
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Introduction
Cancer is characterized by uncontrolled proliferation of the cells

in the body that are able to metastasize to secondary sites. Cancer is
one of the burdensome diseases worldwide and diagnosed in millions
of people [1]. Majority of those people are diagnosed when the disease
is already at advanced stages and treatment is becoming challenging
due to aggressiveness of the tumour [2]. It occurs mainly due to
genetic, epigenetic modifications in the cell, dietary habits,
pathological conditions due to other disease states, and environmental
factors. Cancer incidence is varying at different parts of the globe and
can be attributed to socioeconomic state, lifestyle and environmental
factors at the particular regions [3,4]. Advance stage of the cancer is
characterized by metastasis where the tumour cells disseminate from
the primary site and enter the systemic circulation which is driven by
mutations of the cell. Cancer spread can be targeted at various stages
including invasion, angiogenesis, cell proliferation, growth and
metastasis. Metastasis remains the major cause of death in cancer
patients [5,6]. Genomic and epigenetic prolife of cancers is studied to
observe the drivers and co drivers in the patient [7,8]. Cellular and
molecular mediators that lead the cancer cells to distant organs for
reseeding of the same is key factor to identify. When tumour size is
increased beyond a certain level, the core region of tumour become
hypoxic as blood vessels are not fully formed at that site. Hypoxia leads
to the stabilization of hypoxia inducible factor (HIF-1) and further
activation of genes responsible for angiogenesis, anaerobic metabolism,
cell survival, and invasion [9,10]. Tumour microenvironment plays a
crucial role in generation of more resistant tumour cells with
aggressiveness and favourable to metastasis. Inflammatory and
immune signalling in tumour microenvironment are altered during
cancer growth in favour of the same [11-14].

Even many chemotherapy and radiotherapy options are available to
treat the cancer at certain extent, still they are not enough as they

cannot completely eradicate the cancer [15]. During treatment, small
proportion of quiescent cancer cells that have stemness and resistant
characteristics generated leading to cancer regrowth after certain
period of time [16,17]. Moreover, these treatments have significant
unwanted side effects in the patient. Hence it is important to prevent
cancer [18] or treat with natural compounds which have low toxicity
towards normal cells of the body [19]. Several studies are conducted to
administer the natural compounds in diet which showed that the
specific diet can delay the cancer occurrence or treat the condition
[20]. However, factors such as availability, oral administration
limitations, identifying the target, reaching the bio therapeutic
concentrations in the blood should be estimated [21]. Potential natural
compounds include vitamin derivatives, phenolic and flavonoid
agents, organic sulphur compounds, isothiocyanates, curcumins, fatty
acids and d-limonene. Several vitamins including Vitamin D, E, C and
A are already tested in vitro and in vivo for their anticancer activity
[22-24]. Structural modifications of the parent natural compounds led
to increase in anticancer activity [25,26].

In the review, we will discuss anticancer activities of Tocotrienols
against various cancers. Tocotrienols belong to the Vitamin E family of
compounds. While the Tocopherol sub group of Vitamin E are
associated with anti-oxidant properties, tocotrienols are responsible for
anti-proliferative activity against tumour cells [27].

Anticancer Activities of Tocotrienols in Cancer

Prostate cancer
Prostate cancer begins in the prostate glands or male reproductive

system. It grows very slowly and is not diagnosed in many of the cases
at early stages. According to reports, prostate cancer is present in
majority of the men without being diagnosed [28,29]. So, it is very
important to identify and classify it based upon the site of initiation,
number of lymph nodes involved, and stage of metastasis. It helps in
identifying the right treatment and estimate the disease prognosis. It
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can be a result of age, diet, genetics, obesity or sexually transmitted
diseases [30,31]. Mostly prostate cancers are the mixtures of androgen
dependent and androgen independent cells.

Androgen deprivation therapy (ADT) is highly recommended
method of treating prostate cancer [32]. ADT can induce cell apoptosis
in prostate cancers by acting on the androgen dependent cell
population. However, ADT is not successful as there is a chance of
recurrence due to resistant cells that survive or generate in the
treatment [33-35]. ADT can lead to the development of stem cell
population in prostate cancers which is a major concern due to their
ability to metastasis and recurrence after few years [36]. Moreover,
ADT can cause cardiovascular problems due to possible alteration of
metabolic state in the body [35].

Cancer stem cells express elevated Akt signaling and expression of
bcl-2. Akt signaling implies increased cell survival and resistance to
apoptosis, while bcl-2 indicates reduced apoptosis in cancer cells
[37-39]. γ-Tocotrienol is used in combination with ADT, as it has
shown to downregulate Akt signaling and decreases bcl-2 expression
[36]. Development of alternative treatment strategy is needed for the
treatment of prostate cancer and other cancer types to overcome the
problems associated with treatment [40]. When γ-tocotrienol is used
along with docetaxel, γ tocotrienol is sensitizing the tumour cells to
docetaxel for effective growth control in androgen independent
prostate cancer tumours [41]. γ-Tocotrienol was shown to deposit in
the androgen independent prostate cancer cells and decreased cell
proliferation markers and increased apoptotic markers including
cleaved caspase 3 and poly(ADP-ribose) polymerase [41].

Ideal anti-cancer agent should selectively remove the malignant cells
and at the same time should not cause unwanted harmful effect on
normal cells. Tocotrienol rich fraction (TRF) consists of various
concentrations of tocopherols and tocotrienols [42-44]. TRF has
growth inhibitory action and can also induce apoptosis when tested on
prostate cancer cell lines (LNCaP, DU 145, and PC-3). It is not showing
significant unwanted effects on regular human prostate epithelial cells
[42]. TRF is also decreasing the anchorage independent growth of
these prostate cancer lines. This shows that the TRF is reducing the
malignant transformation of cancer cells. Cancer cells exposure to TRF
cause DNA fragmentation and further results in apoptosis. Cancer cell
cycle progression is also inhibited at G0/G1 phase [42].

