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1. Abstract

Over the world older men are more victim than women for colon cancer
and thought third most common type of cancer. Due to the relation with
digestive tract with food supply is most important factor with natural
diet. Currently, Patients are treated in many numerous ways. Including
multidrug resistance, recurrence and lack of treatment for metastases are
the main issues in the treatment of colon cancer. Surgery, Chemotherapy,
Hormone therapy and radiotherapy are frequently accompanied by
adverse effects. Due to their safety, dietary phytochemicals have become
effective tools for the treatment and prevention of cancer in recent years.
In widely consumed fruits and vegetables Ellagic acid (EA), Sulforaphane
(SF), Ursolic acid (UA) have been reported to suppress colon cancer cell
proliferation and cause apoptosis. The role of EA, SF and UA in the battle
against colon cancer is covered in this review. These agents have been
shown to have effects both in vitro and in vivo.

2. Keywords:
Colon cancer, Ellagic acid, Sulforaphane, Ursolic acid, in vitro, in vivo.

Caco-2, SW620
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AKT, protein kinase B; Apaf-1, apoptotic protease activating factor 1;
AIF, apoptosis inducing factor; Bel-2, B-cell lymphoma 2; Bax, Bcl-
2 associated X; Bad, Bcl-2 associated agonist of cell death; CDK4,
cyclin-dependent kinase 4; CDC2, cell division cycle2; COX-2,
cyclooxygenase-2; CYP19/1A1/1A2, cytochrome P45019/1A1/1A2;
DNMT1/3a, 1/3a; DMBA,
9,10-dimethyl-1,2-benzanthracene;epidermal growth factor; EGFR,
epidermal growth factor receptor; FoxM1, forkhead box M1; GSTAI,
glutathione S-transferase Al; HDAC, histone deacetylases; HER2, human
epidermal growth factor receptor 2; hTERT, human telomerase reverse

DNA (cytosine-5)-methyltransferase

transcriptase; JNK, jun N-terminal kinase; LC3, microtubule-associated
protein light chain 3; mTOR,mammalian target of rapamycin; MMP-2,
matrix metalloproteinase-2; MAPK, mitogen-activated protein kinases;
NQOI1, NAD(P)H quinone dehydrogenase 1; PTEN, phosphatase and
tensin homolog; RARbeta2, retinoic acid receptor beta2; STAT3, signal
transducer and activator of transcription 3; TrxR1, thioredoxin reductase
1; VEGFR-2, vascular endothelial growth factor-2. CRC: Colon cancer
cell.

4. Introduction

Colon canceris a global health concern. It is the most thirdcommon cancer
and the leading cause of cancer-relateddeath among across the world,
accounting for 1.09 million of all cancer cases and 551,00 of all cancer
deaths [1]. There are currently several treatment options for colon cancer,
including surgery, chemotherapy, hormone therapy and radiotherapy.
Unfortunately, these current treatments do not always effectively combat
the disease and they have had only a minor effect on the cancer’s notable
morbidity. In addition treatments like radiotherapy, hormone therapy and
chemotherapy frequently have negative effects and tumor recurrence can
occasionally occur after the tumor has been surgically removed. Another
issue with treating colon cancer is multidrug resistance [2].

As a result, colon cancer therapy still presents a challenge and reducing
the prevalence of colon cancer requires the creation of efficient
medications. Dietary phytochemicals have recently gained popularity as
beneficial cancer prevention and treatment agents because they are less
toxic, less expensive and have fewer adverse effects than manufactured
medications. Colon cancer is strongly tied to diet thus researcher have
discovered numerous natural medicines in food supplies. Studies have
also revealed that these phytochemicals are crucial in the prevention of
colon cancer as well as other types of cancer. Numerous phytochemicals
have demonstrated potential anti-colon cancer via modifying cell
division, apoptosis, oxidative stress, inflammation, angiogenesis and a

number of cell signaling pathways [3]. The effectiveness of several dietary
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phytochemicals in colon cancer prevention and treatment was examined.
[4]The dietary phytochemicals Ellagic acid (EA), Sulforaphane (SF), and
Ursolic acid (UA) have undergone extensive research and have drawn

attention because of their wide range of biological actions and molecular
targets. EA was discovered in many fruits as a phytochemlcal and the

proof was gathered (Table 1). EA has received the most attention among
the phenolic acids in oncology, particularly colon cancer. Many cruciferous
vegetables, which are widely believed to be popular worldwide, also
contained SA as isothiocyanate and this proof was demonstrated in (Table
D).

