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ABSTRACT
Objectives: Colon carcinogenesis is a major cause of mortality and
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enzymes, antioxidants, lipid peroxidation, and histopathological changes in
the rat colon cancer.

morbidity in developing and developed countries, and its etiology is familiar
to be a grouping of environmental and nutritional factors, hereditary
factors, and deficiency of physical activity. In the present study, we
investigated the anti-cell proliferative and anti-inflammatory effects of
dieckol (DEK) on 1,2-dimethylhydrazine (DMH)-treated colon carcinogenesis
in investigational rats. Materials and Methods: Colon carcinogenesis was
induced with DMH (20 mg/kg body weight) by subcutaneous injection
once weekly. We analyzed body weight, tumor incidence, tumor volume,
total number of tumors, thiobarbituric acid-reactive substances (TBARS),
antioxidants  (glutathione  peroxidase, glutathione, catalase, and
superoxide dismutase), Phase Il (glutathione reductase and glutathione
S-transferase) and Phase | (Cyt-b and CYP,, ) biotransformation enzymes,
and histopathological alterations in the control and investigational rats.
Moreover, the inflammatory (interleukin [IL] Il=1, cyclooxygenase-2, tumor
necrosis factoralpha, Il-6, and inducible nitric oxide synthase) and cell
proliferative (cyclin D1 and PCNA) markers were analyzed by \Western blot
technigue in experimental and control rats. Results: \WWe noted decreased
body weight, antioxidants and Phase | and Il enzymes, augmented tumor
incidence, tumor volume, total number of tumors, TBARS, and irregular
histopathological changes in DMH-induced animals. In addition, the Western
blotting analysis of colon tissues showed an upregulation of inflammatory
and cell proliferative markers in DMH-treated rats. Oral supplementation of
DEK inhibited the tumor formation, controlled inflammation, cell proliferation,
and restoration of biochemical parameters, and it was supported by the
histopathological analysis. Conclusion: Findings from the study suggest that
DEK demonstrated anticancer, anti-inflammatory, and anti-cell proliferative
effects against DMH-treated colon carcinogenesis in rats.

Key words: Cell proliferation, colon cancer, dieckol,

1,2-dimethylhydrazine, inflammation

SUMMARY

e Colon carcinogenesis is the second leading cause of cancerrelated death
worldwide behind cardiovascular disease. The most common types of cancer
are prostate, lung, and colorectal cancers in males and breast, colorectal, and
lung cancers in females

e Dieckol (DEK), a phlorotannin compound enriched in Ecklonia cava, is a marine
brown algae with the several biological activities

e The administration with DEK reveals ameliorating anticancer effects by
changing multiple processes, including Phase | and Phase Il biotransformation

Abbreviations used: DMH: 1,2-Dimethyl hydrazine; SOD: Superoxide
dismutase; CAT. Catalase; GPx: Glutathione peroxidase; TBARS:
Thiobarbituric acid-reactive substances; iNOS: Inducible nitric oxide
synthase; COX-2: Cyclooxygenase-2; TNF-ou
Tumor necrosis factoralpha; NF«B: Nuclear
factor-kappa B; IL-6: Interleukin-6.
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INTRODUCTION

Colon carcinogenesis is the second leading cause of cancer-related death
worldwide behind cardiovascular disease. The most common types of
cancer are prostate, lung, and colorectal cancers in males and breast,
colorectal, and lung cancers in females. According to results, globally,
colorectal cancer claimed an estimated 880,792 lives (males 484,224;
females 396,568), with 1.85 million new cases (males 1.03 million;
females 823,303) estimated to be diagnosed in 2018.1" Colon cancer is
divided into three distinct steps similar to various kinds of tumorigenesis
such as initiation, promotion, and progression, during which the regular
colonic epithelium suffers a pathological transformation into the
hyperproliferative epithelium and ultimately into invasive and metastatic
carcinogenesis.”! At present, the two most important choices for the
management of colon carcinogenesis are surgery and chemotherapy, and
alleviate opportunity is dependent on tumor size, position, and stage
of carcinogenesis.” Treatment of chemotherapy may be started at all
stages and is normally managed by subsequent surgery. On the other
hand, in several occurrences, it also starts earlier to surgical treatment
in classify to decrease the size of tumor./! Some studies have suggested
that the number of colorectal cancer survivors has increased in the last
few years because of the developments in chemotherapeutic treatments
and medical procedures.® Colon cancer patients with chemotherapeutic
approach often experience neutropenia, diarrhea, thrombocytopenia,
mucositis, and palmar-plantar erythrodysesthesia. Nearly 20% of
patients experience adverse toxicities and 1% of patients suffer fatal
toxicity.”! Hence, there is an urgent need to develop novel herb-based
remedial agents with null or fewer side effects.

