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Carcinogenesis is a multistep process characterized by a progression of molecular changes that ultimately

transform a cell to undergo uncontrolled proliferation.

plant natural product cancer chemoprevention

| 1. An Overview of Carcinogenesis

Carcinogenesis is a multistep process characterized by a progression of molecular changes that ultimately
transform a cell to undergo uncontrolled proliferation. Human cancer is a progressive disease that develops in
distinct stages by long periods of latency. Cancer development requires 20—40 years or more, and therefore, the
initiation stage might occur decades before an individual is clinically diagnosed for cancer. Cells undergo changes

with each disruption fundamentally featured by tumor initiation, promotion, and progression.

The occurrence of probable mutations within genes that encode growth factors, transcription factors, protein
kinases, apoptotic signaling proteins, or adhesion molecules, predispose a cell to become tumorigenic during
initiation. The additional irreversible genetic changes, accompanying with each new cycle of proliferation, were
accumulated as “initiated cells”. Subsequently, the second stage, promotion, a relatively lengthy and reversible
process of carcinogenesis, ultimately resulted from genetic and epigenetic alterations by repetitive cycles of
proliferation, selective clonal expansion. The cells during promotion have acquired the ability to evade programmed
apoptosis and immune surveillance, accompanying with sustained angiogenesis. Many cancers are not diagnosed
until third stage, progression, in which the tumor becomes malignant and maybe metastasizes to multiple body
regions. The tumors in this stage are very difficult to treat, which usually requires surgery in combination with

chemotherapeutic drugs and radiotherapy.

Each individual has a unique cancer risk profile which is determined by sequential accumulation genetic and
epigenetic factors over a period of many years. According to the carcinogenesis, cancer control strategies can be
divided into three stages, including prevent/inhibit one third of cancers caused by tobacco and alcohol, cure/treat
another third, and provide good, palliative care to the remaining third &, As further data accumulated, the
transition from one cancer phase to the next can be stimulated by certain carcinogenic factors, such as obesity,
alcohol, smoke, biological agents, infections, and ultraviolet radiation as well as an unhealthy dietary habit, and
others B, which ultimately resulted in invasive/metastatic carcinoma. It is predicted that between 30% and 50% of
cancer incidences can be prevented with proper medical awareness 4. Evidence indicated that two thirds of the

cancer deaths in the US each year can be attributed to diet, physical activity habits, and cigarette smoking.
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Therefore, chemoprevention as a rapid evolving field, can perturb a variety of steps in tumor development to

reduce or delay the occurrence of malignancy.

| 2. Scientific Principles of Cancer Chemoprevention

Interest in cancer chemoprevention of research has markedly increased with improved illustration of the biology of
carcinogenesis and identification of potential molecular targets involving this process. It has become apparent that
chemoprevention should incorporate the concept of ‘delay’, which implies that many years or decades may be
added to human lifespan. This interest has been further aroused by successes in the prevention of prostate,
breast, and colon cancers, and there are 10 medications that were approved by Food and Drug Administration
(FDA) for the risk reduction of cancer (1.

Chemoprophylaxis, the term coined by Lee Wattenberg in 1966, is an effective method focused on inhibition of
tumor/cancer through synthetic or naturally occurring agents . Later, in 1976, Michael B. Sporn and other
coauthors introduced the term “cancer chemoprevention” which was defined as the prevention of the cancer
occurrence by administration of natural compounds @& Gary Kello, chief of the Chemoprevention Branch,
extended the definition of “cancer chemoprevention” as utilization of agents to suppress, prevent, or reverse the
carcinogenic process to invasive cancer 2. Furthermore, other important considerations, “combination
chemoprevention”, introduced in 1980 as a new strategy, can not only enhance potential synergistic efficacy of
drugs, but also decrease the toxicity of the individual agents, with a lower dose treatment in a combination
regimen. This strategy was clinically believed in a definitive investigation, demonstrating that the combination of
difluoromethylornithine and sulindac showed more effective in preventing colon cancer 19 Recently,
chemoprevention was considered as an important and hopeful tool for controlling cancer. It plays a role in
preventing the development of invasive and metastatic properties in established neoplasms, and this approach is
to lower the rate of cancer incidence. Chemoprevention can be organized into three parts: (1) primary prevention,
inhibiting the tumor in healthy individuals with high risk, for instance, hepatitis B vaccine; (2) secondary prevention,
inhibiting tumor development in individuals with precancerous lesions like invasion; (3) tertiary prevention, inhibiting
recurrence or second primary cancers in target patients 11,

| 3. Agents for Cancer Chemoprevention
3.1. Synthetic Drugs

Until now, an increasing number of agents have been used for preventing cancer in various experimental models,
and many of these drugs have even been clinically proven. Among these drugs, the selective estrogen receptor
modulators (SERMSs), such as tamoxifen, raloxifene, and arzoxifene, are the most important class, which are also

beneficial for preventing osteoporosis in addition to breast cancer prevention in women at risk [12113]114]

