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Abstract  Cancer diseases have been widely recognized as a significant global pub-
lic health problem and their incidence, morbidity and mortality are high in world-
wide. There is a lot of evidence that fruit and vegetables could provide health 
benefits and reduce the risk of cancer. The anticancer properties of fruit and vegeta-
bles are attributed to their composition rich in phytochemicals or phytonutrients. 
This chapter will summarize the role of phytochemicals of fruit and vegetables 
namely quercetin, resveratrol, carotenoids and dietary fibers in cancer prevention. A 
large number of in vivo and in vitro experiments has demonstrated the beneficial 
effects of these compounds. These phytochemicals are also capable of increasing 
the effectiveness of drugs already established in treatments, reinforcing the impor-
tance of indicating the consumption of fruit and vegetables by the population.

Keywords  Cancer prevention · Quercetin · Resveratrol · Carotenoids · 
Dietary fibers

Abbreviations

ABC transporter	 ATP-binding cassette transporter
ADR	 Adriamycin
AHR	 Aryl hydrocarbon receptor (transcript factor)
Akt	 Serine/threonine-specific protein kinase also known as 

protein kinase B
AMP	 Adenosine mono phosphate
AMPK	 Activated protein kinase
Bad gene	 Inhibit the apoptosis-preventing activity of Bcl-2
Bax	 BCL2 associated X, apoptosis regulator gene
Bcl-2	 B-cell lymphoma 2 gene
BCRP	 Breast cancer resistance protein
BET	 Bromodomain extraterminal domain
CACO-2	 Colon cancer cells lines
CDK	 Cyclin-dependent kinases
CDK4	 Cyclin-dependent kinase 4
cFLIPL	 Cellular FLICE-like inhibitory protein
Chk2	 Checkpoint kinase 2
cIAP-2	 Cellular inhibitor of apoptosis protein 2
CK19	 Citoqueratina 19
CK8/18	 Cytokeratin 8/18
c-met	 Tyrosine-protein kinase-met
COX-2	 Cyclooxygenase-2
Cyclin D1	 Regulator of cell cycle progression
DHT	 Dihydrotestosterone
E-cadherin	 Cell adhesion molecule
EGFR	 Epidermal growth factor receptor
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EGR1	 Early growth response 1
ER1α	 Estrogen receptor alpha (ERα)
ERK1/2	 Extracellular signal-regulated protein kinases 1 and 2
FAK	 Focal adhesion kinase
Fas-L/Fas	 Fas ligand/first apoptosis signal (cell surface receptor 

induces apoptosis)
FOS	 Fos proto-oncogene
FOSL1	 FOS-related antigen 1 (oncogene)
Gefitinib	 EGFR-specific tyrosine kinase inhibitor
HGPIN	 High-grade prostatic intraepithelial neoplasia
hnRNPA1	 Heterogeneous nuclear ribonucleoprotein A1
HOXA10	 Homeobox A10
Hsp27	 Heat shock protein 27
Hsp70	 Heat shock protein 70
Hsp90	 Heat shock protein 90
HUVECs	 Human umbilical vein endothelial cells
ICAM-1	 Cell adhesion molecule
IGF-1	 Insulin-like growth factor-1
IGFBP3	 Insulin-like growth factor binding protein-3
ILK	 Integrin-linked kinase
ITGA5	 Gene expression of integrin α5
ITGB1	 Integrin β1
JAK2/STAT3	 Janus kinase 2/signal transducer and activator of tran-

scription 3 pathway
JNK	 c-Jun N-terminal kinase
JUN	 Proto-oncogene
MAPKs	 Mitogen-activated protein kinases
Maspin	 Mammary serine protease inhibitor
MCF-7/adr	 Adriamycin-resistant human breast cancer cells
MDR1	 Multi-drug resistance gene 1
miR-16	 microRNA 16
MMP9	 Matrix metalloproteinase 9
MOLT-4	 Human T lymphoblast; acute lymphoblastic leukemia
MRP1	 Multi-drug resistance associated protein
mTOR	 Mechanistic target of rapamycin
N-cadherin	 Cell surface protein related to cell adhesion
NF-κB	 Factor nuclear kappa B
p53	 Tumor suppressor gene protein 53
PDCD4	 Programmed cell death 4
P-gp	 P-glycoprotein
PLGA	 Poly lactic-co-glycolic acid
PPARγ	 Peroxisome proliferator-activated receptor gamma
RAR	 Retinoic acid receptor
Ras/MEK/ERK	 Signaling pathway involved in the proliferation of the 

cancer cells
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RASSF-1α	 Ras associated domain family-1α
RAW 264.7	 Murine macrophage cell line
SIRT1	 Sirtuin-1
Snall	 EMT- inducible transcription factor
SOD	 Superoxide dismutase
SRT501	 Micronized resveratrol
STAT3	 Signal transducer and activator of transcription 3
Survivin	 Anti-apoptotic protein
TNF-α	 Tumor necrosis factor alpha
Trans-RESV	 Trans-resveratrol
VASP	 Vasodilator-stimulated phosphoprotein
VCAM-1	 Cell adhesion molecule
VEGF	 Vascular endothelial growth factor
Vimentin	 Characteristic mesenchymal marker of EMT (intermedi-

ate filament)
Wnt signaling pathway	 Regulate cell proliferation and differentiation
α-V-β3	 Integrin receptor

1  �Introduction

Hippocrates, medicine father (460-377 BC) already said: “Let food be your medi-
cine” (Arai 2005). Nowadays, several bioactive compounds from dietary sources 
promote potential health benefits and chronic disease prevention in addition to the 
nutrition function (Da Silveira et al. 2020). Therefore, the consumption of suitable 
foods ratifies Hippocrates prediction.

Over the last decades, cancer diseases have been widely recognized as a signifi-
cant public health problem worldwide which incidence vary by age and race 
(Fitzmaurice et  al. 2019; Force et  al. 2019; Prager et  al. 2018). The etiology of 
cancer is associated to intrinsic components (mutations in oncogenes and suppres-
sor genes), and extrinsic causes including environment exposure and lifestyle such 
as smoking, diet, obesity, and physical inactivity (Islami et  al. 2018; Siegel 
et al. 2019).

The intrinsic risk factors range to 10–30% to all cancer diseases while the extrin-
sic factors reach to 70–90% being potentially risk for carcinogenesis in most com-
mon cancer types (Wu et  al. 2016). On the other hand, cancer is a preventable 
disease, which requires lifestyle changes mainly adoption of healthy dietary habits 
(Anand et al. 2008; Pedersen et al. 2016).

A global study analyzed the food consumption of populations in 195 countries, 
listing the main dietary factors that influence population health. This systematic 
analysis revealed that the diet is responsible for more deaths than other risks such as 
tobacco smoking. The non-optimal intake of whole grains, fruit and vegetables 
(F&V), in addition to other inappropriate eating habits was responsible for mortality 

M. da Silveira Vasconcelos et al.



205

by cancer across those countries (Afshin et al. 2019). Thus, the suitable diet with 
higher intakes of fruits and vegetables could be beneficial for cancer prevention 
(Stepien et al. 2016; Turner 2014).

In this way, the consumption at least five servings per day of fruit and vegetables 
(400 g/day) which provide a higher intake of phytonutrients and fiber (Fig. 10.1), 
was recommended as a healthy diet for cancer prevention (WCRF/AICR 2018). 
Moreover, epidemiological studies reported that a diet rich in fruits and vegetables 
was associated with a reduced risk of several types of cancer such as breast, pros-
tate, colorectal, gastrointestinal, and other ones (Madigan and Karhu 2018; Ranjan 
et al. 2019).

It’s known, that the anticancer properties of fruit and vegetables are attributed to 
their composition rich in phytochemicals or phytonutrients such as phenolic com-
pounds (e.g., flavonoids, stilbenes, lignans, and phenolic acids), terpenoids (e.g., 
carotenoids), alkaloids, terpenes, organosulfur compounds and dietary fibers (De 
Silva and Alcorn 2019; Fraga et al. 2019; Meybodi et al. 2017; Tang et al. 2019).

Among the phytochemicals, the polyphenols are the most important bioactive 
compounds known as potential anticancer agents, and their biological effects 
depend on their bioavailability as well as biotransformation through gut microbiota 
(Poe 2017; Sajadimajd et al. 2020). Most of them have ability to inhibit cancer cell 
proliferation by cellular, molecular, and genetic levels through stimulating multiple 
cell-signaling pathways (Desai et al. 2018; Manayi et al. 2020).

This great deal of anticancer activity of substances derived from natural sources 
as dietary phytochemicals make them a potential target for use as new and more 

Fig. 10.1  Five servings per day of fruit and vegetables is beneficial to cancer prevention. A healthy 
diet for cancer prevention involves an adequate daily intake of fruit and vegetables (~400 g) to 
provide phytochemicals such as quercetin, resveratrol, carotenoids and dietary fibers with chemo-
preventive potential
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effective strategy to minimize adverse impacts and resistance to conventional treat-
ments or can be stablished as a complementary treatment in a safe way (Mitra and 
Dash 2018).

The aim of the present chapter is to review the role of phytochemicals from fruit 
and vegetables, namely quercetin, resveratrol, carotenoids and dietary fibers 
on cancer.

2  �Quercetin

Quercetin (QE) is a biologically active polyphenolic flavonoid, belonging to flava-
nol subclass, widely distributed among fruit and vegetables such as apples, red 
grapes, raspberries, cherries, onions, broccoli, tomatoes, citrus fruits and green 
leafy vegetables (Brito et al. 2015; Hashemzaei et al. 2017). The beneficial effect of 
quercetin on health has been extensively studied due to perform several pharmaco-
logical effects such as antioxidant, anti-inflammatory and anticancer (David 
et al. 2016).

Plant quercetins are mainly found as glycosides but the aglycone also promotes 
biological effects (D’Andrea 2015). Intestinal β-glucosidases from gut microbiota 
catalyze the hydrolysis of glycosidic bonds, releasing quercetin conjugates prior to 
enterocytes absorption. So, the bioavailability could be affected, which could also 
reflect in systemic effects explaining the differences between the pharmacological 
activities in vitro and in vivo (Guo and Bruno 2015; Kawabata et al. 2015).

The anticancer effects of quercetin have been confirmed in vitro and in vivo 
assays that reveal anticancer activity against different tumors such as oral, breast, 
gastric, prostate and colon, among others (Kee et al. 2016; Li et al. 2019; Liu et al. 
2017b; Shu et al. 2018; Srinivasan et al. 2015; Wu et al. 2019; Zeng et al. 2018; 
Zhao et al. 2019). It must be highlighted that quercetin may act as antioxidant pro-
moting chemopreventive effects as well as pro-oxidant revealing chemotherapeutic 
effects. Indeed, it must be pointed that the anticancer effect of quercetin is exerted 
through multiple intracellular molecular targets (Fig. 10.2), that are involved in car-
cinogenesis (Neuwirthová et al. 2018).

