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The search for effective methods of cancer treatment and prevention has been a continuous effort since the
disease was discovered. Recently, there has been increasing interest in exploring plants and fruits for molecules
that may have potential as either adjuvants or as chemopreventive agents against cancer. One of the promising
compounds under extensive research is nobiletin (NOB), a polymethoxyflavone (PMF) extracted exclusively from
citrus peel. Not only does NOB itself exhibit anti-cancer properties, but its derivatives are also promising
chemopreventive agents; examples of derivatives with anti-cancer activity include 3'-demethylnobiletin (3'-DMN),
4'-demethylnobiletin (4-DMN), 3',4'-didemethylnobiletin (3',4'-DMN) and 5-demethylnobiletin (5-DMN). In vitro
studies have demonstrated differential efficacies and mechanisms of NOB and its derivatives in inhibiting and
killing of colon cancer cells. The chemopreventive potential of NOB has also been well demonstrated in several in
vivo colon carcinogenesis animal models. NOB and its derivatives target multiple pathways in cancer progression
and inhibit several of the hallmark features of colorectal cancer (CRC) pathophysiology, including arresting the cell
cycle, inhibiting cell proliferation, inducing apoptosis, preventing tumour formation, reducing inflammatory effects
and limiting angiogenesis. However, these substances have low oral bioavailability that limits their clinical utility,
hence there have been numerous efforts exploring better drug delivery strategies for NOB and these are part of
this review. We also reviewed data related to patents involving NOB to illustrate the extensiveness of each
research area and its direction of commercialisation. Furthermore, this review also provides suggested directions

for future research to advance NOB as the next promising candidate in CRC chemoprevention.

nobiletin colorectal cancer chemoprevention bioactivities flavonoid

polymethoxyflavone polyphenol

| 1. Introduction

Colorectal cancer (CRC) is the third most prevalent cancer reported in both men and women, ranking just after
prostate or breast cancer and lung cancer L. Although in many cases there is no readily apparent cause of CRC, a
number of factors have been found to be closely associated with this malignancy including gender, age, genetic
predisposition, lifestyle, diet or as a complication from other diseases such as inflammatory bowel disease (IBD).
Statistics showed that the death rate from CRC is 40% higher in males as compared to females, with the
prevalence increasing with age, especially above 50 years old; however, there is a new and worrying trend of

increasing incidence of colorectal cancer in the age group younger than 50, which, while slight, is still worrying 23],
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The incidence of CRC has reduced as modern screening strategies have enabled much earlier detection of
potentially malignant lesions, allowing for early intervention such as surgical excision of adenoma before it
undergoes malignant transformation 2!, Although there has been a reduction, the high number of cases remains
a major concern and the search for new and better treatments for CRC has been a key focus in pharmacological
research. Standard therapy for cancer typically involves the triple regimen of surgery, chemotherapy, and radiation
treatment. Efforts in exploring and developing new treatments are very much needed due to the limitations of the

current treatment regimen—ranging from side effects, to complications and the development of drug resistance.

Researchers are attempting to explore multiple avenues for novel leads as anti-cancer agents with an increasing
trend to focus on natural sources like plants and fruits [BIAE However, while it is key to find new treatments to
existing cancers, a crucial aspect that is also being explored is prevention of cancerous growths; in particular, this
would be of benefit for those at risk due to the various factors outlined earlier. One of the effective strategies to
control cancer is chemoprevention, which is defined as the use of a natural or synthetic agent to reverse, inhibit, or

prevent the progression of cancer &,

Plants and fruits are often part of a diet recommended to prevent various illnesses including cancer 29 These
beneficial properties may be derived from the chemicals they contain as well as their metabolites which enter our
alimentary canal and eventually end up in our colon and rectum. If the compounds responsible can be isolated and
purified for use as a treatment, this may be a milestone in new cancer therapies and prophylaxis. While an
extensive review of polyphenols like apigenin and luteolin on anti-colorectal cancer effect can readily be found 11/,

this study highlights the potential chemopreventive effect on CRC of another flavonoid, namely nobiletin (NOB).

NOB, a polymethoxyflavone (PMF), is likely named after Citrus nobilis. This compound is one of the most
ubiquitous flavones that can be isolated exclusively from the peel of citrus fruits 12, Besides CRC, there is
concurrently ongoing research looking into the effect of NOB on other types of cancers such as breast cancer 23]
(241 ovarian cancer 12, gastric cancer L8 |Jung cancer 2819 |iver cancer 29 and bone cancer 2L, There are
also recent studies attesting to the benefits of NOB in anti-neurodegenerative 22123 anti-diabetes 24, anti-obesity
(25][261[27] ' gntimicrobial 28], anti-allergy 22! and anti-inflammatory effects BB, There are also a number of articles
that support claims purporting to the role of NOB in reducing the risk of cardiovascular diseases [B223l and

osteoporosis [34123],

Interestingly, this compound can be metabolised into a number of metabolites which also show significant anti-
cancer effects. There are several recent reviews on the bioactivities of these citrus PMF 28] as well as the potential
chemopreventive abilities of these PMFs toward cancers in general B4, This review paper aims to gather the
results of the in vivo and in vitro studies done in recent years and compile various molecular pathways by which the
compound NOB and its derivatives act in CRC prevention which will in turn help to facilitate future research that

targets these specific mechanisms.

| 2. Nobiletin and Its Derivatives
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The compound nobiletin (NOB) can be extracted exclusively from citrus fruits, namely mandarin oranges (Citrus
reticulate), sweet oranges or Valencia oranges (Citrus sinesis), Miaray mandarins (Citrus miaray) 38, flat lemons or
Hayata (Citrus depressa) B9 tangerines (Citrus tangerine), bitter oranges (Citrus aurantium) 22, Unshu Mikans
or Satsuma mandarins (Citrus Unshiu arnicia indica) 412 Cleopatra mandarins (Citrus reshni) 43, mandarin
oranges (Citrus tachibana), Koji Oranges (Citrus leiocarpa), Natsu Mikans (Citrus tardiva), Jimikan (Citrus
succosa), Kinokuni Mandarins (Citrus Kinokuni), Fukushu (Citrus erythrosa), Sunkat (Citrus sunki) and hybrids of
the mandarin orange with pomelo (Citrus deliciosa) #4l. Citrus tangerine was reported to contain the highest

content of NOB, approximately five times of that in Citrus sinesis 431,

PMF can be isolated from orange peel through different types of chemical extraction processes, for example, the
supercritical fluid extraction, microwave assisted extraction 48 and the Soxhlet extraction method, which is capable
of extracting large sample volumes 3. Through the supercritical fluid extraction process, the supercritical fluid
extractor is used to process the orange peel grinds that have been freeze-dried. Then, the extract is further treated
with carbon dioxide and ethanol to concentrate the bioactive compound 4. A special method to improve NOB yield
through the supercritical fluid extraction method is currently patented in Korea 8. |t was found that the maximal
yield of NOB occurs at a temperature of 80 °C and pressure of 30 MPa with an optimum sample particle size of
375 pm “9,

NOB is a PMF classified under the flavonoid family of polyphenols. The International Union of Pure and Applied
Chemistry (IUPAC) nomenclature is 2-(3,4-dimethoxyphenyl)-5,6,7,8-tetramethoxychromen-4-one. It is also known
as 5,6,7,8,3',4"-hexamethoxyflavone or 2-(3,4-dimethoxyphenyl)-5,6,7,8-tetramethoxy-4H-1-benzopyran-4-one 12,
NOB has a molecular formula of C,1H,,0g and a molecular weight of 402.399 g/mol. The chemical structure of
NOB is illustrated in Figure 1. This flavone has a distinct structure with three aromatic rings (labelled A, B and C in
Figure 1), with the ketone and ether group in ring C along with four methoxy groups at the 5, 6, 7 and 8 positions
of ring A and 2 methoxy groups at the 3 and 4 positions of ring B. Under long-term storage, NOB can degrade into
5-demethylnobiletin (5-DMN), IUPAC name 5-hydroxy- 6,7,8,3',4'-pentamethoxyflavone (structure illustrated
in Figure 1), through the process of autohydrolysis 9. It has also been proposed that 5-DMN could be formed

through the conversion of NOB by gastric acid after oral consumption 29,
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OMe ©
3, 4’-didemethylnobiletin (3’,4"-DMN)

5-demethylnobiletin (5-DMN)

Figure 1. Chemical structures of nobiletin and its derivatives.

Both NOB and 5-DMN undergo further transformation to form a number of metabolites in the body after ingestion
[BOIBAI More than 20 metabolites have been identified and the types vary significantly according to the species of
citrus plants 22 The three common phase | metabolites of NOB identified in urine after administration to rodents
are 3-DMN, 4-DMN and 3',4'-DMN 321531 wy et al. successfully quantitated the amount of NOB, 3'-DMN, 4'-DMN
and 3',4'-DMN at 2.03, 3.28, 24.13 and 12.03 nmol/(gram of tissue of colonic mucosa) in CD-1 mice at the end of
the 20-week daily feeding with 500 ppm NOB 34!,

After absorption, NOB generally undergoes Phase | and Phase Il metabolism. In vivo tests show the Phase |
demethylation of NOB is likely caused by the action of cytochrome P450 B2, Koga et al. researched the enzymes
involved in NOB metabolism and confirmed that CYP1Al, CYP1A2, CYP1B1 and CYP3A5 are involved in the
conversion of NOB to 3'-DMN; further action from CYP1A1 and CYP1A2 is required to convert 3'-DMN to 3',4'-
DMN B8 NOB was also found to undergo extensive Phase Il metabolism in the small intestine involving
glucuronides or sulphates. B4 Four phase Il metabolites of NOB have been identified in rodent serum, bile and
urine. These Phase Il metabolites are formed from the glucuronidation/sulphation of the Phase | products, namely
4'-DMN and 3',4'-DMN B8l However, research on these Phase Il metabolites are limited likely due to the fact that
existing literature suggests a high likelihood that these substances have decreased activity. For example, Manthey

et al. showed there was a reduced anti-inflammatory effect of the compound after glucuronidation 52,
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In contrast to the dominant Phase Il metabolites in the small intestines, the majority of the metabolites in the large
intestine undergo deconjugation mainly through the action of the microflora in the gut. The microbiome produces
enzymes such as C-deglycosidases, O-deglycosidases and hydrolases that break down the unabsorbed
compounds from the small intestine. The microbiome also releases enzymes such as glucuronidases and
sulphatases that hydrolyze the conjugate bonds, resulting in the reformation of free molecules that either undergo
reuptake into the colonocytes or enter into the blood stream 9. At present, only a limited species of the
microbiome have been identified and further research is crucial to understand the in vivo biotransformation of the
NOB compound resulting in the generation of multiple metabolites with different activities 61, It is likely that the
subtle variances in the gut microbiome in different individuals may result in different pharmacodynamic effects after
administration of NOB. For instance, 4-DMN and 3',.4-DMN have been shown to exhibit higher anti-cancer and
anti-inflammatory effects than NOB itself, but the rate of conversion from NOB to these metabolites may vary from
one person to another 462 The mechanisms of NOB in chemoprevention are elaborated under 'Section 3:
Chemopreventive effects of NOB, 5-DMN and NOB-metabolites’.

Early in vitro studies using rat liver S9 extracts reveals 3'-DMN as the main metabolite of NOB after 24 h of
treatment 2. However, further High-Performance Liquid Chromatography (HPLC) analysis on in vivo experiments
showed that the concentration of nobiletin and its metabolites differ in the colonic mucosa—the concentration of 3'-
DMN is almost equal to NOB, while 3',4'-DMN is about 5.9-fold more than NOB, and 4'-DMN being the most
concentrated, at 11.9 times the concentration of NOB. Integrating these values, the concentration of NOB is
actually 20 times significantly lower in the colon when compared to the total concentration of its metabolites 54!,
Convincing evidence has shown that these metabolites generated in vivo following oral administration of NOB

result in significant accumulation in colonic tissues which is associated with the chemopreventive effect for CRC.

Interestingly, growing evidence suggests that the metabolites have more potent anti-cancer activity than their
parent compounds, and the high concentration of the metabolites of NOB found in the colon may indicate that the
anti-cancer effect of NOB is largely conferred by its metabolites. This is consistent with the findings of Wu et al.
who discovered that by treating HCT116 cell lines with NOB and its metabolites results in a 3.3 to 7.6-fold increase
in apoptotic cells B4l A recent study by Chiou et al. also shows that the hydroxylated PMF, 5-DMN is more potent
than NOB in terms of its chemopreventive effect on colon malignancy for both in vivo studies using xenograft mice
and in vivo studies using three different colon cell lines. Chiou and colleagues reported that 5-DMN shows different
levels of inhibition in different types of cell lines, with the highest efficacies in COLO205 cell lines, followed by
HCT116 and HT-29 9. This is consistent with the findings of Qiu et al. stating that the half maximal inhibitory
concentration (ICsg) required for 5-DMN to exert an inhibitory effect on the growth of HCT116 cells is 8.4 uM as
compared to the notably higher value of 37 uM for NOB. Similarly, the 1Cgq required for 5-DMN against HT-29 cells
is 22 uM as compared to the higher ICgq of 46.2 uM for NOB (€3], This may suggest that the hydroxyl group at the

5th position on the A ring is an important functional group involved in the molecular interactions 2!,

3. Chemopreventive Effects of Nobiletin, 5-DMN and NOB-
Metabolites
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In one of earliest in vitro studies, the antiproliferative effect of NOB was evaluated against HT-29 colon cancer cells
(641 The study determined that the ICsy and 1Cgq of NOB against HT-29 cell were 4.7 uM and 13.9 pM, respectively,
via the 3H-thymidine uptake assay [64l. As a product of autohydrolysis of NOB, 5-DMN was also evaluated for its
antiproliferative effect against colon cancer cells. In the H-thymidine uptake assay, the ICsq and 1Cqq of 5-DMN
against HT-29 was reported to be 8.5 uM and 171 pM, respectively 4. In the following years, NOB and 5-DMN
were also reported to be cytotoxic towards different colon cancer cell lines, including HCT116, HT-29, SW489,
COL0O320, COLO205 and Caco-2 (Table 1). Despite the stronger anti-proliferative effect of NOB observed in the
earlier study (64!, recent studies increasingly showed that 5-DMN exhibits stronger cytotoxic effects against different
colon cancer cells as compared to NOB 4263 These contradictory results are potentially due to the different
aspects of cancer focused in each study. Based on these in vitro studies, NOB and 5-DMN were shown to exhibit
their cytotoxic effects towards colon cancer cells, predominantly via cell cycle arrest and induction of apoptosis
(Table 1).