γ-Tocotrienol suppresses NF-κβ activity and also down regulates
bcl-2. This causes activation of caspases and further leads to apoptosis
[45]. It’s been also shown that γ-tocotrienol induces apoptosis through
JNK pathway. C-Jun and ATf-2 are intermediates in JNK pathway, and
are up regulated by γ- tocotrienol treatment. One more target of the γ-
tocotrienol in prostate cancer cells is the de novo synthesis of
sphingolipids. γ-Tocotrienol increases the accumulation of
dihydrosphingosine and dihydroceramide (intermediates in the de
novo synthesis) in the cells, leading to apoptosis when tested on
human prostate PC3 and LNCaP cancer cell lines [46]. It is shown that
the accumulation of the sphingolipids is associated with cancer cell
death due to decreased phosphorylation of Akt and activity of
PI3kinase by γ-tocotrienol. γ-Tocotrienol decrease the tumour growth
by 53% when tested in LNCaP xenograft models [46]. Feeding of
transgenic mouse model of prostate cancer (TRAMP) with mixed
tocotrienols lower the incidence of prostate carcinogenesis [47]. And
the level of high grade neoplastic lesions is less in tocotrienol feeding
group. This effect is mediated by increased expression of proapoptotic
proteins BAD and cleaved caspase-3 and cell cycle progression
inhibitors, CDK inhibitors p21 and p27. At the same time, expression

of cyclin A and cyclin E is decreased showing that the action of
tocotrienols is mediated by cell cycle regulation. The direct cellular
targets and mechanism of action of γ-tocotrienol are still need to be
identified.

In another study, γ-Tocotrienol sensitized prostate cancer cells to
irradiation therapy [48].

When nude BALB/c mice were injected with PC-3 cells, they
developed prostate tumours. Subcutaneous injection of γ-tocotrienol,
followed by irradiation therapy resulted in increased lipid peroxidation
in tumour cells. Tocotrienols themselves have ability to peroxidase the
lipids in the cell membrane. Tocotrienols are converted to
corresponding quinones because of free radical scavenging action [49].
Being pro-oxidative in nature, accumulation of quinones in tumour
cells results in lipid peroxidation in cell wall and lead to tumour
destruction. When γ- tocotrienol is used along with irradiation
therapy, tocotrienol sensitized the cells to radiation and tumour size
was reduced by 40% [48]. γ-Tocotrienol has inhibitory effect on
prostate cancer stem cells (prostate CSC). When PC-3 cells were
exposed to γ-tocotrienol, stem cell markers, CD44 and CD 133, were
down regulated [50]. γ-Tocotrienol reduced expression of β-catenin
and ID-1 proteins, which are essential for stem cell maintenance. Stem
cells are very important for recurrence in cancers [51]. γ-Tocotrienol
pre-treated PC-3 cells were injected into mice, and observed that
tumours appeared relatively late when compared to the not pre-treated
PC-3 cells. Further, spheroid formation ability of the cells (key
characteristic of stem cells) is inhibited with γ-tocotrienol treatment
[50]. This data suggests that γ-tocotrienol is effective against cancer
stem cells.

γ-Tocotrienol regulates the invasion capabilities of the prostate
cancer cells. E-cadherin together with γ-catenin is essential for
inhibiting epithelial-mesenchymal transition. γ-Tocotrienol is up-
regulating both E-cadherin and γ-catenin [45]. γ-Tocotrienol is
essential for the prevention of advancement of prostate cancer during
ADT therapy. ADT therapy results in progression of resistant prostate
cancer in individuals by favouring the growth of androgen
independent cells in tumour. NF-κβ is essential for the conversion of
androgen dependent cells to androgen independent cells [52]. And
TGFβ2 expression results in up-regulation of NF-κβ. Tocotrienol
mediated down regulation of NF-κβ resulted in decreased survival of
PC-3 cells [53]. When γ- tocotrienol is used in prostate cancer PC-3
cells, it caused the down regulation of NF-κβ, p38α, TAK-1, TAB-1,
and MMK3/6 all corroborating the NF-κβ down-regulation. In this
way, γ- tocotrienol is inhibiting the transformation of androgen
dependent cell into androgen independent cells and further decreasing
the prevention of cancer advancement [54].

Pancreatic cancer
Pancreatic cancer is the fifth leading cause of death in the United

States. Ras pathway plays an important role in proliferation of
pancreatic cancer cells. Ras activation needs farnesyl pyrophosphate
[55,56]. γ-Tocotrienol has a farnesylated tail and inhibits HMG-CoA
reductase enzyme resulting in down regulation of farnesyl
pyrophosphate and further Ras protein. Gamma tocotrienol is not
toxic to the normal cells. Tocotrienols act against pancreatic cancer by
Ras mediated raf/MEK/ERK pathway in K-ras mutated cancer cells.
ERK pathway is needed for proliferation, differentiation and survival
of cells. When ERK pathway is activated, apoptosis is inhibited [57]. γ-
Tocotrienol reduces both ERK and phosphorylated ERK, down
regulates ErbB2 and p-Akt expression [58]. γ-Tocotrienol inhibits
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phosphorylation of ErbB2 at tyrosine 1248 residue and also
downregulates ErbB2 at messenger RNA level. Moreover, tocotrienols
can increase phosphorylation of c-Jun protein and favour the apoptosis
in cancer cells.

Downstream signalling molecules of Akt are p-mTOR, p-70 S6
kinase and p-GSK-3β. mTOR is present upstream of p-70 S6 kinase
and helpful in maintenance of cell homeostasis by autophagy [59-61].
One more protein activated by p-Akt is Fox03a. It is phosphorylated by
p-Akt and degraded in cytoplasm [62,63]. When p-Akt is inhibited by
the tocotrienol, it is resulting in phosphorylation, activation and
cellular transportation of Foxo3a [58]. Fox03a is a tumour suppressor,
induces cell cycle arrest and apoptosis.

In combination treatment consisting of γ-Tocotrienol and
gemcitabine, tocotrienol sensitized pancreatic cancer cells towards
Gemcitabine induced apoptosis through NF-kB regulated protein [64].
Pancreatic tumours were induced in nude mice by orthotropic
injection and this combination inhibited tumour growth by 50%. The
anti-proliferative action against cancer cells is mediated by down
regulation of cyclin D1, c-myc and COX-2. γ-Tocotrienol alone
inhibited activation of NF-kB and suppressed the expression of
invasion biomarker MMP-9, angiogenic biomarker VEGF in cancer
tissues. These effects are increases synergistically with Gemcitabine
[64].