Although there is a wide variety of quercetin preclinical trials concerning cancer 
disease, few reports assessing its clinical effects are available. Thereby, the steady 
increase in information about quercetin anticancer properties is sure to stimulate 
further research in humans.

2.1  �Quercetin and Colorectal Cancer

The potential of flavonoids to modulate risk cancer comes from strong evidences of 
epidemiologic studies that recommend increasing flavonoid-rich foods consump-
tion (Bondonno et  al. 2019; He and Sun 2016). In this way, a long-follow up 
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prospective cohort study with 56,048 participants revealed that a moderate and 
habitual intake of total flavonoids (~500  mg/day) and individual flavonoid sub-
classes including flavanols was associated with a lower risk of all-cause mortality, 
included cancer-related (Bondonno et al. 2019).

The colorectal cancer (CRC) is the fourth most diagnosed in the world (Lucente 
2018). The quercetin protective effects in CRC were reported in vitro, in vivo and in 
human studies. These researches reveal that QE effects depend on the amount of 
quercetin dietary intake and involve mechanisms related to inflammatory pathways, 
inhibition of enzymes responsible for carcinogenesis as well as apoptosis induction 
and metastases inhibition (Bondonno et al. 2019; Djuric et al. 2012; Darband et al. 
2018; Kee et al. 2016; Qi et al. 2019).

In vitro results showed QE potential to suppress colorectal metastasis (Kee et al. 
2016). This flavanol inhibited the cell viability of colon 26 (CT26) and colon 38 
(MC38) inducing apoptosis through mitogen-activated protein kinases (MAPKs) 
pathway in CT26 cells. Moreover, QE inhibited CT26 cells migration and invasion 

Fig. 10.2  Main molecular mechanisms triggered by quercetin to exert the anti-cancer effect. 
Quercetin has multiple intracellular targets in a cancer cell, triggering several cellular signals mod-
ulating carcinogenic genes and proteins. These anti-cancer effects include to promote the loss of 
cell viability with induction of caspases or ROS production, autophagy through MAPKs, PI3K/
AKT, JAK2/STAT3 pathway or Fas activation, leading to apoptosis, and causing cell cycle arrest. 
Quercetin can regulate TSP-1, miR-16, matrix metalloproteinases, E-cadherin, N-cadherin, 
β-catenin and snail expression to reduce metastasis. The tumor growth can be delayed by modula-
tion of PCNA, Bax, hnRNPA1, Hsp70 and Survivin expression by quercetin treatment
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through matrix expression metalloproteinases (MMPs) and tissue regulation inhibi-
tor of metalloproteinases (TIMPs).

In addition, in vivo studies showed QE positive effects in CRC when mice were 
supplemented with alternated QE and β-glucan diet which alleviated colon damage 
and reduced the mortality rate in mice. This treatment significantly caused changes 
in the inflammatory pattern by decreasing TNF-α level and downregulating three 
kvv genes (Hmgcs2, Fabp2, and Gpt) associated to inflammation and the cancer (Qi 
et al. 2019).

A large case-control study included a total of 1163 cases and 1501 control par-
ticipants, between 45 and 80 years, aimed to assess the QE consumption and the risk 
to both proximal and distal colon cancers. The authors found that the high intake of 
fruits rich in QE corresponded to a significant reduced risk for proximal colon can-
cer (Djuric et al. 2012).

In general, QE can display a wide variety of anticancer mechanisms in colon 
cancer, including cell cycle arrest, inhibition of cell proliferation, inflammation, 
angiogenesis, and metastasis as well as apoptosis and autophagy inductions which 
could be associated to positive results in humans’ studies (Darband et al. 2018).

2.2  �Quercetin and Breast Cancer

Breast cancer (BC) accounts for 30% of all new cancer diagnoses and is one of the 
tumors that causes more mortality in women (Siegel et al. 2019). Some observa-
tional studies have showed the association of lower incidence of breast cancer in 
population with a diet rich in flavonoid-rich foods (Desai et al. 2019; Hui et al. 2013).

In a meta-analysis conducted to examine the correlation between flavonoids 
intake and the breast cancer risk, it was verified that it significantly decreased in 
women with high intake of flavanols. Also, it was observed that flavanols, flavones 
or flavan-3-ols intake was correlated with a significant reduced risk of breast cancer 
in post-menopausal women (Hui et al. 2013).

Garlic and onion are consumed by Puerto Rican women which have a lower 
breast cancer rate compared to Europe and other countries. The combined effect of 
their intake was investigated in a population case-control study involving 314 breast 
cancer cases women and 346 controls from Puerto Rico. These vegetables were 
associated with a reduced risk of breast cancer, and the authors suggested that their 
moderate or high consumption are protective against breast cancer risk (Desai et al. 
2019). These vegetables are rich in flavanols as quercetin as well as others natural 
compounds that could explain the referred results.

The lower risk of breast cancer with flavonoids intake could be correlated with 
pre-clinical experiments results which reiterate the great QE potential in breast can-
cer (Ezzati et al. 2020).

Triple Negative Breast Cancer (TNBC) do not express hormone receptivity or 
HER-2, tends to be more aggressive than others subtype of breast cancer and has a 
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high recurrence rates due metastatic lesions in distant sites (Watkins et al. 2019). 
The invasion ability is related to epithelial mesenchymal transition (EMT) that can 
be target of inhibition by flavonoids contributing to suppress cancer metastasis. The 
anti-tumor and anti-invasive ability of QE was investigated in TNBC cells in vitro 
(Srinivasan et al. 2015). QE induced the anti-tumor activity by inhibiting the migra-
tory ability of TNBC cells as well as EMT markers modulation in a mesenchymal-
to-epithelial transition. Furthermore, QE up-regulated E-cadherin and downregulated 
vimentin levels (Srinivasan et al. 2015).

The dose-dependent QE supplementation effects on mammary tumorigenesis 
were investigated in triple negative C3(1)/SV40Tag transgenic mouse model for 
16 weeks to determine the optimal dose and to establish a novel mRNA expression 
profile (Steiner et al. 2014). This study demonstrated that the benefits in tumorigen-
esis capable to elicit an anti-neoplastic response can be reach with moderate doses 
of dietary quercetin (0.2%). The results showed tumor growth reduction (78%) and 
genes differential expression (31 down-regulated/9 up-regulated). The tumorigene-
sis reduction was mainly correlated with Mucin 13 downregulation, keratin 6A 
(krt6a) and keratin 6B (krt6b), nerve growth factor receptor (NGFR), transmem-
brane protease, serine 4 (TMPRSS4) and fatty acid binding protein-7 (FABP7) 
genes. In addition, the tumorigenesis reduction was also associated with DEP 
domain containing mTOR-interacting protein (DEPTOR) increased expression. 
Thus, the moderate QE treatment induced specific gene expression on mammary 
cells that could be responsible by anti-carcinogenic actions in breast cancer (Steiner 
et al. 2014).

QE associated to cisplatin can act synergistically to improve the efficacy against 
breast cancer cells. This effect is due to cancer growth inhibition and oxidative dam-
age reduction, which leads to a decrease in the renal toxicity caused by cisplatin in 
EMT6 breast tumor-bearing mice (Liu et al. 2019b).

Additionally, QE has a great potential for use as natural compound in a comple-
mentary way or alternative treatment for breast cancer. This is confirmed by its 
anticancer effects that involves several anticancer mechanisms such as those 
described above and others including apoptosis induction, cell cycle progression 
inhibition, cell morphology alteration, inhibition of migration and as antiprolifera-
tive through the modulation of several metabolic pathways (Ezzati et al. 2020).

2.3  �Quercetin and Prostate Cancer

Prostate cancer (PC) is a malignant disease within male population. The incidence 
worldwide is increasing, and the affected people can develop metastasis to bone or 
other organs.

QE was also assayed as prostate anticancer and successfully inhibited human 
prostate cancer cell xenograft tumor growth by preventing angiogenesis in vitro and 
in vivo. The QE treatment inhibited PC-3 and human umbilical vein endothelial 
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cells (HUVECs) metastasis, including proliferation, migration and invasion in a 
dose-dependent manner. Furthermore, QE inhibited PC-3 cell xenograft tumor 
growth in BALB/c mice without toxic reactions and reduced angiogenesis through 
TSP-1 upregulation (Yang et al. 2016).

A case-control study was developed in Western New York, involving 433 men 
with primary prostate cancer and 538 population-based controls correlating selected 
nutrients intake (including quercetin) to the risk of prostate cancer. The food fre-
quency questionnaire analysis revealed that higher intakes of vitamin C, α- and 
β-carotene, lutein, lycopene, lignans, and quercetin significantly reduced PC risk. 
Since QE plays an important role in the antioxidant metabolism, which prevents 
carcinogenesis, QE intakes must be fundamental in reducing cancer risk (McCann 
et al. 2005).

The quercetin-doxorubicin combined treatment reversed the PC cell line resis-
tant (PC3/R) to doxorubicin. Quercetin was able to downstream the phosphoinosit-
ide 3-kinase/protein kinase-B (PI3K/AKT) pathway, increasing the cell sensitivity 
to apoptosis in vitro, through tyrosine-protein kinase-met (c-met) downregulated 
expression (Shu et al. 2018).

2.4  �Quercetin and Gastric Cancer

Gastric cancer (GC) remains one of the most common and deadly cancers in the 
world (Rawla and Barsouk 2019). Therefore, several studies were taken into account 
for quercetin potential in GC and several assays in vitro, in vivo and clinical trials 
were performed in order to establish an ideal protocol.

Human NCI-N87 gastric cancer cells were treated with QE and its DNA was 
isolated. Bioinformatic analysis revealed several target genes differentially 
expressed compared to control cells revealing four transcript factors upregu-
lated (EGR1, FOSL1, FOS, and JUN) and one downregulated (AHR). These 
factors were involved with extracellular signal-regulated kinases 1/2-EGR1 
pathway modulation and phosphatidylinositol-3-kinase/Akt signaling (Zeng 
et al. 2018).

QE inhibited cell growth and induced apoptosis, necrosis and autophagy in can-
cer cells (Haghi et al. 2017). In addition, in vivo, QE induced p53-dependent apop-
tosis by increasing expression of cleaved forms of caspase-3, -9 in xenograft mice 
models with human gastric carcinoma (Lee et al. 2016).