Table 1. In vitro chemopreventive properties of NOB, 5-DMN and NOB-metabolites.

Treatment/Assay
CompoundsActivities Celllines (Treatment Assays/Results/IMechanismsReferences
Duration)
NOB Anti- HT-29 H-thymidine - 1C5q 0f NOB = 4.7 uM [64]
proliferative uptake assay
= |C90 of NOB =13.9 UM
5-DMN - IC5 of 5-DMN = 8.5 pM
- ICgg Of 5-DMN = 171 pM
NOB Cytotoxicity COL0320, MTS viability - ICgq for COLO320 =40.4 + [65]
SW480 and  assay (48 h) 9.1 uM
Caco-2
- IC5q for SW480 = 245 + 9.1
uM
- ICsq for Caco-2 = 305.6 +41.9
UM
Apoptosis- Apoptosis - DNA ladder pattern
inducing assays—DNA
fragmentation 200 yM—2-fold increase DNA
fragmentation in COLO320
- gel
electrophoresis
(48 h)
Anti- BrdU labelling - 34.7 £ 4.7% BrdU-binding
proliferative index cells at 100 pM
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CompoundsActivities

NOB Anti-

metastasis

NOB Anti-

proliferative

Cell cycle
arrest

Apoptosis-
inducing

NOB
5-DMN

Cytotoxicity

Treatment/Assay

Cell lines (Treatment

Duration)

HT-29 ELISA

- proMMP-7

expression

gPCR and
Western blot

AP-1 binding
activity

HT-29 Cell counting

assay

Cell cycle
analysis

- Propidium
iodide staining

Apoptosis assay

Resumption of
proliferation

HCT116,
HT-29

MTT viability
assay (48 h)

Assays/Results/IMechanismsReferences

- 44.4 + 6.4% BrdU-binding
cells at 40 uM

- At 100 pM, no detection of
proMMP-7 in media, ~280
pg/mL proMMP-7 in media

- >25 pM, reduced RNA and
protein (both intracellular and
supernatant) expression of
proMMP-7

- Inhibited binding activity of
AP-1 (transcription factor for
MMP-7 gene)

- 1Cs0 of NOB = 50 uM [14]

- Inhibited cell proliferation in a
time- and dose-dependent
manner

- Induced G1 phase cell cycle
arrest (60 and 200 pM)

- No significant apoptosis
detected at 60 and 100 uM

- Resumed proliferation within
24 h of removal of NOB and
achieve the same stage of
growth as compared to control
after four days of removal of
NOB

- ICsp of NOB on HCT116 = 37 (63]
UM

- ICs50 of 5-DMN on HCT116 =
8.7 UM
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CompoundsActivities  Cell lines
Cell cycle
arrest
Apoptosis-
inducing
5-DMN Apoptosis- HCT116
inducing (p53 *')
and
HCT116
(p53 )
HCT116
(Bax ")
and
HCT116
(Bax ™);
HCT116
(P21 7)

Treatment/Assay

(Treatment
Duration)

Cell cycle
analysis

- Propidium
iodide staining
(24 h)
Western blot

Apoptosis assay

Annexin-V/PI (48
h)

Western blot

Apoptosis assay
Annexin-V/PI

Assays/Results/IMechanismsReferences

- ICs0 of NOB on HT-29 = 46.2
UM

- ICsp of 5-DMN on HT-29 = 22
UM

- At 8 uM, 5-DMN induced
G2/M phase arrest in HCT116

- At 36 M, 5-DMN induced
G2/M phase arrest in HT-29

- At 16 pM, NOB reduced CDK-
2 expression

-At4 M and 8 yM, 5-DMN
increased p21 and Rb, while
decreased CDK-2 and p-Rb.

- At 8 uM, 5-DMN increased
early apoptosis by 2.2-fold in
HCT116

- At 36 pM, 5-DMN increased
early apoptosis by ~2-fold in
HT-29

- At 16 uM, NOB did not
increase apoptotic cell
population in HCT116/HT-29

- At 4 uyM and 8 pM, 5-DMN
increased expressions of
cleaved caspase 8, cleaved
caspase 3 and cleaved PARP.

- At 15 pM, 5-DMN increased [67]
late apoptotic/necrotic cell in

HCT116 (p53 77) > HCT115

(p53 *'*), suggesting the

apoptotic inducing action is
independent of p53

- At 15 pM, 5-DMN increased
early apoptotic cell in HCT116
(Bax ), but not in HCT116
(Bax )
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CompoundsActivities Cell lines
Cell cycle
arrest
NOB; Cytotoxicity HCT116,
3'-DMN; HT-29
4'-DMN;
3,4'-DMN
Cell cycle
arrest

Treatment/Assay

(Treatment
Duration)

Cell cycle
analysis

- Propidium
iodide staining

MTT viability
assay

Cell cycle
analysis

- Propidium
iodide staining
(24 h)

Assays/Results/IMechanismsReferences

- At 15 uM, 5-DMN arrested
cells at G2/M and G0/G1
phases in HCT116 (p53 *'*)
cells, but only caused G2/M
phase arrest in HCT116 (p53 ~/
7) cells

- GO/G1 is p53 dependent and
G2/M is p53-independent

-At2.03 pM and 3.28 pM, NOoB B4
and 3'-DMN, respectively

showed no significant

cytotoxicity against HCT116

and HT-29

- At 24.13 pM, 4'-DMN inhibited
growth of HCT-116 by 45% and
HT-29 by 33%

- At 12.03 uM, 3',4-DMN
inhibited growth of HCT116 by
30% and HT-29 by 9%

- combination of all three NOB-
metabolites inhibited growth of
HCT116 by 64% and HT-29 by
62% (no significant difference
to three NOB-metabolites +
NOB)

- NOB (40 pM) arrested cells at
GO0/G1 phase in both HCT-116
and HT-29

- 3-DMN (40 pM) arrested cells
at both S phase and G2/M
phase in HCT-116; while
arrested cells at both GO/G1
and G2/M phase in HT-29

- 4'-DMN (40 puM) induced a
stronger effect than NOB in
arresting cells at GO/G1 phase
in HCT-116 and HT-29

- 3,4'-DMN (20 uM) arrested
cells at both S phase and G2/M
phase in HCT-116; while
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CompoundsActivities

Apoptosis
inducing

Cell lines

Treatment/Assay

(Treatment
Duration)

Western blot

Annexin-V/PI (48
h)

Western blot

Assays/Results/IMechanismsReferences

arrested cells at both GO/G1
and G2/M phase in HT-29

- NOB and all three NOB-
metabolites cause profound

increase in expression of
p21C|p1/Wafl

- NOB (40 pM) increased early
apoptotic cell population by 3.3-
fold, increased late apoptotic
cell population by 4.2-fold in
HCT116

- 3'-DMN (40 uM) increased
early apoptotic cell population
by 5.0-fold, increased late
apoptotic cell population by 3.5-
fold in HCT116

- 4-DMN (40 uM) increased
early apoptotic cell population
by 4.9-fold, increased late
apoptotic cell population by 7.1-
fold in HCT116

- 3',4'-DMN (20 pM) increased
early apoptotic cell population
by 7.6-fold, increase late
apoptotic cell population by 4.5-
fold in HCT116

-3'-DMN (40 uM) and 4’-DMN
(40 pM) did not cause
significant apoptosis in HT-29

- 3',4'-DMN (20 puM) exhibits
stronger apoptosis effect than
NOB (40 pM) in HT-29

- NOB (40 pM) only increased
activation of caspase-9 and did
not affect caspase-3 or PARP
levels in HCT116

- NOB-metabolites increased
activation of caspase-3,
caspase-9 and other
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CompoundsActivities

NOB-Met Anti-
(2.03 uM inflammatory
NOB:
3.28 yM 3-
DMN:
24.13 pM
4'-DMN:
12.03 uM
3',4'-DMN
Cell cycle
arrest
NOB, 5- Cytotoxicity
DMN
Apoptosis
inducing
References

Treatment/Assay

Cell lines (Treatment

Duration)

RAW?264.7 Western Blot

HCT116 Cell cycle
analysis

- Propidium
iodide staining
Western blot

HCT116,
HT-29,
COLO205

MTT viability
assay

Cell cycle
analysis
- SubG1

Assays/Results/IMechanismsReferences

downstream proteins like PARP
in HCT116

- At 0.5x% concentration of NOB- [68]
Met, supressed LPS-induced
INOS expression by 56.4%

- At 1x and 2x concentration of
NOB-Met, completely
abrogated LPS-induced iNOS
expression

- At x0.5, increased expression
of NQO1 by 21% as compared
to LPS-treated cells

- At x1, increased expression of
HO-1 by 10%, increased
expression of NQO1 by 34% as
compared to LPS-treated cells

- At x2, increased expression of
HO-1 by 37%, increased
expression of NQO1 by 50% as
compared to LPS-treated cells

- Induced translocation of Nrf2

- At 1x, induced GO/G1 phase
arrest; while at 2x, induced
GO0/G1 and G2/M phases arrest

- Reduced expressions of CDK-
2, CDK-4, CDK-6 and cyclin D,

while increased expressions of

p53 and p27

- At 40 uM, NOB significantly [49)
reduced viability of HCT116,

HT-29 and COLO205 by ~20—

30%

- At >5 yM, 5-DMN significantly
reduced viability of HCT116,
HT-29 and COLO205

- At 20 pM, 5-DMN increased
apoptosis ratio by ~26%, while
no increased in subG1
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Treatment/Assay

CompoundsActivities  Cell lines (Treatment AssaysIResuItsIMechanismsReferenceS'30-
Duration)
quantification population in NOB-treated atory
Western COLO205

- At 10 and 20 uM, significantly
increased expression of
i mmm mrmmmmrm e —mim s mem—ee - o — o ... Cleaved PARP in COLO205

sease

NOB Anti- Human ELISA - At >4 yM, NOB inhibited (69 lorectal
inflammatory  synovial PGE; induced by IL-1ain
fibroblast, human synovial fibroblast
mouse 116
macrophage  Western blotand - At >16 uM, NOB reduced ’
J774A.1 gPCR mRNA of COX-2 induced by IL-
1la in human synovial fibroblast
onal
- At 64 uM, NOB inhibited COX-
2 protein expression induced by
IL-1a in human synovial
fibroblast
lcohol
gPCR - At 32 uM, NOB reduced
mRNA of IL-1aq, IL-1[3, IL-6,
TNF-a induced by LPS in \nti
J774A1 nti-
Western blot - At >16 yM, NOB reduced
proMMP-1 and proMMP-3
induced by IL-1a in human 013
synovial fibroblast | !
- At >16 yM, NOB enhanced
1 TIMP-1 expression in response an, K.-
to IL-1a in human synovial .
fibroblast les and
NOB Anti- Mouse ELISA - At 50 and 100 uM, NOB [za]
1 inflammatory  adipocyte suppressed MCP-1 secretion /Iedge
3T3-L1 induced by TNF-a IN 3T3-L1
adipocytes

1 Western blot - At 50 and 100 M, NOB ng-
reduced ERK phosphorylation '014, 3.
in 3T3-L1 adipocytes treated

1 with TNF-a

bioactivation in MDA-MB-468 breast cancer cells by cytochrome P450 CYP1 enzymes. Food
Chem. Toxicol. 2018, 113, 228-235.

