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The standard treatment for cancer is generally based on using cytotoxic drugs, radiotherapy, chemotherapy, and surgery. However,
the use of traditional treatments has received attention in recent years. The aim of the present work was to provide an overview of
medicinal plants effective on colon cancer with special emphasis on bioactive components and underlying mechanisms of action.
Various literature databases, including Web of Science, PubMed, and Scopus, were used and English language articles were
considered. Based on literature search, 172 experimental studies and 71 clinical cases on 190 plants were included. The results
indicate that grape, soybean, green tea, garlic, olive, and pomegranate are the most effective plants against colon cancer. In these
studies, fruits, seeds, leaves, and plant roots were used for in vitro and in vivo models. Various anticolon cancer mechanisms of
these medicinal plants include induction of superoxide dismutase, reduction of DNA oxidation, induction of apoptosis by
inducing a cell cycle arrest in S phase, reducing the expression of PI3K, P-Akt protein, and MMP as well; reduction of
antiapoptotic Bcl-2 and Bcl-xL proteins, and decrease of proliferating cell nuclear antigen (PCNA), cyclin A, cyclin D1, cyclin
B1 and cyclin E. Plant compounds also increase both the expression of the cell cycle inhibitors p53, p21, and p27, and the BAD,
Bax, caspase 3, caspase 7, caspase 8, and caspase 9 proteins levels. In fact, purification of herbal compounds and demonstration
of their efficacy in appropriate in vivo models, as well as clinical studies, may lead to alternative and effective ways of controlling
and treating colon cancer.
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1. Introduction

An uncontrolled growth of the body’s cells can lead to cancer.
Cancer of the large intestine (colon) is the second leading
cause of death due to cancer after lung cancer. In 2017,
95,520 new cases of colon cancer and 39,910 cases of rectal
cancer are expected to be diagnosed in the United States.
While the numbers for colon cancer are fairly equal in men
(47,700) and women (47,820), a larger number of men
(23,720) than women (16,190) will be diagnosed with rectal
cancer. An estimated 27,150 men and 23,110 women will
die from colon cancer, in 2017. Multiple factors are involved
in the development of colorectal cancer, such as lack of phys-
ical activity [1], excessive alcohol consumption [2], old age
[3], family history [4], high-fat diets with no fiber and red
meat, diabetes [5], and inflammatory bowel diseases, includ-
ing ulcerative colitis and Crohn’s disease [6].

Prevention of colorectal cancer usually depends on
screening methods, such as stool tests, radiographic imaging,
and colonoscopy, to diagnose adenomatous polyps which are
precursor lesions to colon cancer [7]. The standard treatment
for cancer is generally based on using cytotoxic drugs, radio-
therapy, chemotherapy, and surgery [8]. Apart from these
treatments, antiangiogenic agents are also used for the treat-
ment and control of cancer progression [9].

Colon cancer has several stages: 0, I, II, III, and IV. Treat-
ment for stages 0 to III typically involves surgery, while for
stage IV and the recurrent colon cancer both surgery
and chemotherapy are the options [10]. Depending on
the cancer stage and the patient characteristics, several
chemotherapeutic drugs and diets have been recom-
mended for the management of colorectal cancer. Drugs
such as 5-fluorouracil (5-FU), at the base of the neoadjuvant
therapies folfox and folfiri, are used together with bevacizu-
mab, panitumumab, or cetuximab [7].

Chemotherapy works on active cells (live cells), such as
cancerous ones, which grow and divide more rapidly than
other cells. But some healthy cells are active too, including
blood, gastrointestinal tract, and hair follicle ones. Side effects
of chemotherapy occur when healthy cells are damaged.
Among these side effects, fatigue, headache, muscle pain,
stomach pain, diarrhea and vomiting, sore throat, blood
abnormalities, constipation, damage to the nervous system,
memory problems, loss of appetite, and hair loss can be
mentioned [11].

Throughout the world, early diagnosis and treatment of
cancer usually increase the individual’s chances of survival.
But in developing countries, access to effective and modern
diagnostic methods and facilities is usually limited for most
people, especially in rural areas [12]. Accordingly, the World
Health Organization (WHO) has estimated that about 80%
of the world population use traditional treatments [13].
One of these treatments is phytotherapy, also known as phy-
tomedicine, namely, the use of plants or a mixture of plant
extracts for the treatment of diseases. The use of medicinal
plants can restore the body’s ability to protect, regulate, and
heal itself, promoting a physical, mental, and emotional
well-being [14–16]. Various studies have shown the thera-
peutic effects of plants on fertility and infertility [17],

hormonal disorders, hyperlipidemia [18], liver diseases [19],
anemia [20], renal diseases [21], and neurological and psychi-
atric diseases [22]. Therefore, due to all the positive effects
showed by medicinal plants, their potential use in cancer pre-
vention and therapy has been widely suggested [23–25].

Since the current treatments usually have side effects,
plants and their extracts can be useful in the treatment of
colon cancer with fewer side effects. The aims of this review
are to present and analyse the evidence of medicinal plants
effective on colon cancer, to investigate and identify the most
important compounds present in these plant extracts, and to
decipher underlying molecular mechanisms of action.

2. Literature Search Methodology

This is a narrative review of all research (English full text or
abstract) studies conducted on effective medicinal plants in
the treatment or prevention of colon cancer throughout the
world. Keywords, including colon cancer, extract, herbs,
plant extracts, and plants, were searched separately or com-
bined in various literature databases, such as Web of Science,
PubMed, and Scopus. Only English language articles pub-
lished until July 2018 were considered.

In the current narrative review, studies (published
papers) were accepted on the basis of inclusion and exclusion
criteria. The inclusion criterion was English language studies,
which demonstrated an effective use of whole plants or
herbal ingredients, as well as studies which included standard
laboratory tests. In vivo and in vitro studies that were pub-
lished as original articles or short communications were
also included. The exclusion criteria included irrelevancy
of the studies to the subject matter, not sufficient data in
the study, studies on mushrooms or algae, and the lack
of access to the full text. Reviews, case reports/case series,
and letters to editors were also excluded but used to find
appropriate primary literature.

The abstracts of the studies were reviewed independently
by two reviewers (authors of this study) on the basis of the
inclusion and exclusion criteria. In case of any inconsistency,
both authors reviewed the results together and solved the dis-
crepancy. Data extracted from various articles were included
in the study and entered into a check list after the quality was
confirmed. This check list included some information:
authors’ name, year of publication, experimental model, type
of extract and its concentration or dose, main components,
and mechanisms of action (if reported).

3. Results

3.1. Medicinal Plants and Colon Cancer. Overall, 1,150 arti-
cles were collected in the first step and unrelated articles were
excluded later on according to title and abstract evaluation.
Moreover, articles that did not have complete data along
with congress and conference proceedings were excluded.
Accordingly, a total of 1,012 articles were excluded in this
step. Finally, 190 articles fulfilled the criteria and were
included in this review. These papers were published within
2000-2017. A total of 190 plants were included in this study.
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Based on literature search, 172 experimental studies and 71
clinical cases were included.

Overall, results indicate that grape, soybean, green tea,
garlic, olive, and pomegranate are the most effective plants
against colon cancer. In these studies, fruits, seeds, leaves,
and plant roots were used for in vitro and in vivo studies.

3.1.1. In Vitro Studies.Out of 172 studies, 75 were carried out
on HT-29, 60 on HCT116, and 24 on Caco-2 cells (Table 1).
On HT-29 cells, both Allium sativum root extracts and
Camellia sinensis leaf extracts induced cell apoptosis by two
different mechanisms, respectively. In fact, the former
showed inhibition of the PI3K/Akt pathway, upregulation
of PTEN, and downregulation of Akt and p-Akt expression,
while the latter was involved in attenuation of COX-2 expres-
sion and modulation of NFκB, AP-1, CREB, and/or NF-IL-6.
Moreover, an antiproliferative activity has also been detected
in Olea europaea fruit extracts, which increased caspase
3-like activity and were involved in the production of super-
oxide anions in mitochondria. An antiproliferative activity,
by means of a blockage in the G2/M phase, has also been
reported in Caco-2 cells by Vitis vinifera fruit extracts.
Concerning HCT116 cells, several plants, such as American
ginseng and Hibiscus cannabinus, induced cell cycle arrest
in different checkpoints.

3.1.2. Studies in Animal Models. The most used animal model
is the murine one (Tables 2(a) and 2(b)). In particular, stud-
ies were carried out above all on HT-29 and HCT116 cells.
The effects of the different medicinal plants and their extracts
are essentially the same detected in in vitro studies. In partic-
ular, plant extracts were able to induce apoptosis and inhibit
proliferation and tumor angiogenesis by regulating p53 levels
and checkpoint proteins with consequent cell cycle arrest and
antiproliferative and antiapoptotic effects on cancerous cells.

The main mechanisms of action of medicinal plants are
summarized in Figure 1.

In in vitro studies, it has been found that grapes, which
contain substantial amounts of flavonoids and procyanidins,
play a role in reducing the proliferation of cancer cells by
increasing dihydroceramides and p53 and p21 (cell cycle gate
keeper) protein levels. Additionally, grape extracts triggered
antioxidant response by activating the transcriptional factor
nuclear factor erythroid 2-related factor 2 (Nrf2) [27].

Grape seeds contain polyphenolic and procyanidin com-
pounds, and their reducing effects on the activity of myelo-
peroxidase have been shown in in vitro and in vivo studies.
It has been suggested that grape seeds could inhibit the
growth of colon cancer cells by altering the cell cycle, which
would lead eventually to exert the caspase-dependent
apoptosis [180].

Another plant that attracted researchers’ attention was
soybean, which contain saponins. After 72 h of exposure of
colon cancer cells to the soy extract, it was found that this
extract inhibited the activity and expression of protein kinase
C and cyclooxygenase-2 (COX-2) [34]. The density of the
cancer cells being exposed to the soy extract significantly
decreased. Soybeans can also reduce the number of cancer

cells and increase their mortality, which may be due to
increased levels of Rab6 protein [216].

Green tea leaves have also attracted the researchers’
attention in these studies. Green tea leaves, with high
levels of catechins, increased apoptosis in colon cancer
cells and reduced the expression of the vascular endothe-
lial growth factor (VEGF) and its promoter activity in
in vitro and in vivo studies. The extract increased apopto-
sis (programmed cell death) by 1.9 times in tumor cells
and 3 times in endothelial cells compared to the control
group [182]. In another in vitro study, the results showed
that green tea leaves can be effective in the inhibition of
matrix metalloproteinase 9 (MMP-9) and in inhibiting
the secretion of VEGF [183].