A study involving 505 Swedish patients, including men and women aged from 
40 to 79 years, was carried out to assess the correlation between inclusion of QE in 
the diet and the risk of noncardia gastric adenocarcinoma. It was found that high 
dietary QE intake protected those from this adenocarcinoma and the effect was 
stronger for women exposed to oxidative stress, such as tobacco smoking (Ekström 
et al. 2011).
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2.5  �Quercetin and Oral Cancer

Oral cancer (OC) is one of the most frequent malignant diseases contributing for 
death and poor prognosis worldwide (Zhao et  al. 2019). Since the conventional 
treatment for OC has several side effects, the search for new biomolecules and the 
use of new technology delivery system to improve the natural compounds effective-
ness is fundamental. For this purpose, QE has been studied and has shown excellent 
results in several studies.

In OC cells from tumor tissues collected from patients, QE inhibit cell viability, 
cell migration as well as cell invasion by enhanced miR-16 expression. Indeed, the 
knockdown of miR-16 gene reversed the effect of QE on OC progression (Zhao 
et al. 2019). Further assays revealed that QE induced morphological cell changes 
and cell viability reduction (50%) in human OC cells. The last mechanisms occur 
by inducing apoptosis via cell surface receptor (Fas-L/Fas) and mitochondria-
dependent pathways. The cell death mechanism also involves an early ROS produc-
tion as well as increased levels of caspases 3, 9 and 8 in a time dependent way (Ma 
et al. 2018a).

QE performed a chemopreventive effect in oral squamous cell carcinoma in 
hamster’s model. The QE treatment (12.5–50  mg/kg via oral gavage daily for 
14 weeks), mainly in high doses, was able to induce tumor reduction as well as 
apoptosis through suppression of factor nuclear kappa-B (NF-κB) signaling and its 
target gene Bcl-2. Furthermore, the QE treatment induced an increase in the expres-
sion of the Bax gene. Other effects observed included significant reduction in the 
severity of hyperplasia, dysplasia and in the body-weight loss (Zhang et al. 2017a).

Currently, there are 15 studies listed in the ClinicalTrials.gov database (http://
www.clinicaltrials.gov) that involve quercetin and cancer. The main studies include 
the following cancers: prostate, colorectal, pancreatic, lung, oral, renal, kidney, and 
lymphoma. Among these, one study characterized as phase 1 and phase 2, had a 
status of completed (Kooshyar et al. 2017). Since oral mucositis (OM) is one of the 
significant problems in chemotherapy, a protocol was designed to evaluate the quer-
cetin role in this condition. Although the mucositis incidence was lower in the quer-
cetin group (n = 10), further research must be recommended to support this result 
(Kooshyar et al. 2017).

2.6  �Quercetin and Other Cancers

In vitro assays revealed the QE anticancer activity in several tumor cell lines as 
acute lymphoblastic leukemia MOLT-4T-cells, human myeloma U266B1 cells, 
human lymphoid Raji cells and ovarian cancer CHO cells, with various IC50 values 
(50–120 μM, 24 h) (Hashemzaei et al. 2017).

In human papillary thyroid cancer cells (B-CPAP) QE was able to induce cell 
death. The treatment resulted in cell proliferation decrease and apoptosis rate 
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increased by caspases-3 activation and arrested cells in S phase. These effects were 
triggered by Hsp90 (heat shock protein) downregulation that is involved in the 
decrease of chymotrypsin-like proteasome activity which causes the reduction of 
cell growth and induces cell death in thyroid cancer cells (Mutlu et al. 2016).

Indeed, in vitro and in vivo assays, with liver cancer cells, QE revealed tumor 
progression inhibition by apoptosis, metastasis, and autophagy (Wu et al. 2019). In 
hepatocellular carcinoma LM3 cells, both cell migration and cell invasion inhibition 
were associated with the regulation of N-cadherin, E-cadherin, vimentin, and matrix 
metalloproteinase-9 (MMP9) expression. In vivo, the treatment with QE affected 
the tumor growth significantly and showed proliferating cell nuclear antigen 
(PCNA) downregulation and Bax upregulation, both of them related to apoptosis 
induction and tumor cell proliferation (Wu et al. 2019).

As already well showed above, the anticancer effects of QE against different 
tumors such as colon, breast, prostate, gastric, oral, among others were confirmed in 
vitro and in vivo assays. There are several studies demonstrating the effect of QE 
treatment on cell lines, however, the corresponding effect in clinical trials in humans 
still is scarce.

3  �Resveratrol

Resveratrol (RESV) is a polyphenol stilbene (3,5,40-trans-trihydroxystilbene) 
found in grapes, peanuts and berries (Xiao et al. 2019). The application of grape 
extracts for human health can be dated over 2000 years in Ayurvedic medicine (Paul 
et al. 1999). However, the benefits of RESV became famous from the observation of 
a reduced rate of coronary heart disease among followers of the Mediterranean diet 
who habitually consume red wine between meals (Renaud and Gueguen 1998). For 
investigate this issue, a large prospective epidemiologic study in Eastern France was 
carried out with 34,014 middle-aged men, showing that the moderate red wine 
intake was really associated with a reduced mortality rate including deaths from 
cancer (Renaud et al. 1998). These effects were attributed to high content of poly-
phenol antioxidants in red wine in which resveratrol is considered one of the main 
constituents. Nevertheless, one of the highest concentrations of resveratrol in nature 
is found at the Polygonum cuspidatum root, a plant used in traditional Chinese and 
Japanese medicine been referred as green anti-cancer drug (Guo et al. 2018).

The phytochemical RESV was isolated in 1939 and after its discovery RESV 
was object of several researches including its activities related to cancer chemopre-
vention and other applications to human health (Paul et  al. 1999; Pezzuto 2019; 
Ramírez-Garza et al. 2018; Takaoka 1939). The anticancer potential of RESV was 
demonstrated on the cyclooxygenase-1 (COX-1) inhibition, human promyelocytic 
leukemia cell inhibition, phase II enzymes induction, preneoplastic lesions and 
tumorigenesis inhibition without cytotoxicity (Jang et al. 1997).

Nowadays, RESV exhibits extraordinary potential associated with life extension 
in addition to anticancer properties (Fig.  10.3), including anti-inflammatory (Hu 
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et  al. 2010), and antioxidant activities, autophagy and apoptosis process (Sirerol 
et al. 2016), and others multiple intracellular pathways (Chottanapundet al. 2014; 
Honari et al. 2019; Liu et al. 2014; Moosavi et al. 2018; Zhou et al. 2018). Moreover, 
RESV has estrogenic effects which have been tested in several in vitro and in vivo 
carcinogenesis assays with different types of cancers (Chin et al. 2015; Hasan and 
Bae 2017; Martínez et al. 2014; Salehi et al. 2018; Zhao et al. 2018).

The autophagy has a dual role in cancer biology, however under stress condi-
tions, this process can trigger the tumor cell death and therefore its regulation has 
significance in the treatment of cancer (Kocaturk et al. 2019). RESV can be autoph-
agy an inducer of autophagy in different cancer cells (Andreadi et al. 2014; Russo 
and Russo 2018) by signaling pathways such as AMPK and SIRT1 activation and 
directly inhibiting the mechanistic target of rapamycin (mTOR) which contributes 
for reverse multidrug resistance in cancer cells (Tian et al. 2019).

Informationon the chemotherapeutic effect of RESV in humans is increasing due 
to the large number of anti-cancer activities demonstrated in preclinical evidences. 

Fig. 10.3  Main biological activities of resveratrol involved on its anticancer effectiveness. The 
anticancer properties of resveratrol are associated with its anti-inflammatory and estrogenic attri-
butes and it has a dual effect acting as an antioxidant or pro-oxidant in a dose-dependent manner. 
In antioxidant activity can decrease ROS and modulate antioxidant enzymes while in transient 
prooxidant effect it induces both ROS production and cytoprotective oxidative stress-activated 
enzyme NAD(P)H dehydrogenase expression. The anti-inflammatory properties have been dem-
onstrated by its ability to downregulate COX-2 and prostaglandin E-2. Furthermore, resveratrol 
also has a dual estrogenic activity of block and activate estrogen receptors, such as α-V-β3 integrin 
receptor that induces pro-apoptotic genes and anti-proliferation
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Thus, epidemiologic and clinical trials have been carried out in different cancer 
types to show additional evidence of resveratrol. Here we highlighted the main out-
comes of resveratrol in different levels of evidence as well as its synergic, adverse, 
and controversial effects in some cancers.

3.1  �Resveratrol and Colorectal Cancer

Regarding the anticancer properties of resveratrol on gastrointestinal system, there 
are promising results on the prevention of CRC. A study with colon cancer cell lines 
(CACO-2) revealed cells susceptibility to RESV, which in a dose-dependent manner 
increased apoptosis-promoting effects predominantly through cell cycle arrest by 
caspase-dependent and cyclin-CDK pathways (Liu et al. 2014). A phase I study in 
patients with CRC and hepatic metastases, analyzed the micronized RESV (SRT501) 
effects in hepatic tissue after after administration of 5.0 g daily, for 14 days. This 
concentration induced an increase in cleaved caspase 3 (Howells et al. 2011).

Wnt signaling pathway is associated with colon cancer initiation. The RESV-
containing freeze-dried grape powder (GP) effects were studied through the admin-
istration of GP (80 g/day containing 0.07 mg of resveratrol) for a fortnight. The 
results showed that Wnt target gene expression was inhibited only in the normal 
colonic mucosa, with no effects on cancerous mucosa. The authors suggest that 
resveratrol may act preventing colon cancer through the inhibition of the Wnt path-
way (Nguyen et al. 2009). Indeed, Patel et al. (2010) studied 20 patients with CRC 
treated with RESV (eight daily doses of resveratrol at 0.5 or 1.0 g before surgical 
resection). The RESV consumption reduced tumor cell proliferation suggesting 
anticarcinogenic effects.

As previously cited, RESV presents antioxidant and anti-inflammatory proper-
ties. In a study using CRC ApcMin mice, low RESV dose reduced tumor growth. This 
corresponded to ROS in vitro increase detected in patients’ samples with resectable 
CRC who received RESV capsules (5 mg or 1.0 g for 6 days). In this condition, 
RESV-prooxidant activity was related with its anticancer efficacy. In addition, low 
RESV dose supplementation increased the expression of cytoprotective oxidative 
stress-activated enzyme NAD(P)H dehydrogenase, quinone 1 (NQO1) regulated by 
Nrf-2 in human CRC cells (Cai et al. 2015).

As a matter of fact, in response to intestinal mucosa stress, there was an increase 
in adenosine mono phosphate activated protein kinase (AMPK) expression fol-
lowed by autophagy which may contribute for tumor-suppressing mechanism. 
Thus, it was highlighted that a low RESV dose promoted anticancer effect mediated 
by transient prooxidant activity and autophagy induction (Cai et al. 2015).