Other significant chemopreventive agents in various stages of clinical trials include the androgen analogs

(finasteride and dutasteride), aromatase inhibitors, anastrozole and exemestane, as well as aspirin and metformin.
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More interesting, metformin is recently being evaluated prospectively for many cancers 13I8l These synthetic

drugs in reality have been “repurposed” because they were used for many years in other disease treatments,

rather than originally developed. This largely solved many issues of dosage selection and long-term safety before

these agents entered into a clinical trial phase 17,

3.2. Natural Products

Besides, natural products derived from food, spices, and herbal medicine have gradually become the major

resource for cancer chemoprevention. In contrast to many synthetic drugs, they have been extremely safe for

human administration for thousands of years (Table 1).

Table 1. Chemopreventive properties of phytochemicals.

Common Phytochemicals

Groups

Phytochemicals Structure Cancer Type The Subjects

Chemopreventive Common
Property Source

Reference

Phenols

(-)-epicatechin
(EC)

Prostate
cancer

Human

Oral administration Green tea
of 600 mg/d for 1
year reduced the
incidence of
diagnosed cancers
in volunteers with
high-grade
intraepithelial
neoplasia of the
prostate (H GPIN)

=)
epigalocatachin
(EGC)

Breast cancer

MCF10A cells

Completely
inhibited Met, AKT
and ERK
phosphorylation at
0.6 mM

(-)-epicatechin-
3-gallate (ECG)

Liver cancer

HepG2 cells

Osteosarcoma
cancer

U20S cells

Interrupted
closures by the
disassembly of

microtubules

=)-
epigallocatechin-
3-gallate
(EGCG)

Hepatocellular
carcinoma

HuH7 cells

Inhibited the
growth of HUH7
xenografts

Breast cancer

Tumorigenic
breast epithelial
cells

Blocked the ability
of hepatocyte
growth factor

(HGF) to induce
cell motility and
invasion

18]
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Common Phytochemicals

Groups

Phytochemicals Structure Cancer Type The Subjects

Chemopreventive

Property

Common
Source

Reference

Prostate
cancer

Human

Lung cancer

A/J mice

Not produce
treatment related
adverse effects in
men with baseline

HGPIN or ASAP

Tumor diversity
and volume
decreased in mice

Resveratrol

Colorectal

BALB/c wild-
type mice

Marked
suppression of
dextran sulfate
sodium (DSS)-

associated
tumorigenesis

cancet

Human

It can be used as a
potential
chemoprophylaxis
for colorectal
cancer tract

Liver cancer

Transgenic mice

Inhibition of
hepatocellular
carcinoma
formation,
improvement of
liver
histopathology,
and reduction of
total tumor volume
in transgenic mice

Polygonum
cuspidatum,
red grapes,
berries,
peanuts,
pines etc.

23]

[24]

[25]

Curcumin w .
“ Ovarian
cancer

Hens

Reduced the
overall ovarian
cancer incidence
to 31% and 57%

Lung cancer

Lung cancer
cells (H1299,
A549)

An inhibitory effect
in lung
carcinogenesis

induced by B[a]P, a

procarcinogen
present in
environment and
cigarette smoke

Curcuma
Longa
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Common Phytochemicals
. . Chemopreventive Common
Groups Phytochemicals Structure Cancer Type The Subjects Property Source Reference
Suppresses the
ROS- Human migration and tube
I . formation of
dependent umbilical vein o
endothelial endothelial cells h“f"""” umb|||(_:a|
cell (HUVECS) vein endothella!
cells (HUVECS) in
vitro
Curcur;z; Longa W Suppresses newly 291
formed
microvessels in
chicken
Rat chorioallantoic
membranes
(CAMs) and
Matrigel plus in
vivo
Flavonoids Decreased
incidence of oral
Oral
squamous cell squamous cell
. Hamster carcinoma (OSCC) (23]
carcinoma -
(0SCC) and seve_nty of
hyperplasia and
dysplasia Apples,
onions,
) o~ Decreased tomatoes,
Quercetin {H;Q S ;
Paths migration rates broccoli,
(26.36% vs. citrus fruit,
0,
Melanoma human . (29
melanoma cells apprgxmately
tenfold in SK-MEL-
28 cells cultured
on collagen |
matrices
Papaya,
) ) pumpkin,
Lutein Lot Reduce the risk of citrus,
lung and colon wolfberry,
Lung and T cancers by the peach, [31]
colon cancers i suppression of k- spinach,
Ras and B-catenin leek, corn,
Zeaxanthin OSSR expression Chinese
cabbage,
etc.