Garlic was another effective plant in this study. Its roots
have allicin and organosulfur compounds. In an in vitro
study, they inhibited cancer cell growth and induced
apoptosis through the inhibition of the phosphoinositide
3-kinase/Akt pathway. They can also increase the expression
of phosphatase and tensin homolog (PTEN) and reduce the
expression of Akt and p-Akt [32]. Garlic roots contain
S-allylcysteine and S-allylmercaptocysteine, which are
known to exhibit anticancer properties. The results of a clin-
ical trial on 51 patients, whose illness was diagnosed as colon
cancer through colonoscopy, and who ranged in age from 40
to 79 years, suggest that the garlic extract has an inhibitory
effect on the size and number of cancer cells. Possible mech-
anisms suggested for the anticancer effects of the garlic
extract are both the increase of detoxifying enzyme soluble
adenylyl cyclase (SAC) and an increased activity of glutathi-
one S-transferase (GST). The results suggest that the garlic
extract stimulates mouse spleen cells, causes the secretion
of cytokines, such as interleukin-2 (IL2), tumor necrosis
factor-α (TNF-α), and interferon-γ, and increases the
activity of natural killer (NK) cells and phagocytic peritoneal
macrophages [200].

The results of in vitro studies on olive fruit showed that it
can increase peroxide anions in the mitochondria of HT-29
cancer cells due to the presence of 73.25% of maslinic acid
and 25.75% of oleanolic acid. It also increases caspase 3-like
activity up to 6 times and induces programmed cell death
through the internal pathway [217]. Furthermore, the olive
extract induces the production of reactive oxygen species
(ROS) and causes a quick release of cytochrome c from mito-
chondria to cytosol.

The pomegranate fruit contains numerous phytochemi-
cals, such as punicalagins, ellagitannins, ellagic acid, and
other flavonoids, including quercetin, kaempferol, and luteo-
lin glycosides. The results of an in vitro study indicate the
anticancer activity of this extract through reduction of phos-
phorylation of the p65 subunit and subsequent inhibition of
nuclear factor-κB (NFκB). It also inhibits the activity of
TNF receptor induced by Akt, which is needed for the
activity of NFκB. The fruit juice can considerably inhibit
the expression of TNF-α-inducing proteins (Tipα) in the
COX-2 pathway in cancer cells [43]. The effective and impor-
tant compounds in pomegranate identified in these 104 stud-
ies are flavonoids, polyphenol compounds, such as caffeic
acid, catechins, saponins, polysaccharides, triterpenoids,
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alkaloids, glycosides, and phenols, such as quercetin and
luteolin, and kaempferol and luteolin glycosides.

In a systematic review of the plants being studied,
some mechanisms were mainly common, including the
induction of apoptosis by means of an increase of expression
and levels of caspase 2, caspase 3, caspase 7, caspase 8, and
caspase 9 in cancer cells, increasing the expression of the
proapoptotic protein Bax and decreasing the expression of
the antiapoptotic proteins.

Many herbal extracts block specific phase of the cell cycle.
For instance, the extract prepared from the leaves of Annona
muricata inhibits the proliferation of colon cancer cells and
induces apoptosis by arresting cells in the G1 phase [53].

They can also prevent the progress of the G1/S phase in can-
cer cells [74]. In general, the herbal extracts reported here
have been able to stop cancer cells at various stages, such as
G2/M, G1/S, S phase, G0/G1, and G1 phase, and could
prevent their proliferation and growth.

Other important anticancer mechanisms are the increase
of both p53 protein levels and transcription of its gene. Even
the increase of p21 expression is not without effect [137]. In
an in vitro study on the Garcinia mangostana roots, the
results were indicative of the inhibitory effect of the extract
of this plant on p50 and P65 activation [93]. Moreover,
reduction of cyclin D1 levels and increase of p21 levels are
among these mechanisms [137], as well as inhibition of NFκB

Cellular damage
(cancer)

Enhancement

ASC

Increasing p53 protein in the cell nucleus

p53

Increased expression of CIP1 and WAF1
genes

Increasing the expression of pre-apoptotic
proteins and simultaneously reducing the

expression of anti-apoptotic proteins

Induction of mitochondrial
permeability

Increased protein levels of p21 and
related RNAs

Inhibition of Cdc2 and
Cdk2

Cyt C

Release of cytochrome C

Activation of Apaf-1

Junction of pro-caspase 9 to Apaf-1

Activation of caspase 9

Activating caspase 3 and 7

Activation of endonuclease

Effective medicinal plants in
the treatment of colon cancer through the

effect of increasing p53 protein

Apoptosis

Inhibition of cell entry
to S phase

S phase
(DNA synthesis)

Cells that
cease

division

G1
(gap 1)

G2
(gap 2)

M
(mitosis)

Figure 1: Cell damage and cancer trigger p53 activation. The p53 protein activates the apoptotic protein Bax. Bax inhibits the antiapoptotic
protein Bcl-2. During apoptosis, cytochrome c is released from mitochondria. To activate the Apaf-1 protein, the interaction between these
proteins and cytochrome C is necessary. Pro-caspase 9 attaches to Apaf-1 and activates caspase 9. Caspase 9 activates caspases 3 and 7 and
apoptosis occurs.

44 Oxidative Medicine and Cellular Longevity



and reduction of the transcription of its genes, which contrib-
ute to reduce the number of cancerous cells [127]. Other
important anticancer mechanisms are the inhibition of
COX-2, as well as the reduction of the protein levels in this
pathway [34]. In addition to this, in some cases, the inhibi-
tion of MMP-9 can be mentioned as the significant mecha-
nism of some herbal extracts to kill cancer cells [183].

4. Conclusion and Perspectives

The findings of this review indicate that medicinal plants
containing various phytochemicals, such as flavonoids, poly-
phenol compounds, such as caffeic acid, catechins, saponins,
polysaccharides, triterpenoids, alkaloids, glycosides, and
phenols, such as quercetin and luteolin, and kaempferol
and luteolin glycosides, can inhibit tumor cell proliferation
and also intduce apoptosis.

Plants and their main compounds affect transcription
and cell cycle via different mechanisms. Among these path-
ways, we can point to induction of superoxide dismutase to
eliminate free radicals, reduction of DNA oxidation, induc-
tion of apoptosis by inducing a cell cycle arrest in S phase,
reduction of PI3K, P-Akt protein, and MMP expression,
reduction of antiapoptotic Bcl-2, Bcl-xL proteins, and
decrease of proliferating cell nuclear antigen (PCNA), cyclin
A, cyclin D1, cyclin B1, and cyclin E. Plant compounds also
increase the expression of both cell cycle inhibitors, such as
p53, p21, and p27, and BAD, Bax, caspase 3, caspase 7,
caspase 8, and caspase 9 proteins levels. In general, this study
showed that medicinal plants are potentially able to inhibit
growth and proliferation of colon cancer cells. But the clinical
usage of these results requires more studies on these com-
pounds in in vivo models. Despite many studies’ in vivo
models, rarely clinical trials were observed among the stud-
ies. In fact, purification of herbal compounds and demon-
stration of their efficacy in appropriate in vivo models, as
well as clinical studies, may lead to alternative and effective
ways of controlling and treating colon cancer.

Conflicts of Interest

There is no conflict of interest regarding the publication of
this paper.

Authors’ Contributions

Dr. Paola Aiello and Maedeh Sharghi contributed equally
to this manuscript. Shabnam Malekpour Mansourkhani
and Azam Pourabbasi Ardekan contributed equally to this
manuscript.

Acknowledgments

The authors appreciate and thank Dr. Moahammad
Firouzbakhtfor’s cooperation in draft editing.

References

[1] A. J. M. Watson and P. D. Collins, “Colon cancer: a civi-
lization disorder,” Digestive Diseases, vol. 29, no. 2,
pp. 222–228, 2011.

[2] R. R. Huxley, A. Ansary-Moghaddam, P. Clifton,
S. Czernichow, C. L. Parr, and M. Woodward, “The impact
of dietary and lifestyle risk factors on risk of colorectal cancer:
a quantitative overview of the epidemiological evidence,”
International Journal of Cancer, vol. 125, no. 1, pp. 171–180,
2009.

[3] D. J. Schultz, N. S. Wickramasinghe, M. M. Ivanova et al.,
“Anacardic acid inhibits estrogen receptor α–DNA binding
and reduces target gene transcription and breast cancer cell
proliferation,” Molecular Cancer Therapeutics, vol. 9, no. 3,
pp. 594–605, 2010.

[4] L. E. Johns and R. S. Houlston, “A systematic review and
meta-analysis of familial colorectal cancer risk,” The
American Journal of Gastroenterology, vol. 96, no. 10,
pp. 2992–3003, 2001.

[5] J. A. Meyerhardt, P. J. Catalano, D. G. Haller et al., “Impact of
diabetes mellitus on outcomes in patients with colon cancer,”
Journal of Clinical Oncology, vol. 21, no. 3, pp. 433–440, 2003.

[6] J. Terzić, S. Grivennikov, E. Karin, and M. Karin, “Inflamma-
tion and colon cancer,” Gastroenterology, vol. 138, no. 6,
pp. 2101–2114.e5, 2010.

[7] H. J. Schmoll, E. van Cutsem, A. Stein et al., “ESMO consen-
sus guidelines for management of patients with colon and
rectal cancer. A personalized approach to clinical decision
making,” Annals of Oncology, vol. 23, no. 10, pp. 2479–
2516, 2012.

[8] M. S. O'Reilly, T. Boehm, Y. Shing et al., “Endostatin: an
endogenous inhibitor of angiogenesis and tumor growth,”
Cell, vol. 88, no. 2, pp. 277–285, 1997.

[9] E. Pasquier, M. Carré, B. Pourroy et al., “Antiangiogenic
activity of paclitaxel is associated with its cytostatic effect,
mediated by the initiation but not completion of a mitochon-
drial apoptotic signaling pathway,” Molecular Cancer
Therapeutics, vol. 3, no. 10, pp. 1301–1310, 2004.

[10] Board PDQATE, Colon Cancer Treatment (PDQ(R)): Health
Professional Version. PDQ Cancer Information Summaries,
National Cancer Institute (US), Bethesda, MD, USA, 2002.

[11] http://www.cancer.net/navigating-cancer-care/how-cancer-
treated/chemotherapy/side-effects-chemotherapy.

[12] A. D. Edgar, R. Levin, C. E. Constantinou, and L. Denis, “A
critical review of the pharmacology of the plant extract of
Pygeum africanum in the treatment of LUTS,” Neurourology
and Urodynamics, vol. 26, no. 4, pp. 458–463, 2007.

[13] J. W. Holaday and B. A. Berkowitz, “Antiangiogenic drugs:
insights into drug development from endostatin, avastin
and thalidomide,” Molecular Interventions, vol. 9, no. 4,
pp. 157–166, 2009.

[14] W. Kooti and N. Daraei, “A review of the antioxidant activity
of celery (Apium graveolens L),” Journal of Evidence-Based
Complementary & Alternative Medicine, vol. 22, no. 4,
pp. 1029–1034, 2017.

[15] H. Z. Marzouni, N. Daraei, N. Sharafi-Ahvazi, N. Kalani, and
W. Kooti, “The effect of aqueous extract of celery leaves
(Apium graveolens) on fertility in female rats,”World Journal
of Pharmacy and Pharmaceutical Sciences, vol. 5, no. 5,
pp. 1710–1714, 2016.