Colon cancer
Similar to other cancer types, colon cancer is the result of

accumulation genetic and epigenetic modified/altered cells in the
colon. It is considered very aggressive due to the high prevalence and
mortality rates. γ-Tocotrienol has anti-cancer activity in colon cancer
lines evident by in vitro and in vivo studies. When tested the activity in
human colon carcinoma cell lines (HT-29 cells), it has growth
inhibitory activity against them [65]. The proposed mechanism of γ-
tocotrienol is by increasing the caspase-3 activity in colon carcinoma
cells and increasing Bax/Bcl2 ratio. The growth inhibitory activity of
gamma tocotrienol is also accompanied by the cell cycle arrest at
G0/G1 phase [65].

It has previously shown that, γ-tocotrienol works synergistically
with other drugs and reduces the cancer cell growth in various cancers.
In same way when γ-tocotrienol is given in combination with
Atorvastatin, cell cycle arrest and apoptosis were observed at lower
dose levels in HT-29 and HCT116 cells [66]. Atorvastatin is HMGCoA
reductase inhibitor, and further reduces the isoprenylation of many
proteins (required for cell proliferation and cell cycle regulation).
When given alone, atorvastatin is decreasing the enzymatic activity of
HMGCoA reductase and so the protein isoprenylation is inhibited.
Long term use of Atorvastatin increased HMGCoA reductase levels
due to compensatory pathways. When used along with γ-tocotrienol,
the latter is decreasing the levels of HMGCoA reductase and action is
synergized. Further triple combination of γ-tocotrienol with
Atorvastatin and celecoxib showed much more response in HT29 cell
lines [66].

Chromosomes consist of telomere caps on their both ends. Upon
continuous cell divisions in the body, the length of telomeres is
decreased and cells enter into replication silent state. This happens
usually in aging. Telomerase is a RNA dependent DNA polymerase
which works by increasing the length of telomeres in the cell thereby
preventing its shortening [67,68]. Hence, suppressing or inactivation of
telomerases is the new target in cancer therapy. Tocotrienols have the

ability to decrease telomerase activity by downregulation of human
telomerase reverse transcriptase (hTERT) expression in DLD-1 human
colorectal carcinoma cells. This was shown to be coincided by
inhibiting protein kinase C activity and c-myc downregulation [67].

Gastric cancer
γ- Tocotrienol inhibited proliferation and induced apoptosis in

gastric cancer cells. When 60 µmol/L of γ-tocotrienol is added to
SGC-7901 (Human gastric carcinoma cells) cells, it showed strong
anti-proliferative activity and induced apoptosis [69]. They found that
apoptosis is mediated through the up-regulation of Bax, down
regulation of Bcl-2 proteins and further activation of caspase-3, poly
(ADP-ribose) polymerase (PARP) cleavage. PARP is responsible for
DNA damage triggered signalling cascade. γ-Tocotrienol is able to
cleave the PARP by activation of caspase-3 and the cell is not able to
detect the DNA damage during apoptosis. γ- Tocotrienol is showing its
anti-proliferative activity in SGC-7901 cells by influencing the
Raf/MEK/ERK pathway [69]. It is one of the MAPK pathways needed
for cell cycle progression and proliferation. γ- Tocotrienol is able to
down-regulate the Raf-1 and phosphorylation of ERK1/2. This inhibits
the downstream target gene expression of c-Myc, an oncogene
expressed in many cancers. Another group of scientists suggested that
apoptosis is induced in gastric cancer cells (SGC-7901) by
mitochondria dependent cascades [70]. This is supported by the
finding of caspase-9 (apical caspase involved in mitochondria
mediated apoptosis) activation and further caspase-3 activation in
SGC-7901 cells. They have also shown that cell cycle arrest is occurred
at G0/G1 phase and cell proliferation is decreased in time dependent
and dose dependent manner. γ- Tocotrienol has the ability to inhibit
the invasion and metastasis of gastric cancers. Metastatic cells will have
the ability to invade extracellular matrix and basement membrane
components like LN, FN and type I collagen. γ-Tocotrienol
successfully inhibited the adhesion of SGC-7901 cells to matrigel, FN
or LN [71]. Matrix metalloproteinases (MMPs) are released by invasive
cancer cells to digest the extra cellular membrane and favour the cell
motility [72]. The important MMPs are MMP-2 and MMP-9. γ-
Tocotrienol decrease mRNA levels of MMP-2 and MMP-9 but did not
control the activation of MMP-9. This is supported by up-regulation
TIMP-1 (Tissue inhibitor of metalloproteinase-1) and TIMP-2 at
mRNA levels and increasing the expression of nm23-H1 (anti-
oncogene) by treatment with γ-tocotrienol [71]. With this we can say
that γ-tocotrienol inhibits invasion of gastric cancer cells. γ-
Tocotrienol also inhibits angiogenesis and metastasis in gastric cancer
cells as it inhibited the accumulation of HIF-1α and paracrine
secretion of VEGF in hypoxia induced SGC-7901 cells. Cobalt(II)
chloride at 150 µmol/L concentration is used to induce hypoxia in
these cells [73].

γ-Tocotrienol is showing potent in vitro and in vivo anti-cancer
activity when used alone or in combination with other anticancer
drugs. Capecitabine is the chemotherapeutic drug used in treatment of
gastric cancer patients. But it causes development of resistance in
patients. γ- tocotrienol along with Capecitabine in xenograft mouse
model of gastric cancer [74] is enhancing the apoptotic activity of
Capecitabine synergistically and inhibited NF-kβ expression. NF-kβ is
the main culprit which supports development of cancer resistance,
decreased apoptosis and increased cell proliferation in gastric cancers
[75,76]. γ-Tocotrienol reduced the gastric tumor growth when given
alone and in combination with Capecitabine. This combination
synergistically downregulated the expression of ICAM-1, MMP-9,
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CXCR4 and VEGF which are essential for invasion, metastasis and
angiogenesis.