https://encyclopedia.pub/entry/8421

5/24



Cancer Chemoprevention | Encyclopedia.pub

Common Phytochemicals

Groups

Phytochemicals Structure Cancer Type The Subjects

Chemopreventive
Property

Common

Reference
Source

Lycopene NSTSNIe,

Benign
prostate

hyperplasia

(BPH)

Human

Inhibited serum
prostate-specific
antigen (PSA)
increase, and
further improving
clinical diagnostic
markers and
symptoms of BPH

Tomato,
tomato

Apo-10-
lycopenoic

SpiAnds

Liver tumors

Human
prostate
cancer

HFD-fed mice

PC3 cancer
cells

APO10LA can
effectively inhibit
HFD-promoted
hepatic
tumorigenesis by
stimulating SIRT1
signaling while
reducing hepatic
inflammation

Inhibits tumor
angiogenesis and
tumor growth and

could be used as a
potential drug
candidate for

cancer therapy

prud'u'\,t:,
watermelon,
grapefruit
etc.

Monoterpene Thymoquinone \;;I

Human
umbilical vein
endothelial cell
(HUVEC)

Effectively inhibited
migration,
invasion, and tube
formation of
human umbilical
vein endothelial
cell (HUVEC)

Human
prostate

cancer (PC3)

Male mice

Inhibited human
prostate tumor
growth in both size
and weight in a
xenograft human
prostate cancer
(PC3) model in
mice

The seed oil 134]
of Nigella
sativa L.

Triterpenoids Oleanolic acid

gﬁ@‘ Colon cancer

Male mice

Oleanolic acid
inhibited, in a
dose-dependent
manner, the
average

Hedyotis [25]
Herbaherba,

hawthorn,

Syzygium
Aromaticum,
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Common Phytochemicals

Groups Phytochemicals Structure Cancer Type The Subjects

Chemopreventive

Property

Common

Reference
Source

azomethane
(AOM)-induced
abnormal colonic
cavitation lesions
in male F344 rats
(36-52%)

Colorectal
cancer

Mice

Inhibitory tumor
growth of xenograft
tumor tissue in
mice with
colorectal cancer

2-cyano-3,12-
dioxooleana-
1,9(11)-dien-28-
oic acid

Breast cancer

Immunodeficient
mice

CDDO (20 mg/kg,
i.v.) treatment for 3
weeks abrogated
the growth of both
MCF7/HER2 and
MDA-MB-
435/HER2 tumors
types in
immunodeficient
mice, by inhibiting
HER2
phosphorylation
and decreasing
HER2 kinase
activity

loquat leaf
etc.

Betulinic acid

=

Colorectal
cancer

Nude mice

Possess
antiangiogenic
effects by inhibiting
aminopeptidase N

White birch
bark, Ziziphi 38]
Spinosae,
semen

Sulfur Allicin
compounds

Inhibited
lymphangiogenesis
suppressing
activation of
vascular
endothelial growth
factor (VEGF)
receptor

Thyroid
cancer

SW1736 and
HTh-7 cells

Served as an
adjunctive therapy
for thyroid cancer,

as it induces

autophagic cell
death to alleviate

Garlic,
allium,
vegetables
etc. [39]
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Common Phytochemicals

Chemopreventive Common

Groups Phytochemicals Structure Cancer Type The Subjects Property Source Reference
the malignant
development of
cancer
Compared to the
control group,
through enhancing
Diallyl sulfide NN C57BL/6 mice the production of 1) d d
antiangiogenic pod an
factors such as IL- [50] Recently,
2 and TIMP
nhibitory
Three oil-soluble
) compounds
Diallyl
! SRR including DAS,
tetrasulfide
DADS, and DAT at
10 and 25 pMm 3-gallate
have an inhibitory | t
Colon cancer ColLo 205 cells effect on the 42 > presen
Diallyl disulfide SN [51][52] . migration and content,
invasion of human
colon cancer cells ent and
with the order of R
Diallyl trisulfide AN DATS < DADS < -G (0.01
DAS A1l vail viinivii Ce”S [A].
As a conceptually showed
promising agent in
breast cancer r (HGF),
prevention. It can [43] .
Breast cancer Rats be rapidly Jich are
ab_sorbed and iited the
achieved a peak
level before 1 h sing cell
Sulforaphane  f o~ The addition of Broccoli r, NF-kB
sulforaphane can in MDA-
prevent the
Triple Orthotopic expansion and and Akt
53 negative Mouse clearance of breast [44]
= ¢ CSCs, which wil vant for
breast cancer  xenograft model )
greatly benefit the
treatment of TNBC tea can
with cytotoxic [19][20]
chemotherapy
Cellulose Selenium Prostate LNCaP cells Selenium-induced 43 sffects of
cancer growth inhibition i
and apoptosis in [54] ble-blind