Malignant transformation of a cancer cell is differentiated by numerous
key hallmarks that indirectly or directly show the way to diminish
cell death, uncontrolled cell proliferation, provoked angiogenesis, and
metastatic prospective.”] However, recent evidence has demonstrated
that inflammation is a fine predictable feature of carcinogenesis that was
interestingly both an effect and cause of malignant conversion.”’ The
genetic actions resultant malignant conversion also begin the appearance
of inflammation associated mechanisms, which directs to the tumor
growth of inflammatory milieu.”” Oxidative stress is illustrious of
triggering different types of transcription mediators such as nuclear
factor-kappa B (NF-kB), tumor necrosis factor-alpha (TNF-o), and

AP-1, leading to conversion of normal cells into tumor cells.!"”!

Epidemiological data occur strongest correlate with nutritional ingestion
of vegetables, foods and medicinal herbs decreased the possibility of
cancer in the investigation animals and human beings.'!! Especially,
marine bioactive polyphenolic agents that particularly disturb molecular
and cellular pathways and conquer inflammation in different types
of carcinogenesis have gained extensive attention in modern years
for new anticancer-based treatments.'” More particularly, brown
algae composed of polyphenols and polysaccharide have emerged as
very promising to decrease cancer development.® Dieckol (DEK), a
phlorotannin compound enriched in Ecklonia cava, is a marine brown
algae identified in oceanic of Japan and Korea.! DEK has earlier been
assessed with strong antioxidant, anti-hyperlipidemic, anti-allergic,
anti-skin aging, anti-tumor, anti-neurodegenerative, anti-inflammatory,
and anti-diabetic properties.'>?*! Numerous previous studies have
proved the anticancer potential of DEK against liver cancer®?! and
ovarian cancer.”” Although DEK is suggested to possess anti-cancer
properties in a range of cancers, its effects on colon cancer have not yet
recognized. In this investigation, we explained the function of DEK on
1,2-dimethylhydrazine (DMH)-treated colon tumorigenesis in animals.
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MATERIALS AND METHODS

Chemicals

DMH and DEK were purchased from Sigma Chemical Company.
The primary antibodies for PCNA, cyclooxygenase-2 (COX-2),
interleukin-6 (IL-6), cyclin D1, TNF-o, IL-1f, inducible nitric
oxide synthase (iNOS), and B-actin were procured from Santa Cruz
Biotechnology, California, USA. All the extra chemicals were employed
for the analytical ranking.

Animal model and cancer induction

Adult male Wistar animals (150-170 g) were acquired. All
animals were sustained in the regular laboratory atmospheres of
temperature (25°C + 2°C), average humidity, and 12 h light/dark series.
The animals were fed with regular animal pellet diet and water ad libitum.
This research was approved by the institutional animal ethics committee.
For the production of colon tumorigenesis, DMH was combined with 1
mM of EDTA and the pH was set to 6.5-1 mM of NaOH, for guaranteed
strength of the carcinogen. After that, it was treated with subcutaneous
injection at 20 mg/kg body weight once weekly, for starting 4 weeks of
investigation.

Experimental design

The rats were randomly separated into four groups with six rats in
every group. Group-1: the animals were used as normal; Group 2: the
rats were induced colon cancer with 20 mg/kg bwt of DMH through
subcutaneous injections 1 time in a week for 16 weeks; Group 3: the
animals were induced DMH subsequent daily oral supplementation of
DEK (20 mg/kg bwt); and Group 4: the rats were orally administered
DEK (20 mg/kg bwt) alone daily for 16 weeks. During the study
periods, body weight of the control and investigational animals was
determined The body weight, tumor volume, volume, and incidences
of gas chromatography were examined via the previously described
method.? At the end of investigation time (16 weeks), the rats in
various groups were sacrificed. Colon tissues were dissected out,
weighed, and cleaned with iced saline. After that, the colon tissue was
preserved in 10% of formalin and stored at — 80°C for histopathological
investigations.