14. Morley, K.L.; Ferguson, P.J.; Koropatnick, J. Tangeretin and nobiletin induce G1 cell cycle arrest

eI o S A S R S e LT R e T R TSR e S NS
Iialamg) YeFmSass, HCDWaiyc!iX-ds péiolene thin @€ By sy ppireddas cado pifsgidipampipsiatobarivie; OMES—
indeocipiee IS gsiitiiapathiN@p ardl ADIRIFCep mpoptasisoreduatideud-rdsi3thnh KO \B3yfANaseariadPGE,—
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prosaiqGerdcels; RiovinenleBkiay Makcothero20d8pdie 3a@8-3™P-1—tissue inhibitor metalloprotease-1; MCP-1

15%8%%%.%P.?r&%%frf\lﬁF?ﬂfrPrﬁ?tls'.@.l;'Cho, S.K. Nobiletin induces apoptosis and potentiates the effects

of the anticancer drug 5-fluorouracil in p53-mutated SNU-16 human gastric cancer cells. Nutr.
Multlp}e In Vivo stugles Je onstrate tl!;at NOBDO ers a protectlve effect agalnst everal carcinogens, SUCLFI1 as the

azo%?nqgﬁgr%g]&o%ﬂ?a2n%6tT1%925-amino-l-methyl-6-pheny|imidazo[4,5-b]pyridine (PhIP) (Table 2). AOM/DSS has

IeeMosed boYrdGtoc@itls.iNoliketon thel pogopeaibotivt rqutcpkagyaaetotmganiaiddny doRisiressed CRC in
humaediBiehapepto$ialiv AletarngastrientancarShihd-tiérivetscavbdiegetet 204 GpRAJAil. released in the
1HOBRs8R5 0k 0g Mol AR Paaeda ATRIREELCY OV O Riaise or fjgg disieks n ther diet
e B Ak N A SR M B e S e S RS ORERE AR LBMISISSER oF paciiaker"
e B O SIS R TSR A DR RIS depf SR T S R R e e SRR e Bngms
effel\%g c?f 518P4?I§8,sﬂg\ge_%g9.sitive results but with lower efficacies, whereby 34 weeks administration of 0.01% or
0.05% wt. of NOB reduced the frequency of adenocarcinoma by 12% and 32%, respectively /4. In addition to that,

1SN, Mem¥hdirdtedhar aRoS I RiRRRRed s MRRGIN- rd1RRE. e (2RO of cell rbiitdrhtién bk 59080l
incitiRE by A88MeimsablgiN AN R0 Rite FHEHAaRA NKANEUGed MO 8U) YEIENRHIS dAd 45%
resﬂéi&ﬁ/eﬁpﬁfjm%sgolrzaédgﬁﬁ'c‘@@: Consistent with the inhibitory effect against AOM induced colon

B RNLIRNESRy, MOF REAGSRPWEdarINICaRESdYCiBRJN, (e INEIbIRERF BIRL OB ISoRiRiRNbATYPL foci (ACF)
locgedtdbe itAas e Aot P I NSkasH FR%4. PisyTotars RBAWS ¢t NaB issefessye in preventing CRC

triggered by different types of carcinogens.
21. Cheng, H.-L.; Hsieh, M.-J.; Yang, J.-S.; Lin, C.-W.; Lue, K.-H.; Lu, K.-H.; Yang, S.-F. Nobiletin

inhibits human ostggsRIeomJiceinMalasiasis By DiRpkiascERKah Mg diated MMPs
expression. Oncotarget 2016, 7, 35208—-35223.

Animal Models Treatment/Dosage Mechanisms  Detailed Results References b
»oparzo-
Colitis-associated AIN93G diet Cell cycle arrest  Protein expression in [68]

colon carcinogenesis containing 0.05% wt colonic mucosa by biletin
model NOB Western blot
- AOM (12 mg/kg (20 weeks) - Reduced levels of CDK-
i.p.)/1% DSS in 2, CDK-A}, CDK-6, cyclin D
and cyclin E
2 drinking water - Increased levels of p21, stance
treated male CD-1 p27 and p53 ichim.
mice (5-week-old) Anti- Immunohistochemical
inflammatory analysis .
2 effects - Reduced expression of lobiletin
iINOS reduced by 35% demic
when compared to the
positive control
Protein expression in
colonic mucosa by
Western blot
- Increased level of HO-1
2 - Increased level of NQO1 asis via
- Induced translocation of
level of Nrf2 transcription 2018.

2 obiletin
and 5-Acetoxy-6, 7, 8, 3', 4'-pentamethoxyflavone Suppress Lipid Accumulation by Activating the

VW

, 28.
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(98]

(@8]
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Animal Models

Colitis-associated

colon carcinogenesis

model

Colon carcinogenesis

AOM/DSS treated
AOM (12 mg/kg
i.p.)/1% DSS in

drinking water

treated male CD-1

mice (5 week old)

model

Colon carcinogenesis

AOM (15 mg/kg i.p.)

treated
male db/db mice

model

AOM (10 mg/kg
i.p.)/1% DSS in

Treatment/Dosage Mechanisms

Food Chem. 2016, 64, 3196-3205.

AIN93G diet
containing 0.05% wt
NOB

(20 weeks)

Diet containing 100
ppm NOB (0.1% wt)
(10 weeks)

Diet containing 100
ppm NOB (0.1% wt)
(for 17 weeks)

Food Chem. 2015, 63, 7180-7189.

Inhibit
AOM/DSS-
induced colon
carcinogenesis

Anti-proliferative
effect

Apoptosis-
inducing effect

Anti-
inflammatory
effects

Inhibit AOM
induced colon
carcinogenesis

Inhibit
AOM/DSS-
induced colon
carcinogenesis

yJ v roroannna

Detailed Results
factor (Nuclear fraction <
Cytoplasmic fraction)

- Prevented shortening of
colon length, reduced the
increased colon
weight/length ratio

- Reduced tumor
incidence by 40% and
tumor multiplicity by 71%
- Maintained histological
characteristic of normal
mucosa

- Reduced PCNA-positive
colonocytes by 69% in
mucosal crypts

- Increased cleaved
caspase-3 positive cells
by 2.3-fold in colonic
tumor

- Reduced levels of
proinflammatory cytokines
- ELISA showed reduction
of TNF-a by 51%, IL-11 by
92% and IL-6 by 69%
compared

- gRT-PCR analysis
showed reduction of TNF-
o by 65%, IL-1 by 69%
and IL-6 by 45%

- Reduced frequency of
preneoplastic lesions
(colonic aberrant crypt foci
(ACF) and B-catenin-
accumulated crypts
(BCAQ))

- Reduced incidence of
ACF by 68-91% and
BCAC by 64-71%

- Reduced PCNA-labeling
index in ACF by 21% and
BCAC by 19%

- Suppressed incidence of
neoplasms (adenoma and
adenocarcinoma), lowered
multiplicity of tumor

References,gic.

(4]

Anti-

ster-
5. FEBS

\rmaco.

biletin
ental

cular

the
Agric.
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2Animal Models Treatment/Dosage Mechanisms  Detailed Results References
drinking water Inhibit leptin- B ) a. BMC
treated male CD-1 induced colon
mice carcinogenesis - Suppressed serum
levels of leptin by 75-84%
4
T o . o 74 difier.
Colon carcinogenesis Diet containing NOB  Inhibit AOM - Reduced incidence and
model (0.01% wt and induced colon multiplicity of colonic
- AOM (20 mg/kg 0.05% wt) (34 carcinogenesis adenocarcinoma o
4 weeks) Nishino,
s.c.) treated male . . .
Anti-proliferative e-
F344 rats effect
- Increased apoptosis

4 index of adenocarcinoma v S,

_ uced
Anti- I
inflammatory )059-
effect

4 - Reduced level of /ones

PGE> in colonic
adenocarcinoma and
surrounding mucosa .

4 ‘ation
Colon carcinogenesis Diet containing NOB  Inhibit AOM- - Reduced the frequency (4] 16
model (0.01% wt and induced colon of colonic aberrant crypt
- AOM (20 mg/kg 0.05% wt) (5 weeks)  carcinogenesis foci formation

- Reduced number of ACF
4 s.c.) treated male . . .
in proximal, middle and
F344 rats distal colon ood
Anti-proliferative
effect .
4 d rapid
- Reduced MIB-5 labeling Soc.
index of ACF but not of
normal colonic crypts
4 Anti- M.;
inflammatory onin a
effect
y - Reduced level of
PGE:> in colonic mucosa
rch
Colon carcinogenesis Diet containing NOB  Inhibit PhIP- - Reduced the total (=]
model (0.05% wt.) (50 induced ACF in colonic ACF indices in
- i weeks transverse colon  transverse colon
4 PhIP hydrochloride ) n more
(100 mg/kg i.g.) 2018

2, 91-97.

50. Zheng, J.; Bi, J.; Johnson, D.; Sun, Y.; Song, M.; Qiu, P.; Dong, P.; Decker, E.; Xiao, H. Analysis of
10 metabolites of polymethoxyflavones with high sensitivity by electrochemical detection in high-
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Animal Models Treatment/Dosage Mechanisms  Detailed Results References
treated F344 male
S rats (twice/week for cation
10 weeks) 37,
Colorectal cancer NOB 100 mg/kg i.p. Anti-tumor effect - NOB reduced tumor size 22
E xenograft mouse daily for 3 weeks and weight but not 1ouse
model 5-DMN 50 mg/kg significant as compared to
- COLO205 cells s.c.  and 100 mg/kg i.p. control
o daily for 3 weeks - 5-DMN reduced tumor Jrinar
Y size and weight y
significantly as compared 128.
to control
5 itive
Autophagy - 5-DMN increased LC3 hs
induction expression e
Anti- - 5-DMN increased p53
B inflammatory expression 1 of
effect - 5-DMN reduced COX-2
expression
2006,
Anti-
angiogenesis
o - 5-DMN reduced VEGF o

expression

AR GG U IR 1 [y U Uy I U Ty Ryt A Y G s o ies i wy vous 1 OME

P450. Xenobiotica 2011, 41, 927-933.

SAof¥aguNmBiRtansiaenation of Eqtmehamiayones andisrdmRlicaton or Biglpdical AtVileRion,
i.g.BPﬁPaggg r%isa mﬁ‘r%Ys‘?rrgtllt n?f%ﬁis—agmﬁ?e?gﬁnéo‘ mal erﬁﬁ%lel\gﬁarlf{%@n;ZR&IZ'—aberrant crypt foci; BCAC—-
5&teqin-acchvuMteGuaRisLu, PNIPAERg e Oy -BvaimeyyZ ] itientézelddnbifyndtabalitgs of nélSitetmeiatrinde-
assgsiaig dftretghe grmbaios liybldrchrancatagragtihatieLpledthvigattiple-quadrupole mass spectrometry.

Yao Xue Xue Bao (Acta Pharm. Sin.) 2011, 46, 1483-1487.
Further support for NOB as a prospective candidate for chemoprevention is that NOB is known to inhibit different

SPuhIA RY a6 o RENIS Gl AONRMBMIRRICNY ASHHI Rl QrANgS RS RIS A U RIE B 3Y
4188 frnitng nrahiriaish MG aYoNs e fal SAITE4RE A0/ RRY BFSMASNLMRS ur formation
eI BOR Oy R RS A RIS AR e ch 4T oF Q9D TR0 £ W8 Shy Arsiysie B%uct, 5-DMN and its
e recarmpaenans tRhpliteBolen e, SRogdr, 4-MN/andg Batr DM K. iINohemappraatioe Sf SRl isitad. gut

microbes and dietary polyphenols: Challenges and opportunities. Microbiology 2010, 156, 3224—
3.16¢ll Cycle Arrest

6anddaty DeBicitametamizicmisfFalynyethorigfiavahiis by KBowMicrobivinaeardWalegetasis 2. One way
to dohatesiete CREi entohRolincethnyxidpragnessioy. Shefaeé Enleap edoh Ramiziol @t gosagbmyodRiat tightly
regllbesisadnistegsityf ok MassaichubettsadymingestdMAaSH2@2ls will be arrested at either the G1 or G2

ints; h thi jsm is_di ted i ditj [80] T th h the st ,
oISl RESETER B J8VES) . VaR RS CLrARERASINRIEN roseny

e Pt Lrhary mataboltas of nobilet in mouss. Bioofg. Med. Chem. Lett, 306717 B1F7%5161
complexes to allow progression to the next stage 1],
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63.1C1iLA étidpoofyNIOBGareh 1ts. Metabolite OriduGing\Cell, Mfec€sements, D.J.; Xiao, H. Inhibitory

effects of 5-hydroxy polymethoxyflavones on colon cancer cells. Mol. Nutr. Food Res. 2010, 54,
No%@){* ﬂ%ej%%t metabolites of NOB work by different mechanisms against different cells. The flow cytometry test

showed NOB and 4'-DMN arrest cells at GO/G1 phase in both HCT116 and HT-29 cell lines, despite the inhibitory
Ei A DaMADeiEUIgHEr NaAHIRGINRIBUEERSUHNRS M LESTIRN AL 43N BL RS IHRRNFANS SR
phe<&!iNnRST D1 A\HiCH e G- 2H92t BIn8SEOB4BG2/M phase in HT-29 cells. The inhibitory effect of
6347 RNy isrighardaan thateishiRIMEs atfvakalriieAconcs sHRHRAS ke adpigadnsiuce; aSurilps ard result B4
The\fagsHiAchs, etahgitan 3 -OMMaBRd & A=RALPTHRISHIgER BRI draisrsuRyipfip e dbanNRRiBIRY suggest
thappmespreienaliagerid 6rPapbicios irrnbeRIfesdsdniRinned8s ¢ 6on cancer cells. J.