placebo-controlled study, oral administration of green tea catechin effectively inhibited cancer growth and reduced

lower urinary tract symptoms, helping to treat symptoms of benign prostatic hyperplasia (18] Moreover, another

prior clinical trial experiment showed that daily intake of a standardized, catechin mixture containing 200 mg EGCG

taken with food for 1 year was well tolerated and did not produce related side effects or adverse effects in men with

HGPIN and/or atypical small acinar proliferation (ASAP) [22]

Resveratrol and trans-resveratrol (3,5,4'-trihydroxy-trans-stilbene), a phytoalexin discovered in more than 70 plant

species like Polygonum cuspidatum, red grapes, berries, peanuts, and pines can be produced in response to

mechanical injuries, ultraviolet radiation, as well as a defense for fungal infections [55][56] Increasing studies
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Common Phytochemicals multiple
. . Chemopreventive Common
Groups Phytochemicals Structure Cancer Type The Subjects Property Source Reference routine
PC-3 prostate ‘
cancer cells were ytes are
found to be dose to treat
dependent
—A/J mice
Inhibited colonic
epithelial cell lecrease
proliferation trol
induced by heme Sverairo
[23h rats, which * dextran
Colon cancer Rats suggested that (48]
calcium might 'k before
decrease the colon
cancer risk related 2 on the
[24] to high intake of uired in
red meat ]
Calcium — va et al.
Intravenous
7] CA/MG can be ‘osourea
used as an tit f
effective antity o
57 neuroprotectant
50 P uy  effect of
Colon cancer Human against the _
accumulation of ivascular
SNT in adjuvant .
colon cancer ell Ki-67
induced b
induced by nough to
oxaliplatin
t2slfs8] ucuronic
Decreased cell
iferati veratrol
Melanoma Melanoma cells prollfgratlon was [48] sveratro
tumor found in melanoma (59][60]
cells :
ould be
Slow the rate of
1, 25-Dihydroxy ol prpstate Spec'f.'c
N e~ antigen (PSA) rise
vitamin D3 & } .
in PCa patients
Prostate Human demonstrating [49] s of the
cancer proof of concept )
that 1,25(0OH)2D3 different
hibits
[62][63] exnis i
therapeutic activity 1in plays
bt coor s LI ES sa. In a

transgenic mouse model, phytosomal curcumin diets (150 mg curcuminoids/kg) exhibited significantly greater
effects on inhibition of hepatocellular carcinoma formation, improvement of liver histopathology, and reduction of
total tumor volume in transgenic mice, compared with unformulated curcumin 28, Studies have shown that
curcumin can be used as a chemoprophylaxis for ovarian cancer, and if taken daily, it can significantly and dose-
dependently reduce the spontaneous incidence and tumor growth of ovarian cancer £, In addition, curcumin also
showed an inhibitory effect in lung carcinogenesis induced by B[a]P, a procarcinogen present in the environment

and cigarette smoke (28],

The study found that curcumin, a similar substance to A2, has the potential to be developed as a novel
antiangiogenic drug. Curcumin can inhibit HGF- and promote EMT and angiogenesis by targeting c-Met and
blocking PISK/Akt/mTOR pathway. Curcumin analogs A2 can induce endothelial cell death mainly by enhancing
NADH/NADPH oxidase-derived ROS 22641 |n addition, combined exposure to bile with curcumin (50 and 100 uM)
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exhibited an inhibitory effect on acidic bile-induced oncogenic mRNA phenotype in a human hypopharyngeal
primary cell (HHPC), including NF-KB, c-REL, compared to HHPC exposed to acidic bile without curcumin 3],
After treatment with 50 pyM of curcumin, the invasion rate of thyroid cells through matrigel was decreased to 44.05