Conclusions
At this point, we can conclude that tocotrienols exert anticancer

activity in different cancer types. They have anti-proliferative, anti-
angiogenic, anti-migratory, anti-hypoxic and anti-metastatic
properties in cancer cells evident by in vitro and in vivo data. However,
data suggests that they have limitations with poor oral absorption, and
poor bioavailability. Human studies also indicated their potential
anticancer activity and limitations. Hence further research is needed to
overcome the limitations for better treatment and improved patient
prognosis.

References
1. Pisani P, Parkin D, Ferlay J (1993) Estimates of the worldwide mortality

from eighteen major cancers in 1985. Implications for prevention and
projections of future burden. International journal of cancer 55: 891-903.

2. Farley TA, Flannery JT (1989) Late-stage diagnosis of breast cancer in
women of lower socioeconomic status: public health implications.
American journal of public health 79: 1508-1512.

3. Ma X, Yu H (2006) Global burden of cancer. Yale J Biol Med 79: 85-94.
4. Boyle P (1997) Global burden of cancer. The Lancet, SII23.
5. Gupta GP, Massagué J (2006) Cancer metastasis: building a framework.

Cell 127: 679-695.
6. Liotta LA, Steeg PS, Stetler-Stevenson WG (1991) Cancer metastasis and

angiogenesis: an imbalance of positive and negative regulation. Cell 64:
327-336.

7. Frost P, Kerbel RS (1983) On a possible epigenetic mechanism of tumor
cell heterogeneity. Cancer and Metastasis Reviews 2: 375-378.

8. Kerbel RM (1984) Possible epigenetic mechanisms of tumor progression:
Induction of highfrequency heritable but phenotypically unstable changes
in the tumorigenic and metastatic properties of tumor cell populations by
5azacytidine treatment. Journal of Cellular Physiology 121: 87-97.

9. Semenza GL (2003) Targeting HIF-1 for cancer therapy. Nature reviews
cancer 3: 721-732.

10. Young SR, Marshall, Hill R (1988) Hypoxia induces DNA overreplication
and enhances metastatic potential of murine tumor cells. Proceedings of
the National Academy of Sciences 85: 9533-9537.

11. Hosain SB, Sachin KK, Mohammad B, Vindya V, Catherine, et al. (2016)
Inhibition of glucosylceramide synthase eliminates the oncogenic
function of p53 R273H mutant in the epithelial-mesenchymal transition
and induced pluripotency of colon cancer cells. Oncotarget 7:
60575-60592.

12. Hirota S, Isozaki K, Moriyama Y, Hashimoto K, Nishida T, et al. (1998)
Gain-of-function mutations of c-kit in human gastrointestinal stromal
tumors. Science 279: 577-580.

13. Hosain SB and YY Liu. (2015) Missense mutants of p53 tumor suppressor
contributes to drugresistance and epithelial-mesenchymal transition in
colon cancer cells. AACR.

14. Ananthula S, Sinha A, El Gassim, Batth S, Marshall GD, et al. (2016)
Geminin overexpression-dependent recruitment and crosstalk with
mesenchymal stem cells enhance aggressiveness in triple negative breast
cancers. Oncotarget 715: 20869.

15. Green JA, Kirwan JM, Tierney JF, Symonds P, Fresco L, et al. (2001)
Survival and recurrence after concomitant chemotherapy and
radiotherapy for cancer of the uterine cervix: a systematic review and
meta-analysis. The Lancet 358: 781-786.

16. Jordan CT, Guzman ML and Noble M. (2006) Cancer stem cells. New
England Journal of Medicine. 355: 1253-1261.

17. Hosain SB, Hill RA and Y-Y Liu. (2013) The Role of Sphingolipids in
Modulating Pluripotency of Stem Cells, in Trends in Stem Cell
Proliferation and Cancer Research. Springer 167-191.

18. Thun MJ, DeLancey JO, Center MM, Jemal A and Ward EM. (2010) The
global burden of cancer: priorities for prevention. Carcinogenesis 31:
100-110.

19. Nobili S, Lippi D, Witort E, Donnini M, Bausi L, et al. (2009) Natural
compounds for cancer treatment and prevention. Pharmacological
research 59: 365-378.

20. Pan MH, Ho CT (2008) Chemopreventive effects of natural dietary
compounds on cancer development. Chemical Society Reviews 37:
2558-2574.

21. Harvey AL (2008) Natural products in drug discovery. Drug discovery
today 13: 894-901.

22. Burk D, Winzler RJ (1944) Vitamins and cancer. Vitamins and Hormones
2: 305-352.

23. Poppel V, Berg VD (1997) Vitamins and cancer. Cancer letters 114:
195-202.

24. Christen WG, Gaziano JM, Hennekens CH (2000) Design of Physicians'
Health Study II-a randomized trial of beta-carotene, vitamins E and C,
and multivitamins, in prevention of cancer, cardiovascular disease, and
eye disease, and review of results of completed trials. Annals of
epidemiology 10: 125-134.

25. Ananthula S, Parajuli P, Behery FA, Alayoubi AY, El Sayed KA, et al.
(2014) Oxazine derivatives of γ-and δ-tocotrienol display enhanced
anticancer activity in vivo. Anticancer research 34: 2715-2726.

26. Behery FA, Sayed KE, Akl M, Ananthula S (2013) Optimization of
tocotrienols as antiproliferative and antimigratory leads. European
journal of medicinal chemistry 59: 329-341.

27. Aggarwal BB, Sundaram C, Prasad S, Kannappan R (2010) Tocotrienols,
the vitamin E of the 21st century: its potential against cancer and other
chronic diseases. Biochemical pharmacology 80: 1613-1631.

28. Bostwick DG, Burke HB, Djakiew D, Euling S, Ho SM, et al. (2004)
Human prostate cancer risk factors. Cancer 101: 2371-2490.

29. Chan JM, Stampfer MJ, Giovannucci E, Gann PH, Ma J, et al. (1998)
Plasma insulin-like growth factor-I and prostate cancer risk: a prospective
study. Science 279: 563-566.