Cancer Res. Clin. Oncol. 2002, 128, 539-546.
In vitro tests using HCT116 cells reveal NOB and all three of the common metabolites increase the expression of

6EpKanapIR foi dduvakami, 4y Ohigashiaid, NABHRURs 5Hrys PaYRII GO YRGS raglibtor for
profiELEPPHRIRIN AR £y TRATRAY SN SBIRRRC T re B d HBEPh 6 R RERA A CRARESISSF S RSS! proteins,
leaiIES RAPL BIOSHEN 220076 B PG RABYIB2183 Although p21 is usually associated with the degradation

6. QRN EICTAn! i9.intsseging. 1 ingse: gt enty. ARMNVRIE NPl RESMBRIDISS KeAHNPRIIsSE-casisgs
signifieppredusem Hesrclifhitideve b bl ohay 236br @dlair IRBERNGRR eRHRYCSORTPE RS 2R R TED b AL
the QY EBbrRaS pg@mgr’esig’ogq%g@gg_compounds aforementioned 341,

68 o¥etathy RNMIMeal>aigen BHENX) WWRNGs M-cdthdior 45 BRAT potfjARrdde MOMIRNA ARAIEHSRIRGKer
corMRIAPAILES RYBRIESLER HSTRSaRGIARE (OIRN IRATCISRIRRBRISRN ARV TGFP B atD NS 1A Bt e
trarRRRIAAME BAREMERANEL AR UM GRIHEIH HRHIERITed oM el d31RCRAINIEA S s WirPeNa

6‘9?"11%[9@.;"‘gﬁtg?erquf&?@é%rﬁ@?t@!sl\ﬁ%dﬁf?@?tg‘ﬁghiaﬂ,‘jw&l‘ﬁf? Vel Aalgeel RAantRAnRGSPes
actigetRi O n IBREHCR WitAIEHeRPREYHE) MRS st NG Rt SYPB\Ral s fsPadn RiBeRs & thus
blogkingrBpHaBEEhesis AsHRIPRAIRGEY|. oieragen S smthis light, specific research of NOB on p21 and

PCNA may be required to elucidate the pathways in further details. o
70. Yasunaga, S.; Domen, M.; Nishi, K.; Kadota, A.; Sugahara, T. Nobiletin suppresses monocyte

WuSHEeMORHI&F RE L BRARIRtoh/(MieE d) e BraST i ISl i AR K-S iRatiRgdRs DRI Rl etk. At
halﬁHQ%i&%%r@%ﬁa@n ﬂQ@e_ﬁlt]iﬁ*the colon, there is a decreasing trend of cells in S phase and G2/M phase

7AUtpRBAEAENIEEREaS I9te N iBR3OC SPaorI IS SeIBi BreshiisAseeriate pedrrectepgndent as
flovéeramte RRvAHeshsi BRRYPARY DB s idae: E¥HhAIBREdM B ‘ERprIGRYT YETehpynyozed

cellgognd significantly increased to 91.0% when the concentration of NOB and metabolites was doubled. To
validate the findings, the levels of key signalling proteins were measured. Results showed that treatment with NOB
7210 NedIZReIaN R B mlaQeiM s TR % 5. - e ind A AniSe 9 IR 3r B2 AR5 U
dic A TR, 5 ARG S Bk iR 8 B IR i RN s B he A Rz by T R i enos
did (dl:(’)rcl:ltjazér%%’g(i:peoa%eeg%iigrelsgs?old (:)lfz éy](:ﬁr? %_a:{'r?do %’creased expression of CDK inhibitor p21. This difference is
3/ petleagace, be ;dNakanishceMty@@cépatiid.rédpdes tpivaramM OB owitemie yen tde risniisingl dydodher
resbﬂmhe[ﬁé‘érifhmgehpﬁdfﬂﬁs @almbereguiate0(yy, BS, 6i@Malédd proteins such as cyclins and cyclin dependent
RS R L o R o R R
o S aka, T s hobiletin INARIS Azoxymethans:iduted 18158 bowel Carcinogenasis iR Tats,
P actor SOBE ARG,
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75.iJatgy MoXt @gativajrg. hasathatp aMthéC bsstivartondenBatarkithSt ; daeakacell. ,cgtida DBEfiecised a
cytoxailetifan, RhBring lteadrgsastatevandidalon kiting nihg ecwisigin As344matsedN wbr. cBamcitna0dids Oke
tangeYét2 &, = 1.6 uM) and quercetin (ICsq = 0.84 uM), a slightly higher ICsg of 4.7 uM is required for the cell

AN SRRy IS T2 PahdRes £ el i RO R oG Y B ooy
eegt S RERENC Y GEEERAGHH: e SOmRASETEL ol IhCRe BB LGB raie i einle
ceIIIH{oliferﬁtiga:mfhi%éfl%@%ée:gain similar growth status comparable to the control within 96 h 24!, This may

erac
also imply that, in order to sustain the inhibitory effect of NOB, the treatment with NOB has to be long-term to

Tdn My RBHBIUcEs EASHbIYer dRIMAKRIbRI0R TIBIZ b ddsiBIBUESHETE i\ coHRIdR VR RSB R ARRIISHA 1
no RyfRErIERTHEMHR 8- CalitisHelARH i CAg CRER RRIBRESISIMNBRIGHS BB bleRFHIBAgE AeRIRP Afht-

pro@f%rajeﬁéz:'ehgaﬁe healthy non-adenomatous intestinal lining cells. However, there is reassurance based on

7Y YRRy VeI SRRMAYG NPBXSEY 1ines BeFRipIgRiNBIlRHAHMWSRS RBNSH canchiBYRAgSSfrompared
to NI el R&/seStran sulfate sodium-treated mice (123.3). FASEB J. 2014, 28, 123.3.

73.12Astioamof B-DWIBblnduoing ICelDCydlksA®reStnetic alterations in colorectal cancer.

Gastrointest. Cancer Res. 2012, 5, 19.
Treatment with 5-DMN also shows a similar increase of Rb in a dose dependent manner. Notably, 5-DMN does not

8lidMAe TovéPehinprth; NostiBatUa KighRensedudbH 6YdDKeHWaRNED the el iRl d a reduced
poRIRMRYINBciARRSE iR A QM| eRMERIRPLHaW ENBMEinesaRBHHGRPHGANESS RESATEN e Meells at
the CBRML: 200 L BMIAREs1BRRgh the inhibition of CDK-2/Cyclin E complex formation B2 and 5-DMN has
geesbimadio Be Yiie reestsrlliRKclaiPER Ry bR GG BoRATR AAh 7RG PheRRIHHESI o eI Th gyt is
onlgg}%gggafgymulate cells at the G2/M phase in HCT116 (p53 ). This suggests that GO/G1 arrest is
dependent on p53 while G2/M is independent of p53 4. Using HT-29 cell lines, Qiu et al. reported that 5-DMN
8(—:%%%9\%5} cCal‘Jjée%%% ecry((:: eI IaFrYe(z:sl 3’( %%I%EE/I %%%gé @ﬁ”l%(?s?e _e% 7pZ)'ssiny arises from the downregulation of
83icRfalunateies, evbrdBaidracidhivh. Cellinyoidart DiKs zotidatanter: Aychanging Phradligroh Ntie Reocess  of
depDasiEn2a0®, Be IBgtive tyrosine residues Thr-14 and Thr-15 located in cdc2 ATP binding domain 211221,

Bt LKl Penrn RO AR M PRI AR a5 e ol thE Dk e ERRIERCLOL ! Br QIR S e A 3 bugh
dovvannrtei L?Igt&% %AQ)/(%Y&IQO%UJ{-%%EQ%S? 8Ir| nggls%sEs)flgh g’se EB&S in:l'/%ﬁlgd ]rr? %ezge?rgozr%%ération pathways and
8y exéoKry hk Aoriasiag laks )t cRoseXeCGhaCallnarce cytieameg@ssionhmed, F.Y.; Cassidy, J.; McLeod,
H.L.; Murray, G.1. Analysis of key cell-cycle checkpoint proteins in colorectal tumours. J. Pathol. J.

3.2 Pregrammed CelLDeath ) 02, 196, 386-393.

8BS rOWEL X3, cetURIHENYY Be PP T M6 itae &SGR r 831 OTad ARBRESHNRY RYRANTE/ FESRIASRARIMHY Pe
prog@@migrwgﬁi@? m’nﬁpg§§§4'@3_our body. There are three models of programmed cell death (PCD),

namely apoptosis, autophagy and necrosis (931 A tumour mass of cancerous cells is formed when the cancerous
Bl UG FROHIR o e P AERIS AR Tl SRR S A G L NG M R Y NI & SAFRRIR 3R and

X 3 . o
proﬁ%?gl gﬂ%atgi%gr (l)eﬁro%hlaés%ﬁ%?llcra%gérq T%U?,%Oé%léing an agent that targets the key signalling pathways of

88 oMamyaer CriDde@ftlinagdsimdetittoasaenBey MdiR Cldaiantesisl willdre fre ceais des A M SRePs SHipn,
whilpeaut®ibhayoall ohy, edis@®sed briefly. Necrosis, the most abrupt death of all three, will not be discussed in
this section as there are no data in this area. Although necrotic death is usually associated with inflammation, this

does not exclude its possibility to be exploited as a means to eliminate cancerous cells [24],
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88pdfertiniam Ae idtmead ihyY ¥ aose i dshtidtislentuimations eftiplciarceihe ol ppaptosiy. ame cell death
sigteas sCiiptindlgie gatatian aftes PidActamatsoDddA SRepal (B0 Fas4idab@s-drlitumour necrosis factors 23],
o BB P a5 3 IS EETE, e A EIAPGI Bt DUR S ARSI Shdhe R R P2 ' an
mp&;\tggte gg%gattph%)\r/. %ﬁ).t%?a'l \%F‘é‘fhz‘lﬁ? _aL A{?Igllg_rglé%:.hondnal disruption that activates the caspases =2

High levels of Bcl-2 are expressed in various types of cancer and is associated with chemoresistance. Levels of
He xR W-Fer|iRrkd & BrotRed iiip et lel@2id ransiion oy Red EerERaRRe 2803040, keldvity is

acti8e-in the cell leading to apoptosis with caspase-9 acting as the initiator caspase in the intrinsic pathway 22

R BerEpRserd: MR LISy RRIANAY dE PRBS SRSASHSHESY pRdeertionharartiaf i AroFaspagarieiorms a
coppisHadah it ainaseehsiapaling SieMrigielh! SQoBeome) it )5 8gtvaseRiy caspase-8. The downstream

effect would be the activation of the executioner caspase-3, and other caspases such as caspase-1, caspase-6
9% c%!%gé’e-'r_'@wwrwz&aﬁfgﬁ w309 ph '_(A%TQHbJsEm'e')'”po%meBr%Qe %%RBSQM%%&% e‘?%he cell
staR U CANER AT NN, QL AP QLIS R RU R NI ARG RIOP BNNRA S &R S8 B r0ses

adhze(gl:lo%’ f‘bs’trﬂeggéﬁﬁggéllular matrix and neighbouring cells 2941051 Once the cell undergoes apoptosis, its

ehrzetg AR/ takenDipshydhig boily BiadieacyDIEE favaewy c2Il-yntTasianmpson, C.B. Alkylating DNA damage

stimulates a regulated form of necrotic cell death. Genes Dev. 2004, 18, 1272-1282.
Action of NOB and Metabolites Inducing Programmed Cell Death
95. Sayers, T.J. Targeting the extrinsic apoptosis signaling pathway for cancer therapy. Cancer

In \litnonterl.Usimo uiiffetteat 2004 ,080,libéF 3ud 8. HCT116 and HT-29 reveals that the action of NOB and its
' baljt in  diff t cell . N ly. sh to ind is, of ¢col Il
O g R TR SN TS ST BERON G 15 OS2 B S5, 2PSBISEIL 8 593358 oo
when tested at high concentration. Zheng et al. 53 demonstrated that NOB increased DNA fragmentation in
ol tasabiohly Gresed. MRTARGRIASIFHRNICHICOINIRSIF- SHNE ardIakeNhe BEL12daRilYinEdirbise the
early RifofasioalelPsdp Rk B 3120k 5.0-fold, 4.9-fold and 7.6-fold, respectively, while also resulting in 4.2-

98! %ERGeT. 7 IR HOCOR SRS BB D HA HRRS M E A RARART R S8SAGTEVR MR BEEARrPMIN
anchARPAYY did"hraHREENeSIEY IR SRS INFARHUBHT Sl RORIRHIR AN, D638, Gelonepy But the pro-

apoptotic effect of 3',4-DMN was observed to be higher than that of NOB. An in vitro test using HCT116 shows that

93t R MG oA e GBI (B Rl ARl Hidafd T RPRALBRUS SCARELIYISES BRRBIGHR OGS ¥n
onYRRIAERGNGRIH BPILASpLOdEa! Bignafng P At 18 SIEAKES AHEGAR SQUGEIA CHENOMRASENR e
apdE[BQQ Wéﬂﬁcg}eg{%‘%&é%ﬁg%ﬁ;’ gé'apoptosis was detected when NOB was tested at concentrations of
10dp NUMP@.EnBéTT@ai%@-l\mmﬁ?ﬂq@,sw.@ﬂribh@f‘a,t%! OAPHERESTIRAsh BIasas \GhtRe agopioldcnrigasapf
cas@apﬁgo@mqgg@, IjQBgl;ge;a;ﬂx@gﬂ[%_ﬂ. Nevertheless, we can be certain that the metabolites of NOB render a

higher proapoptotic effect as compared to their parent compound NOB. . . .
101. Fernandes-Alnemri, T.; Litwack, G.; Alnemri, E.S. CPP32, a novel human apoptotic protein with

eI BIARK IO G RADE HEHiS BIRAER TSN AB AR SR AN PRTURGHIB R IR EHISD- L RGte,

this% "c‘?ﬁE%&WW‘% JSsE&ié) |Sp%<@|ﬁ5nT%?Iﬁétl%ﬁeg’aﬁggt%%qu %géerved in colon cell lines but not the HL-60,
102 ORWPOOYES, larjiiemiz laell dnpsd AR Aperaeiinglya anpsiositorayidatipp dxeorplatesntoviiMRide tahgbeen
dis¢aystied tior it exrRascMET: JaC dprseserSitive 26 18Bas ligand-induced apoptosis as MMP-7 has a
higher tendency to produce the non-apoptotic form of soluble Fas ligand by releasing the ligands, in the cell
103. Oliver, F@; de la Rubia, G.; Rolli, V.; Ruiz-Ruiz, M.C.; de Murcia, G.; Ménissier-de Murcia, J.
membranes 8’ MMP will be further discussed in Section 3.4. ) ]

Importance of poly (ADP-ribose) polymerase and its cleavage in apoptosis Lesson from an

uncleavable mutant. J. Biol. Chem. 1998, 273, 33533-33539.
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10d. Barasts, uindxskkiriit Mioepdtalaghaeho v chgaais alpoatbsiarksacfonpeptasis & aaljowdSt . 5R&€N has
bee20@PprAE] B2 Brebsdbe levels of caspase-8, caspase-3 and PARP in a dose dependent manner, and results in
1052NPRHIRCTEESE 1 PRRHE RS ARABIRIS 5 SBBRSER. (Sellh B Sl SRS el ™
appfégg’irécf%sfgiﬂég%.apoptotic effect even after doubling the concentration of NOB, suggesting NOB is required
at a significantly higher concentration to induce a pro-apoptotic effect 1463l However, the effect of 5-DMN was
108tk dhirfas it Nferint Gypddrbe Hdante @M 1Wes Cro YiRREate b DMINEEanintudd/ @EM KpBPRJISHIIRCT1 16
col AULFRARBRIPRS 4D L LBREELPEABNYRIAURYKS B AL GARe BCORMRA &Il A 8 EEaRS BV IBRC HYities at

a cOMERRRPLLaTgRAY ACtivaidish ¢RsPasan @ndiGiads taependent endonuclease. Biochem.
Pharmacol. 2002, 63, 225-236.