Indeed, remembering the inflammatory process reported in intestinal cancers, 
RESV also revealed an anti-inflammatory effect in CACO-2 cells by downregula-
tion of both COX-2 and prostaglandin E-2 (PGE-2) associated to NF-kB inhibition 
(Cianciulli et al. 2012) as well as COX-2 mRNA expression reduction due to super-
oxide and peroxide suppression in human CRC cells (Gong et al. 2017).

M. da Silveira Vasconcelos et al.



215

3.2  �Resveratrol and Breast Cancer

Breast cancer has been intensively studied and there are some evidences that RESV 
might be an important ally in the treatment.

RESV can act as a phytoestrogen once it is capable of blocking and activate 
estrogen receptors (ER) and due to this reason, it is considered as potential anti-
cancer adjuvant (BHAT et al. 2001). On the other hand, it is known that dihydrotes-
tosterone (DHT) is a strong promoter of the breast cancer for binding in 
ER. Interestingly, the receptor for DHT also exists on α-V-β3 integrin receptor that 
also binds to RESV, inducing pro-apoptotic genes and anti-proliferation (Chin et al. 
2015). Although both RESV and DHT signals are transduced by ERK1/2, the 
responses are different. Chin et  al. (2015) studied the effects of both RESV and 
DHT in ER-α-positive and negative breast cancer cells. In both types of cells, RESV 
bound to integrin α-V-β3, promoting nuclear accumulation of COX-2 and 
p53-dependent action, inducing anti-proliferation. This inhibition of apoptosis by 
DHT in RESV-treated cells was showed to be due to the binding of DHT to the 
integrin receptor on the cell surface for the hormone. This fact promoted suppres-
sion of the nuclear interaction of COX-2 protein and activated ERK1/2, which are 
related with decrease in inflammatory molecules as well as is essential to the pro-
apoptotic action of RESV.

Recently, the resistance to chemotherapy on the breast cancer treatment became 
an issue on the therapy effectiveness. To overcome this situation, many studies were 
developed with RESV in combination with other chemotherapeutic agents or drug-
delivery systems to decrease resistance to treatment, improve its metabolization and 
bioavailability as well as to reduce the related side effects in anticancer therapy 
(Castillo-Pichardo and Dharmawardhane 2012; Kim et al. 2014a; Lee et al. 2019a,  
Redondo-Blanco et al. 2017; Sheu et al. 2015; Zhao et al. 2016).

RESV also showed promisors results on the reduction of multidrug resistance 
when co-encapsulated with paclitaxel (Meng et al. 2016). Furthermore, this inter-
esting molecule plays a role in the sensibilization to gefitinib (an epidermal growth 
factor receptor specific tyrosine kinase inhibitor), reduce metastasis as well as tumor 
burden (Castillo-Pichardo and Dharmawardhane 2012). In addition, new drug-
delivery systems increased the efficacy and delivery rate of RESV in human breast 
cancer (MCF-7) cell line when conjugated with gold nanoparticles (Lee et al. 2019a).

The treatment with both RESV and doxorubicin (DOX) combined notably 
increased the cellular accumulation of DOX. This action occurred due the down-
regulation of the expression levels of ABC transporter genes, MDR1, and MRP1 
and due the inhibition of drug-resistant in human breast cancer (MCF-7/adr) and 
MDA-MB-231 mice cell line. Thus, RESV was able to enhance the DOX-induced 
cytotoxicity (Kim et al. 2014a). Indeed, another study suggested the co-encapsula-
tion of both RESV and DOX in a modified PLGA nanoparticle (NPS) to overcome 
the DOX-resistance in vitro and in vivo (Zhao et  al. 2016). The complex DOX-
RESV-NPS could overcome DOX resistance by inhibiting the expression of P-gp, 
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MRP-1 and BCRP, and induce apoptosis through down-regulating the expression of 
NF-κB and BCL-2. In tumor-bearing mice, the complex DOX-RES-NPS mainly 
delivered DOX and RES to tumor tissue. Compared with free DOX, the complex 
DOX-RESV-NPS inhibited the DOX-resistant tumor growth in mice, do not pre-
senting expressive systemic toxicity.

In cancer chemotherapy, RESV reduced the intracellular ROS level and increased 
the SOD level in a co-treatment with doxorubicin in breast cancer cells demonstrat-
ing its efficacy in decrease the cardiotoxicity in doxorubicin-mediated chemother-
apy (Sheu et al. 2015).

A case-control study carried out on 369 cases vs. 602 controls of Swiss women 
with follow up for 10 years demonstrated that dietary intake of RESV from grapes 
is inversely related to the risk of breast cancer (Levi et al. 2005). At the treatment 
with trans-RESV (5 or 50 mg twice a day for 12 weeks), 39 adult women with 
increased breast cancer risk presented a decrease in the fraction of methylated 
RASSF-1α DNA, a tumor suppressor gene associated with breast cancer. 
Furthermore, it was observed an increased level of trans-RESV in the circulation 
and a decreased (Zhu et al. 2012).

3.3  �Resveratrol and Prostate Cancer

Regarding prostate carcinoma (PC), RESV inhibits cell proliferation and induces 
apoptosis of human (PC) DU-145 cell lines (Agarwal et al. 2000). This effect occurs 
due the induction of cell cycle arrest in PC3 and DU145 androgen-insensitive cells 
(Lin et  al. 2002; Sgambato et  al. 2001). MicroRNA-21 levels (miR-21) are fre-
quently elevated in PC contributing for the invasiveness. Thus, the strategy to inhibit 
miR-21 by gene therapy could be useful on cancer treatment (Zennami et al. 2019). 
In vitro, RESV revealed miR-21 expression decrease in PC-3 M-MM2 cells and 
increased expression of PDCD4 and Maspin genes, which are negatively regulated 
by miR-21 (Sheth et al. 2012). The in vitro results were corroborated by in vivo 
model of PC since RESV reduced PC growth and metastasis. The authors pointed in 
evidence that the Akt/miR-21 pathway is responsible for anticancer actions of res-
veratrol in prostate cancer (Sheth et al. 2012).

In a phase I clinical study, 35 μg of resveratrol contained in 4000 mg of pulver-
ized muscadine grape extract was daily administrated in patients with prostate can-
cer and delayed the recurrence by prolonging the prostate specific antigen doubling 
time by 5.3 months (Paller et al. 2015). RESV has also been shown to be effective 
in improving chemotherapy in prostate cancer cells. The association between 
docetaxel (DTX) and RESV induced upregulation on pro-apoptotic genes and 
downregulation on anti-apoptotic genes (Singh et al. 2017).
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3.4  �Resveratrol and Other Cancers

RESV has demonstrated its effectiveness also in lung cancer. Several studies have 
been performed to evaluate its effect and mechanism. The main findings are related 
to the induction of apoptosis (Thomas et al. 2016; Whyte et al. 2007; Zhang et al. 
2015a, b), increasing in cell cycle arrest (Han et al. 2012; Whyte et al. 2007; Zhao 
et al. 2009), and reduction of tumor cells proliferation (Han et al. 2012; Thomas 
et al. 2016; Wu et al. 2010; Zhao et al. 2009). The mechanisms involved on the find-
ings include mainly the induction of caspase-3 and caspase-9 (Lucas and Kolodziej 
2015; Yousef et al. 2017; Zhao et al. 2009; Zhang et al. 2015a) and upregulation of 
p53 expression (Luo et al. 2013; Whyte et al. 2007; Yuan et al. 2015). The reduction 
of tumor cells was also verified in vivo studies (Savio et al. 2016; Wu et al. 2010; 
Zhao et al. 2009). Furthermore, the action against lung metastatic cancer may be 
maybe related to its anti-angiogenic activity (Savio et al. 2016) as well as the ability 
of reduce tumor suppressor genes levels (miR-21 and elevated PDCD4) as occurs in 
prostate cancer (Sheth et al. 2012).

A study with oral squamous cancer cell lines revealed a dose-dependent action 
of RESV on both inhibition of cell proliferation and cell cycle arrest in the G2/M 
phase. Furthermore, REVS induced an increase in phospho-CDC2 and cyclins A2 
and B1 expression by oral squamous cell carcinoma (Yu et al. 2016). In vitro studies 
using human esophageal cancer cell line TE-1 demonstrated that high concentra-
tions of RESV inhibited cell growth (Dun et al. 2015). In addition, the anti-angio-
genic effects of RESV were evidenciated when it was used in combined treatment 
with 5-fluorouracil (5-FU) on B16 murine melanoma tumors models. The co-treat-
ment induced downregulation of COX-2, VEGF and VASP levels while occurred an 
upregulation of AMPK. In vivo, this effects resulted in an antiproliferative activity. 
On the other hand, in vivo occurred a reduction in microvessel density, angiogenesis 
inhibition and consequently reduction in tumor size (Lee et al. 2015).

The dietary pattern rich in RESV and other phytochemicals was associated with 
the low risk of esophageal cancer development in a case–control study. In this inves-
tigation, 181 cases of esophageal adenocarcinoma, 158 cases of esophageal squa-
mous-cell carcinoma, 255 cases of gastro-esophageal junctional adenocarcinoma 
and 806 controls were enrolled. The results demonstrated that RESV may act syn-
ergistically with dietary phytochemicals in prevention of all types of esophageal 
cancer evaluated (Lin et  al. 2014). These results emphasize the idea that natural 
dietary agents are good options on the cancer prevention.

The effects of RESV and the mechanisms involved in pancreatic and ovarian 
cancer are similar to the others in vitro and in vivo models discussed above. The 
pretreatment with resveratrol showed an antineoplastic effect on ovarian cancer 
cells with tumor growth suppression after the treatment with cisplatin, suggesting a 
prolonged disease-free survival (Tan et al. 2016). A synthetic analog of resveratrol, 
DHS (Trans-4,4′-Dihydroxystilbene), enhances the sensitivity of pancreatic and 
ovarian cancer cells to chemotherapeutic agents in vitro. This action occurs via inhi-
bition of ribonucleotide reductase regulatory subunit M2 (RRM2), a potent inhibitor 
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of DNA replication. In murine models of tumor xenografts, DHS was efficient 
against pancreatic, ovarian, and colorectal cancer cells (Cheng et al. 2018). In addi-
tion, a study on pancreatic cancer demonstrated the effect of resveratrol in vitro and 
in vivo on the downregulation of NF-kB and NF-kB dependent gene expression and 
suppression of proliferation, metastasis and angiogenesis markers (Harikumar 
et al. 2010).