Biochemical analysis

The concentrations of the thiobarbituric acid-reactive
substances (TBARS) in liver and colon tissues were examined
via the technique of Ohkawa et al.’®! Catalase (CAT) enzyme
activity of colon and liver tissues was measured via the process of
Sinha.®! Cyt-b, and CYP,, levels in colonic and liver tissues were
evaluated via the process of Omura and Sato.?”’ The ranges of
glutathione (GSH) and glutathione peroxidase (GPx) in the colon
and liver tissues were evaluated via the manner of Beutler and
Kelly®®! and Rotruck et al.*! Superoxide dismutase (SOD) activities
were analyzed in colon and liver tissues using the process of Kakkar
et al.® The glutathione reductase (GR) levels were measured
via the approach of Carlberg and Mannervik.®!) The glutathione
S-transferase (GST) was concentrated according to the technique
described by Habig et al.*

Histopathological analysis

The colon tissues of both control and experimental animals
were removed and preset in normal buffered formalin (5%), and
then fixed in paraffin wax. Then, tissues were divided with a
microtome, dehydrated through a sequence of ethyl alcohol, and
then entrenched with paraffin. The segments of colon (5-6 pum
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thick) were set up and subsequently stained with hematoxylin and
eosin dye. Finally, the stained colon tissues were examined by a
light microscope (Olympus, Tokyo, Japan) to detect the histological
changes in the colon tissues.

Western blotting analysis

Colon tissues were homogenized in RIPA buffer and centrifuged
at x 15,000 g for 15 min at 4°C. Afterward, the protein levels of lysates
were measured by the Bradford system.**! Sodium dodecyl-sulfate
polyacrylamide gel electrophoresis was employed using 50 ug of protein
from every sample as explained earlier.*Y! Separated proteins were
shifted to the polyvinylidene fluoride membrane and incubated with
1:1000 dilutions of PCNA, iNOS, IL-6, cyclin D1, TNF-o, COX-2, and
IL-1P for overnight at 4°C. The membranes were kept (1 h) with 1:500
dilutions of secondary antibodies at RT. The protein bands were detected
by ECL identification kit (Biorad, California, USA).

Statistical examination

The data were determined as mean + standard deviation. Statistical
investigation was done in the GraphPad Prism 8 software (San
Diego, CA, USA) using ANOVA subsequent by Tukey’s test as a post
hoc test. The differences were measured as statistically significant at
P <0.05.

RESULTS
Effect of dieckol in body weight modifications

The alterations of body weight in the investigation and control rats are
shown in Figure 1. Initially, no significant alterations were found in the
experimentation and normal animals. The body weight notably (P < 0.05)
reduced at the end of the investigation time of DMH-treated animals
when evaluated with the normal rats. In contrast, supplemented with
DEK revealed the considerable (P < 0.05) reduce body weight of DMH
supplemented rats. DEK-only- and control-treated rats revealed no body
weight alterations.

3004

200+

0-

Final

Initial
=3 Control B8 DMH Em DMH+Dieckol E® Dieckol

Figure 1: Initial and final body weight changes of control and
experimental rats in each group. Values are given as mean + standard
deviation for groups of six rats in each. Statistical significance was
determined by one-way ANOVA followed by Tukey’s post hoc test; where
*P < 0.05 when compared with the vehicle control group, *P < 0.05 when
compared with the 1,2-dimethylhydrazine-induced group
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Effect of dieckol on tumor incidence, tumor
numbers, and tumor volume

The tumor volume, incidence of tumor, and total number of tumors
in experimental and normal control animals are shown in Table 1. We
recognized 100% incidence of tumor, tumor volume, and increased
total tumor numbers in DMH-administered animals as evaluated with
control groups. Equally, oral administration of DEK on cancer-bearing
animals impedes the colon cancer by did not observe any tumors.