107MERENEr IPOEARE D LB ROhmg the o RS LTAORS BAX SR8 BaR PR Gy " (e 1t

apo(?totic 0 necrot&;ec“al g%?glag%ar?oggllﬁlHCTllG (p53 ) cells, suggesting that the action of 5-DMN may
[_] H ) -

onunarums.
be independent of p53 4. The fact that 5-DMN induces early apoptosis in HCT116 (Bax */*) cells but not in

108cYveb Mdx Aondy WigfestRanBaf (Bet¥ s Rdaien, X piRanoutsakeReinioer ¥pddess B-8ccioth. other
woldsh aH¥a e 1§99 CdRrerE HOGWRSR (- BroktosameyeriBel. Lroanprigls BAXHIBAKp AV wsle-
DMVERSENSEQ mieshrndrial slystanstiiainanddantiv: SaIeMe 04 dR8sid 2 &3 triggers cell death by

10919957, Bavconibeses o ARAE VRN ¥tk o grediyhali g Rtk s UG H Mgt iof how NOB
PrexeRbp Gy YeYateRMem dBIHERBREYIPRNIIBIRIORER . E ¥RIBRL PRSI IdEH JE8M Ygecurrent stage of

knowledge, autophagy is known to exhibit both the pro-tumour and anti-tumour formation effects. In response to
110; SNt Maig) KRR b5t Bt 1RRLANE PR AN NERIES R RISy aNES S P ER Bl i P ious
Iiteer;[sllj[rr(]aqﬁg‘f.h Iqlg Mgff/}}h%i%vgrgggi)’Va%ibﬁ%?Eﬂé)Sphagy contributes to suppressing tumour formation by inhibiting
11the BotrawopHadiees Ak dQiesstaid Belwreencagropsiagndadivsngt tsipin-Hieredl atieretfqp at ktatrphagy
and regaptssis oliegl dethyimeisistis rashearsievertibfilof oblmsts B Cell. Biochem. 2011, 348, 61-68.

1165 Aoede! A8 M End NI IR fssS LhIGRE RANRIANY- SpaRssialls il AUIRIAY AN S SN GRY
meifr;\nb%H eaSti(())p %@éoci’%ﬂml?"ﬂme %ﬁg' :S;QW 'vv2e(r)é|' 1§u%%é$t%g 7t52§él ‘responsible for the induction of
11@n0Teesis, ol cBrivanmikoduBtiokairafceKeaingowtnftatheneaiom cardrmlomessrmemnds astdeeRte iogy of
thaR(Ohe, A@8hpdrolysiz1pep@ it of NOB, 5-DMN could induce apoptosis in colon cancer cells at a lower

concentration as compared to NOB. .
114. Klampfer, L. Cytokines, inflammation and colon cancer. Curr. Cancer Drug Targets 2011, 11, 451—

3.3%Afti-Inflammation

1]1?1flg/|mer!1rgﬂoLn'LT’s';aBHgtrl]iraT] 'M?s%lroeg?pdl ‘?’e’%ﬁfo%gee '0 6W’bcl)30?/,ngha8r3c%%%%gsg§ep/é [r)naﬁ'%rﬁ‘s?‘ nnal?’ﬁeﬂy; loss of
run¥ACTSuhsEl; MOrASK R s vy MGGt BV QARSI LR SRS R RHRD. 1
trigggrgt%%uﬁ%%h%g %l)%?e?nagg i%’%ﬁ&? %iﬁdirr]]e%ig ?O ‘E)'rc%icr:}'cm?/ ngyg thzr99g8h gh]é8|‘e ga]S%_c%Sc%%mical molecules
11&lIedeptbriotiknmabnVgaings; Bianaved. t&chigst, iRldnmraesimalatnocoda ipfieonsigatidmdeads itereasing
evi@memwgmmintwrmaﬁﬂoéqe@mewmggg@w@, 89 ingamnoe@ad (1131, Whilst chronic inflammation is a

hallmark of cancer, the inflammatory cytokines aggravate cancer progression b%)ﬂreventin differentiation of cells
17. Kraus, S.; Arber, N. Infla_lmmlfiqL on and colorectal cancer. Curr. Opin. Pharmacol. 2009, 9, 405—
and4ﬁbomot|ng tumour formation . The inflammatory cells release ROS after being activated, leading to the

oxidative damage of DNA and p53 mutation [L13ILI6I7T The mechanism that triggers inflammation is a rather
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11&nhizkowitthwayHhnd lasXoeknflemnenadion pad aaniceravieCEIdEe8 ahtaeatnn inammaatg sffbowelediated
by HBBase difhestelt inthiflevieaation. Am. J. Physiol. Gastrointest. Liver Physiol. 2004, 287, G7—

G17.

Increasing evidence shows that progression of CRC can be accelerated by the upregulation of pro-inflammatory

13, Jakeliashy, M Welkabayash, K, pene mptafions and plieres ose, expression f aonymetnage,

induced colon carcino enesis in rodents. C%nc r Sci. 2004, 95, 475-480. _ .
enhance the secretion of iInflammatory mediator PGE,. Song et al. reported that treatment with NOB results in a

1 2ttei@nd)y YedGten, d uhouCsizevarkil fieguency. chitatzge d withnthy . s@itficsamobiletingpof¢liarates, iNOS and
COxpanpie FE| Bialitistést rpdutiied thl asdmationfardrrastbriggpimpiaed Sntestns aatéepdurspoctively,
in WoINOatrireaed Resip2@hie 58aBR0e-83RT-PCR quantified the reduction of the above pro-inflammatory

i %. §9% % ' ice.[54] :
12%%';{} |s,%.(;S%Q/uﬁ?réuagr}?,ﬁ.{ﬂﬁﬁ%?ﬁ%‘{%’&?@a?gs g\r/%(:,i .t irec tc[cr)flatrr]lqéccerlE)Ltllonal up-regulation of
An(,[:yfrlﬁfg%%zgﬁg%%R&ép/gpﬁgg%{ﬁ%qltes fl@lc_é[{)atl%'lli't:g_s_l promotes colorectal tumor cell survival and
enhances HIF-1 transcriptional activity during hypoxia. Cancer Res. 2006, 66, 6683—6691.
17PN T AR g R PR AR SR 2R SRR R0t oM b AAdithdr? Y NRAE N TARIR
siglg'flijcgaf iTBiQ'_uLorﬁgﬂf8§2t§wards nitric oxide production, INOS and cyclooxygenase (COX) expressions in both
in vivo and in vitro conditions [BQBLIE2[68I69I120] However, the combined effect of NOB and its metabolites

1232?48 friter S Lligtion: 108 NRotHul! N kel chvel§SHbitd CoxERAEdKtid ol 8fecP CoRMPBSUEH X -2 is
norMARNAUSA HURARHY IS N MRPravaaLVE AGTMLE S AL i I ATIRRIANS RIMEARTRREAIGH By RNz
cobegylalimal & Qrfi#ab & IO AreyeesiePRASHIBIRIIEosBagtyatiar: MuRbdRaRFear); 22
whidehMesh- MitaaeRy ¢HR%n48RniBAST2A8cell proliferation in colonic mucosa 1. iINOS speeds up the

120P V5100 S NEBIRIBRIENSIGRERNE T BIBFEERREEXIERIRR IBAEVBRIRIN NAUEA. AREESY Yl AAAORI g ediator
thawg@tmggéwpgm?% theyiripggr the process of inflammation and mutagenesis (123] By inhibiting the
iINOS and its downstream products, NOB helps in reducing the inflammation observed in chronic diseases like

120 BERVRAE 56\ MAEEVARL Buliion TS s Whfonic BBy PaR R I 4 EXRPRAICAS DS
res”é I% (apgg?)'/o 88&’%95‘#? c()%)g:igl srgggr%ts%?r?g]ﬂ\%@c%?nrggrg&( ¥9 %%agr?t%a erg tt(lasgstuse?'gﬁllisnisét (%%Cs?sﬁgh{%vith the in
vitrci)ntftla%{..n Eg/aatlgpﬁr{i% r%ﬂ%@Sé”aﬂH ri?sarQ]e al %ﬁt%%%? aJdoL\ngr]] rgt?tljhze%%ﬁia}e%% 'tcgS %%9%% 7ih the colons to the

1267 & moiycCEORAWI MG 7 Mhadiophages K $HgvdharefidcvyvaRendyc @ndletilp muidits xNekzide bEiBRISvdele, at
halhtneecandertretwe disusepEibitity 4D iNO8ranss idhate d dyi bt 4 durethonl itis . i@anceedRes | PEOGI GEd
madrbbBagek1EBAThis shows that a similar process is likely to happen in the human body and NOB is indeed a

120; .0 wligiﬂﬂia?t\il_.igf.l?rlggrarlltg%aﬁg}tL.M.; Hocevar, B.A. Oxidative stress and oxidative damage in

Adé:l%%g?lglgﬁ%?lglégq)élgrggsgg § h%l'rglgégé %?,erES T\Ijr'ggdependent enzymes which regulate Phase Il enzyme
128 oBweadn Mud. K basle pxXy¥ndsedelihy- NRR@ S0 aliRg fbiscameeti-cRelatvprevamio thal@xicb tsAfspnti-
inflidaetoaceffe20 b pPebilicB®-ai8i-oxidants like carbon monoxide and bilirubin. It is also important to note that
O:1 is npt solel trol Nrf-2 [8 NQO1 lati teracts the increased ion of IL- d
129°RdhitR, Y SR or Ao NIte: T.; Kamura oD, R ARGiogencars i cancal Vaee, Hesitt 2"
TNE-a ir}eluced b)éd_(%s 21[L]52'1§hi515 consistent with the findings o or et al. reporting that a lower Nrf-2

Risk Manag.
expression greatly increases susceptibility of mice models to AOM-induced colitis 2281, The colonic mucosa of

13RoRregerifducE@aiiteroMiy\Raiasienesis Mis ANOE Wk eNiasawlogintehéntah didkeat M2 by 1.94-fold

13ANPER KPR O I54RG' 25 HRBIELY R E-MEGH CAMPaFeNG Aoty LRk d¥send RAdIPIRR AR AEd
trargb%%'g&fgé\_lr@ér&négﬁipg’facégr is thought to be the cause for subsequent increment of HO-1 and NQO1 by
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13278k d\2 ;58 duhole melshdetjviesCobiteis Somistdnioloiy e\ ELGis druohith cecepbdrstolatifbbe df RS a8d
metabBlites treatment on macrophages cell lines, which induces a 10% increase in the level of HO-1 and a 34%
igcrease in.the hen th ncentration ratio of NOB and metabolites is t fo that in the

135 5arm'ellert ,t,e%g,yg ey mediator of anI 109 enesis In cancer. ncd | 2%%’5“/38392511[ B |
colon (€8 |n short Nrf-2, WhICh neutralises carcmogens and reactive oxygen species (ROS) is identified as a key

134gRfkg pathFAgeIalget PaHYSHAUb RaMAR RS BAdLTyRBXia in the control of VEGF
expression. Cancer Metastasis Rev. 2000, 19, 139-145.

3.4 Anti- AnglogeneSIS
135. Saxena, N.K.; Taliaferro-Smith, L.; Knight, B.B.; Merlin, D.; Anania, F.A.; O'Regan, R.M.; Sharma,

Andibd8idisectiaal torvespadi dsateehithptowarnobhsediselka € fowiddf atticrprstgsalngnpnamates pathway
thatreasisrnratie migyatssivnibbrdaspeantencedis Viastiansaativatioheof tapidenmal rgaswthdasiar naturally
neaéepiernGaaasrare sod§8n&8,t0 Bligpd&¥ 22 growth. To achieve this necessity, new blood vessels have to
138 5 Y1 "“ﬂd'“é’ Kle U AN SR SRR S MR & YA thaURS k& grebh e
grot!v'n?ocei 3 |nsuI|n -like growth factor-2 are mitogens in ApcMin/+ but not Apc+/+ colonic

An(taiORn%%gceerltle“sr}g a(r:ttc8¥ Ea emiol. Prev. Biomark. 2005, 14, 1646-1652.