4  �Carotenoids

Carotenoids represent a diverse group of phytochemicals tetraterpenoids that 
include pigments such as lycopene, β-carotene, α-carotene, lutein, zeaxanthin, and 
cryptoxanthin (Rowles and Erdman 2020). In plants, these pigments contribute to 
the visible colors and vary in range from light yellow through orange to red (Krinsky 
and Johnson 2005). Fruit and vegetables are the primary sources of carotenoids, in 
which its concentration vary widely (Khoo et  al. 2011). In human diet, they are 
primarily derived from crop plants, in edible leaves, flowers, and fruits such as 
banana, acerola, apple, mango, orange, tomato and papaya (Cardoso et al. 2017; 
Lemmens et al. 2014; Namitha and Negi 2010). In vegetables, they are found in 
carrots, pumpkins as well as spinach, broccoli, and green leafy vegetables (Namitha 
and Negi 2010).

Epidemiological studies showed a correlation between carotenoids rich diet and 
preventive actions such as low incidence of specific types of cancer, improved effi-
ciency of treatment and decreased aggressiveness (Abar et al. 2016; Baglietto et al. 
2011; Boggs et al. 2010; Chen et al. 2001, 2013; De et al. 2004; Giovannucci 2002; 
Kim et al. 2018; Liu et al. 2003; Rowles et al. 2017, 2018). The main mechanisms 
by which carotenoids are involved in anti-cancer action are associated with pro-
cesses of cell growth and death as well as that related to the antioxidant effect (Liu 
et al. 2003; Namitha and Negi 2010; Niranjana et al. 2015; Rowles and Erdman 2020).

Studies in vitro and in vivo have reported several biological properties from 
carotenoids, among them chemopreventive in a wide range of cancer types 
(Fig. 10.4) (Milani et al. 2017; Saini and Keum 2018). Lycopene shows potential to 
interfere in the process of carcinogenesis in different cancer types such as (Rowles 
et al. 2017; Wang et al. 2015), breast (Aune et al. 2012), oral cavity (Leoncini et al. 
2016), pharynx (Kubo and Corley 2007), digestive tract (Yang et al. 2013), and lung 
(Abar et al. 2016; Gallicchio et al. 2008). β-Carotene showed biological activities 
against several cancer types such as leukaemia (Upadhyaya et al. 2007), colon can-
cer (Palozza et al. 2002), gastric cancer (Jang et al. 2009), adenocarcinoma (Palozza 
et al. 2001), neuroblastoma (Kim et al. 2014b), hepatocarcinoma (Chen et al. 2012, 
2013), skin tumours (Mathews-Roth 1982) and prostate cancer (Chen et al. 2012; 
Soares et al. 2013; Wan et al. 2014). α-Carotene was associated to hepatocarcinoma 
(Chen et  al. 2013). In addition, lutein, zeaxanthin, and cryptoxanthin were also 
associated with low skin cancer incidence (Heinen et  al. 2007; Juin et  al. 2018; 
Logozzi et al. 2019).
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Contrarily, there is a great variation in the action of these substances in different 
types of cancer and many researches present inconclusive or controversial results 
(Botterweck et al. 2000; Lai et al. 2014; Petimar et al. 2017; Takachi et al. 2010; 
Umesawa et al. 2014;). This section will focus on studies that show an association 
between the consumption of carotenoids and their anti-cancer effect, in particular 
lycopene, which is the most studied carotenoid, but it also includes studies with 
β-carotene, α-carotene, zeaxanthin, lutein and cryptoxanthin.

4.1  �Lycopene and Prostate Cancer

Prostate cancer is one of the most common cancers in men and it is considered a 
global public health problem. Clinical and epidemiological studies indicate that diet 
plays a key essential in prevention and development of prostate cancer (Gathirua-
Mwangi and Zhang 2014; Mokbel et al. 2019).

Fig. 10.4  Carotenoids as chemopreventive against cancer and action mechanisms of lycopene in 
breast, prostate and ovarian cancer. Different carotenoids are involved in the prevention of various 
types of cancer. Lycopene (Lyc) presents anti-inflammatory effect by reduction of cytokines (IL-1, 
IL-6, IL-8, TNF-α), by modulating NF-κB signaling pathway, anti-proliferative effect (PPARγ, 
b-tubulin, CK8/18, CK19), modulates biomarkers of growth and differentiation (IGF-1, IGF-3) 
and promotes arrest cell cycle. Moreover, reduces oxidative stress (DNA damage) and PSA levels, 
inhibits motility and cell adhesion leading a reduced metastasis and induction of apoptosis (Bcl-2, 
PARP, Bax), reducing tumor burden and cancer aggressiveness in breast, ovarian and prostate
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A clinical trial that involved prostate carcinoma patients (32 men) which received 
tomato sauce (30 mg lycopene/day) for 3 weeks before prostatectomy showed that 
its consumption increased apoptotic cells in benign prostatic hyperplasia (BPH) and 
in carcinomas (Kim et al. 2003). In first time, in carcinomas the results showed that 
tomato sauce consumption did not alter Bcl-2 expression and reduced Bax expres-
sion. However, in subsequently experiment with prostate carcinoma biopsies was 
verified the overexpression of genes related to apoptosis (Bcl-2 and Bax), when 
compared to controls cells (Kim et al. 2003).

These findings were corroborated by in vitro studies with lycopene modulating 
the transcriptional expression levels of Bax and Bcl-2 and this up-regulated process 
was correlated with the apoptotic effect in cancer cells but no in BPH cells (Soares 
et al. 2013, 2017). In vitro, lycopene induced inhibitory effect on primary prostate 
epithelial cell (PEC) (Barber et al. 2006). In addition, lycopene reduced the num-
bers of cells in G0/G1 phase and raised in S and G2/M phases in metastatic prostate 
cancer cell lineages and promoted cell cycle arrest in G0/G1 phase in a primary 
cancer cell line (Soares et al. 2013).

In vitro, lycopene presents several properties as reduction of cellular motility and 
promotes the blocking of cancer cell adhesion (Elgass et  al. 2014), reduction of 
inflammatory cytokines levels, including interleukin-1 (IL-1), IL-6, IL-8, and tumor 
necrosis factor-alpha (TNF-α) (Jiang et al. 2019). Indeed, lycopene decreased pro-
liferation on prostate cancer (PC-3) cells, alteration of growth and apoptosis associ-
ated to biomarkers expression (Rafi et  al. 2013). It is worth mentioning that in 
prostate cancer lycopene reduced the tumor burden (Jiang et al. 2019), and increased 
the anti-proliferative effect of peroxisome proliferator-activated receptor gamma 
(PPARγ) agonists, however, neither Doxorubicin or Taxol, were able to do so (Rafi 
et al. 2013).

Several clinical trials were performed to evaluate the effect of lycopene supple-
mentation on prostate cancer. Lycopene supplementation (30 mg/day), either in the 
form of tomato sauce or oleoresin tablets, for a short period before radical prosta-
tectomy (36 men) increased lycopene concentrations in prostate tissue and modu-
lated biomarkers of growth and differentiation (insulin-like growth factor-1) 
(IGF-1), IGF binding protein-3, prostate-specific antigen (PSA)), and decreased 
clinical parameters of cancer prostate aggressiveness (Kucuk et  al. 2001). 
Analogously, the intervention with tomato sauce based pasta dishes for 3 weeks 
(30 mg of lycopene per day) on patients with localized prostate adenocarcinoma (32 
men) increased serum and prostate lycopene levels and reduced leukocyte oxidative 
DNA damage, and serum PSA levels (Chen et al. 2001). Confirming previous find-
ings, another pilot phase II clinical study with lycopene dietary supplementation 
(10 mg/day) reduced cancer prostate progression (Cap) (Barber et al. 2006). In a 
double-blind crossover study, 30 healthy adults daily consumed 160 g of a high-
lycopene tomato sauce which evidenced the putative role of lycopene in the preven-
tion of oxidative stress related diseases (Abete et al. 2013). Thus, there are sufficient 
evidences that lycopene in diet is inversely associated with risk of prostate cancer 
and draws attention for potentially prevent cancer.
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On the other hand, some studies do not support these evidences. In a multicenter 
study the association between intake of lycopene and specific tomato products and 
prostate cancer risk (29,361 men) in a follow-up of 4.2 years with 1338 cases of CaP 
identified, the reduced risks were not found (Kirsh et al. 2006). In a double-blind, 
randomized, placebo-controlled trial of 105 African American men veterans, no sig-
nificant changes in the 8-oxodeoxyguanosine or the lipid peroxidation product 
malondialdehyde were observed in prostate tissue or plasma, respectively, as a 
result of 30 mg/day lycopene as a tomato oleoresin supplementation (Van Breemen 
et al. 2011).

In another phase II randomized, double-blind, placebo-controlled trial carried 
out in Chicago, the participants consumed lycopene (30 mg/day) for 6 months, but 
no effect were detected on serum PSA, IGF-1, or IGFBP3 concentrations, neither 
any effect on proliferation or cell cycle inhibition in benign tissue of men with high 
grade prostatic intraepithelial neoplasia (HGPIN) was observed (Gann et al. 2015). 
However, lycopene supplementation increases its levels in serum and prostate tissue 
(Van Breemen et al. 2011), increases atrophy and decreases in extensive HGPIN 
(Gann et al. 2015).

Other randomized trials revealed a decreases in prostate cancer risk (Peisch et al. 
2017; Perez-Cornago et al. 2017), even if other studies did not demonstrate strong 
associations between prostate cancer risk and dietary factors (Lane et al. 2017).

4.2  �Lycopene and Breast Cancer

Among women, the breast tumour is the most common type. Several factors are 
related to the risk of developing breast cancer, including diet (Hauner and Hauner 
2010; Sauter 2018). In a systematic review, the results suggest that the dietary pat-
terns that include vegetables may reduce breast cancer risk (Dandamudi et al. 2018). 
Studies indicate that lycopene presents anticancer properties that could be associ-
ated to reduced breast cancer risk (Sesso et al. 2005; Yan et al. 2016).

Regarding breast cancer, it has been proposed that carotenoids play a similar role 
to prostate cancer, such as decrease of the anti-apoptotic protein, Bcl-2, poly ADP-
ribose polymerase (PARP), pro-inflammatory and survival protein NF-kB expres-
sions, and activation of the growth signaling proteins, Akt and ERK1/2, where some 
of them show a clear association with clinical studies (Aune et al. 2012; Rowles and 
Erdman 2020).

On human breast cancer cells lycopene inhibited cell proliferation through the 
modulation of cell cycle proteins such as beta tubulin, CK8/18, CK19 (Uppala et al. 
2013), arrested cell cycle that can be related to cellular type, time and dose-depen-
dent (Teodoro et al. 2012). Lycopene inhibited the activity of IκB kinase β (IKKβ) 
(Assar et al. 2016) that consequently modulated the NF-κB signaling pathway and 
then promoted suppression of TNF-α, a proinflammatory cytokine (Assar et  al. 
2016), presenting anti-inflammatory effect.
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The results of a pilot case-control study performed in Chicago among African, 
American, and Caucasian women suggest that the plasma lycopene level may be 
associated with the reduction of reduction of breast cancer risk (Simon et al. 2000). 
On the other hand, in a prospective cohort study conducted with 39,876 women, the 
reduced risks to breast cancer development were not found with high dietary lyco-
pene or plasma lycopene levels (Sesso et al. 2005).