30. Gronberg H (2003) Prostate cancer epidemiology. The Lancet 361:
859-864.

31. Coffey DS (2001) Similarities of prostate and breast cancer: evolution,
diet and estrogens. Urology 57: 31-38.

32. Goldenberg SL, Bruchovsky N, Gleave ME, Sullivan LD, Akakura K
(1995) Intermittent androgen suppression in the treatment of prostate
cancer: a preliminary report. Urology 45: 839-845.

33. Sharifi N, Gulley JL, Dahut WL (2005) Androgen deprivation therapy for
prostate cancer. Jama 294: 238-244.

34. Singer EA, Gulley JL, Dahut WL (2008) Androgen deprivation therapy 
for prostate cancer. Expert opinion on pharmacotherapy 9: 211-228.

35. Keating NL, O'malley AJ, Smith MR (2006) Diabetes and cardiovascular
disease during androgen deprivation therapy for prostate cancer. Journal
of Clinical Oncology 24: 4448-4456.

36. Lee SO (2013) New therapy targeting differential androgen receptor 
signaling in prostate cancer stem/progenitor vs. non-stem/progenitor 
cells. Journal of molecular cell biology 5: 14-26.

37. Shankar S, Srivastava RK (2007) Involvement of Bcl-2 family members,
phosphatidylinositol 3'-kinase/AKT and mitochondrial p53 in curcumin
(diferulolylmethane)-induced apoptosis in prostate cancer. International
journal of oncology 30: 905-918.

38. Feldman BJ, Feldman D (2001) The development of androgen-
independent prostate cancer. Nature Reviews Cancer 1: 34-45.

39. Yang J (1997) Prevention of apoptosis by Bcl-2: release of cytochrome c
from mitochondria blocked. Science, 275: 1129-1132.

40. Ananthula S (2014) Bioavailability and Bioequivalence Issues Associated
with Oral Anticancer Drugs and Effect on Drug Market. J Bioequiv
Availab 6: e56.

Citation: Sajid I, Majumder T, Arif MH, Alam Z (2017) Potential Anticancer Activity of Tocotrienols. Vitam Miner 6: 155. 