Effect of dieckol on thiobarbituric acid-reactive
substances status in liver and colon tissues

The quantity of TBARS in colon and liver tissues of normal and
investigation animals is shown in Figure 2. The level of TBARS
noticeably (P < 0.05) elevated in liver, while lowering in colon tissues
of DMH induced animals when evaluated with the normal animals.
Equally, DEK-treated animals were changed the levels of TBARS when
evaluated with DMH induced animals. DEK-only- and control-treated
rats confirmed no effects.

Table 1: Effect of dieckol on total number of tumors, tumor incidence, and
tumor volume of control and experimental animals

Groups Total number of Tumor Tumor
tumors (n) incidence (%) volume (mm?3)/rat

Control 0 0 0

DMH 6 100 11.78+0.80*

DMH+DEK 6 35 4.92 £ 0.18

DEK 0 0 0

Statistical significance was determined by one-way ANOVA followed by Tukey’s
post hoc test; where *P<0.05 when compared with the vehicle control group.
Tumor volume was calculated using the formula V=4/3 (D1/2) (D2/2) (D3/2),
where D1, D2, and D3 are the three diameters (mm) of the tumor; () indicates
total number of animals bearing tumors. Values are given as mean+SD for
groups of six rats in each. DMH: Dimethylhydrazine; DEK: Dieckol; SD:
Standard deviation
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Figure 2: The level of thiobarbituric acid-reactive substances shown in
the liver and colon tissues of control and experimental animals in each
group. Values are given as mean + standard deviation for groups of six
rats in each. Statistical significance was determined by one-way ANOVA
followed by Tukey’s post hoc test; where *P < 0.05 when compared with
the vehicle control group, *P < 0.05 when compared with the 1,2-dimethyl
hydrazine-induced group
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Effect of dieckol on antioxidant levels in liver tissues

The level of antioxidant (SOD, CAT, GSH, and GPx) enzymes in
liver tissues is shown in Figure 3. The status of antioxidants such
as GSH, CAT, GPx, and SOD noticeably (P < 0.05) lowered in the
liver of DMH-induced rats. Otherwise, DEK-administrated animals
were increased these antioxidant activities when compared with
DMH-induced cancer-bearing rats. DEK-only- and control-treated rats
reported no effects.

Effect of dieckol on antioxidant levels in colon
tissues

The level of antioxidant (SOD, CAT, GSH, and GPx) enzymes in colon
tissues is shown in Figure 4. The functions of antioxidants such as GSH,
CAT, GPx, and SOD markedly (P < 0.05) lowered in colon tissues of
DMH-treated animals. On the other hand, DEK-treated animals were
increased these antioxidant activities when compared with DMH
induced cancer bearing rats. DEK-only- and control-treated rats
exemplified no effects.

Effect of dieckol on detoxification enzyme activities
in liver tissues

The level of Phase IT (GR and GST) and Phase I (Cyt-b, and CYP,)
biotransformation enzymes in the liver tissue of investigational
and normal animals is shown in Figure 5. The Phase I enzyme level
noticeably (P < 0.05) elevated, and the levels of Phase II enzymes
notably (P < 0.05) reduced in DMH-administered rats when evaluated
with the normal rats. Oral administration of DEK unusually (P < 0.05)
lowered in Phase I enzymes and evidently (P < 0.05) augmented in Phase
II enzymes when evaluated with cancer-induced rats. DEK-only and
control-treated rats showed no effects.

Effect of dieckol on detoxification enzyme activities
in colon tissues

The level of Phase-I (Cyt-b,and CYP,, ) and Phase-II (GR and GST)
biotransformation enzymes in colon tissue of investigational and normal
animals is shown in Figure 6. The concentrations of Phase-I enzymes
noticeably (P < 0.05) augmented, at the same time as the levels of
Phase-II enzymes remarkably (P < 0.05) diminished in DMH-treated

Liver
80—

Enzyme activities

SOD
=1 Control =3 DMH E= DMH+Dieckol mm Dieckol

CAT GPx GSH

Figure 3: The level of antioxidants shown in the liver tissues of control and
experimental animals in each group. Values are given as mean + standard
deviation for groups of six rats in each. Statistical significance was
determined by one-way ANOVA followed by Tukey'’s post hoc test; where
*P < 0.05 when compared with the vehicle control group, *P < 0.05 when
compared with the 1,2-dimethyl hydrazine-induced group
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animals when evaluated with normal animals. The administration
of DEK orally noticeably (P < 0.05) lowered in Phase-I enzymes and
markedly (P < 0.05) augmented in Phase-II enzymes when evaluated
with cancer-induced rats. DEK-only- and control-treated rats showed
no effects.