45Oxidative Medicine and Cellular Longevity

http://www.cancer.net/navigating-cancer-care/how-cancer-treated/chemotherapy/side-effects-chemotherapy
http://www.cancer.net/navigating-cancer-care/how-cancer-treated/chemotherapy/side-effects-chemotherapy


[16] R. Sharma and S. Jain, “Cancer tretment: an overview of
herbal medicines,” World Journal of Pharmacy and Pharma-
ceutical Sciences, vol. 3, no. 8, pp. 222–230, 2014.

[17] M. Ghasemiboron, E. Mansori, M. Asadi-Samani et al.,
“Effect of ointment with cabbage, pomegranate peel, and
common plantain on wound healing in male rat,” Journal of
Shahrekord Uuniversity of Medical Sciences, vol. 15, no. 6,
pp. 92–100, 2014.

[18] W. Kooti, M. Ghasemiboroon, M. Asadi-Samani et al., “The
effects of hydro-alcoholic extract of celery on lipid profile of
rats fed a high fat diet,” Advances in Environmental Biology,
vol. 8, no. 9, pp. 325–330, 2014.

[19] A. L. Zahoor, L. Yaqoob, S. K. Shaukat, A. W. Aijaz, and I. R.
Mohd, “Hepatoprotective medicinal plants used by the Gond
and Bhill tribals of District Raisen Madhya Pradesh, India,”
Journal of Medicinal Plants Research, vol. 9, no. 12,
pp. 400–406, 2015.

[20] E. Mansouri, W. Kooti, M. Bazvand et al., “The effect of
hydro-alcoholic extract of Foeniculum vulgare Mill on
leukocytes and hematological tests in male rats,” Jundishapur
Journal of Natural Pharmaceutical Products, vol. 10, no. 1,
article e18396, 2015.

[21] S.-Y. Wu, J.-L. Shen, K.-M. Man et al., “An emerging
translational model to screen potential medicinal plants
for nephrolithiasis, an independent risk factor for chronic
kidney disease,” Evidence-Based Complementary and Alter-
native Medicine, vol. 2014, Article ID 972958, 7 pages,
2014.

[22] K. Saki, M. Bahmani, M. Rafieian-Kopaei et al., “The most
common native medicinal plants used for psychiatric and
neurological disorders in Urmia city, northwest of Iran,”
Asian Pacific Journal of Tropical Disease, vol. 4, pp. S895–
S901, 2014.

[23] M. Asadi-Samani, W. Kooti, E. Aslani, and H. Shirzad, “A
systematic review of Iran’s medicinal plants with anticancer
effects,” Journal of Evidence-Based Complementary & Alter-
native Medicine, vol. 21, no. 2, pp. 143–153, 2016.

[24] A. Bishayee and G. Sethi, “Bioactive natural products in can-
cer prevention and therapy: progress and promise,” Seminars
in Cancer Biology, vol. 40-41, pp. 1–3, 2016.

[25] K. I. Block, C. Gyllenhaal, L. Lowe et al., “Designing a
broad-spectrum integrative approach for cancer prevention
and treatment,” Seminars in Cancer Biology, vol. 35,
pp. S276–S304, 2015.

[26] L. S. Einbond, A. Negrin, D. M. Kulakowski et al., “Tradi-
tional preparations of kava (Piper methysticum) inhibit the
growth of human colon cancer cells in vitro,” Phytomedicine,
vol. 24, pp. 1–13, 2017.

[27] P. Signorelli, C. Fabiani, A. Brizzolari et al., “Natural grape
extracts regulate colon cancer cells malignancy,” Nutrition
and Cancer, vol. 67, no. 3, pp. 494–503, 2015.

[28] A. Setiawati, H. Immanuel, and M. T. Utami, “The inhibition
of Typhonium flagelliforme Lodd. Blume leaf extract on
COX-2 expression of WiDr colon cancer cells,” Asian Pacific
Journal of Tropical Biomedicine, vol. 6, no. 3, pp. 251–255,
2016.

[29] M. J. Jara-Palacios, D. Hernanz, T. Cifuentes-Gomez, M. L.
Escudero-Gilete, F. J. Heredia, and J. P. E. Spencer, “Assess-
ment of white grape pomace from winemaking as source of
bioactive compounds, and its antiproliferative activity,” Food
Chemistry, vol. 183, pp. 78–82, 2015.

[30] S. Genovese, F. Epifano, G. Carlucci, M. C. Marcotullio,
M. Curini, and M. Locatelli, “Quantification of 4′-gerany-
loxyferulic acid, a new natural colon cancer chemopreventive
agent, by HPLC-DAD in grapefruit skin extract,” Journal of
Pharmaceutical and Biomedical Analysis, vol. 53, no. 2,
pp. 212–214, 2010.

[31] L. Reddivari, V. Charepalli, S. Radhakrishnan et al., “Grape
compounds suppress colon cancer stem cells in vitro and in
a rodent model of colon carcinogenesis,” BMC Complemen-
tary and Alternative Medicine, vol. 16, no. 1, p. 278, 2016.

[32] M. Dong, G. Yang, H. Liu et al., “Aged black garlic extract
inhibits HT29 colon cancer cell growth via the PI3K/Akt
signaling pathway,” Biomedical Reports, vol. 2, no. 2,
pp. 250–254, 2014.

[33] Y. J. Oh and M. K. Sung, “Soybean saponins inhibit cell
proliferation by suppressing PKC activation and induce dif-
ferentiation of HT-29 human colon adenocarcinoma cells,”
Nutrition and Cancer, vol. 39, no. 1, pp. 132–138, 2001.

[34] H.-Y. Kim, R. Yu, J.-S. Kim, Y.-K. Kim, and M.-K. Sung,
“Antiproliferative crude soy saponin extract modulates the
expression of IκBα, protein kinase C, and cyclooxygenase-2
in human colon cancer cells,” Cancer Letters, vol. 210, no. 1,
pp. 1–6, 2004.

[35] F. Hajiaghaalipour, M. S. Kanthimathi, J. Sanusi, and
J. Rajarajeswaran, “White tea (Camellia sinensis) inhibits
proliferation of the colon cancer cell line, HT-29, activates
caspases and protects DNA of normal cells against oxidative
damage,” Food Chemistry, vol. 169, pp. 401–410, 2015.

[36] A. Gosslau, D. L. En Jao, M.-T. Huang et al., “Effects of the
black tea polyphenol theaflavin-2 on apoptotic and inflam-
matory pathways in vitro and in vivo,” Molecular Nutrition
& Food Research, vol. 55, no. 2, pp. 198–208, 2011.

[37] S. Y. Park, E. J. Kim, H. J. Choi et al., “Anti-carcinogenic
effects of non-polar components containing licochalcone A
in roasted licorice root,” Nutrition Research and Practice,
vol. 8, no. 3, pp. 257–266, 2014.

[38] F. Naselli, L. Tesoriere, F. Caradonna et al., “Anti-prolifera-
tive and pro-apoptotic activity of whole extract and isolated
indicaxanthin from Opuntia ficus-indica associated with
re-activation of the onco-suppressor p16INK4a gene in human
colorectal carcinoma (Caco-2) cells,” Biochemical and Bio-
physical Research Communications, vol. 450, no. 1, pp. 652–
658, 2014.

[39] P. L. Ng, N. F. Rajab, S. M. Then et al., “Piper betle leaf extract
enhances the cytotoxicity effect of 5-fluorouracil in inhibiting
the growth of HT29 and HCT116 colon cancer cells,” Journal
of Zhejiang University-SCIENCE B, vol. 15, no. 8, pp. 692–
700, 2014.

[40] M. E. Olsson, C. S. Andersson, S. Oredsson, R. H. Berglund,
and K. E. Gustavsson, “Antioxidant levels and inhibition of
cancer cell proliferation in vitro by extracts from organically
and conventionally cultivated strawberries,” Journal of Agri-
cultural and Food Chemistry, vol. 54, no. 4, pp. 1248–1255,
2006.

[41] S. J. Min, J. Y. Lim, H. R. Kim, S. J. Kim, and Y. Kim, “Sasa
quelpaertensis leaf extract inhibits colon cancer by regulating
cancer cell stemness in vitro and in vivo,” International Jour-
nal of Molecular Sciences, vol. 16, no. 12, pp. 9976–9997,
2015.

[42] Q. Zhao, X. C. Huo, F. D. Sun, and R. Q. Dong, “Polyphenol-
rich extract of Salvia chinensis exhibits anticancer activity in
different cancer cell lines, and induces cell cycle arrest at the

46 Oxidative Medicine and Cellular Longevity



G0/G1-phase, apoptosis and loss of mitochondrial
membrane potential in pancreatic cancer cells,” Molecular
Medicine Reports, vol. 12, no. 4, pp. 4843–4850, 2015.

[43] L. S. Adams, N. P. Seeram, B. B. Aggarwal, Y. Takada,
D. Sand, and D. Heber, “Pomegranate juice, total pomegran-
ate ellagitannins, and punicalagin suppress inflammatory cell
signaling in colon cancer cells,” Journal of Agricultural and
Food Chemistry, vol. 54, no. 3, pp. 980–985, 2006.

[44] S. Đurđević, K. Šavikin, J. Živković et al., “Antioxidant and
cytotoxic activity of fatty oil isolated by supercritical fluid
extraction from microwave pretreated seeds of wild growing
Punica granatum L.,” The Journal of Supercritical Fluids,
vol. 133, no. 1, pp. 225–232, 2018.

[45] T. S. Thind, S. K. Agrawal, A. K. Saxena, and S. Arora, “Stud-
ies on cytotoxic, hydroxyl radical scavenging and topoisom-
erase inhibitory activities of extracts of Tabernaemontana
divaricata (L.) R.Br. ex Roem. and Schult,” Food and Chemi-
cal Toxicology, vol. 46, no. 8, pp. 2922–2927, 2008.

[46] S. Tansuwanwong, H. Yamamoto, K. Imai, and
U. Vinitketkumnuen, “Antiproliferation and apoptosis on
RKO colon cancer by Millingtonia hortensis,” Plant Foods
for Human Nutrition, vol. 64, no. 1, pp. 11–17, 2009.

[47] E. M. Coates, G. Popa, C. I. R. Gill et al., “Colon-available
raspberry polyphenols exhibit anti-cancer effects on in vitro
models of colon cancer,” Journal of Carcinogenesis, vol. 6,
no. 1, p. 4, 2007.

[48] J. God, P. L. Tate, and L. L. Larcom, “Red raspberries have
antioxidant effects that play a minor role in the killing of
stomach and colon cancer cells,” Nutrition Research, vol. 30,
no. 11, pp. 777–782, 2010.

[49] K. Dimas, C. Tsimplouli, C. Houchen et al., “An ethanol
extract of Hawaiian turmeric: extensive in vitro anticancer
activity against human colon cancer cells,” Alternative
Therapies in Health and Medicine, vol. 21, Supplement 2,
pp. 46–54, 2015.

[50] S. A. Cichello, Q. Yao, A. Dowell, B. Leury, and X. Q. He,
“Proliferative and inhibitory activity of Siberian ginseng
(Eleutherococcus senticosus) extract on cancer cell lines;
A-549, XWLC-05, HCT-116, CNE and Beas-2b,” Asian
Pacific Journal of Cancer Prevention, vol. 16, no. 11,
pp. 4781–4786, 2015.