+ 4.64%, and scarcely any cells had migrated into the wound area during 24 h 14,

Following the intravenous injection of 20 mg/kg curcumin to mice, two metabolites of dihydrocurcumin (DHC) and
tetrahydrocurcumin (THC) were detected in plasma samples. Additionally, it was distributed into liver, kidney and
brain quickly with t;/,, of 32.3 + 10.8 min and AUC_, of 107.0 + 18.3 mg-min/L 8. In previous human and animal
studies, curcumin has been reported to undergo metabolic reduction through first-pass hepatic metabolism, which
resulted in poor oral bioavailability and limited development of curcumin when orally administered. For this, a
curcumin gum formulation alternating chewing and parking gum against buccal mucosa for 30 min, tested in
healthy adult volunteers, showed higher release (1.67 g vs. 0.67 g) and absorption than chewing gum for 30 min,
indicating a combination of chewing and parking the gum for prolonged mucosal contact could produce better

release and absorption of curcumin 87,
3.2.2. Flavones

Quercetin, a dietary bioflavonoid, that naturally occurs either as glycoside or as aglycone, is pharmacologically
active and widely distributed in apples, onions, tomatoes, broccoli, and citrus fruits 88, It can be considered as a
potential chemopreventive compound due to its cardinal role in influencing the hallmarks of cancer as well as
tumor-associated signaling pathways. A study by Zhang et al. 82 found that quercetin can induce tumor cell
apoptosis by regulating the NF-B signaling pathway and its target genes Bcl-2 and Bax, suggesting that quercetin
may be a candidate gene for oral squamous cell carcinoma (OSCC) chemoprevention 89, Additionally, no tumor
incidence was observed in SD rats treated with quercetin (200 mg/kg, o.p.), while the prostatic intraepithelial
neoplasia (PIN) of 40% in the ventral prostate lobe and 20% adenocarcinoma was found in rats induced by
hormone (testosterone) and carcinogen (MNU), respectively. The results showed that dietary quercetin could
prevent the occurrence of ventral and dorsolateral prostate cancer induced by MNU + T in Sprague-Dawley rats
[791 Furthermore, an in vitro study showed that quercetin dosing of 50 pM decreased migration rates (26.36% vs.
64.36%) and motility rate by approximately tenfold in SK-MEL-28 cells cultured on collagen | matrices B9,
Additionally, another study suggested that quercetin can also be employed as an analgesic agent for cancer-
related pain. They reported that when tested on Ehrlich tumor-induced pain, quercetin treatment (10-100 mg/kg,
i.p.) has been shown to reduce mechanical and thermal hyperalgesia, but not affect tumor growth by decreasing
hyperalgesia cytokines production, neutrophil recruitment, as well as activating opioid-dependent analgesic
pathway [,

Importantly, quercetin also enhanced the tumor growing inhibitory effect of some chemopreventive drugs, such as
green tea, by improving their bioavailability. For instance, a follow-up study demonstrated that combination
treatment of quercetin and green tea diet suggested a stronger inhibition of tumor growth in tumor-inoculated mice

than green tea alone after 4 weeks of tumor inoculation, and inhibited the tumor growth by 47% compared to
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control. This cotreatment not only increased the tissue concentrations of total green tea polyphenols by 1.5-fold,
but also increased nonmethylated EGCG by 1.8-fold [Z2I[Z3],

Previous animal and human studies have shown that quercetin has poor bioavailability after a single oral
administration because its absorption is affected by macronutrients. However, quercetin has a wide range of
intestinal first-pass metabolism, which is absorbed by the intestinal tract and then enters phase Il metabolism, and
modulates the intestinal microbiota composition and protect the intestinal barrier. 475 When 10 mg/kg of
quercetin was orally administrated to rats, Chen et al. 8 found that about 93.3% of quercetin was metabolized in
the gut, with only 3.1% metabolized in the liver, and the main forms of quercetin excreted in the rat bile were its
glucuronide/sulfate and methylate conjugates 28, Solid lipid nanoparticles (SLNs), a type of submicron particulate
drug delivery system, may be available to enhance the absorption of poorly water-soluble drugs. The C,ax Value of
guercetin in SLNs in a rat’s intestine was increased from 5.90 to 12.22 pg/mL, while the AUC (5. 4gn) Was
increased from 56.73 to 324.18 (ug/mL) x h 1,