4.3  �Lycopene and Ovarian Cancer

Ovarian cancer (OvCa) is a leading cause of death among women worldwide. It has 
been suggested that one of the mechanisms for preventing ovarian cancer is the 
reduction of oxidative stress. Among carotenoids, lycopene is a well-known natural 
antioxidant with anti-cancer properties. Considering that fruit and vegetables are a 
main source of carotenoids, studies were carried out to characterize and analyze 
dietary patterns in relation to OvCa risk.

The human studies with carotenoids still remain controversy although preclinical 
studies have been showed promissor findings. A clinical study investigated the 
plasma carotenoids levels related to ovarian cancer risk in Korean women. The 
results showed that among antioxidants levels, lycopene was capable to reduce 90% 
the OvCa risk in the Korean population (Jeong et al. 2009). However, a meta-anal-
ysis that included 678,892 subjects and 6127 cases displayed an insignificant inverse 
association between dietary lycopene consumption and ovarian cancer risk (OR, 
0.963; 95% CI, 0.859–1.080) and although the findings are not significantly the 
authors suggested the importance of lycopene in the diet for OvCa prevention 
between postmenopausal women (Li and Xu 2014).

In OvCa intraperitoneal animal model the lycopene acted in the mechanisms 
involved in the development and progression of the tumor. When combined with 
paclitaxel and carboplatin, it reduced the tumour and metastatic burden of OvCa 
in vivo. This study shows the relevance of lycopene in the prevention and treatment 
of OvCa (Holzapfel et al. 2017). The lycopene supplementation reduced ovarian 
tumour incidence, as well as the number and the size of the tumours in Laying Hens. 
In this case, lycopene reduced NF-κB expression, increased nuclear factor erythroid 
2 expressions, decreased STAT3 expression, which characterize anti-inflammatory 
mechanisms, and decreased serum malondialdehyde levels, which shows antioxi-
dant effect (Sahin et al. 2018). In vitro lycopene inhibits the proliferation of ovarian 
cancer cells and enhances their apoptosis possibly mediated by up-regulating Bax 
expression and down-regulating Bcl-2 expression (Xu et al. 2019).

Recently, Zhang et  al. (2017b) reported an important study using lycopene 
nanoparticles associated with low dose of trichostatin A, a chemotherapy agent, and 
showed positive results against human ovarian cancer cells (SKOV3). The authors 
showed that their combinatory effects caused excellent cytotoxicity and induced 
greater apoptosis in SKOV3 cells through regulation of various mechanisms. They 
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suggested that it could be an alternative in cancers that cannot be submitted to radia-
tion therapy or surgical treatment.

4.4  �Other Carotenoids and Cancers

Although in vivo and in vitro studies suggest differential mechanisms of carotenoid 
action to protect against prostate cancer (Rafi et al. 2013; Soares et al. 2013; Wan 
et al. 2014), epidemiological studies are still confusing and controversial. According 
to Petimar et al. (2017) there is no association between total tomato consumption 
and reduced risk of prostate cancer. On the other hand, results of a meta-analysis 
study estimate a 9% reduction in the risk of prostate cancer for every 10 g of cooked 
tomato/week, due to the combination of lycopene with other carotenoids and their 
bioavailability through the cooking process (Rowles et al. 2017). In another meta-
analysis study, consumption of α-carotene, but not β-carotene, reduced the risk of 
prostate cancer by 13% and the dose-response association decreased by 2% for each 
0.2 mg of α-carotene consumed (Wang et al. 2015). In addition, a correlation was 
observed between high concentrations of β-carotene serum and low risk of prostate 
cancer (Karppi et al. 2012).

The relationship between high rates of α-carotene and β-carotene serum demon-
strated an inverse association with the risk of cervical cancer in women (Guo et al. 
2015). In addition, a review study showed a similar association between 1  mg 
β-carotene consumption (1000 Kcal dietary) and lower risk (12%) of endotmetrial 
cancer (Okuyama et  al. 2014) and a decrease 16% the ovarian cancer risk with 
higher consumption of β-carotene (Huncharek et al. 2001).

Diets rich in β-carotene have been associated with a 5% reduction in the rate of 
breast cancer for every additional 5 mg consumed. Also, blood α-carotene and lutein 
levels were associated with a decrease in breast cancer (Aune et al. 2012). Another 
study revealed that plasma α-carotene level seems to be related to a lower rate of 
invasive breast cancer in the post-menopausal period. Hence, it was associated with 
a 37% decreased risk of invasive estrogen receptor-positive breast cancer (Wang 
et al. 2015). Besides, high levels of β-carotene could be involved in reduced risk of 
breast cancer in women while high levels can also reduce the breast cancer risk 
(Eliassen et al. 2012). In vitro, the treatment with β-carotene inhibited cell prolifera-
tion, arrests cell cycle, and increased apoptosis in human breast cell lines (Gloria 
et al. 2014).

A higher intake or serum concentrations of total carotenoids (lycopene, 
β-cryptoxanthin, α and β -carotene, and lutein/zeaxanthin) were strongest associ-
ated with a significant decrease in lung cancer risk than individual carotenoids 
(Gallicchio et al. 2008). It was observed through a meta-analysis study an increase 
in blood concentrations of lycopene (10 μg/100 mL), β-carotene (20 μg/100 mL), 
α-carotene (5 μg/100 mL) related to a decreasing in relative risk for lung cancer. 
Indeed, lower blood concentrations of β-cryptoxanthin (5 μg/100 mL) showed asso-
ciation with lung cancer risk in a non-linear relationship (Abar et al. 2016). In fact, 

10  Fruits and Vegetables in Cancer



224

some animal studies show that β-cryptoxanthin, zeaxanthin and lycopene appear to 
prevent various types of cancer through NF-κB, RAR/PPARs, RAR/PPARs, SIRT1 
signaling pathways and p53 tumor suppressor pathways mediated by their oxidative 
metabolites (Lim and Wang 2020).

The consumption of β-carotene can decrease the risk of lung cancer by 2% for 
each extra mg consumed per day and 1% for each 10 μg of β-cryptoxanthin con-
sumed per day as well as 3% for additional consumption of lycopene(mg) per day 
(Abar et al. 2016; Gallicchio et al. 2008). These data are intriguing because this 
association only occurred with smokers. On the other hand, supplementation with 
high doses of β-carotene (about 10–20 times higher than normal dose) increases the 
risk of lung cancer in smokers and people exposure to asbestos (Goodman et al. 
2004; Omenn et al. 1996; Virtamo et al. 2000). In addition, β-carotene in similar 
doses, can function as a pro-oxidant and/or co-carcinogenic substance (Rowles and 
Erdman 2020). High levels of β-carotene activate cytochrome P450 enzymes lead-
ing to increased activation of tobacco smoke pre-carcinogens and the formation of 
alternate, harmful, β-carotene and retinol metabolites (Goralczyk 2009). Indeed, it 
is accepted that while β-carotene and retinol are protective at physiologic doses and 
derived from fruit and vegetables consumption, high-dose supplementation is harm-
ful particularly in the context of cigarette smoke exposure (Hada et al. 2019).

The carotenoids also showed chemopreventive effects in colorectal cancer. In 
vitro β-carotene had a positive effect against human adenocarcinoma colon cancer 
cells (Niranjana et al. 2015). In human studies, serum carotenoids including lutein, 
zeaxanthin, alfa-carotene, β-carotene was inversely associated with a reduced risk 
of colorectal cancer among Japanese women (Okuyama et al. 2014). Subsequently, 
in a case-control study performed with Korean population, a high dietary lutein and 
zeaxanthin intake reduced significantly the colorectal cancer risk (Kim et al. 2019). 
The possible protective role of xanthophylls especially lutein against carcinogenesis 
includes the selective modulation of apoptosis, inhibition of cellular differentiation 
and effects on angiogenesis as well as anti-oxidative activity decreasing reactive 
oxygen species (ROS) and consequently oxidative stress (Madaan et  al. 2017; 
Ribaya-Mercado and Blumberg 2004).

In general, the consumption of two or more carotenoids associated such as 
α-carotene, β-carotene, β-cryptoxanthin, zeaxanthin, lutein, lycopene and food rich 
carotenoids are also involved with a reduced risk of head and neck cancer, oral and 
pharyngeal cancer, non-Hodgkin lymphoma, skin cancer and gastric cancer (De 
et al. 2004; Heinen et al. 2007; Kim et al. 2018; Kubo and Corley 2007; Larsson 
et al. 2007; Leoncini et al. 2015; Lissowska et al. 2004; Pelucchi et al. 2008; Ward 
et al. 2019). It is known that the consumption of phytochemicals triggers multiple 
mechanisms, and the phytochemical combinations may have synergistic effects. 
Additionally, cancer treatments combined with a diet rich in carotenoids may poten-
tiate their anticancer effects and improve prognosis. One study suggests that the 
combined therapy of 5-FU and β-carotene exerted antitumor effects in  vivo and 
in vitro, in a synergistic way and could mean an innovative therapeutic treatment for 
ESCC (Zhang et al. 2016). Thus, further research is needed to confirm the applica-
bility of this suggestion.
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5  �Dietary Fibers

Although the role of dietary fibers (DFs) had been studied a long time ago, regard-
ing their health benefits, only in the last few years, the action mechanisms of DFs 
have been related to the prevention of different types of cancer (Carlson et al. 2018; 
Chen et al. 2016b; Conti et al. 2018; de Silva and Alcorn 2019; Encarnação et al. 
2018; Grosso et al. 2017; Moen et al. 2016; Navarro et al. 2016; Tajaddini et al. 
2015; Trefflich et al. 2020; Xu et al. 2018).

DFs comprises nondigestible carbohydrates, including polysaccharides, oligo-
saccharides, resistant starch (RS), and noncarbohydrate residues, such as polyphe-
nols, classified according their structure and solubility (Dai and Chau 2017; Slavin 
2013). Considering water solubility, dietary fibers can be classified as soluble 
dietary fiber (SDF) including pectin, inulin, gum, mucilage and insoluble dietary 
fiber (IDF) that consists mainly of cellulose, hemicellulose, and lignin (Dhingra 
et al. 2012). DFs from fruits and vegetables have a considerably proportion of SDF 
which is highly fermented by the human microbiota (Moen et al. 2016).

Lignans comprise a vast group of non-flavonoid polyphenols widespread in plant 
kingdom (Das and Devi 2019). They share chemical characteristics with some IDFs, 
such as lignins, but are not classified as dietary fiber, being often found in associa-
tion with them (Peterson et al. 2010).