Page 4 of 5

Vitam Miner, an open access journal
ISSN: 2376-1318

Volume 6 • Issue 2 • 1000155

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwis6Iit-rzTAhVCro8KHUVGARsQFgghMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fijc.2910550604%2Fabstract&usg=AFQjCNF2gTXGmhMSDQ3D_aOyKhL4g9svPA
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwis6Iit-rzTAhVCro8KHUVGARsQFgghMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fijc.2910550604%2Fabstract&usg=AFQjCNF2gTXGmhMSDQ3D_aOyKhL4g9svPA
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwis6Iit-rzTAhVCro8KHUVGARsQFgghMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fijc.2910550604%2Fabstract&usg=AFQjCNF2gTXGmhMSDQ3D_aOyKhL4g9svPA
https://www.ncbi.nlm.nih.gov/pubmed/2817162
https://www.ncbi.nlm.nih.gov/pubmed/2817162
https://www.ncbi.nlm.nih.gov/pubmed/2817162
https://www.ncbi.nlm.nih.gov/pubmed/17940618
https://www.ncbi.nlm.nih.gov/labs/articles/9164444/
https://www.ncbi.nlm.nih.gov/pubmed/17110329
https://www.ncbi.nlm.nih.gov/pubmed/17110329
https://www.ncbi.nlm.nih.gov/pubmed/1703045
https://www.ncbi.nlm.nih.gov/pubmed/1703045
https://www.ncbi.nlm.nih.gov/pubmed/1703045
https://www.ncbi.nlm.nih.gov/pubmed/6375860
https://www.ncbi.nlm.nih.gov/pubmed/6375860
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi18cHShr3TAhVGvY8KHRMcCB8QFgghMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fjcp.1041210411%2Fpdf&usg=AFQjCNE_C3un8Umm8d-uuuT9DuumPUNp2Q
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi18cHShr3TAhVGvY8KHRMcCB8QFgghMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fjcp.1041210411%2Fpdf&usg=AFQjCNE_C3un8Umm8d-uuuT9DuumPUNp2Q
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi18cHShr3TAhVGvY8KHRMcCB8QFgghMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fjcp.1041210411%2Fpdf&usg=AFQjCNE_C3un8Umm8d-uuuT9DuumPUNp2Q
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi18cHShr3TAhVGvY8KHRMcCB8QFgghMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fjcp.1041210411%2Fpdf&usg=AFQjCNE_C3un8Umm8d-uuuT9DuumPUNp2Q
https://www.ncbi.nlm.nih.gov/pubmed/13130303
https://www.ncbi.nlm.nih.gov/pubmed/13130303
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC282788/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC282788/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC282788/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5312403/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5312403/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5312403/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5312403/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5312403/
https://www.ncbi.nlm.nih.gov/pubmed/9438854
https://www.ncbi.nlm.nih.gov/pubmed/9438854
https://www.ncbi.nlm.nih.gov/pubmed/9438854
http://cancerres.aacrjournals.org/content/75/15_Supplement/5191.short
http://cancerres.aacrjournals.org/content/75/15_Supplement/5191.short
http://cancerres.aacrjournals.org/content/75/15_Supplement/5191.short
https://www.ncbi.nlm.nih.gov/pubmed/26989079
https://www.ncbi.nlm.nih.gov/pubmed/26989079
https://www.ncbi.nlm.nih.gov/pubmed/26989079
https://www.ncbi.nlm.nih.gov/pubmed/26989079
https://www.ncbi.nlm.nih.gov/pubmed/11564482
https://www.ncbi.nlm.nih.gov/pubmed/11564482
https://www.ncbi.nlm.nih.gov/pubmed/11564482
https://www.ncbi.nlm.nih.gov/pubmed/11564482
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjomNyrnsLTAhWBQY8KHQBwDJUQFgghMAA&url=http%3A%2F%2Fwww.nejm.org%2Fdoi%2Ffull%2F10.1056%2FNEJMra061808&usg=AFQjCNECaNP5jQsC7YH5lElc8eW0e2gzSQ
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjomNyrnsLTAhWBQY8KHQBwDJUQFgghMAA&url=http%3A%2F%2Fwww.nejm.org%2Fdoi%2Ffull%2F10.1056%2FNEJMra061808&usg=AFQjCNECaNP5jQsC7YH5lElc8eW0e2gzSQ
https://link.springer.com/chapter/10.1007%2F978-94-007-6211-4_7
https://link.springer.com/chapter/10.1007%2F978-94-007-6211-4_7
https://link.springer.com/chapter/10.1007%2F978-94-007-6211-4_7
https://www.ncbi.nlm.nih.gov/pubmed/19934210
https://www.ncbi.nlm.nih.gov/pubmed/19934210
https://www.ncbi.nlm.nih.gov/pubmed/19934210
https://www.ncbi.nlm.nih.gov/pubmed/19429468
https://www.ncbi.nlm.nih.gov/pubmed/19429468
https://www.ncbi.nlm.nih.gov/pubmed/19429468
http://pubs.rsc.org/en/content/articlelanding/2008/cs/b801558a
http://pubs.rsc.org/en/content/articlelanding/2008/cs/b801558a
http://pubs.rsc.org/en/content/articlelanding/2008/cs/b801558a
https://www.ncbi.nlm.nih.gov/pubmed/18691670
https://www.ncbi.nlm.nih.gov/pubmed/18691670
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwj5g9zw_MTTAhVJQI8KHVG5BvkQFggmMAE&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00836729%2F2%2Fsupp%2FC&usg=AFQjCNG2QN04LmLL3u6uTgZMOG5pP1v9Vw
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwj5g9zw_MTTAhVJQI8KHVG5BvkQFggmMAE&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00836729%2F2%2Fsupp%2FC&usg=AFQjCNG2QN04LmLL3u6uTgZMOG5pP1v9Vw
https://www.ncbi.nlm.nih.gov/pubmed/9103291
https://www.ncbi.nlm.nih.gov/pubmed/9103291
https://www.ncbi.nlm.nih.gov/pubmed/10691066
https://www.ncbi.nlm.nih.gov/pubmed/10691066
https://www.ncbi.nlm.nih.gov/pubmed/10691066
https://www.ncbi.nlm.nih.gov/pubmed/10691066
https://www.ncbi.nlm.nih.gov/pubmed/10691066
https://www.ncbi.nlm.nih.gov/pubmed/24922632
https://www.ncbi.nlm.nih.gov/pubmed/24922632
https://www.ncbi.nlm.nih.gov/pubmed/24922632
https://www.researchgate.net/publication/234011223_Optimization_of_tocotrienols_as_antiproliferative_and_antimigratory_leads
https://www.researchgate.net/publication/234011223_Optimization_of_tocotrienols_as_antiproliferative_and_antimigratory_leads
https://www.researchgate.net/publication/234011223_Optimization_of_tocotrienols_as_antiproliferative_and_antimigratory_leads
https://www.ncbi.nlm.nih.gov/pubmed/20696139
https://www.ncbi.nlm.nih.gov/pubmed/20696139
https://www.ncbi.nlm.nih.gov/pubmed/20696139
https://www.ncbi.nlm.nih.gov/pubmed/15495199
https://www.ncbi.nlm.nih.gov/pubmed/15495199
https://www.ncbi.nlm.nih.gov/pubmed/9438850
https://www.ncbi.nlm.nih.gov/pubmed/9438850
https://www.ncbi.nlm.nih.gov/pubmed/9438850
http://thelancet.com/journals/lancet/article/PIIS0140-6736(03)12713-4/abstract
http://thelancet.com/journals/lancet/article/PIIS0140-6736(03)12713-4/abstract
http://www.sciencedirect.com/science/article/pii/S0090429500009389
http://www.sciencedirect.com/science/article/pii/S0090429500009389
http://www.sciencedirect.com/science/article/pii/S0090429599800922
http://www.sciencedirect.com/science/article/pii/S0090429599800922
http://www.sciencedirect.com/science/article/pii/S0090429599800922
http://jamanetwork.com/journals/jama/fullarticle/201192
http://jamanetwork.com/journals/jama/fullarticle/201192
http://ascopubs.org/doi/abs/10.1200/JCO.2006.06.2497
http://ascopubs.org/doi/abs/10.1200/JCO.2006.06.2497
http://ascopubs.org/doi/abs/10.1200/JCO.2006.06.2497


41. Yap W (2010) In vivo evidence of γ-tocotrienol as a chemosensitizer in
the treatment of hormone-refractory prostate cancer. Pharmaco 85:
248-258.

42. Srivastava JK (2000) Gupta S Tocotrienol-rich fraction of palm oil
induces cell cycle arrest and apoptosis selectively in human prostate
cancer cell.

43. Sylvester PW (2014) Potential role of tocotrienols in the treatment and
prevention of breast cancer. Biofact 40: 49-58.

44. Sylvester PH (2016) Statins as Anticancer Agents.
45. Yap W (2008) γ-Tocotrienol suppresses prostate cancer cell proliferation

and invasion through multiple-signalling pathways. BJC 99: 1832-1841.
46. Jiang Q (2012) Gammatocotrienol induces apoptosis and autophagy in

prostate cancer cells by increasing intracellular dihydrosphingosine and
dihydroceramide. IJC 130: 685-693.

47. Barve A (2010) Mixed tocotrienols inhibit prostate carcinogenesis in
TRAMP mice. Nutri and canc 62: 789-794.

48. Kumar KS (2006) Preferential radiation sensitization of prostate cancer in
nude mice by nutraceutical antioxidant γ-tocotrienol. Life sci 78:
2099-2104.

49. Yoshida Y, Niki E, Noguchi N (2003) Comparative study on the action of
tocopherols and tocotrienols as antioxidant: chemical and physical effects.
Chem and Phy of Lip 123: 63-75.

50. Luk SU (2011) Gammatocotrienol as an effective agent in targeting
prostate cancer stem cell like population. Inter J canc 128: 2182-2191.