Carotenoids belong to the chemical group of isoprenoid polyenes, which are natural fat-soluble pigments that
provide bright coloration to plants and animals. Anabolism regulation of carotenoids in plants is a complex process,
which is regulated by multiple factors 28, Nowadays, there are many kinds of carotenoids, more than 750 kinds
have been found in nature L2, Carotenoids are commonly divided into four major classes: (1) vitamin A precursors
like a, B-carotene; (2) pigments with partial vitamin A activity like cryptoxanthin; (3) non-vitamin A precursors like
violaxanthin and neoxanthin; (4) non-vitamin A precursors like lutein and zeaxanthin. Recently, carotenoids have
been found to also play an important role in human health; carotenoids dietary intake and serum and tissue levels
of carotenoids are correlated with a lower risk of several types of cancer. Most noticeably, a-carotene had higher
activity than [3-carotene to suppress the tumorigenesis in the skin, lung, liver, and colon. Further evidence suggests
that beta-carotene is more effective than retinoic acid (RA) in preventing hepatocellular carcinoma induced by
diethylnitrosamine (DEN) and promoted by phenobarbital (PB) B9,

Another carotenoid compound of lycopene was originally developed as a cancer chemopreventive agent for
prostate cancer. One of the studies indicated that lycopene supplementation (at doses of 15 mg/day) for 6 months
in elderly men diagnosed with benign prostate hyperplasia (BPH) inhibited serum prostate-specific antigen (PSA)
increase, and further improving clinical diagnostic markers and symptoms of BPH (2. Furthermore, the major
metabolite of lycopene, Apo-10'-lycopene acid, in the treatment of human liver The-2 and Huh7 cells, can
upregulate sirtuin 1 (SIRT1) by stimulating the SIRT1 signaling pathway, which is a NAD(+)-dependent protein
deacetylase and dose-dependent inhibition of cell growth. Dietary supplementation of 10 mg/kg ApolOLa for 24
weeks significantly reduced the ability of the DEN-initiated high-fat diet (HFD) to promote liver tumors (tumor
diversity decreased by 50%; 65% volume) and the incidence of lung tumors in C57BL/6J mice (reduced by 85%),
which also improved glucose intolerance and reduced liver inflammation in HFD mice, and was considered an as
an effective chemopreventative agent against hepatic tumorigenesis and inflammation (3. Similarly,
epidemiological studies have shown that dietary supplementation with lutein and zeaxanthin is associated with a
lower risk of various cancers. Studies have shown that zeaxanthin can induce apoptosis of human uveal melanoma

cells in vitro, or inhibit the growth of various tumor cell lines. Lutein can inhibit the PI3K/Akt signaling pathway,
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induce the apoptosis of lung cancer cells (A549) and reduce the risk of lung cancer without side effects, all of which

may be effective natural anticancer drugs [31181],

Carotenoids are mostly fat-soluble, following the same intestinal absorption path as dietary fat, and therefore, the
absence of bile or any generalized malfunction of the lipid absorption system will interfere with the absorption of
carotenoids 82, The carotenoid bioavailability from foodstuffs may be largely affected by the food matrix and other
dietary components. It has been reported that carotenoid absorption may be the greatest when daily recommended

vegetables are consumed in one meal compared to smaller doses over multiple meals (3],
3.2.3. Monoterpene and Triterpenoids

Over the last two decades, extensive research on plant-based medicinal compounds has revealed a potential role
of triterpenoids in prevention. Thymoquinone (2-methyl-5-isopropyl-1,4-benzoquinone) is a monoterpene derived
from the seed oil of Nigella sativa L. (family Ranunculaceae), first isolated from black seed in 1963 by EI-
Dakhakhany B4l A large number of studies in vivo and in vitro have indicated that thymoquinone suppressed
experimentally carcinogenesis in the colon, breast, and skin, and its mechanism may be associated with
suppression on the AKT and ERK signaling pathways. Several studies reported that thymoquinone
supplementation in drinking water resulted in significant suppression on forestomach, lung cancer, and hepatic
carcinogenesis induced by benzo(a) pyrene, 20-methyclonathrene diethylnitrosamine (DENA), and
diethylnitrosamine, respectively [B2I34188] Additionally, thymoquinone at various concentrations ranging from 50 to
100 nM effectively inhibited migration, invasion, and tube formation of human umbilical vein endothelial cells
(HUVEC). This study also suggested when given by subcutaneous injection, thymoquinone (6 mg/kg) inhibited
human prostate tumor growth in both size and weight in a xenograft human prostate cancer (PC3) model in mice,
and this low dosage almost has no chemotoxic side effects 4. Oral administration of thymoquinone had a slower
absorption characteristic as compared with elimination, but with good bioavailability, with a T, value of 274.61 min
and Cpay Of 3.48 pg/mL B4, In addition, geraniol, an acyclic monoterpene, represents a potential chemopreventive
agent in colon carcinogenesis, as indicated by the decreased number of total aberrant crypt foci (ACF) and ACF >
4 crypts in the distal colon 8. In in vivo and in vitro experiments, geraniol can also induce PC-3 prostate cancer
cells to inhibit the growth of prostate cancer by targeting cell cycle and apoptosis pathways in cultured cells and

tumor grafted mice and regulate the expression of various cell cycle regulators and Bcl-2 family proteins in PC-3
cells [82],