Table 1: Natural and cheap food sources and their organic structure of EA, SF, and UA

Organic name Chemical structure Origin Common food supplies
OH
0. 0 OH . ) . .
O Strawberries,raspberries, cranberries, blackberries,
Ellagic acid pecans, pomegranate, muscadine grapes and
O walnuts
HO [
OH
i 5 Broccoli, brussels sprouts, cabbage, cauliflower,
Sulforaphane -] e .
AT collard, kale, mustard, rutabaga and turnips
HG FH,
. . Apples, bilberries, cranberries, holy basil,
Ursolic acid .
peppermint, rosemary, oregano and prunes
peppermint

5. Introduction With Biological Sources And Their Mode Of Action
Of Ellagic Acid, Sulforaphane, And Ursolic Acid

Chemically, EA is hydrophobic. As a result, its sources only have trace
levels of it. The gut microbiota converts EA into different urolithins.
Which circulate in the blood as glucuronide and sulfate conjugates in
the plasma and bile. EA is easily absorbed by the circulatory system.
[6] Numerous biologists have also proven the presence of urolithins and
their conjugates in the human prostate. While Urolothin A is present
in the tissues of the prostate gland, colon and intestines, Urolithin A
glucuronide is only present in the tissues of the mouse liver and kidney.
Urolithin A is also present in the tissues of the colon, intestine.[7]The
mercapturic acid pathway is connected to the conjugates made by the
metabolism of SF. Conjugates are formed by SF before it interacts with
glutathione. The final result of the enzymatic reaction between cyctein
and cysteinylglycine is N-acetyl cysteine conjugates. [8] The analysis of
human urine revealed that it included 75 SF, 1% SF-glutathione conjugate,
1% SF cysteinylglycine conjugate, 28% SF-cysteine conjugate, and
65% SF-N-acetlycysteine conjugate. [9,10]After SF was given orally
in the mouth, the greatest concentrations were discovered to be in the
stomach and bladder, respectively. However, very little amounts of SF
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were discovered in the gastrointestinal system, prostate, rectum, colon,
heart, kidney and other organs. [11] Following oral administration of
5 or 20 mole to mice, the areas with the highest concentrations of SF
were discovered to be the small intestine, prostate, kidney and lung. [12]
Additionally, following oral administration of 150 mol SF, which was also
detected in rat mammary gland tissue (18.8 pmol.mg tissue), and plasma
(60M). [13] It is clear that there is minimal UA in biological sources
since UA metabolizes quickly and has a low capacity for solubility. [14]
The UA content in rat plasma was exceedingly low despite the high oral
UA dose (80.32 mg/kg). This suggested that UA has high organ bonding
activity and poor blood dispersion. Another possibility was that UA has
low bioavailability because it is broken down by the liver and gut wall and
is inefficiently absorbed by the intestine. [15] After injection, UA has been
detected in human plasma. [16]

6. Ellagic Acid, Sulforaphane, Ursolic Acid, And Colon Cancer

6.1. Ellagic acid

6.1.1. Natural Origin. Pomegranate, muscadine grapes, walnuts, and
strawberries was found EA (2, 3,7,8-tetrahydroxy-chromeno [5,4,3-cde]
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chromene-5,10-dione). [17]

6.1.2. Biological effects

In vitro studies

CACO 2 Cell line is examined and several resultswere found by treating
EA. During Oxidative Stress Colon cancer cell involves with chronic
intestinal inflammation and related with redox transcription factors and
barrier permeabilization. Dietary food plays a good role in intestinal
inflammation modification. Amon of them EA (Ellagic acid) is thought
plant bioactivates which helps inhibition of bowel disease in animal
models. EA inhibits tumor necrosis factor alpha (TNF-a) induced
inflammation in the presence of 10 ng/ml or different EA concentrations.
As well as (TNF-a) acts as precursor of (IL) 6 and 8§ or release into
medium. As a result, 91C 50=17.3 Mm FOR IL6 led to increase ICAM-1
and NLRP3 expression, NF-Kb AND erk1/2 activation and mlck gene
expression and MLC phosphorylation. [18] EA treated with HCT15 Cell
line promoted cell cycle arrest substantially at G2/M phase. EA treatment
also support to decrease alkaline phosphatase and lactate dehydrogenase
treatment by cytotoxic treatment and anti-proliferative way also it helps
to increase 2,7 dichlorodihydrofluorescein diacetate (H2DCF-DA). EA
strongly decrease phosphatidylinositol 3-kinase (PI3K)/Akt pathway and
their expression guide Bax, caspase-3, and cytochrome c, suppression of

Table 2: Effect of EA on colon cancer cells

Bcl 2 activity.[19]EA also applied in HT29, HT116 and COCA2 cellline
and wnt/beta-catenin pathway also activated. This helps to decrease cell
viability and CDKS, surviving, c-Myc and cyclin D protein expression
downregulated in same time some factor is upregulated like beta catenin,
axinl and 2. [20] [21] EA Show potential on HCT 116 cells and DEGs
gene is altered for TGF- B1/Smad3 channel. Generally DEGs gene was
identified through cDNA microarray analysis and five genes associated
with TGF- f1/Smad3 signaling pathway. This signaling pathway was
assessed by TGF- B1 small interfering RNA and SIS3 and a Smad3
inhibitor. The expression patterns of downstream DEGs could altered the
TGF- B1/Smad3 Signaling pathway and this pathway may underline the
molecular mechanism in CRS cells. [22]Ellagic Acid is thought one kind
of quercetin which is compound known as flavonoids. When EA is treated
with SW480 colon cancer cells then the result was found in decreased
expression of three proteins and the increased of one protein. Type II
cytoskeletal 8 keratins and NADH dehydrogenase, Fe-S protein 3 were
identified and other protein was not identified by scientists. This increased
action is thought the annexin family. Those proteins were identified to
have altered expression in the treatment of flavonoid could thought
the marker of chemo preventive action against EA. [23]Several study
demonstrated that COLO 205 and CACO 2 cells express cytotoxicity
result against ellagic acid. HM 251 and HM 233 respectively give good
synergistic effect against EA the value of 2.5 — 5 mg/mL. [24]