Effect of dieckol on histopathological changes of
colon tissues

Photomicrographs of colon in control and investigation rats
are shown in Figure 7. Histological assessment of the colon
segments from control- [Figure 7a] and DEK (20 mg/kg/bwt)-only
supplemented [Figure 7d] rats established the regular mucosal
and submucosal layers of architecture. The DMH-only-treated
animals [Figure 7b] of colon tissues explained proliferating mucosal
glands with strict dysplastic alterations showing conversions to
carcinogenesis. The cancer-induced rats were administered with 20 mg/
kg body weight of DEK [Figure 7c] treated rats revealed glands within
regular limits surrounded by lymphoid aggregates.

Effect of dieckol on western blotting protein
expression of inflammatory markers in colon tissues

The status of inflammatory markers such as IL-1f, COX-2, TNF-o,
iNOS, and IL-6 in colon tissues of experimental and control animals is
shown in Figure 8. The expressions of TNF-o, IL-18, COX-2, iNOS, and
IL-6 markedly (P < 0.05) augmented in DMH-supplemented animals.
Alternatively, treated with DEK induced animals were confirmed a
considerable (P < 0.05) reduced in inflammatory marker expression as
evaluated to the DMH only supplemented rats. No significant changes
were found in control- and DEK-only-treated animals.

Effect of dieckol on western blotting protein
expression of cell proliferative markers in colon
tissues

The cell proliferative mediator expressions such as cyclin D1 and PCNA
in colon tissues of experimental and control animals are revealed in
Figure 9. The expressions of cyclin D1 and PCNA remarkably (P < 0.05)
increased in DMH-treated animals. Contrarily, administration of DEK
to DMH-induced animals illustrated a considerable (P < 0.05) reduction
in cell proliferative marker expressions as found in the evaluation of
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Figure 4: The level of antioxidants shown in the colon tissues of
control and experimental animals in each group. Values are given as
mean * standard deviation for groups of six rats in each. Statistical
significance was determined by one-way ANOVA followed by Tukey’s post
hoc test; where *P < 0.05 when compared with the vehicle control group,
#P < 0.05 when compared with the 1,2-dimethyl hydrazine-induced group
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Figure 5: The level of Phase | and Phase Il enzymes exposed in the liver
tissues of control and experimental animals in each group. Values are
given as mean * standard deviation for groups of six rats in each. Statistical
significance was determined by one-way ANOVA followed by Tukey’s post
hoc test; where *P < 0.05 when compared with the vehicle control group,
#P < 0.05 when compared with the 1,2-dimethyl hydrazine-induced group

Figure 7: A cross-section of the rat colon tissues showing the
histopathological changes of control and experimental rats in each
group. Colon of control- (a) and dieckol- (d) treated (20 mg/kg bwt) rats
demonstrating the normal architecture with mucosal and submucosal
layers. Colon of a 1,2-dimethyl hydrazine-alone-treated (b) rats illustrating
proliferating mucosal glands with severe dysplastic changes representing
transformation to carcinoma. Colon of 1,2-dimethyl hydrazine with 20
mg/kg bwt of dieckol- (c) treated rats showing glands within normal limits

DMH-alone-induced rats. No significant changes were found in the
control and DEK-only-treated rats.