51. Visvader JE, Lindeman GJ (2008) Cancer stem cells in solid tumours:
accumulating evidence and unresolved questions. Natu rev canc 8:
755-768.

52. Wang Y (2006) Androgen-dependent prostate epithelial cell selection by
targeting ARR2PBneo to the LPB-Tag model of prostate cancer. Lab inves
86: 1074-1088.

53. Loberg RD, Pienta KJ (2005) Secreted transforming growth factor beta2
activates NF-kappaB, blocks apoptosis, and is essential for the survival of
some tumor cells. Semi and Ori Inves.

54. Campbell SE (2011) γ-Tocotrienol induces growth arrest through a novel
pathway with TGFβ2 in prostate cancer. FRBM 50: 1344-1354.

55. Michaud D (2004) Epidemiology of pancreatic cancer. Miner chiru 59:
99-111.

56. Fernández-Medarde A, Santos E (2011) Ras in cancer and developmental
diseases. Gen and can 2: 344-358.

57. Boucher MJ (2000) MEK/ERK signaling pathway regulates the expression
of Bcl2, BclXL, and Mcl1 and promotes survival of human pancreatic
cancer cells. J cel bio 79: 355-369.

58. Shin-Kang S (2011) Tocotrienols inhibit AKT and ERK activation and
suppress pancreatic cancer cell proliferation by suppressing the ErbB2
pathway. Free Radi Biol and Medi 51: 1164-1174.

59. Bodine SC (2001) Akt/mTOR pathway is a crucial regulator of skeletal
muscle hypertrophy and can prevent muscle atrophy in vivo. Natur cell
bio 3: 1014-1019.

60. Ananthula S (2014) Tocotrienol Oxazine Derivative Antagonizes
Mammary Tumor Cell Compensatory Response to CoCl2-Induced
Hypoxia. BioMed res inter 13.

61. Pene F (2002) Role of the phosphatidylinositol 3-kinase/Akt and mTOR/
P70S6-kinase pathways in the proliferation and apoptosis in multiple
myeloma. Oncog 21: 6571-6587.

62. Brunet A (1999) Akt promotes cell survival by phosphorylating and
inhibiting a Forkhead transcription factor. Cell 96: 857-868.

63. Brunet A (2001) Protein kinase SGK mediates survival signals by
phosphorylating the forkhead transcription factor FKHRL1 (FOXO3a).
Mol and cell bio 21: 952-965.

64. Kunnumakkara AB, Sung B, Ravindran J, Diagaradjane P, Deorukhkar A,
et al. (2010) γ-Tocotrienol inhibits pancreatic tumours and sensitizes
them to gemcitabine treatment by modulating the inflammatory
microenvironment. Cancer research 70: 8695-8705.

65. Xu WL, Liu JR, Liu HK, Qi GY, Sun XR, et al. (2009) Inhibition of
proliferation and induction of apoptosis by γ-tocotrienol in human colon
carcinoma HT-29 cells. Nutrition 25: 555-566.

66. Yang Z, Xiao H, Jin H, Koo PT, Tsang DJ, et al. (2010) Synergistic actions
of atorvastatin with γ‐tocotrienol and celecoxib against human colon
cancer HT29 and HCT116 cells. International journal of cancer 126:
852-863.

67. Eitsuka T, Nakagawa K, Miyazawa T (2006) Down-regulation of
telomerase activity in DLD-1 human colorectal adenocarcinoma cells by
tocotrienol. Biochemical and biophysical research communications 348:
170-175.

68. Counter CM, Avilion AA, LeFeuvre CE, Stewart NG, Greider CW, et al.
(1992) Telomere shortening associated with chromosome instability is
arrested in immortal cells which express telomerase activity. The EMBO
Journal 11: 1921.

69. Sun W, Wang Q, Chen B, Liu J, Liu H, et al. (2008) γ-Tocotrienol-induced
apoptosis in human gastric cancer SGC-7901 cells is associated with a
suppression in mitogen-activated protein kinase signalling. British
journal of nutrition 99: 1247-1254.

70. Sun W, Xu W, Liu H, Liu J, Wang Q, et al. (2009) γ-Tocotrienol induces
mitochondria-mediated apoptosis in human gastric adenocarcinoma
SGC-7901 cells. The Journal of nutritional biochemistry 20: 276-284.

71. Liu HK, Wang Q, Li Y, Sun WG, Liu JR, et al. (2010) Inhibitory effects of
γ-tocotrienol on invasion and metastasis of human gastric
adenocarcinoma SGC-7901 cells. The Journal of nutritional biochemistry
21: 206-213.

72. Matsunaga Y, Koda M, Murawaki Y (2003) Expression of matrix
metalloproiteinases (MMPs) and tissue inhibitors of metalloproteinases
(TIMPs) in hepatocellular carcinoma tissue, compared with the
surrounding non-tumour tissue. Research communications in molecular
pathology and pharmacology 115: 143-150.

73. Bi S, Liu JR, Li Y, Wang Q, Liu HK, et al. (2010) γ-Tocotrienol modulates
the paracrine secretion of VEGF induced by cobalt (II) chloride via ERK
signaling pathway in gastric adenocarcinoma SGC-7901 cell line.
Toxicology 274: 27-33.

74. Manu KA, Shanmugam MK, Ramachandran L, Li F, Fong CW, et al.
(2012) First evidence that γ-tocotrienol inhibits the growth of human
gastric cancer and chemosensitizes it to capecitabine in a xenograft
mouse model through the modulation of NF-κB pathway. Clinical Cancer
Research 18: 2220-2229.

75. Nam SY, Ko YS, Jung J, Yoon J, Kim YH, et al. (2011) A hypoxia-
dependent upregulation of hypoxia-inducible factor-1 by nuclear factor-
κB promotes gastric tumour growth and angiogenesis. British journal of
cancer 104: 166-74.

76. Chao X, Zao J, Xiao-Yi G, Li-Jun M, Tao S, et al. (2010) Blocking of
PI3K/AKT induces apoptosis by its effect on NF-κB activity in gastric
carcinoma cell line SGC7901. Biomedicine and Pharmacotherapy 64:
600-604.