Secoisolariciresinol diglycoside (SDG) is one of the most abundant dietary lig-
nans found in flaxseed (Touré and Xueming 2010). When ingested, SDG undergoes 
hydrolysis to form the aglycone, secoisolariciresinol (SECO) (Adolphe et al. 2010). 
It has biological activities such as antioxidant and anticancer effect (Alphonse and 
Aluko 2015). Pinoresinol (PINO) is a high-value plant-derived lignan that can be 
found in rich concentration in olive oil, with reported antifungal, anti-inflammatory, 
antioxidant and hypoglycemic activities (López-Biedma et al. 2016). Matairesinol 
(MAT) is a dibenzyl-butyrolactone lignan found in seeds, vegetables and fruits. It 
has biological activities such as anti-angiogenic and anti-cancer (Choi et al. 2014; 
Yamawaki et al. 2011). Lariciresinol (LAR) is a tetrahydrofuran lignan present in 
Açai Brazilian berry fruits (Euterpe Oleracea) and cashew nuts (Chin et al. 2008; 
Rodríguez-García et al. 2019).

Sesamin is a lignan isolated from sesame seed oil that wields several biological 
properties, including antitumor activities (Akl et al. 2013; Kong et al. 2014). Another 
constituent of sesame oil with biological importance is sesamol, a water-soluble 
lignan with antioxidant, antimutagenic, anti-hepatotoxic, anti-inflammatory, anti-
aging and chemopreventive properties (Majdalawieh and Mansour 2019).

Plant lignans and their glycosides are metabolized by gut microbiota to produce 
different substances that exhibit several biological properties, including anti-inflam-
matory, antioxidant, estrogenic and anticancer activities (Fig. 10.5), (Kiyama 2016). 
They are known as enterolignans or mammalian lignans, namely enterolactone 
(ENL) and enterodiol (END). Several in vivo and in vitro studies have provided 
strong evidence that ENL exhibits potent anti-cancer and/or protective properties 
against different cancers (Mali et al. 2019).
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Aside from fruits and vegetables, lignans can be found mainly in seeds and its 
oils (e.g., flax and sesame), also in olive fruit, whole grains and nuts (e.g., almonds 
and cashew nut). The quantity varies according its food source (Barreca et al. 2020; 
Chin et  al. 2008; de Souza et  al. 2017; Durazzo et  al. 2018; Kristo et  al. 2016; 
Rodríguez-García et al. 2019).

Rodríguez-García et al. (2019) reported that lignan consumption varies accord-
ing to the region food-pattern around the world. The major source of lignan inges-
tion in Latin American diet is flax seed (e.g. secoisolariciresinol); as to Asia, mainly 
China and India, one has spices, vegetables and Sesame seeds with its oils (e.g. 
sesamin), whereas in European regions one finds berries (e.g. lariciresinol e 
matairesinol). Besides, the main lignan sources in the Mediterranean diet are garlic, 
onions, vegetables, whole grains, virgin olive oil (VOO), and seasonal fruit (Pounis 

Fig. 10.5  The main anticancer effects and mechanisms of dietary fiber (lignans). Lignans, namely 
secoisolariciresinol diglycoside (SDG), its aglycone form (SECO), pinoresinol (PINO), 
Matairesinol (MAT), Lariciresinol (LAR), sesamin and sesamol are associated components of 
dietary fibers. They are metabolized by gut microbiota to produce actives metabolites, enterolig-
nans known as enterolactone (ENL) and enterodiol (END). These compounds exerts beneficial 
effects against cancer by several actions mechanisms, such as regulation of enzymes and pro-
inflammatory cytokines (COX-2, IL-6, TNF-α), modulation of Bax/Bcl-2 ratio, p53 NF-kb, MMPs 
and E-cadherin expression, through MAPKs, JNK/ER1a and Ras/ERK pathways. All these anti-
cancer activities (✓) and targets pathways of dietary lignans contribute to inhibitory effect (×) in 
cancer prevention
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et  al. 2016). Indeed, Offringa et  al. (2019) suggested that there is a connection 
among plant-based diets which contain naturally enriched food of lignans and 
health benefits, including decrease in cancer risks.

In the last decades, the potential effects of lignans have been the targets of sev-
eral studies associated with breast, ovarian, prostate, colorectal, cervical, and esoph-
ageal cancers as well as hepatocellular carcinoma (Jung et al. 2013). Therefore, this 
section will focus on lignans effects on different aspects of cancer.

5.1  �Lignans and Breast Cancer

In animal studies, it has been observed that SDG supplementation in mice reduces 
tumor growth in E0771 model of triple-negative breast cancer (TNBC), probably 
via mechanism involving inhibition of NF-kB. The authors also analyzed an entero-
lactone (ENL) treatment in vitro, which inhibited cell viability, survival, and NF-kB 
activity (Bowers et al. 2019). Certain tumors have a greater capacity to spread to 
other organs, which contributes to the difficulty of treatment. In this sense, ENL 
also has antimetastatic potential activity against TNBC, through inhibition of TGF-
β-induced epithelial to mesenchymal transition (EMT) and blocking ERK/NF-κB/
Snail signaling pathway in vitro (Mali et al. 2018). Another study showed that ENL 
and SECO enhanced the anticancer activity of therapeutic drugs, such as docetaxel, 
against breast cancer cell lines, which in combination with ENL could have their 
doses reduced and still maintain the same effectiveness (Di et al. 2018). Furthermore, 
ENL could also work on enhancement of radio sensitivity of breast cancer by abro-
gating X-ray, inducing G2/M arrest, impairing DNA repair processes and increasing 
apoptosis (Bigdeli et al. 2016). PINO behaved as cytotoxic, anti-proliferative and 
pro-oxidant in human breast tumor cells (MDA-MB-231; MCF7), without regard to 
estrogen-receptor expression levels. Indeed, it revealed an antioxidant role prevent-
ing DNA damage in MCF10A cells (López-Biedma et al. 2016). In a study with 
breast cancer cells (SKBr3), LAR and PINO, increased apoptosis induction as well 
as cell growth, survival and proliferation decrease (Soltani et al. 2020).

In a bioinformatics analysis, MAT had the best binding energy with ER+ recep-
tor for breast cancer cells, compared to PINO, LAR and SECO.  It was revealed 
similar interactions compared to the drug tamoxifen, that could suggest promising 
biological activity in this type of cancer (Mohamadyar-Toupkanlou et  al. 2017). 
Siao et al. (2015) showed that breast cancer cells (MCF-7), treated with sesamin 
reduced cell viability by necrosis, apoptosis and cell cycle arrest, promoted by an 
increase of Bax and caspase-3 expression and sub-G1 arrest related with increased 
tumor suppressor p53 and Chk2 expression. Indeed, sesamol was able to exert, 
maintain and augment cytotoxicity on MCF-7 breast cancer cell due association 
with oleic acid-conjugated gelatin nanoparticles that enhanced sesamol uptake in 
transdermal delivery through albino mice skin (Elmasry et al. 2018). Both encapsu-
lated and free form of sesamol administration remarkably decreased skin tumor 
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burden by bcl-2 downregulation and Bax upregulation, inducing apoptosis 
(Bhardwaj et al. 2016).

In a cross-sectional study, the consumption of phytoestrogens (isoflavones and 
lignans) by breast cancer patients in different menopausal status was associated 
with their diet and survival (Boucher et al. 2017). The results showed that the phy-
toestrogens intake was higher in premenopausal than in postmenopausal consum-
ers, and lignans intake were significantly higher than isoflavones. Among lignans, 
foods assessed were flaxseed, flaxseed bread, sesame seeds that were associated to 
provide SECO, PINO, LAR and MAT lignans in diet. Indeed, SECO was the major 
contributor of diet for all patients. The authors suggested that higher phytoestrogens 
intake may affect postmenopausal breast cancer survival. In a similar study, no asso-
ciations were found for SECO intake and breast prognosis (Swann et al. 2013).

In a case-control study, the consumption of flaxseed was associated with a sig-
nificant reduction in breast cancer risk (OR 0.82, 95% CI 0.69–0.97) among pre-
menopausal women which was attributed to LAR and PINO intake (Lowcock et al. 
2013). In addition, evidence for a better prognosis in postmenopausal breast cancer 
patients who have high estimated enterolignan (ENL and END), dietary intake of 
lignan-rich foods, and dietary fiber intake exposures was revealed in a large German 
cohort (Buck et al. 2011). The associations of estimated enterolignans and dietary 
fiber intake with survival were independent of ER status of the tumour.

Lignans can also act through hormone-independent mechanisms. A population 
based prospective cohort with 1743 cancer patients revealed that the higher mean 
ENL concentrations and lower CRP concentrations were inversely associated with 
mortality and survival (Jaskulski et al. 2018). On the other hand, the association of 
prognosis with circulating ENL and inflammatory markers changes in post-meno-
pausal breast cancer reveals that enterolignans levels changed over time and were 
not associated with prognosis (Jaskulski et al. 2019). Thus, these clinical trials show 
controversy for ENL.

5.2  �Lignans and Gastrointestinal Cancers

Lariciresinol lignan has antioxidant and cytoprotective activities and was capable of 
modulate antioxidant enzymes and up-regulate Nrf-2 via p38 activation pathway in 
RAW 264.7 (Bajpai et  al. 2017). LAR anti-tumor activity was assessed against 
hepatocellular carcinoma (HepG2 cells) and induced mitochondrial-mediated apop-
tosis pathway S-phase arrest that contributed to growth inhibition and downregu-
lated Hsp27 expression, a protein that is correlated to chemotherapeutic drugs 
resistance (Ma et al. 2016, 2018b). LAR also denotes growth inhibition and cell 
cycle arrest activities against human gastric cancer cells by apoptosis induction 
through increased Bax/Bcl-2 ratios, ROS generation and decreased MMP (Zhang 
et al. 2015b). PINO was also associated with mitochondrial apoptosis in hepatocar-
cinoma cells (HepG2) as well as Fas death receptor pathways, inhibiting migration 
and invasion through E-cadherin increased expression with VCAM-1, ICAM-1, and 
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decreasing of MMP-9 expression (Zhang et al. 2018). In hepatocellular carcinoma 
in vitro and in vivo, sesamol revealed its anticancer effects by directly altering mito-
chondrial metabolism, interrupting the S-phase cell cycle and inducing the activa-
tion of apoptosis by intrinsic and extrinsic routes (Liu et al. 2017c). In silico analysis 
with molecular docking suggests that phytoestrogens as SECO, LAR, MAT, and 
PINO among others, can be considered potential drug candidates for hepatocellular 
carcinoma while targeting β-catenin in the Wnt signaling (Kanahaiya et al. 2017).