Cell line Model Dose/duration Effect Mechanism Reference
CACO 2 | Invitro and | In vitro and Mitigate intestinal inflammation, loss of intestinal | |[ NFKB (18]
& HT29 | In vivo In vivo barrier function, increased oxidant production. |ERK1/2
HCT 15 In vitro and | 20 and 35 pg/mL; | Induced apoptosis and cell cycle arrest at G2M | | PKI3/AKT, [19]
In vivo in h phase. Ant proliferative and cytotoxic effect. |BCL2
HT 29, In vitro 10 to 20 uM; Reduced cell viability, and |CDK8 [20], [21]
HCT N .
reduced tumor size in mice, modulate wnt/p catenin
116 and . . .
signaling cascade protein.
CACO2
i Increased apoptosis and cell cycle arrest at GO/G1
HCT 116 | In Vitro 20 — 35 pg/mL |DEGs [22]
phase
|FES protein 3,
| N A D H
MCF-7
. . . . dehydrogenase,
and In vitro 20 uM Chemo protective action of quercertin [23]
ITYPE I
Hs 578T
cytoskeletal 8
Keratin
COLO
205 s . o IHM251 and
In vitro 2.5 -5 mg/mL 48h | Anti colitic agents [24]
CACO 2, HM233
HT 29z
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6.2. Additive or synergisticeffect of EA with other phytochemicals and
therapeutic agents

EA has been shown to increase the effectiveness of phosphoinositide
3-kinase (PI3K) inhibitor GDC-094. EA plus GDC-0941 treatment
prevented cell proliferation, migration, and invasion by reducing neural
precursor cell expressed developmentally down-regulated protein 9
(NEDD-9), cyclooxygenase-2 (COX-2), interleukin-13 receptor subunit
alpha-2 (IL-13Ra2) expression. [25]However, the synergistic effect with
EA and other phytochemical effect still unclear for colon cancer cell line.
But many studies targeted antitumor function and inhibits endometrial
cancer. Several methods are used like bioinformatics analysis tools
including DrugBank, STRING, WebGestalt and cBioPortal and the
main target is to identify PIK3CA, PIK3R1. In addition,this treatment
also reduced selected pro-inflammatory cytokines/chemokines including
interleukin 8 (IL-8), regulated on activation, normal T cell expressed
and secreted (RANTES), and platelet-derived growth factor subunit B
(PDGFB), leading to reduction of inflammation. [26]

6.3. Effect of EA after encapsulation

It was argued and informed that this natural food supplement reacts in
digestive tract or colon cancer cell which induced apoptosis and reduced
AKT/mTOR activation. [27]

In vivo studies

Animals model of EA was introduced by scientists for colon cancer cell
line.Several Animal models were studied and colon cancer was accounted
for 20 most frequent cancer diseases worldwide and always scientist
demand to bring new therapeutics with new mechanism of action into the
clinical practice. The number of in vitro and in vivo evidences proved that
exogenous changes in pathologically imbalanced microRNAs (miRNAs)
are capable of transforming the cancer cell phenotype. About more
than 400 original articles 26 was found to assess the effect of miRNA
mimics, precursors, expression vectors or inhibitors administered locally
or systemically being an approach with relatively high translational
potential. This finding was summarized in the field of pharmacokinetics
and toxicity of miRNA-based therapy. [28] MicroRNA (miRNAs) are
small non-coding RNAs 18-25 nucleoids in length that downregulate gene
expression apoptosis, differentiation and development. Functional studies
indicate that miRNAs act as tumor suppressors and oncogenes. There are
many studies was investigating the ability of miRNA expression profiles
to predict prognosis and response to selected treatment in CRC patients.
[29]