137. Rouet-Benzineb, P.; Aparicio, T.; Guilmeau, S.; Pouzet, C.; Descatoire, V.; Buyse, M.; Bado, A.
"t 15 B8EH RS RRA NS R AR B ) PARES u%‘éd‘%’%‘t%é‘i]s?uﬁ%'%a‘ﬁ SIOR L REEPIT- 20 chs 3RS
prot%tstatﬁsa reve&tné%[l)l\@hbér}g]mgoo 4 Aﬁtygweigxg%thﬁggaﬂggests that NOB acts via the Nuclear Factor-kappa
B (NF-kB) pathway altering the gene expression by modulating the promoter regions [1201131]

138. Miyata, Y.; Sato, T.; Yano, M.; Ito, A. Activation of protein kinase C Bll/e-c-Jun NH2-terminal kinase
Forfzaidiiogn édisl ttihbdaiirom o astogeenacthedite grovateiadaxitaeciy iplagionkéy egulated Kimasmiy/2cts as a
sigi) @S pivRIsdat e hib edn trEs8w Ih VES batat iy iyhibitk ceddpy stisip aloretho e tFvan sl bp eletieditng the
mitddeh eanardTheteididbss, BBOPHB4 This kinase triggers the signal transduction and allows the endothelial

135 RIS RIS AR T R %Wﬂooggst%swst%é@ttﬂnoox'aROf%tﬁgbeF% thisRAfSTSAYif, menton
lepy o%’]%t'fhs%'é”a{'heo%e‘t%% Shib G R A i b SR Y LEs T AL S FSRSL SrRgidl prsts
bet\ilﬁgle) e_pglo (9‘%5’1” |opt'1(33/§ ]R serbtm rﬁrowtadﬁghé&c’tlfgéggggar they not only catalyse the cell

proliferation process, but also transactivate the epidermal growth factor receptor (EGFR), which enhances the

140 fransh A SHYSGH theary fkhepaticralgrantsmetastasis. CA Cancer J. Clin. 1999, 49, 231-255.

141. Kim, Y.-S.; Kim, S.-H.; Kang, J.-G.; Ko, J.-H. Expression level and glycan dynamics determine the
M REIELHELE of FIRISI o LISBUP RORRE SRR EFRY RiER BBy, RO 3Rgbody mass has a posiive

correlatlon with CRC, where leptin is thought to be a mitogenic factor that leads to the development of colon cancer

1420 GhamRets obu fprdVietaifia by - M SN SIn g YiRWS L {ISECIB 2 MABIX NG BIOREOIRARAS s8N previous
eviBRasiarIsntr N HEARE8HIBRIN 17D #P1d ARP5HE4fh enhances the proliferation rate of HT-29 cells by

1483\94k8 timesAiShherioh criimme; rrminechase enrkadracyluiaeirgtiaied kinasaXERENBHeIsRIAR S
(28], i sheEATg S BRASaR iPh dRlRRiEl CRAGEN IR Fasae tRlsRIMBFoncestafion do e atntad Seeaigat

with NOB suppresses cell proliferation induced by leptin through inhibition of mitogen-activated protein/extracellular
144 KSR VASHSS MiER)'981 %t”ééﬂgt?”o atRIRses ORI S iRL B8N S F5 8 7 eptin
concenttrac'tEaSIByR\?ngooﬂly%ﬁt’ougI]t' the |nact|vat|on of the insulin signalling pathway, was reported at the end of
145 e Birawketz sTigyima A. yDag)o8el biingeksFyt e Pemdr. ReGsiehi( CayulaeY9HE. anpinasgion Miytmeoto
et anatmdunieth sordysimaisg-d iretermae tbelonertasisancencAnm dbé&athms 19 8avH5|dlio@B«el0i8B. They
reported that the flavonoids significantly reduced the incidence of B-catenin accumulated crypt (BCAC) by 64% to
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14B1% rawif @itehrid T ¢ rizin gteiom &-)Vhy Raeko iphoDuweamdl pfop&3edsthist ik ; diabinfielo, Be Bidakist ROB in
doveduisietimglitd sédretimetdlicproiéihase matrilysin is a target of B-catenin transactivation in

intestinal tumors. Oncogene 1999, 18, 2883—-2891.

Metalloproteinase (MMP);ays a fundamental role in angiogenesis. MMP induces the protein that breaks down the

147. E | M.; Wer . New f i r matrix metalloprotein ncer progression. )
extrageelﬁjlgg’matﬁx (%(?M , ues mg |%E;ot gftﬂoct)ge al SR ana "& e C% RaSions A

det§: Vitrcc>:rﬁ1 rt‘ﬁee rluzn%) tzd c’)v:\ll',Gelﬂr]élz/g'sate or invade the other parts of the body, causing the spread of tumour to
14&h&ingdal, rgddrovimijsNis laewisceSs Tdaden | mahtmnisulcastaciatadaipmarmyhage candemaggravation. The
mopabyressigreatiy plicetisrssfosmeanandica oeler tieesipisse b RatlwhahsRieehbé ISeci8lesitiBar teehow a
dex20@2hd06e 25r@b5acts, NOB is proven to be able to increase the expression of tissue inhibitor
145 RISRISIS RS MM DR RIGIAD B eaheelh, 'S, usyes e enehh gl Rist i Xng MBS '
deiap eIastadd BT 1) e S B PHE RO Ur ES RS qUAmOUY S GERC FOMA ST RE g
O it ThUASTe n s e that By nacropray s et ek g tRgnse" ¥ P ah 2 Bu6ye
indi%?dfgng%&Ps. With this understanding, TIMP-1 glycosylation can function as a biomarker to aid in CRC

vessel more permeapble and allowing the' cancerous cells to

staging (1411,

150. Li, S.; Pan, M.-H.; Lo, C.-Y,; Tan, D.; Wang, Y.; Shahidi, F.; Ho, C.-T. Chemistry and health effects
Thevt pody meth tarflacapessaridvingelioxyhate dnpakytasedbioxXi4# weitre sadn leuacit fReodsl08P aldigdint2role
[143] ' i i i i '

151. s&oﬁ%iw&‘%@%& Mo s RIORL SR Ring 1hE SaVAiaBIlity SFAetay PoREherors i Vive IS
det@te . Abr]SrmaI%/OSJﬂhf]e’vE?AfEEé%MP—l, MMP-2, MMP-3, MMP-7, MMP-9 and MMP-13 have been

itam. Nutr. Res.
implicated in CRC 144l Treatment with NOB significantly inhibits release of pro-MMPs especially pro-MMP-7 (also

13Kk Hifsin KRG Boig TaAaS Mo YiiuiRate, NOH WkaWanddrvdidatariYe JfOSHIMIEH 46 LM, the
proMMECARIsHn it AR sarRtion-angymeiahnlish Honabileiny, @IChemaRiaNRN & Bression of MMP-7
arigeQlBs thep faeaneit NS HR vilss BiaR RieieshnaldRiarb e seRlo Ry B AT genes [14411145]

155k AR&Y: IPMIEMReF, et RbIOR. IBHERIMMRIE RGN SYBLE RIS IgRIRg: MBI wWhich is
Ml REGFHRE AT YR A5 SAY SRR UES B HBRSBICpLETE BHSAHRRR B deassascH ciy2:
whi@h%.um%!lgﬁnlgb-yll_l\zﬂafo_usually suggests poor prognosis as it has a positive correlation with low
microsatellite stability. On the other hand, high levels of MMP-12 reduces CRC mortality as it can potentially inhibit

1ogigliginesis Walley, - Metiylateq flavopoids RAve aLeatly MRt VEIF g RBRAIRN ARits wmour
neor\r/]aeé[gu grliisa%%w. %t%%h |(§ﬁg&) ?r'] %%Ogre%u% Zsseggti_o]h?%B suppresses MEK. This suppression of

158 E¥ahedeutizae dpisisits Hh @ yiessiohetmicaMMisoutble setol Bring ebedstion ofMDIRignd subsequently
conBiteartitabiiogeResiselfron [HESSBiliefly @R eatittys AbgogsicsianddBisasidabilitC REileginly via the
inhipitbokEMMP] EGBR a0 VE:GiptiBe@M the regulation of leptin and IGF-1.

156. Murakami, A.; Koshim_izu, K.; Ohigas_hi, H.; quaha_ra_, S.; Kuki, W.; Tal_<ahashi, Y.; Hosotani, K.;
4. Pharmacekinetics,Bigaviailability angd.-Delivery Systems of

INcglathoxyﬂavonoid, in comparison with luteolin. Biofactors 2002, 16, 73-82.

157hdAREnMokiHR8EBrobe iBOBENSS RPMELM: 2 WY Hetbispus: RisfsibetdanPANaRIIgEING M ate it into a
thedsdaboliteadn irgeAfisn figtmomiigtisho pahblabirtite hsslaiatan ofiAMBeyieRRn2egEes fative
strdrepesimeniahBnlo g HRetnaser [dMBrdhede30dRulation in delivering NOB for chemoprevention purpose.
For oral delivery, an important consideration is the bioavailability of the active compound. However, the

bioavailability studies on NOB are limited 159 Therefore, understanding the pharmacokinetic profile of NOB
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158:0dfmiesX evBongphd. cQitialPto Rakatiyativarthe KprddickonGatobidefficaty Xas \Wangbddrpian, Fmefii@rigml and
elinSiysteny siite chiadieptie\wdietiviesdfi@otsilabifigbiletin and atorvastatin on colon carcinogenesis.

Carcinogenesis 2017, 38, 455-464.

There are many factors that affect the absorptlon of a compound one important consideration is the molecular
15sgtru}§HJ%a[£ ' Devalﬁ%er atc)sslolr t[l<0$1: ofG arr|1 comaoaﬂg plgl deplctegllg{/] qts SOPbIY t IO:? rgegletr%%gb\{lﬁg}dggrggs
phyS| ogu%ﬂ ! a?r‘?é‘r%'% Whlg“l botAl\é%p%ﬁljersngrtg %ﬁggtf tpe a?ee ‘?5%”%3%& arns(%ﬁjllc?l}lrg IRttr%LP ead to |ts unique
chenP ga Cs%b%?u}g %l&hﬁﬁﬁﬂp%orlfq'&ﬁggysé?g psBll(\)lE)nE? is ﬁ%)rcl)i) g ER atlszelgng %a% %ggllyléass through the cell
160 edbrghe. Svdrakemiast,dD s Ratckitlly damerStiatddetam eslhilitydatsr pemadiaivand NbDBracesskiifetientiated
Cagitlyetd nolmteitiiniics @t géguitheia odl o aiimdpyhe alickzt éddstgte- pesfonitficemde highidchvoniatographpeen
founaietth pdrnfratatéettapia 2 HELb &) diebedidpdrtment while another 39.3% remains on the apical compartment
16 ARG Reten o MBS 8RR e b RErmaRith atebuacly GPESBhafiTe
e DRI 0 Sl A RS S TR PGB BN Mcr sttt 130
1 Ieoﬁﬁglgtlon Mass S%nélétr%nr%e]try J. ,&gnc Soée eecrtﬁl © O[lT] SIé \A@de'i%leered that the methoxylated
flavonoids show five to eight-fold higher permeability in the intestinal wall than its unmethoxylated counterparts

162uaMeRdemnaitacPid ihmpiiomhdgsignitadnpime hadtyessidunstirnl IRpPRe@YPnPOBERiRation
soldMRY aBRY: roed)Selcteehnold® s b #idsABSity at 12 pg/mL, while its metabolites, 4-DMN, 3'-DMN

163193, exttigitpdiwesindhres-feithRigher pRUebIETRE RS2 DURINIaY MY/ Théng 37 eHEdpsErateivey =
5 Sy psatdik it alalthieriRRS e Wit RS JHIBASEEr duRiRRY SRiBAIhS. SGIROUPECHSHBRY. LRty

ex%ajrg theypigheggctivity of the derivatives of NOB as compared to its parent compound, which has a higher

number of methoxy groups.
164. Yao, J.; Lu, Y.; Zhou, J.P. Preparation of nobiletin in self-microemulsifying systems and its

Ardnigsinai peimeaakilibuiy Bise JifdhpEmI BRI e6h P telFod2a28 significant amount of NOB could

1628 )99 PRI03NS AHER 23 s Sinaranas BrLdNesiBR RS EBAEIM PrINpiEs A kigheyrithin four hours
of SirelPnfiees afBiS AL YHd X inteigsinglyo NREAPH SHIISSIRY) t90R 2%0rhed tigggh the muscularis

layer of the gastrointestinal tract, especially the stomach tissue into the blood circulation given the distinctly higher
16(;60n(8er]r1€fratlon c')AergB in a{Plemu's/cI:% ans”@&gs l-1)211) ng) Ials’ %n@&asrgp {n%t%eelrf gragr(?se Msg}jmﬂ%rdn%ir\éeri}/is
also %Wgr E%H;EPNB% Q/!/%g 88% ' Ilb%(g r%%hlgqlrg:ebrlﬁ)u%%tllj\ser%ém%%lnee“ra}mil rﬁtllﬁjsecr& aerlg from the large
intesydrofé%@r%)yoo o%tg ?(!:-lc Ios)e(anag r% < tnﬂ qu%es\%ggg aﬁgrd oHngqmrgl?rotljlf gp 4‘5ad%]|'m§lra§|on0by gastric
16mtubetion. 1 aviereYeddet, dvidevige SemdnBrater] War Hisricutioniof @Bt eiivrcfillech sdgih aiechyero gél3
nmeyeohtissiuehefidiglestisaredialitmonibiyatiopled bio B (b NEtiMMITh R Skt Taotresthn @01 VB, #6628
als@6egggested that the dose of NOB used (0.05 wt%) could be equivalent to approximately 100 mg/day for human

oral consum t|on which |s achlevable in humans
168. Onoue, S.; Uchida, A.; Takahashi, H.; Seto, Y.; Kawabata, Y.; Ogawa, K.; Yuminoki, K

Aftel_r|ao$’rg|m%mrn|stl’a %rm %p?\léB I?evegop e”r%é’énh'gﬁs%”ae cenp aphouo ?\?(Hg dls e&ﬁl—%m‘g ?nn%g{/zeera

pharrorltaI(I:(c:i‘Elnleta ic’s F%seg O\Man%t%PXY'MrQBS’r enda tha 91 a{gr\ﬁ% e(\)/resltc))!fq%}/aqil\filggltgng |t§hrrq£m b(%?es could

reagrqla% %89 a§7ﬁ)?'ug)8mq_1(25 pM). Using a highly sensitive Liquid Chromatography-Mass Spectrometry/Mass

169pensreiantnGEddtiosp iy, ;iehieation . (ProdGowSdohtamétipbittee oraxigeorcopaeniation: Suspedtd®B in rat
plagmedicardriatainatalrSet negieticig N aiteMed. AkgnistRtio04 5 1TIkeo®H B2, Meanwhile, a maximum
concentration of 1.78 pg/mL (4.4 uM) was measured by a validated HPLC method in rat plasma after oral
administration of 50 mg/kg NOB 289 |n addition, another study by Manthey et al. (161l reported that a peak of NOB
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17€eriYarigyeb df 19,08 . pd/ang(2E.AYangwis deteétédplidarion-BE Paly inetite xftdavci g andgeeplaBatow/iaf NOB.
Nerrenaerto nHasagstadi€adbovasnalad | afl estarivatio raRaiesskCivh 2 07280 16190 24 @clakehdl Efter oral

1 AT RPN B B, U.‘ﬁ*i‘i?’fi?;‘t%ﬁh?‘iy.“ﬁ‘bBﬁ%aé‘t‘?o%;‘é{i&kﬁo Betis fh R ABG e oY f52RURRE g BT o
e R AR Y BRI ER L DR SBAB%Y YN 2017.