Triterpenoids, such as betulinic acid, lupeol, oleanolic acid, and cucurbitacin, are metabolites of isopentenyl
pyrophosphate oligomers and are ubiquitously distributed in the form of free triterpenoids, triterpenic glycosides

(saponins), and their precursors with potential cancer prevention properties 22211,

In a colon cancer model, doses of oleanolic acid (OA, 3b-hydroxyolean-12-en-28-oic acid) ranging from 250 to
1500 ppm inhibited mean colonic aberrant crypt foci (36-52%) induced by azoxymethane (AOM) in a dose-
dependent manner in male F344 rats [23. Daily intraperitoneal injections of oleanolic acid (12.5 mg/kg, i.p.) for 16
days have been found to inhibit tumor growth and reduce intratumoral microvessel density (MVD) in xenograft

tumor tissues of colorectal cancer mice 28, However, the systemic absorption of oleanolic acid was extremely low
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for oral doses of 25 and 50 mg/kg in rats, that may be due to poor gastrointestinal absorption and subsequent
hepatic first-pass metabolism (22, Therefore, other direct blood delivery methods, such as intraperitoneal injections,

are more suitable for ursolic acid on cancer chemoprevention.

The chemoprophylaxis of 2-cyano3, 12-dioxane-1, 9 (11)-diene-28-OIC acid (CDDO) against tumor growth in
xenograft mouse models of breast cancer was studied in vivo and in vitro. It not only effectively inhibits the activity
of HER2 tyrosine kinase, but also inhibits the growth of HER2 overexpressed breast cancer cells B4, Moreover,
methyl ester or ethyl amide derivatives of CDDO showed more potent for delaying the initial development of
tumors, than the individual drug of suberoylanilide hydroxamic acid (SAHA), with a 7-week delay before 50% tumor

incidence was reached 23!,

Another triterpenoid compound of betulinic acid has also been reported to possess antiangiogenic effects by
inhibiting aminopeptidase N, an enzyme that is involved in the regulation of angiogenesis induced by growth factor
in endothelial cells, possibly by affecting mitochondrial functions 24128 Compared to betulinic acid, 20, 29-dihydro-
betulinic acid derivatives were found to exert better antiangiogenic properties than betulinic acid 2. Betulinic acid
is confirmed as an agent with rapid absorption and slow biphasic disappearance from serum. After a single dose of
500 mg/kg intraperitoneal betulinic acid, the serum concentrations reached peaks at 0.23 h, and the elimination
half-lives were detected as 11.8 h. The distribution of betulinic acid in tissues at 24 h in descending order was as

follows: perirenal fat, ovary, spleen, mammary gland, uterus, and bladder 28],
3.2.4. Sulfur Compounds

As we all know, the anticarcinogenic effect of Allium vegetables including garlic is attributed to organosulfur
compounds, such as allicin, which exhibited a high protective effect against cancer in animal models induced by a
variety of chemical carcinogens 7. Allicin is responsible for the characteristic odor of garlic and has been shown
to have various health-promoting effects, including cancer chemopreventive actions. It is reported that allicin
inhibited lymphangiogenesis suppressing activation of vascular endothelial growth factor (VEGF) receptor, which is
a critical cellular process implicated in tumor metastasis 2. Additionally, allicin also can be served as adjunctive
therapy for thyroid cancer, as it induces autophagic cell death to alleviate the malignant development of cancer 49,
Allicin and other thiosulfinates decompose instantly to oil-soluble organosulfur compounds in a short of time,
including diallyl sulfide (DAS), diallyl disulfide (DADS), diallyl trisulfide (DAT), and diallyl tetrasulfide (DATS). A
study by Lai et al. documented that DAS, DADS, and DATS may become the potential of the application of drug
resistance, including DATS to colo 205 cells migrating and invading the strongest inhibitory effect (42, Furthermore,
administration of DAS (10 mg/kg, i.p.) also significantly reduced the number of tumor-directed capillaries (16.5 vs.
28.75) in male C57BL/6 mice, compared to the control group, through enhancing the production of antiangiogenic
factors such as IL-2 and TIMP [l Additionally, the regulating effect on the metabolism of the carcinogen is

considered as one of the possible mechanisms for protection against cancers of DAS [£8],