About 19 downregulated and 18 upregulated miRNAs was studied in
CRC patients and five most expressed miRNAs (miRNA-10a-5p, -21-
5p, -22-3p, -143-3p, -143-3p and -192-5p) inside a pool of 523 miRNAs
from 88 CRC samples. The miRNA-143-3p and miRNA-192-5p are
part of clusters related with the oncogenes, deoxynucleic acid (DNAO-
repair genes, and genes from the WNT and MAPK signaling pathways.
miRNA-221 inhibits the angiogenesis activity through its binding to the
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c-kit, stat-5A, endothelial nitric oxide synthase and ETS1 mRNAs and the
miRNA-29a is associated with the cell cycle arrest another miRNA-21
involves with tumor initiation, increasing the invasion and the metastasis
and the miRNA-26b is related with colon cancer growth. [30]JEA on
the expression of miRNAs was observed. EA treatment downregulated
theexpression hsa-miR-1, hsa-miR-139-5p, hsa-miR-145, hsa-miR-195,
hsa-miR-363, hsa-miR-378, hsa-miR-378c, hsa-miR-383, hsa-miR-422a,
hsa-miR-486-5p, hsa-miR-490-3p, hsa-miR-551b, hsa-miR-628-3p, hsa-
miR-628-5p, hsa-miR-1297, hsa-miR-3151, hsa-miR-3163, hsa-miR-
3622a-5p, hsa-miR-3656and upregulated the expressionhsa-miR-7,hsa-
miR-96, hsa-miR-105, hsa-miR-135b, hsa-miR-296-3p, hsa-miR-483-3p,
hsa-miR-493, hsa-miR-549, hsa-miR-552, hsa-miR-584, hsa-miR-592,
hsa-miR-1247, hsa-miR-1269, hsa-miR-1827, hsa-miR-3144-3p, hsa-
miR-3177, hsa-miR-3180-3p, hsa-miR-4326. [32]EA also reduced the
expression of their targets ERa (miR-206), cyclin D1 (miR-206), cyclin
G1 (miR-182,-122), Bcl-w (miR-122), Bel-2 (miR-122), and increased the
expression of their targets RASD1 (miR-182), FoxO3a (miR-182), FoxO1
(miR-182, -183), and thereby caused the inhibition of tumor growth. [32]
Approximately 650miRNAs identified miR-206 a low abundance miRNA
the most significantly altered miRNA in carcinogen-induced rat colon
tumors. [33] EA presents in fish oil and pectin in little amount which act
as nutritional bioactives that modulate microRNA molecular switches in
the colon. This investigation modulated by carcinogen and diet treatment.
Apragueawley rats were fed diets containing corn oil and fish oil with
pectin cellulose or injected with azoxymethane or saline. Colonic mucosa
was used to identify early time of cancer progression [34].

6.4. Sulforaphane

Sources. SFisfound in cruciferous vegetablessuch as broccoli, Brussels
sprouts, and cabbage The Chemical Structure is (1-siothiocyanato-4-
methylsulfinylbutane). [35]

Biological effects

In vitro studies

SF derived from broccoli may exhibit chemo preventive properties
by inducing cell cycle arrest via induction of cyclin-dependent kinase
inhibitor 1A ((p21(wafl/cipl)) the key role of the transcription factor
kruppel-like factor 4 (KLF4) in mediating the induction of p219wafl/
cipl) and cellular differentiation. In CACO2 cells small interfering RNA
knock down of KLF4 expression attenuated induction of p21 9wafl/cip1)
in response to SF treatment. Otherwise SF reduced sucrose isomaltase
activity.[36]CACO2 cell line were treated with 5 micromol/L SF and
western blot and real time PCR showed that Nrf2, AKR1C1 and NQOI1
protein expressions were increased. Interestingly within 8 hrs Nrf2
protein increase and after 16 hrs. AKR1C1 and NQOI1 protein increase
that result involve with induction of colon cancer and inhibitor of Nrf2-
ARF signaling pathway. SF found in Crude IL-GPE and this extract was
treated on HT29 cell line. Pathway involve on colon cancer cell line was
amino acid metabolism, aerobic glycolysis, urea cycle and ketone body’s
metabolism that contribute to energy metabolism and cancer cell. [37]
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Anthocyanins are a flavonoid like SF that are used to treated colon cancer
cell HT29 and good result found in in vivo and in vitro, the tumor weight
decrease in mouse model. That proved that it downregulated the expression
of PI3K and AKT expression and phosphorylation, promoted apoptosis
and inhibited colon cancer growth which mechanistically enhanced Bcl-2/
Bax and caspase dependent apoptotic pathway targeting the PI3K/AKT/
surviving pathway [38] Chemomile extract contain different flavonoid
including SF which was treated on HT29 cell and mouse model and
found the prodection of MPO, 5 HT, IL-6, NF-kB, TNFa, PGE2, 8-iso-
PGF20 after inflammatory stimulus. [39] Sulphonomide derivatives
found most cytotoxic activity on MDA-MB-231 and HT29. Another SF
treated on wnt/beta catenine pathway resulted growth inhibition apoptosis
and increased nuclear translocation of beta catenin. Beta-catenin siRNA
markedly increased mRNA and protein levels of c-Myc compared with