DISCUSSION

Colon cancer is frequently diagnosed and a pathophysiological result of
the continual oxidative stress with the augmented influx of ROS.1**! The
reduction in the body weight of DMH-treated cancer-induced rats may
be due to the increased tumor incidence and tumor volume, accompanied
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Figure 6: The level of Phase | and Phase Il enzymes exposed in the
colon tissues of control and experimental animals in each group. Values
are given as mean + standard deviation for groups of six rats in each.
Statistical significance was determined by one-way ANOVA followed
by Tukey’s post hoc test; where *P < 0.05 when compared with the
vehicle control group, *P < 0.05 when compared with the 1,2-dimethyl
hydrazine-induced group

Dieckol - - + +
DMH = - + 2
TNF-a

ivos m

Fold changes

TNF-a IL-6 IL-1B8  INOS COX-2
=3 Control =8 DMH E= DMH+Dieckol E® Dieckol

Figure 8: A representative image illustrates the effect of dieckol on
inflammatory markers such as interleukin-1f3, cyclooxygenase-2, tumor
necrosis factor-alpha, inducible nitric oxide synthase, and interleukin-6 of
experimental and control animals. The band intensities were quantified
by densitometry and normalized to respective (-actin loading control.
Values are given as mean = standard deviation for groups of six rats in
each. Statistical significance was measured by one-way ANOVA followed
by Tukey’s post hoc test; where *P < 0.05 when compared with the
vehicle control group, *P < 0.05 when compared with the 1,2-dimethyl
hydrazine-induced group
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Figure 9: A representative image demonstrates the effect of dieckol on
cell proliferative markers such as cyclin D1 and PCNA of experimental and
control animals. The band intensities were quantified by densitometry
and normalized to respective B-actin loading control. Values are given
as mean + standard deviation for groups of six rats in each. Statistical
significance was measured by one-way ANOVA followed by Tukey’s post
hoc test; where *P < 0.05 when compared with the vehicle control group,
*P < 0.05 when compared with the 1,2-dimethyl hydrazine-induced
group

by increase in polyps-driven cachexia and anorexia.*! DEK-treated rats
have revealed a significantly improved body weight regardless of the
metabolic modifications treated by DMH due to their ability to restore
the cellular metabolic dysfunctions. The histopathological explanation
of the colon sections showed that administration with DEK considerably
suppresses colon tumorigenesis by modifying the effectiveness of
DMH-triggered neoplastic modifications. DMH-only-administered rats
exposed proliferating mucosal glands with strict dysplastic modifications
correspond to conversion of carcinogenesis.

Lipid peroxidation involves a fundamental function in tumorigenesis
and may lead to generation of numerous toxic materials, such as
malondialdehyde and TBARS. These toxic materials can damage cellular
molecules, such as DNA, thus signifying mutagenicity and tumorigenicity.
71 Administration of DMH elevated level of lipid peroxidative products
like TBARS. Animal were treated with DEK protects the cells during
the suppression of lipid peroxidation as confirmation from reduced
concentrations of TBARS when evaluated with rats induced by DMH.
This showing anti-lipid peroxidative properties of DEK, which was
possibly determined via its antioxidant potentials.’® The antioxidants
play at the first-line of protection toward oxidative stress by virtue of
their ability to catalyze disproportionate reactions of their substrate
free radicals that are spontaneously formed via in vivo cytochrome P,
metabolism, oxidative phosphorylation, and inflammatory processes.
(8 We detected decreased levels of SOD, GPx, CAT, and GSH during
DMH administration,® which points out the complete interruption of
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antioxidant-dependent mechanism of colon. The decrease in the status
of these enzymes might be due to the attenuation formation or extreme
consumption in trapping free radical generation. Oral supplementation
of DEK-augmented levels of CAT, GPx, SOD, and GSH in the colon and
liver of tumor-bearing animals, which could be due to ability to suppress
lipid peroxidation, concurrently its free radical-scavenging activity. Such
studies were supportive of our results that antioxidant activities are
regained in DEK-administered rats and therefore protect the growth of
tumorigenesis.”’ DEK could also successfully quench the free radical
ROS due to their hydroxyl grouping in PB-ring and electron-offering
effects.[*"

The metabolic stimulation of DMH by the cytochrome P, enzymes are
produce active metabolites, which are most dependable for growth of
tumorigenesis.! Ultimately, reactive products of DMH can be eliminated
by Phase-II enzymes such as GST and GR. Augmented activities of
cytochrome P, and cyt-b, simultaneously with lowered activities of
GST and GR were recognized in current research provides an indication
of the colon cancer growth in DMH induced animals. The same results
were observed earlier by DMH-treated colon cancer-bearing rats."+!
Our results anticipated that DEK plays a dual role via inhibiting Phase-I
and improving Phase-II enzyme activities, thus supporting excretion
and detoxification in DMH-treated rats. Earlier studies have informed
that DEK prevents liver cancer by suppressing Phase-I and enhancing
Phase-II enzymes in NDEA-induced hepatocarcinogenesis rats.*