Sulforaphane is the most characterized isothiocyanate (ITC) compound, mainly found in high concentrations in
broccoli, which is viewed as a conceptually promising agent in breast cancer prevention. It can be rapidly absorbed

and achieved a peak level before 1 h 43, Sulforaphane can inhibit the translocation of the NF-kB p65 subunit,
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downregulate p52 and its downstream transcriptional activity, and preferentially eliminate breast cancer stem cells
(CSC). Sulforaphane combined with docetaxel significantly reduces primary tumor volume and secondary tumor
formation compared to treatment alone 4. However, sulforaphane is superior to glucoraphanin in modulating
phase | and phase Il enzymes involved in carcinogen metabolizing in vitro 22, Furthermore, whether sulforaphane
exerts a direct chemopreventive action on animal and human mammary tissue was determined. Following with oral
dosing of a broccoli sprouts preparation containing 200 pmol of sulforaphane, sulforaphane metabolites of
dithiocarbamate were readily measurable in human breast tissue enriched for epithelial cells, providing a strong
rationale for evaluating the protective effects of sulforaphane in clinical trials of women at risk for breast cancer
(2091 | addition, orally ingested other ITC compounds, such as allyl isothiocyanate (AITC), benzyl isothiocyanate
(BITC), erucin (ECN), phenethyl isothiocyanate (PEITC), and sulforaphane (SF), were selectively delivered to the

bladder via urinary excretion, and possess promising chemopreventive activities against human bladder cancers
[101]

3.2.5. Cellulose

Micronutrients, including vitamin D, vitamin E, folic acid, calcium, and selenium, are currently being evaluated in

National Cancer Institute (NCl)-sponsored chemoprevention trials for prostate, colon, and breast cancers.

Selenium is considered as one of the most promising agents currently under laboratory development for prostate
cancer chemoprevention. Low selenium levels are associated with a higher risk of prostate, lung, and colon cancer.
Selenium may have a protective effect on cancer, and individuals with selenium deficiency may benefit from
supplemental selenium, thereby reducing their risk of cancer 192, |n addition, compelling evidence that selenium-
induced growth inhibition and apoptosis in PC-3 prostate cancer cells were found to be dose-dependent [43],
However, it is worth noting that Se compounds can be either cytotoxic or possibly carcinogenic at higher

concentrations, which is indicated to be associated with oxidative stress [193],

Calcium is not only an essential structural component of the human body but also a key functional element for
maintaining cellular structure. Calcium is considered to be an effective chemopreventive agent, and increased
intracellular Ca?* concentration enables cytotoxic T lymphocytes (CTL) and natural killer (NK) cells to achieve
effective functional expression, thus killing cancer cells 224, |n an in vivo investigation, calcium inhibited colonic
epithelial cell proliferation induced by heme in rats, which suggested that calcium might decrease the colon cancer
risk related to a high intake of red meat 48, There have also been studies supporting the use of intravenous
CA/MG as an effective neuroprotective against oxaliplatin-induced cumulative sNT in adjuvant colon cancer .
There is also some experimental evidence that calcium can protect against breast cancer development, However,
calcium intake was not associated with breast cancer risk in the Singapore Chinese Health Study, comparing

highest quartile to lowest quartile of intake (03],

1,25-Dihydroxy vitamin D, a naturally occurring, biologically active form of vitamin D, is an important modulator for
the absorption and metabolism of calcium, which can become deficient as a result from inappropriate diet or
inadequate exposure to sunlight. Therefore, vitamin D also has a role in preventing the malignant transformation

and the progression of various types of human tumors while modulating calcium metabolism. The prophylactic
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effects of vitamin D on the most common types of cancer have been extensively investigated either in vitro or in
vivo. The inhibitory effect of vitamin D on tumor cell growth was first described by Colston et al. The reported that
decreased cell proliferation was found in melanoma cells treated with 1,25-dihydroxyvitamin D3 (1,25(0H),D3) 48!,
Subsequently, the growth suppressing the activity of 1,25(OH),D5; was observed in other tumor cell lines such as
colon, lung, and prostate cancer cells 491081 These studies also highlighted the presence of a specific vitamin D
receptor (VDR) that appeared to be essential for the growth inhibitory activity of 1,25(0OH),D3. In line with these
investigations, other in vitro studies revealed that decreased intracellular levels of VDR markedly reduced the
sensitivity of 1,25(0H),D5 towards the antiproliferative effects 197, The major obstacle of 1,25(0H),D3 in the
clinical development was the reason of induced hypercalcemia at pharmacologically relevant doses 198l |n
addition, some major studies also exhibited that non-alpha-tocopherol forms of vitamin E hold considerable

promise for the chemoprevention of prostate cancer 199,
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