1720Blariceojoed ettasdgametalolidviustticabaingy. tdkakudallyHAs Tékaiteas i, JeclitardiaedB serseydes stheant |
andAgieatts ICoretabulimgnNdiel ¢temdPatientbdB iAGhd G3&N9BeddnE etitexarit 223 lbe conjugated to sulphate and

1 AU ERES P, BES R i RIS Y oS R P PR 2008RRT015S® SATTRL: BIvE |
metabolites of NOB have been identified as 3'-DMN, 4'-DMN and 3',4'-DMN 253, Wang et al. found evidence of

17 AaksanbnYor Kadion akd: MBKMY Fas 1LORNRAS. Mok hanmaraiicd SRIMBPHHRRANEGHvolved
in kANBIRIAG GHBIKByianal Eatragkipihrie veningiRadRmBRALRG Geital NesVo YR sristi§ Mespectively
undeiSBasRHER I8 HUWEA 203 1RRRRE8hL RRESMBES A Zerobically with NADPH 581, The metabolites exhibit

1 7SRRI, 2R REPKIOM ARG HINA, KR Eas RickISaRactkedl Wamisberidhat shiaMhh dSARFea"
me AR IPASSABE b RNV ikeiNe 98du8oWDIENDGehBleF predominantly present in the colon and

spleen 137, An in vitro test on NOB using rat liver S-9 extract shows that only 7% of NOB metabolites were

1785 3680 MiB s & dva $P2%aFolir freltneht IR QIR KRS RY 9 R 58810 ards the end of the
expSAMEAHREENGIRINE BISERRS. I TRHE DY NARISHRARATINE A 168Is Mo BHEY (R £9H 2P0k

25 September 2017.

17heglimieatiorha-lis il NP Byromihe blogg plssmagha ret was P ted iahd 84 W gicalisate e HRbGilsgh
whis KRRt RS lo FeBe e g BY i ecd it dfnYoh Aty Bl . URWHISORR 1 asBRIGSE 81O 2Ne ylgsiinal
halbldg gf 1.51 + 0.61 h following parenteral administration using the LC-MS/MS-ESI method (1591 pespite the wide
distribution throughout the body, concentration of NOB quickly diminishes with time and becomes undetectable in

L G D SR R S O R R e B AR S S R Y R AN AN G o R YR S R boites
anua @gé?urg-la-l?ecc? thg%olalpesgfe%(i: eg ?rm ig aJ@%%WEﬁ%‘R‘&%E%E%‘?%E“@ c|>? i%ct))r%eg%'te%aﬁagvlve(aealing a time-

depzecr)l:cl]gn Q§9r%%e%ﬁo[agrc§r€ek%%rd%9]2ﬂ'h (1561 Since NOB is rapidly eliminated from the body, significant adverse

1 7gfecismePUte & afte-hdmirisivaimnyol NIQEba@. tar©besity inhibiting Composition Comprising Powder of

Citrus Grandis Cultivated by Eco Friendly Method as Active Ingredient. Patent KR 2016111554,
Alt@}"%@ﬁf’emﬁgpieﬁ}dt.s were promising, most of the reported concentrations of NOB evaluated (>20 yM) were

not achievable in physiological conditions as demonstrated by in vivo pharmacokinetic studies of NOB. Comparing
180 MR U e Ry Ms DI8Y SR Ohd NER0SY S SRR QRILomS Goaiaig, He Riame iy iAYO e,
uMIg I%grn gng.sc?ue}%?%rzﬁ %E]erﬁ[nl‘]sﬁa%g%%%gggrﬁl&kgz %% mﬁén%otpig rapid elimination from the body 1561 points
18dutladioittio aeuféizing dVRihdd ofdbine setvMadivimeaCatipositindon Taghtireley el lHANOBideratedthin
the COloD 521840520 280 Aptive@D 1510 4 UM using the assumption that one gram of tissue is equivalent of 1 mL
of volume BAILS8I However, there was a study demonstrating that NOB_at lower concentration (<5 uM) exhibited
82. Wang, L.; Tian, A.; LI, S.; Chen, J.; LI )é uth Smell-Improving Agent and Its Preparation

antiproliferative effects against colon cancer cells perhaps indicating true promise for clinical use after all.
ethod. Patent CN 103893334, 2 July 2014.

188 Huthay,sRbstamiste $19VnPaEinneétNOE/|&xed ¢ty oaeckor diemafaeventinn Dnugtnkg dinet ol spaties-Bave
demmmt[a[tgg Retidietaoe treaiteent TWitN 5888 3Huld Juh®iP@o®N carcinogenesis in rats (>41(68]  As mentioned
earlier, this may be related to the fact that, while bioavailability of NOB itself is low, much of its anti-CRC effect may

be via its metabolites. Wu et al. 24 indicated that the NOB level in the colonic mucosa only accounted for <5% of
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18#he Kim| Bvils bfaO®ahd Ghmeiabhljtksmftat RrdN atimmifroiduais XQBl relatisg Gafoate and Hier etaiteit e
NO8iseasdslileatevitithRn20d 20hielb 8s A Febuliasf @GER. | and 11 metabolism and biotransformation by gut

188 ANNG IS0, FIPOEBRG08 NG8°R SE RO WARG 1 Z hend, W ABbINAR o BY 1B A1 4R ORoiT"
OB AR HEM ET SR AR B ah Rt g RIS e or Treatiy ReMalSHieR ey and alse
reDﬁ%&g@ﬁg}fNé S@g%ﬁ]ag rtgaé(gfgds to be addressed to achieve the desired therapeutic effect.

186iven Khd pipljmatorof dobdetiyinddediaige ddeduetirgnallergioAstioRa tdatentt& bl 028522 42cHdve
chehubpr2@drtive activity, we also reviewed the delivery systems aiming to enhance the bioavailability of NOB in
18 7° S AR a P R A RGeS 2 RN SFOTE BPAT S Rpoeitisn Ebktaimng B ASoRBUfan

forrRPcl)%tﬁeH%(_)qggit% r?taﬂﬁaﬁc?fglﬁ’é’éﬁgﬁ,Si’&hlr%%r'&'gr@ %ﬂ_éelmulsion, as these systems not only improve the

bioavailability of the active compound, but also reduce the rate of degradation during storage 182 Yang et al.
18&tcnffed W -efHAALBe  hBMEs diaBNEy MrdafdlittnG QUGB VX ERRTS thtiRkRveBiGibiRImML@SRam
dis@Vd rBiameting diaiy Riowth Datprt Kha&al e dnd ePtaMRRIcdPRRlose to NOB, such as bergamot
169" REIPF. HilGPRS RS RUD P AAHS COMRRHBT 51T YRerel A, HSastisyaRieNSHI P s SR Bittising. seif-
MicEaMSIAII WISUREHTE EXHRBSSIRIIFRIP Br i AR O FRT RIS Sl MO R DS iRt Inigaiings and
reppsiRc AR SMERPE LRI AR PN GTSIcisRe R iGG 65 1A Aoy ReiHeS ORMPNRBGRIRTlg when
COMPRSRAISItRID S ARLIYRIRS PatereiesspnBsrsNBS, RiesPasenere also reported to improve the

absorptive rate and confer longer mean residence time as compared to NOB suspension in rats 163!,
190. Sakata, Y.; Nakamura, H.; Oshio, K. Muscular Atrophy Preventing Agent Containing Citrus

FutheRrerSadndraghaPARRgNES 403ARABE . lalulyirddis:the addition of hydroxypropyl methylcellulose

19HANG, ; {8 g R8toD oA NP IPIBARRA MM AR iR tRG TP BRI AV ONE SR hekeMniaRiiéaREGRfion of
SUNSFERIUERHRA MR RRBHEHR TSt AR R AURCSRA A4S 18I EACEIP 4t FRECHIVEES 6504y P& Nk and

preyepityprecipitation of NOB in the emulsion, the fabrication did not perform as expected at high NOB

concentration where precipitation still occurred during storage and digestion process in the gut [2881. To address the
192 NAKPEGH S M YrdMip YRS e AGELANG Mthd 1L I ARG Bie 3pt GRnsRL SSi L M TS atga

mat(r}Q 'Hst'%Q&]Na%% otpi)r(]adagtg%tnﬂgezg%@]azgd'pzre\‘/"erﬁteBrréjcala{a%g%Gduring delivery along the Gl tract [267],
19B31eBIRNg |6 . thavamdrode 1A molicsh oy io e Nobikitivlléd thede Pye wé il 8 abddethRhAP roaftictbene iy e bicimsksofgs!

shr@rie v dvicaswdition edding? Ordl Vehed rRaberst GNP Z0B 03590l hé byerh ber2@ksibility of NOB in

hydrogel as_compared to nanoemulsion during digestion, the nangemulsion-filled hydrogel matrix could confer a
194Y Ma, W.-Z.; F%n , S.-L.; Yao, X.-J.; Yuan, Zq.-W.; Liu, L.; Xie, Y. Use 0 iletin in Cancer

sustainable absorption of NOB through a controlled release in the intestinal tract 4871,
Treatment. Patent AU 2015101287, 22 October 2015.

19551 finl, the Ghindsanletivns P Qum positidie QoesairmngsEXaaolis! flamuBitiunscd N B evitie Heeimtiantion to
furtfee @tihgnCanive bOReri@iitr apypdRidlatetd Bivirge thePHadnityCRs 163855883 @@ M arcm20eple 13-fold
increment in_bioavailability compared to the nanosized NOB amorphous solid dispersion 268l However, the results

196. Li, M.; Jin, H.; Yang, Z.; Xu, G.; Lin, Y.; Lin, Q.; Zhang, Z. Medical Application of Flavonoids of
only %uantltate_ the brain permeability, but the data for colon effect is still Iackln%. Further research is_needed to

Citrus Reticulata Pericarp as Angiogenesis Inhibitor. Patent CN 101947215, 19 January 2011.
establish the practicability and feasibility of each delivery method to address the bioavailability challenges before

19MOBhau, Id (196 irBaichanehtini S enth lisk bfatRc G. A Multiple Index Component content
Determination, Fingerprint Construction and Preparation Method for Liver-Tonifying Eyesight-

I @%&?&WLiquid [Machine Translation]. Patent CN 105510452, 20 April 2016.
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198i1HBugh JLOBi&ndgrive Sioorg ,aJnakiydtsovateg edceeninBke/daagy SikdstativedrightHxachctingmdalbiteiies in

the dnndyHEs ieretinelr orr Citrel Seirate ob EN\1LORS 32 pOGING Ghitayg26fah of products containing bitter orange
[169]

1B P15 Lo 1 BBCNERII Bt YR metn B SRR e

Stu%'g ve\fﬁgreeeorlllé:% gelgl %“tﬁﬁé“ o eficu a%ua]geﬂlg rOngfent CN 104297026, 21 January 2015.

20Bodgameghtciai, ddmiivtogiantied asyansagoghte Yoakkidomor, boxidity rateerkby Tianiwéidiairutapieoteddto reduce
sigmifalaiétinif loyxSiohvariuExinactoal acwh dlalstetier€ onia gy iktaat cfaign tn) b2 L20F688 gR2of liver,
splddarabp@&rhAce and behaviour throughout the length of their research, suggesting that the oral intake of NOB at
20 A SRR FIRA G R 6 BB AR AP I P PRkl
o
The action of NOB is more likely of a cytostatic nature rather than cytomdal as, at the concentration that inhibits cell
20% olifer¥tiod NBBSe s ioPHIdgEr afdiRbki-Ad@tBRRbRr Isolatite AR S AEifiNe SRYER RRANPKIREM® effect
of NOBEUSHRNgRENaI0H GelHaeh L alept LML ASR1A890: RibAats itA: featment as it is less cytotoxic as

207°RAFRY 1A the\Ryatable; ciemothorapy agesisnie Nobiletin liquid Preparation and Preparation Method
Thereof. Patent CN 107998073, 8 May 2018.