[51] S. Tansuwanwong, Y. Hiroyuki, I. Kohzoh, and
U. Vinitketkumnuen, “Induction of apoptosis in RKO colon
cancer cell line by an aqueous extract ofMillingtonia horten-
sis,” Asian Pacific Journal of Cancer Prevention, vol. 7, no. 4,
pp. 641–644, 2006.

[52] R. Chatthongpisut, S. J. Schwartz, and J. Yongsawatdigul,
“Antioxidant activities and antiproliferative activity of
Thai purple rice cooked by various methods on human
colon cancer cells,” Food Chemistry, vol. 188, pp. 99–105,
2015.

[53] S. Z. Moghadamtousi, H. Karimian, E. Rouhollahi,
M. Paydar, M. Fadaeinasab, and H. Abdul Kadir, “Annona
muricata leaves induce G1 cell cycle arrest and apoptosis
through mitochondria-mediated pathway in human HCT-
116 and HT-29 colon cancer cells,” Journal of Ethnopharma-
cology, vol. 156, pp. 277–289, 2014.

[54] N. J. Jacobo-Herrera, F. E. Jacobo-Herrera, A. Zentella-
Dehesa, A. Andrade-Cetto, M. Heinrich, and C. Perez-
Plasencia, “Medicinal plants used in Mexican traditional
medicine for the treatment of colorectal cancer,” Journal
of Ethnopharmacology, vol. 179, pp. 391–402, 2016.

[55] K. V. Balan, J. Prince, Z. Han et al., “Antiproliferative activity
and induction of apoptosis in human colon cancer cells
treated in vitro with constituents of a product derived from
Pistacia lentiscus L. var. chia,” Phytomedicine, vol. 14, no. 4,
pp. 263–272, 2007.

[56] K. V. Balan, C. Demetzos, J. Prince et al., “Induction of apo-
ptosis in human colon cancer HCT116 cells treated with an
extract of the plant product, Chios mastic gum,” In Vivo,
vol. 19, no. 1, pp. 93–102, 2005.

[57] M. L. King and L. L. Murphy, “Role of cyclin inhibitor protein
p21 in the inhibition of HCT116 human colon cancer cell
proliferation by American ginseng (Panax quinquefolius)
and its constituents,” Phytomedicine, vol. 17, no. 3-4,
pp. 261–268, 2010.

[58] V. Charepalli, L. Reddivari, S. Radhakrishnan, R. Vadde,
R. Agarwal, and J. K. P. Vanamala, “Anthocyanin-containing
purple-fleshed potatoes suppress colon tumorigenesis via
elimination of colon cancer stem cells,” The Journal of Nutri-
tional Biochemistry, vol. 26, no. 12, pp. 1641–1649, 2015.

[59] R. Campos-Vega, R. G. Guevara-Gonzalez, B. L. Guevara-
Olvera, B. Dave Oomah, and G. Loarca-Piña, “Bean (Phaseo-
lus vulgaris L.) polysaccharides modulate gene expression in
human colon cancer cells (HT-29),” Food Research Interna-
tional, vol. 43, no. 4, pp. 1057–1064, 2010.

[60] A. T. Serra, J. Poejo, A. A. Matias, M. R. Bronze, and C. M. M.
Duarte, “Evaluation ofOpuntia spp. derived products as anti-
proliferative agents in human colon cancer cell line (HT29),”
Food Research International, vol. 54, no. 1, pp. 892–901, 2013.

[61] T. dos Santos, C. Tavares, D. Sousa et al., “Suillus luteusmeth-
anolic extract inhibits cell growth and proliferation of a colon
cancer cell line,” Food Research International, vol. 53, no. 1,
pp. 476–481, 2013.

[62] G. K. Jayaprakasha, K. K. Mandadi, S. M. Poulose,
Y. Jadegoud, G. A. Nagana Gowda, and B. S. Patil, “Inhibition
of colon cancer cell growth and antioxidant activity of bioac-
tive compounds from Poncirus trifoliata (L.) Raf,” Bioorganic
& Medicinal Chemistry, vol. 15, no. 14, pp. 4923–4932, 2007.

[63] M. González-Vallinas, S. Molina, G. Vicente et al., “Antitu-
mor effect of 5-fluorouracil is enhanced by rosemary extract
in both drug sensitive and resistant colon cancer cells,” Phar-
macological Research, vol. 72, pp. 61–68, 2013.

[64] A. Valdés, G. Sullini, E. Ibáñez, A. Cifuentes, and V. García-
Cañas, “Rosemary polyphenols induce unfolded protein
response and changes in cholesterol metabolism in colon
cancer cells,” Journal of Functional Foods, vol. 15, pp. 429–
439, 2015.

[65] A. Valdes, K. A. Artemenko, J. Bergquist, V. Garcia-Canas,
and A. Cifuentes, “Comprehensive proteomic study of the
antiproliferative activity of a polyphenol-enriched rosemary
extract on colon cancer cells using nanoliquid chromatogra-
phy–orbitrap MS/MS,” Journal of Proteome Research,
vol. 15, no. 6, pp. 1971–1985, 2016.

[66] A. Pérez-Sánchez, N. Sánchez-Marzo, M. Herranz-López,
E. Barrajón-Catalán, and V. Micol, “Rosemary (Rosmarinus
officinalis L) extract increases ROS and modulates Nrf2 path-
way in human colon cancer cell lines,” Free Radical Biology &
Medicine, vol. 108, p. S79, 2017.

[67] Y. R. Um, C.-S. Kong, J. I. Lee, Y. A. Kim, T. J. Nam, and
Y. Seo, “Evaluation of chemical constituents from Glehnia lit-
toralis for antiproliferative activity against HT-29 human
colon cancer cells,” Process Biochemistry, vol. 45, no. 1,
pp. 114–119, 2010.

47Oxidative Medicine and Cellular Longevity



[68] M. A. Encalada, S. Rehecho, D. Ansorena, I. Astiasarán, R. Y.
Cavero, and M. I. Calvo, “Antiproliferative effect of pheny-
lethanoid glycosides from Verbena officinalis L. on colon can-
cer cell lines,” LWT - Food Science and Technology, vol. 63,
no. 2, pp. 1016–1022, 2015.

[69] Y. Nakamura, Y. Hasegawa, K. Shirota et al., “Differentiation-
inducing effect of piperitenone oxide, a fragrant ingredient of
spearmint (Mentha spicata), but not carvone and menthol,
against human colon cancer cells,” Journal of Functional
Foods, vol. 8, pp. 62–67, 2014.

[70] A. Panyathep, T. Chewonarin, K. Taneyhill, Y.-J. Surh, and
U. Vinitketkumnuen, “Effects of dried longan seed (Euphoria
longana Lam.) extract on VEGF secretion and expression in
colon cancer cells and angiogenesis in human umbilical vein
endothelial cells,” Journal of Functional Foods, vol. 5, no. 3,
pp. 1088–1096, 2013.

[71] G. Leisching, B. Loos, T. Nell, and A. M. Engelbrecht,
“Sutherlandia frutescens treatment induces apoptosis and
modulates the PI3-kinase pathway in colon cancer cells,”
South African Journal of Botany, vol. 100, pp. 20–26, 2015.

[72] C. Weidner, M. Rousseau, A. Plauth et al., “Melissa officinalis
extract induces apoptosis and inhibits proliferation in colon
cancer cells through formation of reactive oxygen species,”
Phytomedicine, vol. 22, no. 2, pp. 262–270, 2015.

[73] C.-Y. Wang, T.-C. Wu, S.-L. Hsieh, Y.-H. Tsai, C.-W. Yeh,
and C.-Y. Huang, “Antioxidant activity and growth inhibi-
tion of human colon cancer cells by crude and purified fucoi-
dan preparations extracted from Sargassum cristaefolium,”
Journal of Food and Drug Analysis, vol. 23, no. 4, pp. 766–
777, 2015.

[74] J. Lin, Q. Li, H. Chen, H. Lin, Z. Lai, and J. Peng, “Hedyotis
diffusa Willd. extract suppresses proliferation and induces
apoptosis via IL-6-inducible STAT3 pathway inactivation in
human colorectal cancer cells,” Oncology Letters, vol. 9,
no. 4, pp. 1962–1970, 2015.

[75] M. Marrelli, F. Menichini, and F. Conforti, “A comparative
study of Zingiber officinale Roscoe pulp and peel: phyto-
chemical composition and evaluation of antitumour activity,”
Natural Product Research, vol. 29, no. 21, pp. 2045–2049,
2015.

[76] D. Goh, Y. H. Lee, and E. S. Ong, “Inhibitory effects of a
chemically standardized extract from Scutellaria barbata in
human colon cancer cell lines, LoVo,” Journal of Agricultural
and Food Chemistry, vol. 53, no. 21, pp. 8197–8204, 2005.

[77] S. A. Kang, H. J. Park, M.-J. Kim, S.-Y. Lee, S.-W. Han, and
K.-H. Leem, “Citri Reticulatae Viride Pericarpium extract
induced apoptosis in SNU-C4, human colon cancer cells,”
Journal of Ethnopharmacology, vol. 97, no. 2, pp. 231–235,
2005.

[78] A. Chicca, B. Adinolfi, E. Martinotti et al., “Cytotoxic effects
of Echinacea root hexanic extracts on human cancer cell
lines,” Journal of Ethnopharmacology, vol. 110, no. 1,
pp. 148–153, 2007.

[79] L. A. Boyd, M. J. McCann, Y. Hashim, R. N. Bennett, C. I. R.
Gill, and I. R. Rowland, “Assessment of the anti-genotoxic,
anti-proliferative, and anti-metastatic potential of crude
watercress extract in human colon cancer cells,” Nutrition
and Cancer, vol. 55, no. 2, pp. 232–241, 2006.

[80] J. Gwak, S. Park, M. Cho et al., “Polysiphonia japonica extract
suppresses the Wnt/β-catenin pathway in colon cancer cells
by activation of NF-κB,” International Journal of Molecular
Medicine, vol. 17, pp. 1005–1010, 2006.

[81] C. Li and M.-H. Wang, “Aristolochia debilis Sieb. et Zucc.
induces apoptosis and reactive oxygen species in the HT-29
human colon cancer cell line,” Cancer Biotherapy and Radio-
pharmaceuticals, vol. 28, no. 10, pp. 717–724, 2013.

[82] A. F. A. Aisha, Z. Ismail, K. M. Abu-Salah, J. M. Siddiqui,
G. Ghafar, and A. M. S. Abdul Majid, “Syzygium campanula-
tum korth methanolic extract inhibits angiogenesis and
tumor growth in nude mice,” BMC Complementary and
Alternative Medicine, vol. 13, no. 1, 2013.

[83] W. Lin, L. Zheng, Q. Zhuang et al., “Spica prunellae promotes
cancer cell apoptosis, inhibits cell proliferation and tumor
angiogenesis in a mouse model of colorectal cancer via
suppression of stat3 pathway,” BMC Complementary and
Alternative Medicine, vol. 13, no. 1, 2013.