Table 3: Effect of SF on colon cancer cells

control siRNA. Beta-catenin siRNA significantly inhibited the expression
of Bax and Bcl-2 in celastrol-treated HT29 cells.[40] Salvia extract has
been shown protective effects on HCT15 and CO115 cell line. This
extract induced DNA methylation on both cell and its tea also act as best
oxidative and alkylating DNA damage.[41] Medicinal plants contain SF
and is used as functional foods and nutraceuticals control colon cancer
cell progression by modulating molecular targets of the PI3k/Akt and
MAP kinase signaling pathways.[42] SF also found in salfosa fructosa
extract and human breast cancer and colon cancer treated with IC50 valo
66.6 uM and downregulation saw NF-kB, PI3A and upregulation was
seen MAPK and TNF-a moreover this extract lead apoptosis with low
cytotoix effects on non-tumoral 3T3-L1 cells. So this extract is used in
pharmaceutical industries. [43]

Cell line Model Dose/duration Effect Mechanism Reference
CACO2, . Induction of P21(wafl/cpl), | |KLF4,
In vitro IC_ 25 and 50 uM . [36]
HT29 30 Partly KLF4 Tp21(wafl/cipl)
. developing inhibitors of Nrf2-| 1 Nrf2, 1AKRICI,
CACO2 In vitro 5 umol/L, 8 h . . [37]
ARE signaling pathway. TNQO1
. inhibit the cell viability and
In vitro& In . .
HT29 . 50 and 75 uM proliferation and promote the [38]
vivo
apoptosis
. . .. 1t NF-«B, 1PGE2
In vitro & In antioxidant and anti-inflammatory i
HT29 . 2 mg/mL . , 18-is0-PGF2a, 1| [39]
vivo properties
IL-6
Tbeta catenine,
HT29 In vitro 100 uM, 24 h 25 uM, | Induced apoptosis, cell inhibition | 1C-Myc, |Bax, | [40]
|Bcl-2
HCTI15 and . Methylating and alkylating DNA
In vitro 25 uM, ; 21 [41]
COl115 damage and apoptosis
CACO2 . Methylating and alkylating DNA | |AKt/PkB, |RAS,
In vitro 25 uM, . [42]
and HT29 damage and apoptosis RAF, ERK1/2,
RKO and In vitro 25 uM, Reduced oxidative stress INF-xB, |PI3A, [43]
Caco-2, . .
MCF.7 and anti-cancer activity.
antioxidant, antitumor and pro- | tMAPK, 1TNF-a
and MDA- .
apoptotic effects
MB-231
www.lJCMCR.com Page 05
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6.5. Additive or synergistic effect of SF with other phytochemicals and
therapeutic agents

SF used in combination with MEK inhibitor and 5 FU treatment and
this therapy based on KRAS or BRAF mutant colon cancer models. SF
enhanced apoptosis and decreased anchorage —independent growth and
induction of thymidine kinase 1, altered mRNA expression in groups of
genes. SF 25mg/kg weightand 5-FU 10or 30 mg/kg administered. Colo205
and HCT8 models decreased expression of ki67 was observed in tumors
from mice. [44]SF treated on invitro two dimensional cohort migration
model such as L 10 cell of human rectal adenocarcinoma cell line. This
effect found by TGF beta 1 upregulated in co-cultured conditions and this
condition associated with increased production of motility EDA+FN by
L-10 cells and blocking FN with specific antibody effectively inhibited the
synergistic effect.[45]Caco-2 cells were pretreated with SF and measure
TER and 4-kDA FITC dextran (FD4) flux and analyze junction protein
expression and structure. This treatment decreased occluding and ZO1
miR-200c-3p and protein expression. While suppression of miR-200c-
3P increased expression of PTEN protein and decrease expression of
phosphorylated PI3K and AKT proteins and miR-200c-3p overexpression
or suppression effect on negative mediator PTEN, maintain TJ function
and ameliorates LPS induced intestinal epithelial barrier dysfunction.
[46] Galangin cotain anti-cancer and antioxidative properties. Berberine
contain same anti-cancer properties and both extract result in cell growth
inhibition, apoptosis and cell cycle arrest at G2/M phase with increase
ROS level and decrease expression of wnt3a and [-catenine. Induce
apoptosis in colon cancer cell line invitro and invivo. [47]

Down-regulation of E-cadherin and upregulation of vimentin, a-SMA,
snail and ZEB1 and increase migration of HCOEPICs with over
expression of Smads involve with Smad2, Smad3, p-Smad3 and Smad4
then abolish by TGF-f and the inhibition of psmad2/smad2 and p-Smad3/
Smad3 also dose dependent. SF induced CCD-18CO suppressing activity
of TGF-B/Smads signaling pathway. [48] SFU 10 or 30mg/kg, 7 days
and combination with SF 10 or25mg/kg, 7 days on COLOC205 and
HCTS related with salvage pathway and effects in KRAS or BRAF colon
cancer cell line. Induced cell death and enhanced apoptosis, induce of
thymidine kinase 1, altered mRNA expression. [49] essential oils oleo
gum resin extract act as anticancer agents for in vitro and in-vivo act as
growth inhibitory effects towards human colon cancer cell line HCT 116
and LIM1215 with IC50 values 17.82 and 18.86 pg/mL. Downregulated
expression of proteins surviving, XIAP, HSP27, HSP60 and HSP70 and
upregulated expression of ROS, caspase-3/7 and TRAIL-R2, invasion,
reduction, migration and colony formation potential was examined. [50]