2(’4 @ar%%mmﬁrglelue”%ﬁuo X.; Yuan, J. A Technique Based on Multi-Solvents for

Preparin iletin. Patent CN 105669626 une 2016.
A seartf% %oog e Eécﬂolar uspng thle eywords “ nol]a'?e’tlln patents” gives about 1160 relevant results. This initial

20&e i shisarelhe dtimetigtrah &/ g @inishi s8arrafnaniot doM\dat¥amagiagth<Sclshidanatabade thbidHdielps to
narMardsfac tihe my hiodite raiCas tiraotlg SoliddDspensiaredateoBWG®018025871, 8 February 2018.

206, Woo, J.T.; K(?makl Pollymethoxyflavonmd Dissolved Cgm osition and its Manufactunng\I
After a Close analysis of the patents, we found that amon the 300 patents related to the concept of NOB, the

Method. PatentJP 015221761, 10 December 5‘
largest portion of the total patents invdlves the usage o B in the medical, pharmaceutical and nutraceutical
20feldsh@he Yatdiuts YorMdadyoD. thd/eppiléatide iZtraditipnél; téantd niel aas uisomesdtdhe thed daicSeventeethere
areKinols 06 Bhenda Bihstancesdiovasaplaratisk it EIRRIUSI ngy ptighnBierfan ayperthglésterolemia L7231,
rou@hiyad atagmespiayy Etift) 169, deateinh &b 19 2768892188 aoharnr@fsg2nerative disorders 178, diabetes [L77]
[178] [179] i -
208 KRABOSY Fam S8 LSRRG PG RO TIRABALER S RErVoRRe g o one
el et e o 50 T P 5017 D51 Bl s et 9 e
anti-infectives such as anti- bacterlal anti-viral (184 and vaccines, respectlvely The patents also include a small

20QrheRioENeB kegydiRdiSkdn M Rl g skReCiiadBING ik s Beeh ExlEagiudPatgat KR 2 BileRfEb nd
imfPoVBMdAtY #QbAditions like hair fall 2881 dysuria 189 and muscular atrophy 1901

210. Karabey, F. Nobiletin Molecules in Cosmetic Preparationsuse. Patent TR 2014000324, 2015.
A large proportion of the patents are related to anti-cancer treatments, which account for almost 13% of the total

21datéhaNthety fe88R cahcdioBibieted %18 Hrodki tatigin/ #08h the ¥ite Prefafiht Brebhilke ArRN@h &RaW and
breRsesgivativeMachingoliansdationt Fatantfedidfed kélfednParRmbeice0bfal 11931 and skin cancer

217 Krspliatian WishSRMs MRIMLEESR. AIIRGQIKAKNS. SRR A NS B FRITRO SIS dRiude Ehsryneristic effect of
NOB piteXangoTApBEINBIRPRIIhBER S Irakiing dhe SuiidruntPEntehRanReS EohtdiahitRdodarRase
thepﬁg\é&q{:%afglazsl\@qteg’aw%@ﬁdzgﬁt_he side effects from conventional chemotherapeutic treatments,

especially diarrhoea 193, Some common cancer inhibition pathways leading to cancer that are targeted by the

compound include anti-angiogenesis (228!, anti-proliferation and anti-tumour or anti-neoplastic effects.
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21BneZhsagy bf; OB, W nuYangutCal Guastres Y, dso BxtbnsBao thereSare, M.t 2ai, (GteAtn mfehdodatges that
conmaodified seifrnmicnoe ofulsifyingfiddudridesi veansystemalc preumén diogical cefitarg étPag .Natt Jn the line,
conminipim ede-AH Bf thelibth-pé@nts, are the methods of extraction [L28I[199112001 pyyrification (201112021 preparation
[203][204] [44][205][206] [207]

214. Bansogda '8 Qi“”[%%h.rsagar SRR dguIkEr R B A AP RO AURRE R RY B &SRS
'mpé%\(?e ct))scr%r i F@WP&BS dfglrog\é g%b's“p%mflc drug delivery. Drug Dev. Ind. Pharm. 2016, 42, 611—

Apart f?F(')m that, the use of NOB in fields other than medicine is also very broad, which includes about 20 patents in
2 1Enshaanicd . B2EIIFEH210 Takhth@oh( Bhatdntdey, B fdongndisty, Tahigh Soélldadisetisecaluppssenaiioesy2ial,
flavelabitizedt RiokesinitieesulBidnarforfemhpmeats bioaetivgieldases anddmymanvdobbnneasigeit tisenapy. as
pedittidd. dathollaicaentol. 261118adt? theré-abdl also patents of NOB usage in stem cell technology and genetic

21%13_05\'13 L.E.; Tey, B.T.; Ong, B.H.; Chan, E.S.; Tang, S.Y. Palm olein-in-water Pickering emulsion
stabilized by Fe304-cellulose nanocrystal nanocomposites and their responses to pH. Carbohydr.

| ZoFuture Pirections

21 mYERBESHEMs heRFUMEK s fm L BWS remMARBNE I LARPE I BARBRARIRIGS 405 ALugidRLvERiure of
timé%&&%ﬂ%&i%‘%@@&%@ﬂé%@d lt:t?(%sg\%nchp Elﬁglllgﬁéié/s M%’rig@ fr@%_t%é'limitations of this compound.

21485 XiRgtianTd ZRdS! XNPBZHawsdydose. Hependens: apieratrinciaelsebiithe ghakrnegidn & increase its

biopGHhiitn dx prRitaacRa0e rORMBAPr eMeniee B eitis igdiRRP ML 8SQLFERINIS Taling RSP &l REHemere
propusig gBitogf gdip@ystration at the moment as intraperitoneal injection has been associated with severe side

effects such as ischemic stroke (36], In addition, given that the chemopreventive metabolites appear to be formed

th?y \Xgrrlrgetaboﬁsyrg %thln the Jut, the or rgut[e? s%er%sa ?ocgerz gtp)er@mlcsﬂﬁs ironséaméﬂ'zvglh’b@ 0 th% target site.
Functionally Heterogeneous Therapeutic Targets; AACR: Philadelphia, PA, USA, 2014.

2ofthoHgh sRYeraL sfiestiveHielpnsyPaMYWaE starRinRg il eansesAgeahieavalahiibens NORrapsitrc on
targaiptieiRlivery fhdeRa et soRetaP hathiatind Shespia 3agimgrdglivenpsystems that enhance aqueous

solubility and bioavailability, a colon-specific drug delivery system is hlahly desirable for eff|C|ent dru% delivery of
s

221 Tatr(1) t (;I' Iczlol’ohog\rl vIVhere tﬂe coﬁ)rectaagar}/c\{arl reg’g]eualn %T)lz a Qfecmiédlf!é%esé'lf mlcroemu E/‘lng drug

reliable and affordable 3D tu or spheroid model for natural rug discove e stud
delivery system ( FgME DDS) was veIo ed wnh tme {E\ilm to |mprove S%Ubl (% Lﬁ'cum(l:n andyspec caIIy target

coltg)r]:ag%rlcc%rr?égr (I?er nglé)rugeg lbscq]v EI ing of?oﬁlatg (r)(g'cgeptors in facilitating the endocytosis of the formulation
222D iane h€poakio . eNiractoDiet dnasesh Sirptegiesifora e irc BRMED Pie VAt ifteevenlgofcould be
possarieltinat dmplegiamss tu Shuijitdie tapy diio aptizie: co M PaEniatt Sofntial RawcéromdsSda tFrechBRIERD$5Nd
furtbei508atb@ty Eudragit® S 100 (Evonik Industries AG, Essen, Germany), which prevent dissolution of the
228 PHIRLRR, RIWIEX 885, P ich§, 3. Guo S RMkarthal K RSy S LSBT O
and, magneie:, fesponsive) ‘i%?(éerﬁm”é? ry dcti\'}’.{“ees”%y ﬂ?teE?'a' fon e, Pismed) 8%!|.Heé{jndp?r“c“'a@{ i ghe

tre Ooat §fc Fqi%rfgtaéiarﬁfé% ﬁgs%achleve an active targeting of specific sites, an external magnetlc field

could be utilized to direct the movement and accumulation of the drug carrier at the targeted sites to exert their
224 e b e xR ; Qiu, P Li, F.; Wang, M.; Zheng, J.; Wang, Q.; Xu, F.; Xiao, H. A metabolite of

nobiletin, 4'-demethylnobiletin and atorvastatin synergistically inhibits human colon cancer cell
In agiebtiotin tb yhiatg bicireg HBAIAG)]L calloeyabe @ es bargdnapmiptdgisrdaood WOBGL 120{E8 y@)B7a<06trus peel may
palirievstairom impsd emsgopetihisupeathyiisiogustiolwdhseregard, Itoh et al. successfully isolated five genes
from C. depressa which encode the flavonoids by O-methyltransferases (FOMT), a precursor for a number of
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flavonoids. Quercetin has been synthesised via this method and it is highly likely that the same enzyme is also
involved in the biosynthesis of NOB, suggesting that it may also be possible for NOB to be synthesised using this
strategy 29, However, the data on the effectiveness in this application is still lacking as there is limited research
that uses this method to synthesise NOB. Apart from biotechnology, the introduction of reliable, efficient and
economical validation methods such as ultraperformance liquid chromatography coupled with quadrupole time-of-
flight mass spectrometry (UPLC-Q-TOP-MS) which allows high rate of separation of PMF compounds within 12
min also opens up more possibilities for NOB to be marketed [218],

In addition, another major challenge of chemotherapy that we are facing today is the development of drug
resistance in cancer treatment. One possible cause that results in chemoresistance may be attributed to the cancer
stem cell (CSC). CSCs are known to play a crucial role in tumour formation as they possess unique characteristics
including unlimited cell renewal capacity and the ability to evade drug penetration [222l220] Seeing the limitation of
the single cell in vitro model 221 Silva et al. came up with a brilliant method of culturing cells into a three-
dimensional block, which they named a 3D spheroid. At day seven, the 3D spheroids mimic the tumour lump, with
the undifferentiated cells in the outer region surrounding the hypoxic inner core. Experiments showed that 2.9-fold

higher concentration is needed to exhibit the same effect reported in the two-dimensional cell model 47,

Interestingly, the concomitant exposure of NOB and its metabolites gives rise to synergistic effects that are distinct
from the response caused by NOB alone [2221223] Therefore, the combinatory effect of NOB and its various
metabolites should be explored in order to establish a solid foundation of understanding of the synergistic effect of
NOB and its natural metabolites generated through the biotransformation process. Apart from that, compelling
evidence showed that NOB produces a synergistic effect in tumour growth inhibition when co-administered with
atorvastatin. When used together, only half the minimal effective concentration of each drug is required to achieve
the targeted therapeutic outcome. Wu and co-authors reported a series of mechanisms by which this combination
works, namely through altering important cellular signals that triggers inflammation, inhibiting cell cycle
progression, inducing apoptosis and preventing angiogenesis and metastasis 15812241 |n this light, the drugs
already in the market can be combined with NOB and tested for their synergistic effects in inhibiting CRC. In
addition, the combinatory effect of NOB and its metabolites needs to be further elucidated to achieve a precisely
targeted biological action in CRC chemoprevention. More clinical trials in human subjects with due ethical
considerations are warranted as disparity will certainly exist if the data is solely extracted from in vitro or animal

tests.

| 8. Conclusions

While there is a significant research focus on cancer, science is still at an early stage in understanding this noxious
condition affecting people from every segment of society, but answers are critical as cancer’s prevalence and
variance are continuously on the rise. The current clinical practice in cancer treatment, which largely consists of the
three broad fields, namely surgery, chemotherapy and radiotherapy, may be helpful to patients to some extent but
more intensive and in-depth ongoing studies are needed in the quest for a panacea for cancer given the high

mortality rates of this malady. Many more patients will be relieved from pain and suffering if scientific research can
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shine a light on the root causes of cancer and focus on its prevention so as to nip the problem in the bud before the

need to treat it arises.

The advancement in science has allowed the discovery of numerous beneficial compounds offered by nature. It is
reassuring to learn that NOB, a compound that is extracted from the ubiquitous citrus species confers a wide range
of beneficial biological effects that includes cancer prevention. On top of that, the autohydrolysis product, 5-DMN
and several metabolites of NOB such as 3'-DMN, 4-DMN and 3',4'-DMN, demonstrate more potent effects as
compared to their parent compound NOB. It is apparent that NOB is indeed a prospective compound that exhibits a
promising chemopreventive effect on CRC, especially for the types which are induced by carcinogens or
associated with diseases such as colitis. In addition to that, this review also focuses on the underlying molecular
mechanism of which NOB acts in CRC. The plus point is that NOB and its products target a number of different
hallmarks of cancer. To illustrate, NOB is endowed with anti-proliferative, pro-apoptotic, anti-inflammatory and anti-
angiogenesis effects, which renders it the potential to counteract the pathology of CRC in patients at various

stages of cancer progression.

Besides NOB, many compounds under the polymethoxyflavones family are currently promising candidates in the
field of cancer research, yet it is too early for science to conclude a best compound to formulate as the elixir. More
studies, be it in vitro, in vivo or clinical studies, are needed to unravel the full potential of each possible compound.
Furthermore, it would be worthwhile to explore the synergistic effect or possible interactions between NOB and
well-known anti-cancer drugs by both experimental and clinical studies. The vast number of existing patents of
NOB across various industries may suggest that this compound does have commercial value besides its
noteworthy pharmacological benefits. Further research work needs to be intensified to overcome the current gap
and limitation in formulation, for instance to increase the bioavailability and to enhance the efficacies of NOB in
CRC chemoprevention. Although significant advances have been made, there is still a long way to go before NOB

could truly become part of the arsenal of CRC chemoprevention.
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