[84] L. Maness, I. Goktepe, H. Chen, M. Ahmedna, and S. Sang,
“Impact of Phytolacca americana extracts on gene expression
of colon cancer cells,” Phytotherapy Research, vol. 28, no. 2,
pp. 219–223, 2014.

[85] M. Deepa, T. Sureshkumar, P. K. Satheeshkumar, and
S. Priya, “Antioxidant rich Morus alba leaf extract induces
apoptosis in human colon and breast cancer cells by the
downregulation of nitric oxide produced by inducible nitric
oxide synthase,” Nutrition and Cancer, vol. 65, no. 2,
pp. 305–310, 2013.

[86] R. Senthilkumar, T. Parimelazhagan, O. P. Chaurasia, and
R. B. Srivastava, “Free radical scavenging property and anti-
proliferative activity of Rhodiola imbricata Edgew extracts
in HT-29 human colon cancer cells,” Asian Pacific Journal
of Tropical Medicine, vol. 6, no. 1, pp. 11–19, 2013.

[87] S.-M. Oh, J. Kim, J. Lee et al., “Anticancer potential of an
ethanol extract of Asiasari radix against HCT-116 human
colon cancer cells in vitro,” Oncology Letters, vol. 5, no. 1,
pp. 305–310, 2013.

[88] E. L. Symonds, I. Konczak, and M. Fenech, “The Australian
fruit Illawarra plum (Podocarpus elatus Endl., Podocarpa-
ceae) inhibits telomerase, increases histone deacetylase activ-
ity and decreases proliferation of colon cancer cells,” British
Journal of Nutrition, vol. 109, no. 12, pp. 2117–2125, 2013.

[89] Y. L. Tsai, C. C. Chiu, J. Yi-Fu Chen, K. C. Chan, and S. D.
Lin, “Cytotoxic effects of Echinacea purpurea flower extracts
and cichoric acid on human colon cancer cells through
induction of apoptosis,” Journal of Ethnopharmacology,
vol. 143, no. 3, pp. 914–919, 2012.

[90] S.-J. Lee, K. Park, S.-D. Ha, W.-J. Kim, and S.-K. Moon, “Gle-
ditsia sinensis thorn extract inhibits human colon cancer
cells: the role of ERK1/2, G2/MPhase cell cycle arrest and
p53 expression,” Phytotherapy Research, vol. 24, no. 12,
pp. 1870–1876, 2010.

[91] S. J. Lee, Y. H. Cho, H. Kim et al., “Inhibitory effects of the
ethanol extract of Gleditsia sinensis thorns on human colon
cancer HCT116 cells in vitro and in vivo,” Oncology Reports,
vol. 22, no. 06, pp. 1505–1512, 2009.

[92] N. Kosem, K. Ichikawa, H. Utsumi, and P. Moongkarndi, “In
vivo toxicity and antitumor activity of mangosteen extract,”
Journal of Natural Medicines, vol. 67, no. 2, pp. 255–263,
2013.

[93] A.-R. Han, J.-A. Kim, D. D. Lantvit et al., “Cytotoxic xan-
thone constituents of the stem bark of Garcinia mangostana
(mangosteen),” Journal of Natural Products, vol. 72, no. 11,
pp. 2028–2031, 2009.

[94] J.-f. Zhang, M.-l. He, Qi Dong et al., “Aqueous extracts of
Fructus Ligustri Lucidi enhance the sensitivity of human

48 Oxidative Medicine and Cellular Longevity



colorectal carcinoma DLD-1 cells to doxorubicin-induced
apoptosis via Tbx3 suppression,” Integrative Cancer Thera-
pies, vol. 10, no. 1, pp. 85–91, 2011.

[95] A. Hematulin, K. Ingkaninan, N. Limpeanchob, and
D. Sagan, “Ethanolic extract from Derris scandens Benth
mediates radiosensitzation via two distinctmodes of cell death
in human colon cancer HT-29 cells,” Asian Pacific Journal of
Cancer Prevention, vol. 15, no. 4, pp. 1871–1877, 2014.

[96] E. Ribeiro-Varandas, F. Ressurreição, W. Viegas, and
M. Delgado, “Cytotoxicity of Eupatorium cannabinum L.
ethanolic extract against colon cancer cells and interactions
with bisphenol A and doxorubicin,” BMC Complementary
and Alternative Medicine, vol. 14, no. 1, 2014.

[97] A. R. Massey, L. Reddivari, and J. Vanamala, “The dermal
layer of sweet sorghum (Sorghum bicolor) stalk, a byproduct
of biofuel production and source of unique 3-deoxyanthocya-
nidins, has more antiproliferative and proapoptotic activity
than the pith in p53 variants of HCT116 and colon cancer
stem cells,” Journal of Agricultural and Food Chemistry,
vol. 62, no. 14, pp. 3150–3159, 2014.

[98] A. R. Massey, L. Reddivari, S. Radhakrishnan et al., “Pro-
apoptotic activity against cancer stem cells differs between
different parts of sweet sorghum,” Journal of Functional
Foods, vol. 23, pp. 601–613, 2016.

[99] Y. H. Wong, W. Y. Tan, C. P. Tan, K. Long, and K. L. Nyam,
“Cytotoxic activity of kenaf (Hibiscus cannabinus L.) seed
extract and oil against human cancer cell lines,” Asian Pacific
Journal of Tropical Biomedicine, vol. 4, Supplement 1,
pp. S510–S515, 2014.

[100] S. Enayat, M. S. Ceyhan, A. A. Basaran, M. Gursel, and
S. Banerjee, “Anticarcinogenic effects of the ethanolic extract
of Salix aegyptiaca in colon cancer cells: involvement of
Akt/PKB and MAPK pathways,” Nutrition and Cancer,
vol. 65, no. 7, pp. 1045–1058, 2013.

[101] E. J. Kim, Y.-J. Lee, H.-K. Shin, and J. H. Y. Park, “Induction
of apoptosis by the aqueous extract of Rubus coreanum in
HT-29 human colon cancer cells,” Nutrition, vol. 21,
no. 11-12, pp. 1141–1148, 2005.

[102] L. Wang, M. L. Xu, J. H. Hu, S. K. Rasmussen, and
M.-H. Wang, “Codonopsis lanceolata extract induces G0/G1
arrest and apoptosis in human colon tumor HT-29 cells –
involvement of ROS generation and polyamine depletion,”
Food and Chemical Toxicology, vol. 49, no. 1, pp. 149–154, 2011.

[103] S. Sang, J. Hong, H. Wu et al., “Increased growth inhibitory
effects on human cancer cells and anti-inflammatory potency
of shogaols from Zingiber officinale relative to gingerols,”
Journal of Agricultural and Food Chemistry, vol. 57, no. 22,
pp. 10645–10650, 2009.

[104] J. S. Lee, S.-Y. Park, D. Thapa et al., “Grifola frondosa water
extract alleviates intestinal inflammation by suppressing
TNF-α production and its signaling,” Experimental and
Molecular Medicine, vol. 42, no. 2, pp. 143–154, 2010.

[105] N. B. Janakiram, A. Mohammed, Y. Zhang et al., “Chemopre-
ventive effects of Frondanol A5, a Cucumaria frondosa
extract, against rat colon carcinogenesis and inhibition of
human colon cancer cell growth,” Cancer Prevention
Research, vol. 3, no. 1, pp. 82–91, 2010.

[106] L. Pan, D. D. Lantvit, S. Riswan et al., “Bioactivity-guided iso-
lation of cytotoxic sesquiterpenes of Rolandra fruticosa,”
Phytochemistry, vol. 71, no. 5-6, pp. 635–640, 2010.

[107] M. Carvalho, B. M. Silva, R. Silva, P..́ Valentão, P. B. Andrade,
and M. L. Bastos, “First report on Cydonia oblonga Miller

anticancer potential: differential antiproliferative effect
against human kidney and colon cancer cells,” Journal of
Agricultural and Food Chemistry, vol. 58, no. 6, pp. 3366–
3370, 2010.

[108] J. A. Kim, E. Lau, D. Tay, and E. J. C. de Blanco, “Antioxidant
and NF-κB inhibitory constituents isolated from Morchella
esculenta,” Natural Product Research, vol. 25, no. 15,
pp. 1412–1417, 2011.

[109] J. E. Kim, W. Y. Chung, K. S. Chun et al., “Pleurospermum
kamtschaticum extract induces apoptosis via mitochondrial
pathway and NAG-1 expression in colon cancer cells,” Biosci-
ence, Biotechnology, and Biochemistry, vol. 74, no. 4, pp. 788–
792, 2014.

[110] S. C. W. Sze, K. L. Wong, W. K. Liu et al., “Regulation of p21,
MMP-1, and MDR-1 expression in human colon carcinoma
HT29 cells by Tian Xian Liquid, a Chinese medicinal for-
mula, in vitro and in vivo,” Integrative Cancer Therapies,
vol. 10, no. 1, pp. 58–69, 2011.

[111] D. S. Ryu, G. O. Baek, E. Y. Kim, K. H. Kim, and D. S. Lee,
“Effects of polysaccharides derived from Orostachys japoni-
cus on induction of cell cycle arrest and apoptotic cell death
in human colon cancer cells,” BMB Reports, vol. 43, no. 11,
pp. 750–755, 2010.

[112] X.-H. Chen, Y.-X. Miao, X.-J. Wang et al., “Effects of Ginkgo
biloba extract EGb761 on human colon adenocarcinoma
cells,” Cellular Physiology and Biochemistry, vol. 27, no. 3-4,
pp. 227–232, 2011.

[113] E. A. Hudson, P. A. Dinh, T. Kokubun, M. S. Simmonds, and
A. Gescher, “Characterization of potentially chemopreven-
tive phenols in extracts of brown rice that inhibit the growth
of human breast and colon cancer cells,” Cancer Epidemiol-
ogy, Biomarkers & Prevention, vol. 9, pp. 1163–1170, 2000.

[114] J. de la Cruz, D. H. Kim, and S. G. Hwang, “Anti cancer effects
of Cnidium officinale Makino extract mediated through apo-
ptosis and cell cycle arrest in the HT-29 human colorectal
cancer cell line,” Asian Pacific Journal of Cancer Prevention
: APJCP, vol. 15, no. 13, pp. 5117–5121, 2014.

[115] K.-S. Nam, B. G. Ha, and Y. H. Shon, “Effect of Cnidii Rhi-
zoma on nitric oxide production and invasion of human
colorectal adenocarcinoma HT-29 cells,” Oncology Letters,
vol. 9, no. 1, pp. 483–487, 2015.

[116] P. Ovadje, D. Ma, P. Tremblay et al., “Evaluation of the effi-
cacy & biochemical mechanism of cell death induction by
Piper longum extract selectively in in-vitro and in-vivo
models of human cancer cells,” PLoS One, vol. 9, no. 11, arti-
cle e113250, 2014.

[117] S. Arora and S. Tandon, “Achyranthes aspera root extracts
induce human colon cancer cell (COLO-205) death by trig-
gering the mitochondrial apoptosis pathway and S phase cell
cycle arrest,” The Scientific World Journal, vol. 2014, Article
ID 129697, 15 pages, 2014.