Citation: Sajid I, Majumder T, Arif MH, Alam Z (2017) Potential Anticancer Activity of Tocotrienols. Vitam Miner 6: 155. 

Page 5 of 5

Vitam Miner, an open access journal
ISSN: 2376-1318

Volume 6 • Issue 2 • 1000155

http://www.eurofedlipid.org/meetings/archive/munich/5873/5873_0025.pdf
http://www.eurofedlipid.org/meetings/archive/munich/5873/5873_0025.pdf
http://www.eurofedlipid.org/meetings/archive/munich/5873/5873_0025.pdf
http://www.readcube.com/articles/10.1038/sj.bjc.6604763
http://www.readcube.com/articles/10.1038/sj.bjc.6604763
http://www.nature.com/nrc/journal/v8/n10/full/nrc2499.html
http://www.nature.com/nrc/journal/v8/n10/full/nrc2499.html
http://www.nature.com/nrc/journal/v8/n10/full/nrc2499.html
https://www.nature.com/labinvest/journal/v86/n10/pdf/3700463a.pdf?origin=ppub
https://www.nature.com/labinvest/journal/v86/n10/pdf/3700463a.pdf?origin=ppub
https://www.nature.com/labinvest/journal/v86/n10/pdf/3700463a.pdf?origin=ppub
http://www.urologiconcology.org/article/S1078-1439(04)00249-2/abstract
http://www.urologiconcology.org/article/S1078-1439(04)00249-2/abstract
http://www.urologiconcology.org/article/S1078-1439(04)00249-2/abstract
http://journals.sagepub.com/doi/abs/10.1177/1947601911411084
http://journals.sagepub.com/doi/abs/10.1177/1947601911411084
http://www.nature.com/ncb/journal/v3/n11/full/ncb1101-1014.html
http://www.nature.com/ncb/journal/v3/n11/full/ncb1101-1014.html
http://www.nature.com/ncb/journal/v3/n11/full/ncb1101-1014.html
https://www.hindawi.com/journals/bmri/2014/285752/
https://www.hindawi.com/journals/bmri/2014/285752/
https://www.hindawi.com/journals/bmri/2014/285752/
https://www.nature.com/onc/journal/v21/n43/full/1205923a.html
https://www.nature.com/onc/journal/v21/n43/full/1205923a.html
https://www.nature.com/onc/journal/v21/n43/full/1205923a.html
https://www.nextprot.org/publication/644825
https://www.nextprot.org/publication/644825
http://cancerres.aacrjournals.org/content/70/21/8695.short
http://cancerres.aacrjournals.org/content/70/21/8695.short
http://cancerres.aacrjournals.org/content/70/21/8695.short
http://cancerres.aacrjournals.org/content/70/21/8695.short
http://www.sciencedirect.com/science/article/pii/S0899900708004486
http://www.sciencedirect.com/science/article/pii/S0899900708004486
http://www.sciencedirect.com/science/article/pii/S0899900708004486
http://onlinelibrary.wiley.com/doi/10.1002/ijc.24766/full
http://onlinelibrary.wiley.com/doi/10.1002/ijc.24766/full
http://onlinelibrary.wiley.com/doi/10.1002/ijc.24766/full
http://onlinelibrary.wiley.com/doi/10.1002/ijc.24766/full
http://www.sciencedirect.com/science/article/pii/S0006291X06015658
http://www.sciencedirect.com/science/article/pii/S0006291X06015658
http://www.sciencedirect.com/science/article/pii/S0006291X06015658
http://www.sciencedirect.com/science/article/pii/S0006291X06015658
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc556651/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc556651/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc556651/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc556651/
http://journals.cambridge.org/article_S0007114507879128
http://journals.cambridge.org/article_S0007114507879128
http://journals.cambridge.org/article_S0007114507879128
http://journals.cambridge.org/article_S0007114507879128
http://www.sciencedirect.com/science/article/pii/S0955286308000818
http://www.sciencedirect.com/science/article/pii/S0955286308000818
http://www.sciencedirect.com/science/article/pii/S0955286308000818
http://www.sciencedirect.com/science/article/pii/S0955286308002507
http://www.sciencedirect.com/science/article/pii/S0955286308002507
http://www.sciencedirect.com/science/article/pii/S0955286308002507
http://www.sciencedirect.com/science/article/pii/S0955286308002507
http://europepmc.org/abstract/med/17564313
http://europepmc.org/abstract/med/17564313
http://europepmc.org/abstract/med/17564313
http://europepmc.org/abstract/med/17564313
http://europepmc.org/abstract/med/17564313
http://www.sciencedirect.com/science/article/pii/S0300483X10002088
http://www.sciencedirect.com/science/article/pii/S0300483X10002088
http://www.sciencedirect.com/science/article/pii/S0300483X10002088
http://www.sciencedirect.com/science/article/pii/S0300483X10002088
http://clincancerres.aacrjournals.org/content/18/8/2220.short
http://clincancerres.aacrjournals.org/content/18/8/2220.short
http://clincancerres.aacrjournals.org/content/18/8/2220.short
http://clincancerres.aacrjournals.org/content/18/8/2220.short
http://clincancerres.aacrjournals.org/content/18/8/2220.short
http://www.nature.com/bjc/journal/v104/n1/abs/6606020a.html
http://www.nature.com/bjc/journal/v104/n1/abs/6606020a.html
http://www.nature.com/bjc/journal/v104/n1/abs/6606020a.html
http://www.nature.com/bjc/journal/v104/n1/abs/6606020a.html
http://www.sciencedirect.com/science/article/pii/S0753332210001356
http://www.sciencedirect.com/science/article/pii/S0753332210001356
http://www.sciencedirect.com/science/article/pii/S0753332210001356
http://www.sciencedirect.com/science/article/pii/S0753332210001356

	Contents
	Potential Anticancer Activity of Tocotrienols
	Abstract
	Keywords:
	Introduction
	Anticancer Activities of Tocotrienols in Cancer
	Prostate cancer
	Pancreatic cancer
	Colon cancer
	Gastric cancer

	Conclusions
	References