Evidence indicates that SDG chemopreventive colon cancer effects may have 
associated with type 2 diabetes mellitus once it was able to inhibit CDK4 and 
increase GLUT-1 expression, controlling glycemic parameters. Also, it reduced 
IL-1b, TNF-a levels and inhibited IGF-1, suggesting action on preventing cell pro-
liferation and cancer progression (Shah and Patel 2016). SDG also presents strong 
anti-inflammatory properties decreasing IL-6, NF-kB activity, and PGE-2 on human 
intestinal Caco-2 cells, probably due to its furofuran structure and its intestinal 
metabolism (During et al. 2012). For instance, Shin et al. (2018) evaluated in vitro 
activity of END on CRC cells. This lignan induced apoptosis mechanism through 
MAPK signaling pathway and reduced metastatic capacity, exhibiting cytotoxic 
effect to cancer cells. Sesamol induced apoptosis in human colon HCT116 cells, 
exerted both antioxidant and pro-oxidant activities, and suppressed cell viability 
through S-phase arrest (Khamphio et al. 2016).

A Spanish case-control study showed that the lignans and total flavonoids intake 
were inversely related to CRC risk (Zamora-Ros et al. 2013). In the other hand, the 
results of EPIC Cohort showed no significant association between total polyphenol 
intake and CRC risk (Zamora-Ros et al. 2018). It could be said that polyphenols 
have multiple targets and different actions such as immunomodulation, anti-angio-
genesis, anti-proliferative, apoptosis induction and metastasis suppression that 
depend on gut-microbiota-modulation for therapeutic potential promoting in CRC 
(Cueva et al. 2020).

Lignans are safe (Bedell et al. 2014), however, clinical studies should be devel-
oped in order to identify therapeutically relevant doses to understand their role in 
cancer prevention (De Silva and Alcorn 2019).

5.3  �Lignans and Lung Cancer

Radiotherapy is a treatment widely used in patients with the most diverse types of 
cancer. However, it causes several adverse effects on the patient. SDG demonstrated 
a potential protective activity against radiation-induced oxidative damage to non-
malignant lung cells, mediated by free-radical scavenging or increasing of endoge-
nous antioxidant defenses, like trans-resveratrol (Velalopoulou et al. 2016). Similar 
result was obtained where SDG successfully scavenged active chlorine species 
(ACS) preventing radiation-induced DNA damage (Mishra et al. 2016). These find-
ings may present SDG as a novel radioprotective agent in cancer therapy, which has 
already been patented (Christofidou-Solomidou 2018).
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In lung cancer cells, ENL was able to suppress metastases through disruption of 
F-actin cytoskeleton dynamics, inhibition of the focal adhesion kinase and steroid 
receptor coactivator/paxillin signaling cascade and expression of motility regula-
tors. It was also observed cycle arrest activity in the G1 and downregulation of 
cyclin D1 and CDK4 mRNA (Chikara et al. 2017a, b). In a brand new study by 
Chen et  al. (2020), sesamin suppressed cell proliferation in non-small cell lung 
cancer (NSCLC) by induction of cell cycle arrest via inhibiting cyclin D1 expres-
sion, up-regulated p53 expression and Akt activity inhibition, both in vitro and in 
vivo, without severe side effects. As a matter of fact, sesamin also ameliorates the 
survival of cardiac muscle cells impaired by doxorubicin, an important chemother-
apy drug and sesamin combined with cisplatin synergistically suppressed lung can-
cer cells (H460) proliferation (Liu et al. 2019a; Su et al. 2014).

5.4  �Lignans and Other Cancers

In both in vitro and in vivo assays PINO inhibited ovarian cancer cell growth by 
autophagy via MMP levels reduction, cell invasion inhibition and Ras/MEK/ERK 
signaling pathway (Ning et al. 2019).

Not only that, high concentrations of both END and ENL could inhibit ovarian 
cancer cell proliferation, as well as viability, migration and invasiveness in vitro and 
in vivo, but ENL was considered more effective particularly in the in vivo analysis 
(Liu et al. 2017a). On cervical cancer cells (HeLa cells) sesamin inhibits prolifera-
tion and migration dose-dependently, inducing cell autophagy, and modulated 
apoptosis with increased expressions of Bax/Bcl-2 ratio and ER-stress related pro-
teins through IRE1α/JNK pathway (Dou et al. 2018). In prostate cancer (PC3 cells) 
under LPS stimulation, sesamin significantly decreased TNF-α, IL-6, cyclin D1, 
COX-2, Bcl-2 and Survivin expressions. Other effects of sesamin included decreas-
ing in MMP-9, ICAM-1 and VEGF proteins through p38-MAPK signaling path-
way, NF-κB activation and inhibition of tumor growth in vivo (Xu et al. 2015).

Indeed, PINO sensitized glioblastoma cancer cells against TNF-related apopto-
sis-inducing ligand (TRAIL) therapy, increasing apoptosis, caspase-8 and down-
regulation of FLICE-inhibitory protein (cFLIPL) by a mechanism involving de novo 
protein synthesis (Lee et al. 2019b). In the light of these results, PINO has potential 
to enhance the effectiveness of usual anticancer drugs. MAT had promising effects 
on C6 glioma cells on rats, reducing proliferation and inducing apoptosis without 
affect astrocytes, as does arctigenin (ARC), another lignan (Baetas et al. 2018).

Furthermore, PINO promoted a doxorubicin resistance-reversing effect on 
human myelogenous leukemia cells with low cytotoxicity (González et al. 2017). In 
T-cell lymphoma, MAT and ARC caused antiproliferative effects with selective 
cytotoxicity. Importantly, they cause cell cycle arrest in the S phase and apoptosis 
activation, mainly by upregulation of Bax (MAT), Bad (ARC), and caspase-9 (Both) 
expressions, besides increasing intracellular ROS levels. (Su et al. 2015).
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6  �Evidences in Focus

The consistent protective effects of fruits and vegetables should reflect the fact that 
they are the largest source of fiber and contain several phytochemicals with antican-
cer properties. There are many studies that show the anticancer effects of phyto-
chemicals (quercetin, resveratrol, carotenoids and dietary fiber) and some of these 
studies are summarized in Tables 10.1, 10.2, 10.3 and 10.4.

The data listed in Tables 10.1, 10.2, 10.3, and 10.4 show that phytochemicals 
from fruits and vegetables exert their anticancer protective effects through different 
mechanisms and may act in a synergic way been strongly related to prevent several 
cancers. There are many evidences in cancer research that suggest quercetin, resve-
ratrol, carotenoids and dietary fibers (lignans) as anticancer agents. This represents 
the advance on acknowledgment on chemopreventive role fruits and vegetables 
besides their functional properties, already well established.

The search for scientific work carried out in vitro, in vivo and in human studies 
brings together a wide range of evidence to ratify the role of these natural com-
pounds envisaging cancer combat. Furthermore, published pre-clinical trials repre-
sent an endless search to information. However, despite positive associations in 
epidemiological studies, there are still limitations of clinical studies.

In fact, the evidence from clinical trials is advantageous because in intervention 
studies, the results represent controlled approaches; on the other hand, epidemio-
logical studies have strengths and limitations (WCRF/AICR 2018).

All these researches results show the diet importance in order to maintain a 
healthy life associated to fruits and vegetables intake. Indeed, particularly this chap-
ter emphasizes bioactive phytochemicals role in cancer prevention. Furthermore, 
these phytochemicals could be used as a tool to be associated to traditional cancer 
treatments searching alleviate the side effects (Clinton et al. 2019).

7  �Final Remarks

Despite the technological and pharmaceutical advances, cancer remains to be a 
global concern. Herbal medicine or phytotherapics has been used for a long time as 
complementary therapy to cancer treatment. In addition, the side effects caused by 
the chemotherapy are well known and the search for new natural agents that decrease 
these effects is fundamental. In this sense, natural compounds, such as quercetin, 
resveratrol, carotenoids and dietary fibers, have been gaining attention of scientists 
and community.

Quercetin is considered the most abundant antioxidant in the human diet and its 
easy accessibility, great efficacy and low toxicity make it a promising biological 
compound that can be used alone or in combination with other chemotherapeutic 
drugs in the treatment of cancer, including colorectal, breast, prostate, gastric, oral 
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and others. Thus, the variety of published evidence suggests that quercetin is a fla-
vonoid with great anticancer potential.

In vitro, in vivo, clinical and epidemiological studies reveal that resveratrol is a 
promising molecule with anticancer activity, in prevention and treatment, especially 
in synergisms with other chemotherapeutic agents, in addition to reducing the asso-
ciated side effect during treatment. It is well tolerated at low doses, but its beneficial 
effects remain controversial in humans or have only been shown to a limited extent 
so far, due to several factors such as achieving consensus on dose-response profiles, 
biomarker or conclusive result, since a small number of patients included in clinical 
studies and the diversity of resveratrol doses used. Further clinical trials should be 
carried out to clarify the effects of resveratrol in cancer patients and to determine its 
therapeutic and chemopreventive potential.

Researches indicate that different carotenoids such as lycopene and beta-caro-
tene are involved in the anticancer action. Despite this, there are still controversial 
studies for some types of cancer. Thus, this analysis requires attention and important 
aspects need to be considered such as the availability of these carotenoids, their 
processing before ingestion and the interaction with other phytochemicals present 
in the tested foods. Those factors can influence the presence or absence of anti-
cancer properties, as well as side effects of this combination, and influence the 
results of research since little is known about phytochemical/phytochemical interac-
tions. Another subject that deserves attention is the role of bacteria microflora 
involved in the biotransformation of these phytochemicals, changing the nutrition 
and the functions of these molecules in human organisms. In general, a diet rich in 
fruits and vegetables, important sources of carotenoids, is recommended to main-
tain health and prevent diseases like cancer.

Dietary fibers provide a beneficial physiological effect through their functional 
mechanisms besides to playing a protective role in various types of cancer. Among 
them, lignans stand out, whose ingestion in the diet produces bioactive metabolites 
related to the prevention of carcinogenesis through the efficiency of the intestinal 
microbiota in the metabolism of these components. Thus, lignans can interfere 
directly or indirectly in various metabolic pathways, acting as antioxidants/pro-
oxidants, phytoestrogenic agents in various types of cancer, mainly gastrointestinal, 
breast and lung cancer.

The main phytochemicals agents presented in this chapter reveal their anti-can-
cer mechanisms through multiple intracellular targets, triggering metabolic path-
ways and molecular signals that modulate genes and proteins associated to 
inflammatory, antioxidant/pro-oxidant, and carcinogenic processes.

These phytochemicals are also capable of increasing the effectiveness of drugs 
already established in treatments, without toxicity, reinforcing the importance of 
indicating the consumption of fruits by the population. However, further clinical 
studies must be developed to identify therapeutically relevant doses to pre-
vent cancer.

M. da Silveira Vasconcelos et al.
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