[118] A. al-Menhali, A. al-Rumaihi, H. al-Mohammed et al., “Thy-
mus vulgaris (thyme) inhibits proliferation, adhesion, migra-
tion, and invasion of human colorectal cancer cells,” Journal
of Medicinal Food, vol. 18, no. 1, pp. 54–59, 2015.

[119] K. A. Kang, J. K. Kim, Y. J. Jeong, S.-Y. Na, and J. W. Hyun,
“Dictyopteris undulata extract induces apoptosis via induc-
tion of endoplasmic reticulum stress in human colon cancer
cells,” Journal of Cancer Prevention, vol. 19, no. 2, pp. 118–
124, 2014.

[120] X. Zhao, P. Sun, Y. Qian, and H. Suo, “D. candidum has
in vitro anticancer effects in HCT-116 cancer cells and exerts

49Oxidative Medicine and Cellular Longevity



in vivo anti-metastatic effects in mice,” Nutrition Research
and Practice, vol. 8, no. 5, pp. 487–493, 2014.

[121] B. Romano, F. Borrelli, E. Pagano, M. G. Cascio, R. G. Pertwee,
and A. A. Izzo, “Inhibition of colon carcinogenesis by a stan-
dardized Cannabis sativa extract with high content of cannabi-
diol,” Phytomedicine, vol. 21, no. 5, pp. 631–639, 2014.

[122] N. Eid, S. Enani, G. Walton et al., “The impact of date palm
fruits and their component polyphenols, on gut microbial
ecology, bacterial metabolites and colon cancer cell prolifera-
tion,” Journal of Nutritional Science, vol. 3, no. 46, pp. 1–9,
2014.

[123] X.-L. Tang, X. Y. Yang, Y. C. Kim et al., “Protective effects of
the ethanolic extract of Melia toosendan fruit against colon
cancer,” Indian Journal of Biochemistry & Biophysics,
vol. 49, no. 3, pp. 173–181, 2012.

[124] K. Bajbouj, J. Schulze-Luehrmann, S. Diermeier, A. Amin,
and R. Schneider-Stock, “The anticancer effect of saffron in
two p53 isogenic colorectal cancer cell lines,” BMC Comple-
mentary and Alternative Medicine, vol. 12, no. 1, 2012.

[125] R. Sánchez-Vioque, O. Santana-Méridas, M. Polissiou et al.,
“Polyphenol composition and in vitro antiproliferative effect
of corm, tepal and leaf from Crocus sativus L. on human
colon adenocarcinoma cells (Caco-2),” Journal of Functional
Foods, vol. 24, pp. 18–25, 2016.

[126] L.-H. Shang, C.-M. Li, Z.-Y. Yang, D.-H. Che, J.-Y. Cao, and
Y. Yu, “Luffa echinata Roxb. induces human colon cancer cell
(HT-29) death by triggering the mitochondrial apoptosis
pathway,” Molecules, vol. 17, no. 5, pp. 5780–5794, 2012.

[127] G. Angel-Morales, G. Noratto, and S. Mertens-Talcott, “Red
wine polyphenolics reduce the expression of inflammation
markers in human colon-derived CCD-18Co myofibroblast
cells: potential role of microRNA-126,” Food & Function,
vol. 3, no. 7, pp. 745–752, 2012.

[128] A. T. Choumessi, M. Danel, S. Chassaing et al., “Characteriza-
tion of the antiproliferative activity of Xylopia aethiopica,”
Cell Division, vol. 7, no. 1, pp. 8–8, 2012.

[129] L. Yang, K. F. Allred, B. Geera, C. D. Allred, and J. M. Awika,
“Sorghum phenolics demonstrate estrogenic action and
induce apoptosis in nonmalignant colonocytes,” Nutrition
and Cancer, vol. 64, no. 3, pp. 419–427, 2012.

[130] C. Mazewski, K. Liang, and E. Gonzalez de Mejia, “Compar-
ison of the effect of chemical composition of anthocyanin-
rich plant extracts on colon cancer cell proliferation and their
potential mechanism of action using in vitro, in silico, and
biochemical assays,” Food Chemistry, vol. 242, pp. 378–388,
2018.

[131] N.-W. He, Y. Zhao, L. Guo, J. Shang, and X.-B. Yang, “Anti-
oxidant, antiproliferative, and pro-apoptotic activities of a
saponin extract derived from the roots of Panax notoginseng
(Burk.) F.H. Chen,” Journal of Medicinal Food, vol. 15, no. 4,
pp. 350–359, 2012.

[132] F. A. Hashem, H. Motawea, A. E. el-Shabrawy, K. Shaker, and
S. el-Sherbini, “Myrosinase hydrolysates of Brassica oleraceae
L. var. italica reduce the risk of colon cancer,” Phytotherapy
Research, vol. 26, no. 5, pp. 743–747, 2012.

[133] Y. Jia, Q. Guan, Y. Guo, and C. du, “Reduction of inflamma-
tory hyperplasia in the intestine in colon cancer-prone mice
by water-extract of Cistanche deserticola,” Phytotherapy
Research, vol. 26, no. 6, pp. 812–819, 2012.

[134] S. Gorlach, W. Wagner, A. Podsędek, K. Szewczyk,
M. Koziołkiewicz, and J. Dastych, “Procyanidins from

Japanese quince (Chaenomeles japonica) fruit induce apo-
ptosis in human colon cancer Caco-2 cells in a degree of
polymerization-dependent manner,” Nutrition and Cancer,
vol. 63, no. 8, pp. 1348–1360, 2011.

[135] S. Mori, T. Sawada, T. Okada, T. Ohsawa, M. Adachi, and
K. Keiichi, “New anti-proliferative agent, MK615, from
Japanese apricot “Prunus mume” induces striking autophagy
in colon cancer cells in vitro,” World Journal of Gastroenter-
ology, vol. 13, no. 48, pp. 6512–6517, 2007.

[136] S. C. Hsu, J. H. Lu, C. L. Kuo et al., “Crude extracts of
Solanum lyratum induced cytotoxicity and apoptosis in a
human colon adenocarcinoma cell line (Colo 205),” Anti-
cancer Research, vol. 28, no. 2A, pp. 1045–1054, 2008.

[137] N. el-Najjar, N. Saliba, S. Talhouk, and H. Gali-Muhtasib,
“Onopordum cynarocephalum induces apoptosis and pro-
tects against 1,2 dimethylhydrazine-induced colon cancer,”
Oncology Reports, vol. 17, no. 6, pp. 1517–1523, 2007.

[138] X. Li, T. Ohtsuki, T. Koyano, T. Kowithayakorn, and
M. Ishibashi, “New Wnt/β-catenin signaling inhibitors iso-
lated from Eleutherine palmifolia,” Chemistry, vol. 4, no. 4,
pp. 540–547, 2009.

[139] S. Jaramillo, F. J. G. Muriana, R. Guillen, A. Jimenez-Araujo,
R. Rodriguez-Arcos, and S. Lopez, “Saponins from edible
spears of wild asparagus inhibit AKT, p70S6K, and ERK sig-
nalling, and induce apoptosis through G0/G1 cell cycle arrest
in human colon cancer HCT-116 cells,” Journal of Functional
Foods, vol. 26, pp. 1–10, 2016.

[140] R. Vadde, S. Radhakrishnan, H. Eranda Karunathilake
Kurundu, L. Reddivari, and J. K. P. Vanamala, “Indian
gooseberry (Emblica officinalis Gaertn.) suppresses cell
proliferation and induces apoptosis in human colon cancer
stem cells independent of p53 status via suppression of
c-Myc and cyclin D1,” Journal of Functional Foods, vol. 25,
pp. 267–278, 2016.

[141] L. Ai, Y.-C. Chung, K.-C. G. Jeng et al., “Antioxidant hydro-
colloids from herb Graptopetalum paraguayense leaves show
anti-colon cancer cells and anti-neuroinflammatory poten-
tials,” Food Hydrocolloids, vol. 73, pp. 51–59, 2017.

[142] N. Polachi, B. Subramaniyan, P. Nagaraja, K. Rangiah,
and M. Ganeshan, “Extract from Butea monosperma inhibits
β-catenin/Tcf signaling in SW480 human colon cancer cells,”
Gene Reports, vol. 10, pp. 79–89, 2018.

[143] P. Zhu, Y. Wu, A. Yang, X. Fu, M. Mao, and Z. Liu,
“Catalpol suppressed proliferation, growth and invasion of
CT26 colon cancer by inhibiting inflammation and tumor
angiogenesis,” Biomedicine & Pharmacotherapy, vol. 95,
pp. 68–76, 2017.

[144] W. K. Kim, D. H. Bach, H. W. Ryu et al., “Cytotoxic activities
of Telectadium dongnaiense and its constituents by inhibi-
tion of the Wnt/β-catenin signaling pathway,” Phytomedi-
cine, vol. 34, pp. 136–142, 2017.

[145] P. Budchart, A. Khamwut, C. Sinthuvanich, S. Ratanapo,
Y. Poovorawan, and N. P. T-Thienprasert, “Partially purified
Gloriosa superba peptides inhibit colon cancer cell viability
by inducing apoptosis through p53 upregulation,” The
American Journal of the Medical Sciences, vol. 354, no. 4,
pp. 423–429, 2017.

[146] T. Ranjbarnejad, M. Saidijam, S. Moradkhani, and R. Najafi,
“Methanolic extract of Boswellia serrata exhibits anti-cancer
activities by targeting microsomal prostaglandin E synthase-
1 in human colon cancer cells,” Prostaglandins & Other Lipid
Mediators, vol. 131, pp. 1–8, 2017.

50 Oxidative Medicine and Cellular Longevity



[147] R. Direito, A. Lima, J. Rocha et al., “Dyospiros kaki phenolics
inhibit colitis and colon cancer cell proliferation, but not gela-
tinase activities,” The Journal of Nutritional Biochemistry,
vol. 46, pp. 100–108, 2017.

[148] J. Hafsa, K. M. Hammi, M. R. B. Khedher et al., “Inhibition of
protein glycation, antioxidant and antiproliferative activities
of Carpobrotus edulis extracts,” Biomedicine & Pharmaco-
therapy, vol. 84, pp. 1496–1503, 2016.

[149] N. Campos-Xolalpa, Á. J. Alonso-Castro, E. Sánchez-
Mendoza, M. Á. Zavala-Sánchez, and S. Pérez-Gutiérrez,
“Cytotoxic activity of the chloroform extract and four
diterpenes isolated from Salvia ballotiflora,” Revista Brasi-
leira de Farmacognosia, vol. 27, no. 3, pp. 302–305,
2017.

[150] N. Sharma, A. Kumar, P. R. Sharma et al., “A new clerodane
furano diterpene glycoside from Tinospora cordifolia triggers
autophagy and apoptosis in HCT-116 colon cancer cells,”
Journal of Ethnopharmacology, vol. 211, pp. 295–310, 2018.