In vivo studies

Sulforphan inhibit the secretion of pro-inflammatory cytokines including
IL6. Production in response to bacterial lipopolysaccharide (LPS)
in human cancer HepG2, suppressed LPS-induced transcription and
secretion of IL-6 after 2 uM, 24 hrs. Potential usage of broccoli derived
SF as a functional food ingredient in the inflammation induced hepcidin
and reducing liver cancer risk development and colon cancer cell. [51]
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SF enhanced antitumor effect of irinotecan and prevented the occurrence
of intestinal damage by modulating and reducing pro inflammatory
microbiota. TGF-  leakage was reduced and inhibited PI3k/AKT pathway
activation, tumor apoptotic autophagy promoted and inhibited tumor
growth and invasion. [52] expression of Nrf2 in colon cancer cell and
explore the effect of Nrf2 modulation alone or combination with HCT116
and CT26 cell line in vitro and in vivo study. This cell line revealed Nrf2
siRNA and brusatol, to inhibit Nrf2, decreased viability and sensitized cell
to toxicity. Subcutaneously and orthotopically allografted mice result in
an average 8-fold reduction in luminescent study end point. [53] SF found
in cruciferous vegetable that possess antitumoral properties in carcinogen
treated rats. Regulate phase Il enzyme, cell cycle and induction of apoptosis
and cell cycle arrest in HT29 human colon carcinoma cells. Increase
G2/M phase observed increased cyclin B1 protein levels. Preincubation
of HT29 cells with roscovitine, cdc2 kinase inhibitor, blocked G2/M
phase and cdc2 kinase could be a key target of SF regulation of G2/M
block and apoptosis, retinoblastoma tumor suppressor protein (Rb) is
highly phosphorylated, Inhibition of proteasomal activity through the
use of MG132 diminished SF induced HT29 cell death, apoptotic effect
requires a functional proteasome-dependent degradation system. [54]
Sinapis alba Linn seeds possess antitumor properties, efficacy of novel
mucilaginous fraction of mustard seeds in inhibiting colonic preneoplastic
changes in vivo study. There two separate study seen male and female
obese rats injected 15 or 10 mg/lg weight for 2 weeks and mustard 5% for
8 weeks. Measure the ability to modulate aberrant crypt foci and obesity
associate colon cancer. This research provide impetus to conduct research
to understand the underlying mechanism of action.[55]Red cabbage is an
important source of vitamin, micro and macroelements and polyphenol
including sulforphan. Evaluated anti-inflammatory effect in mouse
models determined using clinical, macro and microscopic parameters of
inflammation and mechanism of action, expression of pro-inflammatory
cytokines and oxidative stress. [56]) These extract as a potential dietary

supplement in inflammatory boil disease.
6.6. Ursolic acid

Sources:apples, rosemary, and holy basil contain UA (3-beta-3-hydroxy-
urs-12-ene-28-oic-acid). [57]

Biological effects.

In vitro studies

Fruits and vegetable is thought good for colon cancer. Caco2 cells response
good protection with ursolic acid, a triterpenoid and luteolin. Extract of
fruitand vegetable treated 24h and DNA DNA substrate containing specific
damage was seen that these compound not only protect from oxidative
damage but also increase repair activity. [S8] Rosemarinic acid contain
many flavonoid and UA, have been used to treat mouth inflammation
and gastric problem. These extract increase [-glucoronidase/sulfatase
which is good for measurement of permeability across human intestinal
epithelial Caco-2 cell monolayers. [59] UA inhibit cell proliferation on
HT29, SW480 and SW620 cell and result got with cell cycle arrest by
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alteration of cell cycle protein expression and UA induced apoptosis.
P53, p21 protein expression increase and Bcl2 decrease by inhibition of
proapototic protein. UA induce cytochrome C and caspase activation. [60]
Cell growth arrest at the S- and G2/M phases seen by treatment of dietary
polyphenol. Transcriptional profiling and functional analysis changes
in the expression levels of MAPK signaling genes k-Ras, c-Myc and
CCNB1, CCNB1/P1 gene related with cell cycle arrest and apoptosis. [61]
UA induced on HT-29 by playing role in COX-2 overexpression. This
overexpression is mediated by p38 MAP kinase pathway as inhibiting its
activation using a p38 specific inhibitor or COX-2 specific siRNA. UA
treated delay death of HT-29 cells by overexpression of COX-2. [62] UA
treated on gastric cancer cell line BGC-803 and hepatocellular cancer cell
H22 xenograft in vitro in dose dependant and time dependant manner. GO/

G1 stage arrest seen both in invitro and invivo. UA upregulate caspase-3,

Table 4: In vitro Effect of UA on colon cancer cells

-8, -9 and downregulate Bcl2. The expression of caspase-3 and -8 was
elevated in tumor cells from xenograft treated with UA and this treatment
associate with colon cancer cell in vitro and in vivo by decreasing
proliferation and inducing apoptosis. [63] MAPK/ERK/or PI3K signaling
pathways related on colon cancer cell carcinoma by mutation of KRAS
and BRAF. UA and dietary phytochemical treated on HCT15 and CO115
cell line and cell proliferation and apoptosis measured. These research
seen that dietary phytochemical have anti proliferative and proapoptotic
effect on KRAS and PI3k but not on BRAF. [64]UA or OA 60 umol/L at
24 or 72 h treatment number of cell death and fragments seen but highest
death cell calculation was found in 72 h. UA cytotoxicity more than OA at
30 umol/L ar 78h. GO/G1 cell cycle arrest was seen on HCT15 cells with
UA 30 and OA 60 for 36, 72h with decrease of cell population in S phase
and no detectable apoptotic fraction. [65]

Cell line Dose/duration Effect Mechanism Reference
CACO2 100 uM; 24h Protect DNA from oxidative damage [58]
CACO2 50 uM; 24 h Intestinal glucoronidation/sulfatation 1B-glucuronidase/sulfatase [59]
HT?29,

SW480,|60uM;48h Anti-cancer potential and apoptosis. 1p53, |p21, 1Bcl2 [60]
SW620
K-Ras, |C-Myc, 1tDUSp6,
CaCo2 80 uM; 48 h Potential chemopreventive target. *F as ye. 1 P [61]
0s,
HT 29 30uM; 72 h Induced apoptosis 38, |Cox 2 [62]
Inhibit cell growth in vivo and vitro by
COLO115, . . . . . Tcaspase 3, Tcaspase 8, 9
80 uM reducing cell proliferation and induction [63]
HCT15 . |Bcl2
of apoptosis.
HCT15, 150 uM, 72 h Ant proliferative and proapoptotic effect IPI3K, 1Akt [64]
Coll5 on mutated colon cell
30 and 60 pumol/L, 48 | Inhibit cell proliferation through cell
HCT 15 153 [65]
and 60 h cycle arrest.

6.7. Additive or synergistic effect of SF with other phytochemicals and
therapeutic agents

Activation of c-jun N-terminal kinase (JNK) induced apoptosis
independent of caspases in HCT15 cells by treating of UA and 5-FU
synergistically.UA increase autophagy by inducing the accumulation of
LC3 and p62 levels with involvement of INK pathway which determined
by using nude mice xenograft with HCT15 cells. [66] UA synergistically
use oxaliplatin on SW480, SW620, LoVo, RKO were used in vitro models
of SW620 xenograft mouse model where UA inhibited proliferation and
induced apoptosis and enhanced cytotoxicity. Down-regulation of Bcl-

XL, Bcl-2, survivin, caspase-3, 8,9 activations and inhibition of KRAS

www.lJCMCR.com

expression and BRAF, MEK1/2, ERK1/2, p-38, INK, AKT, IKKa, IkBa
and p65 phosphorylation of MAPK, PI3/AKT, and NF-kB signaling
pathways. UA decrease the burden of oxaliplatin effect on colon cancer
cell. [67] Another combination of UA and oxaliplatin (Oxa) use to inhibit
cell proliferation of RKO cells. Upregulation of caspase-3, caspase-8, and
caspase-9 and Z-VAD-FMK, caspase inhibitor. Combination of UA and
OXa activated caspase 3,8,9 and induced apoptosis and down regulated
the expression of X linked inhibitor of apoptosis and survivin. [68] UA
inhibit COX-2 in colon cancer cells. UA and paclitaxel combination
use cytotoxicity and their dose and time dependent inhibited BGC-
823 and SGC-7901 colon cancer cells. Western blot analysis seen the
expression of a series of related proteins including COX-2, proliferation
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cell nuclear antigen (PCNA), Bcl-2 and Bax upregulated. [69] UA and
CPT-11 enhanced anti-tumorigenic activity based on down-regulation
of the Upa/upar dependent MMP pathway down regulate. UA and OA
exhibit protective effect towards normal cells. [70] UA and KA gives
synergistic effect on HCT116 cell line. Decrease expression Level of
NF-KB with radiation approved for UA and 2Gy pf radiation. UA lead
radio sensitization of human colon tumor cells by NF-KB1 and CCNDI1
signaling pathways. [71] A sterically stabilized unilamellar nanocarrier
vesicle (SSV) system used develop of UA structure and this combination
targets MAPK pathway. There co-delivery vesicles enable their direct
medical application, possibly overcoming the multidrug resistance effect.
[72] DKC1 binds and stabilizes the mRNA of RP including RPL10A,
RPL22L1, RPL34, RPS3, DKCI depletion accelerate mRNA decay.
DKC1 regulate RPs and interact with HRAS and suppress the RAS/
RAF/MEK/ERK pathway. Pyrazofurin and trametinib combination

synergistically restrains colon cancer cell growth in vitro and in vivo. [73]