[151] T. F. F. da Silveira, T. C. L. de Souza, A. V. Carvalho, A. B.
Ribeiro, G. G. C. Kuhnle, and H. T. Godoy, “White açaí juice
(Euterpe oleracea): phenolic composition by LC-ESI-MS/MS,
antioxidant capacity and inhibition effect on the formation of
colorectal cancer related compounds,” Journal of Functional
Foods, vol. 36, pp. 215–223, 2017.

[152] S. Li, L. Zhaohuan, Z. Guangshun, X. Guanhua, and
Z. Guangji, “Diterpenoid Tanshinones, the extract from
Danshen (Radix Salviae Miltiorrhizae) induced apoptosis in
nine human cancer cell lines,” Journal of Traditional Chinese
Medicine, vol. 36, no. 4, pp. 514–521, 2016.

[153] K. Gouthamchandra, H. V. Sudeep, B. J. Venkatesh, and
K. Shyam Prasad, “Chlorogenic acid complex (CGA7), stan-
dardized extract from green coffee beans exerts anticancer
effects against cultured human colon cancer HCT-116 cells,”
Food Science and HumanWellness, vol. 6, no. 3, pp. 147–153,
2017.

[154] M. Asif, A. H. S. Yehya, M. A. al-Mansoub et al., “Anticancer
attributes of Illicium verum essential oils against colon can-
cer,” South African Journal of Botany, vol. 103, pp. 156–161,
2016.

[155] T. Sriyatep, C. Tantapakul, R. J. Andersen et al., “Resolution
and identification of scalemic caged xanthones from the leaf
extract of Garcinia propinqua having potent cytotoxicities
against colon cancer cells,” Fitoterapia, vol. 124, pp. 34–41,
2018.

[156] T. Sriyatep, R. J. Andersen, B. O. Patrick et al., “Scalemic
caged xanthones isolated from the stem bark extract of Gar-
cinia propinqua,” Journal of Natural Products, vol. 80, no. 5,
pp. 1658–1667, 2017.

[157] G. Riccio, M. Maisto, S. Bottone et al., “WNT inhibitory
activity of Malus pumila Miller cv Annurca and Malus
domestica cv Limoncella apple extracts on human colon-
rectal cells carrying familial adenomatous polyposis muta-
tions,” Nutrients, vol. 9, no. 11, p. 1262, 2017.

[158] E. S. Son, Y. O. Kim, C. G. Park et al., “Coix lacryma-jobi var.
ma-yuen Stapf sprout extract has anti-metastatic activity in
colon cancer cells in vitro,” BMC Complementary and Alter-
native Medicine, vol. 17, no. 1, p. 486, 2017.

[159] M. Asif, A. Shafaei, A. S. Abdul Majid et al., “Mesua ferrea
stem bark extract induces apoptosis and inhibits metastasis
in human colorectal carcinoma HCT 116 cells, through mod-
ulation of multiple cell signalling pathways,” Chinese Journal
of Natural Medicines, vol. 15, no. 7, pp. 505–514, 2017.

[160] H. Zhu, H. Zhao, L. Zhang et al., “Dandelion root extract sup-
pressed gastric cancer cells proliferation and migration
through targeting lncRNA-CCAT1,” Biomedicine & Pharma-
cotherapy, vol. 93, pp. 1010–1017, 2017.

[161] H. Jin, L. Chen, S. Wang, and D. Chao, “Portulaca oleracea
extract can inhibit nodule formation of colon cancer stem
cells by regulating gene expression of the Notch signal trans-
duction pathway,” Tumour Biology, vol. 39, no. 7, 2017.

[162] A. Czerwonka, K. Kawka, K. Cykier, M. K. Lemieszek, and
W. Rzeski, “Evaluation of anticancer activity of water and
juice extracts of young Hordeum vulgare in human cancer
cell lines HT-29 and A549,” Annals of Agricultural and Envi-
ronmental Medicine : AAEM, vol. 24, no. 2, pp. 345–349,
2017.

[163] N. Cho, T. T. Ransom, J. Sigmund et al., “Growth inhibition
of colon cancer and melanoma cells by versiol derivatives
from a Paraconiothyrium species,” Journal of Natural Prod-
ucts, vol. 80, no. 7, pp. 2037–2044, 2017.

[164] C. Yang, M. Wang, J. Zhou, and Q. Chi, “Bio-synthesis of
peppermint leaf extract polyphenols capped nano-platinum
and their in-vitro cytotoxicity towards colon cancer cell lines
(HCT 116),” Materials Science and Engineering: C, vol. 77,
pp. 1012–1016, 2017.

[165] C. Li, Y. Jeong, and M. Kim, “Mammea longifolia Planch. and
Triana fruit extract induces cell death in the human colon
cancer cell line, SW480, via mitochondria-related apoptosis
and activation of p53,” Journal of Medicinal Food, vol. 20,
no. 5, pp. 485–490, 2017.

[166] A. Manosroi, M. Sainakham, C. Chankhampan,
W. Manosroi, and J. Manosroi, “In vitro anti-cancer activities
of Job’s tears (Coix lachryma-jobi Linn.) extracts on human
colon adenocarcinoma,” Saudi Journal of Biological Sciences,
vol. 23, no. 2, pp. 248–256, 2016.

[167] R. Mata, J. R. Nakkala, and S. R. Sadras, “Polyphenol stabi-
lized colloidal gold nanoparticles from Abutilon indicum leaf
extract induce apoptosis in HT-29 colon cancer cells,” Col-
loids and Surfaces B: Biointerfaces, vol. 143, pp. 499–510,
2016.

[168] N. H. Yim, M. J. Gu, Y. H. Hwang, W. K. Cho, and J. Y. Ma,
“Water extract of Galla Rhois with steaming process
enhances apoptotic cell death in human colon cancer cells,”
Integrative Medicine Research, vol. 5, no. 4, pp. 284–292,
2016.

[169] E. J. Kim, G. T. Kim, B. M. Kim, E. G. Lim, S. Y. Kim, and
Y. M. Kim, “Apoptosis-induced effects of extract from Arte-
misia annua Linne by modulating PTEN/p53/PDK1/Akt/
signal pathways through PTEN/p53-independent manner in
HCT116 colon cancer cells,” BMC Complementary and Alter-
native Medicine, vol. 17, no. 1, p. 236, 2017.

[170] X. Zhao, X. Feng, C. Wang, D. Peng, K. Zhu, and J. L. Song,
“Anticancer activity of Nelumbo nucifera stamen extract in
human colon cancer HCT-116 cells in vitro,” Oncology Let-
ters, vol. 13, no. 3, pp. 1470–1478, 2017.

[171] H. Guo, H. Guan, W. Yang et al., “Pro-apoptotic and anti-
proliferative effects of corn silk extract on human colon can-
cer cell lines,” Oncology Letters, vol. 13, no. 2, pp. 973–978,
2017.

[172] H. J. Hsu, R. F. Huang, T. H. Kao, B. S. Inbaraj, and B. H.
Chen, “Preparation of carotenoid extracts and nanoemul-
sions from Lycium barbarum L. and their effects on growth
of HT-29 colon cancer cells,” Nanotechnology, vol. 28,
no. 13, article 135103, 2017.

51Oxidative Medicine and Cellular Longevity



[173] V. P. Venancio, P. A. Cipriano, H. Kim, L. M. G. Antunes,
S. T. Talcott, and S. U. Mertens-Talcott, “Cocoplum (Chryso-
balanus icaco L.) anthocyanins exert anti-inflammatory
activity in human colon cancer and non-malignant colon
cells,” Food & Function, vol. 8, no. 1, pp. 307–314, 2017.

[174] R. Nozaki, T. Kono, H. Bochimoto et al., “Zanthoxylum fruit
extract from Japanese pepper promotes autophagic cell death
in cancer cells,” Oncotarget, vol. 7, no. 43, pp. 70437–70446,
2016.

[175] R. Acquaviva, V. Sorrenti, R. Santangelo et al., “Effects of an
extract of Celtis aetnensis (Tornab.) Strobl twigs on human
colon cancer cell cultures,” Oncology Reports, vol. 36, no. 4,
pp. 2298–2304, 2016.

[176] S. Jimenez, S. Gascon, A. Luquin, M. Laguna, C. Ancin-
Azpilicueta, and M. J. Rodriguez-Yoldi, “Rosa canina
extracts have antiproliferative and antioxidant effects on
Caco-2 human colon cancer,” PLoS One, vol. 11, no. 7, article
e0159136, 2016.

[177] A. I. Elkady, R. A. Hussein, and S. M. El-Assouli, “Harmal
extract induces apoptosis of HCT116 human colon cancer
cells, mediated by inhibition of nuclear factor-κB and activa-
tor protein-1 signaling pathways and induction of cytopro-
tective genes,” Asian Pacific Journal of Cancer Prevention :
APJCP, vol. 17, no. 4, pp. 1947–1959, 2016.

[178] M. Amigo-Benavent, S. Wang, R. Mateos, B. Sarria, and
L. Bravo, “Antiproliferative and cytotoxic effects of green cof-
fee and yerba mate extracts, their main hydroxycinnamic
acids, methylxanthine and metabolites in different human
cell lines,” Food and Chemical Toxicology, vol. 106, Part A,
pp. 125–138, 2017.

[179] D. J. de Rodríguez, D. A. Carrillo-Lomelí, N. E. Rocha-Guzmán
et al., “Antioxidant, anti-inflammatory and apoptotic effects of
Flourensia microphylla on HT-29 colon cancer cells,” Indus-
trial Crops and Products, vol. 107, pp. 472–481, 2017.

[180] K. Y. Cheah, G. S. Howarth, and S. E. P. Bastian, “Grape seed
extract dose-responsively decreases disease severity in a rat
model of mucositis; Concomitantly Enhancing Chemothera-
peutic Effectiveness in Colon Cancer Cells,” PLoS ONE, vol. 9,
no. 1, article e85184, 2014.

[181] M. M. Derry, K. Raina, R. Agarwal, and C. Agarwal, “Charac-
terization of azoxymethane-induced colon tumor metastasis
to lung in a mouse model relevant to human sporadic colo-
rectal cancer and evaluation of grape seed extract efficacy,”
Experimental and Toxicologic Pathology, vol. 66, no. 5-6,
pp. 235–242, 2014.

[182] Y. D. Jung, M. S. Kim, B. A. Shin et al., “EGCG, a major com-
ponent of green tea, inhibits tumour growth by inhibiting
VEGF induction in human colon carcinoma cells,” British
Journal of Cancer, vol. 84, no. 6, pp. 844–850, 2001.

[183] M. W. Roomi, V. Ivanov, T. Kalinovsky, A. Niedzwiecki, and
M. Rath, “In vivo antitumor effect of ascorbic acid, lysine,
proline and green tea extract on human colon cancer cell
HCT 116 xenografts in nude mice: evaluation of tumor
growth and immunohistochemistry,” Oncology Reports,
vol. 13, no. 3, pp. 421–425, 2005.

[184] Y. Z. H.-Y. Hashim, J. Worthington, P. Allsopp et al., “Virgin
olive oil phenolics extract inhibit invasion of HT115 human
colon cancer cells in vitro and in vivo,” Food & Function,
vol. 5, no. 7, pp. 1513–1519, 2014.