In vivo studies

Ursolic acid (UA) applied to gemcitabine, AsPC-1, MIA PaCa-2, and
Panc-28 cells in nude mice orthotopically. Cell proliferation, metastatic
and angiogenic proteins and apoptosis are done by UA. 20uM UA and
200nM gemcitabine induced apoptosis and suppressed the expression of
NF-kB- regulated proteins. These combination therapy decrease miR-29a
closely linked with tumorigenesis. UA inhibit pancreatic tumors and colon

Table 5: Effect of EA, SF, and UA on colon tumors cell line in animals

cancer cell and sensitize to gemcitabine by suppressing inflammatory
biomarkers linked to proliferation, invasion, angiogenesis and metastasis.
[74] Activation of multiple intracellular signaling transduction cascades
including STAT3, ERK, JNK and P38 pathways. In this mechanism
complicated signaling network regulated by their pathways crosstalk.
UA treated on HT29 cell line in xenograft mouse model in vitro and in
vivo and investigate inhibition of cancer growth without apparent toxicity
by alteration of critical target genes and colon cancer related signaling
pathways. [75]Black raspberry extract contain UA and use in diet of
mouse model 12 weeks feeding colon cancer cell growth response by 45%
and 60% tumor multiplicity in Apc1638+/- mice and 50% Muc2-/- mice/.
B catenin signaling pathway suppress and reduce chronic inflammation.
[76] Polyphenol rich berry extract contains UA and applied on HeLa cell
and Caco-2 cell with IC50 value 25-40 ng/mL. and inhibit cell growth
and cell proliferation with antiproliferative activity. [77] UA treated on
colon cancer cell with azocymethane and dextran sulfate sodium salt on
BALB/c mouse model mRNA and miRNA expression divided on four
groups. Scientist observed dysregulation of many pathways, upregulation
of Wnt signaling pathways and downregulation of apoptosis protein.
[78] Dried plum or prunes extract contain different polyphenol and UA
were applied in diet on mouse model in four different diet groups. These
findings saw that colon cancer cell do not die but also lower colon cancer
risk [79].

Phytochemical Effect Dose/duration Route Reference

Pharmacokinetics ~ andtoxicity =~ on )

EA . Diet [28]
miRNA study
Apoptosis, differentiation, and )

EA Diet [29]
development
Tumor invention, initiation and .

EA . Diet [30]
metastasis
study.
Downregulation and upregulation of .

EA Diet [31]
oncogenes.

EA Inhibition of tumor growth Diet [32]

EA Induced rat colon cell tumor 200 mg/kg/daily Diet [33]
Induced hepatic hepcidin inflamationa )

SF . . 2 uM, 24 Hrs Diet [51]
nd reduce liver cancer risk.
Anticancer effect and nutritional )

SF . . 80 mg/kg, 8 days Diet [52]
intervention.

SF Decreased cell viability. 106.5 uM; 15 days Intravenous [53]
Regulation of intestinal cell growth and .

SF 30 uM Diet [54]
death.
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SF Induced obesity associate colon cancer. | 10 and 15 mg/kg, 8 weeks Diet [55]

SF Anti-inflammatory effect 11.9 mg/kg/day; 25 days Diet [56]
Inhibit cancer cell growth, suppression

UA of cell proliferation, invasion, | 250 mg/kg, 25mg/kg Diet [74]
angiogenesis, metastasis.

UA Anti-cancer activity 50 uM Diet [75]

UA Cell proliferation 25 uM Diet [76]

UA Tumor anti proliferation 25-40 pug Diet [77]

UA Identify metabolic gene. Diet [78]

UA Antioxidant activity 15 mg/kg Diet [79]

7. Future Directions And Conclusions

In the field of medication research, dietary phytochemicals earned safety for long-term use. Several polyphenols and herbal medications have been shown

to inhibit the growth of colon cancer cells. Evidence suggests that EA, SF and UA are potential participants in the creation of a comprehensive approach

for the management and variance of colon cancer cells. These dietary elements have been found to inhibit tumor cell development, induce apoptosis

and stop the cell cycle, all of which have been shown to have anti colon cancer effects. In vitro models have been used in almost all investigations in

agreement with the findings of the initial research. To validate their effectiveness, in vivo experiments with trustworthy animal models of colon cancer

must be performed. The majority of the investigations have looked at particular compounds. The agent’s potential as a sensitizer and potentiator of

chemotherapeutic drugs has to be investigated further. In preclinical studies on EA, SF and UA as an anticancer medication for the prevention of colon

cancer, attention must be paid to enhancing bioavailability. (Fig 1) Including synthetic analogs of these could improve bioavailability. Combinatorial

treatment may also aid in the improvement of bioavailability. Additionally needed are epidemiological studies, clinical trials, and the assessment of

safety profiles, the identification of novel target proteins and the routes through which they work. The in vivo and in vitro results taken into account in

this study that EA, SF and UA could be useful in the prevention and treatment of colon cancer.
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Figure 1. Schematic representation of the role of EA, SF, and UA in colon cancer. The figure also illustrates the future directions.
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