[185] C. C. Tseng, H. F. Shang, L. F. Wang et al., “Antitumor and
immunostimulating effects of Anoectochilus formosanus
Hayata,” Phytomedicine, vol. 13, no. 5, pp. 366–370, 2006.

[186] S.-W. Hsuan, C.-C. Chyau, H.-Y. Hung, J.-H. Chen, and
F.-P. Chou, “The induction of apoptosis and autophagy
by Wasabia japonica extract in colon cancer,” European
Journal of Nutrition, vol. 55, no. 2, pp. 491–503, 2016.

[187] E. Rouhollahi, S. Zorofchian Moghadamtousi, M. Paydar
et al., “Inhibitory effect of Curcuma purpurascens BI. rhizome
on HT-29 colon cancer cells through mitochondrial-
dependent apoptosis pathway,” BMC Complementary and
Alternative Medicine, vol. 15, no. 1, p. 15, 2015.

[188] C. Yu, X.-D. Wen, Z. Zhang et al., “American ginseng atten-
uates azoxymethane/dextran sodium sulfate-induced colon
carcinogenesis in mice,” Journal of Ginseng Research,
vol. 39, no. 1, pp. 14–21, 2015.

[189] S. M. Butler, M. A.Wallig, C. W. Nho et al., “A polyacetylene-
rich extract from Gymnaster koraiensis strongly inhibits
colitis-associated colon cancer in mice,” Food and Chemical
Toxicology, vol. 53, pp. 235–239, 2013.

[190] P. Arulselvan, C.-C. Wen, C.-W. Lan, Y.-H. Chen,
W.-C. Wei, and N.-S. Yang, “Dietary administration of scal-
lion extract effectively inhibits colorectal tumor growth: cellu-
lar and molecular mechanisms in mice,” PloS One, vol. 7,
no. 9, article e44658, 2012.

[191] D. S. Wang, G. H. Rizwani, H. Guo et al., “Annona squamosa
Linn: cytotoxic activity found in leaf extract against human
tumor cell lines,” Pakistan Journal of Pharmaceutical Sci-
ences, vol. 27, no. 5, pp. 1559–1563, 2014.

[192] K.-W. Park, J. Kundu, I. G. Chae, S. C. Bachar, J.-W. Bae, and
K.-S. Chun, “Methanol Extract of Flacourtia indica Aerial
Parts Induces Apoptosis via Generation of ROS and Activa-
tion of Caspases in Human Colon Cancer HCT116 Cells,”
Asian Pacific Journal of Cancer Prevention, vol. 15, no. 17,
pp. 7291–7296, 2014.

[193] A. Thyagarajan, A. Jedinak, H. Nguyen et al., “Triterpenes
from Ganoderma lucidum induce autophagy in colon cancer
through the inhibition of p38 mitogen-activated kinase
(p38 MAPK),” Nutrition and Cancer, vol. 62, no. 5,
pp. 630–640, 2010.

[194] C. Huang, Y. Huang, J. Li et al., “Inhibition of benzo(a)pyrene
diol-epoxide-induced transactivation of activated protein 1
and nuclear factor κB by black raspberry extracts,” Cancer
Research, vol. 62, no. 23, pp. 6857–6863, 2002.

[195] B. Bassani, T. Rossi, D. de Stefano et al., “Potential chemopre-
ventive activities of a polyphenol rich purified extract from
olive mill wastewater on colon cancer cells,” Journal of Func-
tional Foods, vol. 27, pp. 236–248, 2016.

[196] W. Zeriouh, A. Nani, M. Belarbi et al., “Phenolic extract from
oleaster (Olea europaea var. Sylvestris) leaves reduces colon
cancer growth and induces caspase-dependent apoptosis in
colon cancer cells via the mitochondrial apoptotic pathway,”
PloS One, vol. 12, no. 2, article e0170823, 2017.

[197] H. H. Ahmed, H. S. El-Abhar, E. A. K. Hassanin, N. F.
Abdelkader, and M. B. Shalaby, “Ginkgo biloba L. leaf extract
offers multiple mechanisms in bridling N-methylnitrosourea
- mediated experimental colorectal cancer,” Biomedicine &
Pharmacotherapy, vol. 95, pp. 387–393, 2017.

[198] B. Subramaniyan, N. Polachi, and G. Mathan, “Isocoreopsin:
an active constituent of n-butanol extract of Butea mono-
sperma flowers against colorectal cancer (CRC),” Journal of
Pharmaceutical Analysis, vol. 6, no. 5, pp. 318–325, 2016.

[199] P. Ovadje, S. Ammar, J. A. Guerrero, J. T. Arnason, and
S. Pandey, “Dandelion root extract affects colorectal cancer
proliferation and survival through the activation of multiple

52 Oxidative Medicine and Cellular Longevity



death signalling pathways,” Oncotarget, vol. 7, no. 45,
pp. 73080–73100, 2016.

[200] S. Tanaka, K. Haruma, M. Yoshihara et al., “Aged garlic
extract has potential suppressive effect on colorectal adeno-
mas in humans,” The Journal of Nutrition, vol. 136, no. 3,
pp. 821S–826S, 2006.

[201] A. di Francesco, A. Falconi, C. di Germanio et al., “Extravir-
gin olive oil up-regulates CB1 tumor suppressor gene in
human colon cancer cells and in rat colon via epigenetic
mechanisms,” The Journal of Nutritional Biochemistry,
vol. 26, no. 3, pp. 250–258, 2015.

[202] T. Srihari, M. Sengottuvelan, and N. Nalini, “Dose-dependent
effect of oregano (Origanum vulgare L.) on lipid peroxidation
and antioxidant status in 1,2-dimethylhydrazine-induced rat
colon carcinogenesis,” The Journal of Pharmacy and Pharma-
cology, vol. 60, no. 6, pp. 787–794, 2008.

[203] A. Caimari, F. Puiggròs, M. Suárez et al., “The intake of a
hazelnut skin extract improves the plasma lipid profile and
reduces the lithocholic/deoxycholic bile acid faecal ratio, a
risk factor for colon cancer, in hamsters fed a high-fat diet,”
Food Chemistry, vol. 167, pp. 138–144, 2015.

[204] L. Pan, F. Will, N. Frank, H. Dietrich, H. Bartsch, and
C. Gerhauser, “Natural cloudy apple juice and polyphenol-
enriched apple juice extract prevent intestinal adenoma
formation in the APCMin/+ model for colon cancer preven-
tion,” European Journal of Cancer Supplements, vol. 4, no. 1,
pp. 55-56, 2006.

[205] R. Acquaviva, L. Iauk, V. Sorrenti et al., “Oxidative profile in
patients with colon cancer: effects of Ruta chalepensis L,”
European Review for Medical and Pharmacological Sciences,
vol. 15, no. 2, pp. 181–191, 2011.

[206] N. A. de Moura, B. F. Caetano, K. Sivieri et al., “Characteriza-
tion of potentially chemopreventive phenols in extracts of
brown rice that inhibit the growth of human breast and colon
cancer cells,” Food and Chemical Toxicology, vol. 50, no. 8,
pp. 2902–2910, 2012.

[207] H. H. Ahmed, H. S. El-Abhar, E. A. K. Hassanin, N. F.
Abdelkader, and M. B. Shalaby, “Punica granatum sup-
presses colon cancer through downregulation of Wnt/β-
catenin in rat model,” Revista Brasileira de Farmacognosia,
vol. 27, no. 5, pp. 627–635, 2017.

[208] N. R. Shah and B. M. Patel, “Secoisolariciresinol diglucoside
rich extract of L. usitatissimum prevents diabetic colon
cancer through inhibition of CDK4,” Biomedicine & Pharma-
cotherapy, vol. 83, pp. 733–739, 2016.

[209] N. L. Md Nasir, N. E. Kamsani, N. Mohtarrudin, F. Othman,
S. F. Md Tohid, and Z. A. Zakaria, “Anticarcinogenic activity
of Muntingia calabura leaves methanol extract against the
azoxymethane-induced colon cancer in rats involved modu-
lation of the colonic antioxidant system partly by flavonoids,”
Pharmaceutical Biology, vol. 55, no. 1, pp. 2102–2109, 2016.

[210] S. A. Im, J. W. Kim, H. S. Kim et al., “Prevention of azoxy-
methane/dextran sodium sulfate-induced mouse colon carci-
nogenesis by processed Aloe vera gel,” International
Immunopharmacology, vol. 40, pp. 428–435, 2016.

[211] F. Yao, J. Y. Zhang, X. Xiao, Y. Dong, and X. H. Zhou, “Anti-
tumor activities and apoptosis-regulated mechanisms of fer-
mented barley extract in the transplantation tumor model
of human HT-29 cells in nude mice,” Biomedical and Envi-
ronmental Sciences, vol. 30, no. 1, pp. 10–21, 2017.

[212] A. T. Endharti, A. Wulandari, A. Listyana, E. Norahmawati,
and S. Permana, “Dendrophthoe pentandra (L.) Miq extract

effectively inhibits inflammation, proliferation and induces
p53 expression on colitis-associated colon cancer,” BMC
Complementary and Alternative Medicine, vol. 16, no. 1,
p. 374, 2016.

[213] S. S. Dahham, L. E. A. Hassan, M. B. K. Ahamed, A. S. A.
Majid, A. M. S. A. Majid, and N. N. Zulkepli, “In vivo toxicity
and antitumor activity of essential oils extract from agarwood
(Aquilaria crassna),” BMC Complementary and Alternative
Medicine, vol. 16, no. 1, p. 236, 2016.

[214] M. R. Malayeri, A. Dadkhah, F. Fatemi et al., “Chemothera-
peutic effect of Berberis integerrima hydroalcoholic extract
on colon cancer development in the 1,2-dimethyl hydrazine
rat model,” Zeitschrift für Naturforschung C, vol. 71,
no. 7-8, pp. 225–232, 2016.

[215] A. Bounaama, S. Enayat, M. S. Ceyhan, H. Moulahoum,
B. Djerdjouri, and S. Banerjee, “Ethanolic extract of bark
from Salix aegyptiaca ameliorates 1,2-dimethylhydrazine-
induced colon carcinogenesis in mice by reducing oxidative
stress,” Nutrition and Cancer, vol. 68, no. 3, pp. 495–506,
2016.

[216] Q. Zhu, J. Meisinger, D. H. V. Thiel, Y. Zhang, and
S. Mobarhan, “Effects of soybean extract on morphology
and survival of Caco-2, SW620, and HT-29 cells,” Nutrition
and Cancer, vol. 42, no. 1, pp. 131–140, 2002.

[217] M. E. Juan, U. Wenzel, V. Ruiz-Gutierrez, H. Daniel, and
J. M. Planas, “Olive fruit extracts inhibit proliferation and
induce apoptosis in HT-29 human colon cancer cells,” The
Journal of Nutrition, vol. 136, no. 10, pp. 2553–2557, 2006.

53Oxidative Medicine and Cellular Longevity



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