Epidemiologic research have been progressively more support the
impression that a powerful relationships among the inflammatory
diseases and the possibility of cancer growth. Numerous important
molecular goals such as IL-6, iNOS, IL-1p, TNF-q, cyclin D1, PCNA,
and COX-2 have been recognized to judge the formation of inflammation
and proliferation that either indirectly or directly induces carcinogenesis.
4 COX-2, an inducible prostaglandin endoperoxide synthase 2, has
been associated with tumor cell proliferation and inflammation. It can be
quickly stimulated by growth factors, cytokines, and tumor promoters.
(5] TNF-o. is a cell signaling agent, which is secreted by activated
macrophages that regulate inflammation, tumor cell necrosis, and
immune response.**! IL-1f3 and iNOS are pro-inflammatory mediators,
and these expressions have been related with augmented tumor status
and aggressiveness of cancer cells."”* IL-6, as a multi-functional
NF-kB controlled cytokine, is a vital tumor activator in the earlier colon
tumorigenesis through activating multiplication of tumor-instigating
cells.*”) PCNA and Cyclin D1 are main cell proliferative mediators
that can be employed for tumor growth and cell cycle development, in
addition to being used as a biomarker for identification and prognosis
of carcinogenesis.!'”! Interestingly, several researches recognized that
cytokines and proliferative markers such as IL-6, IL-1f, iNOS, PCNA,
TNF-0, cyclin D1, and COX-2 are the most important factors in colon
cancer progression and increased expression was observed in the colon
cancer.®**? These findings are in line with the current understanding
that augmented expression of inflammatory and proliferative markers
in DMH-induced colon cancer is considered to be a chief contributor
in the carcinogenesis formation. Oral supplementation of DEK reduced
the levels of these inflammatory and proliferative markers due to the
anti-inflammatory and anti-cell proliferative effects. Sadeeshkumar
et al.?? reported that DEK suppressed inflammation and proliferation
in NDEA-induced hepatocarcinogenesis rats, in which is in consonance
with the findings of this study.

CONCLUSION

Overall, the findings of the current research show that the administration
with DEK determines ameliorating anticancer effects by changing
multiple processes, including Phase I and Phase II biotransformation
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enzymes, antioxidants, lipid peroxidation and histopatholgical changes.
Moreover, DEK also act as an anticancer by inhibiting the inflammation
and proliferation due to controlled cytokine production in DMH
administered rat colon cancer. Further, molecular work is vital to identify
accurate mechanism of action of DEK.

Acknowledgements

Wuhan Municipal Health and Family Planning Commission’s Scientific
Research Project Task Book (WG16DO01.Title: Research on the Role of
Mind Mapping in Health Education of Elderly Osteoarthrosis Patients
in Community.

Financial support and sponsorship

This project was supported by Researchers Supporting Project number
(RSP-2020/230) King Saud University, Riyadh, Saudi Arabia.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1

~

. Mantovani A, Allavena P Sica A, Balkwill

BarShalom R, Bergman M, Grossman S, Azzam N, Sharvit L, Fares F. Inula viscosa extract
inhibits growth of colorectal cancer cells in vitro and in vivo through induction of apoptosis.
Front Oncol 2019;9:227.

. Zhao Y, Hu X, Zuo X, Wang M. Chemopreventive effects of some popular phytochemicals on

human colon cancer: A review. Food Funct 2018;9:4548-68.

. Aoyagi T, Terracina KP, Raza A, Takabe K. Current treatment options for colon cancer peritoneal

carcinomatosis. World J Gastroenterol 2014;20:12493-500.

. Xiong S, Xiao GW. Reverting doxorubicin resistance in colon cancer by targeting a key

signaling protein, steroid receptor coactivator. Exp Ther Med 2018;15:3751-8.

. Holohan C, Van Schaeybroeck S, Longley DB, Johnston PG. Cancer drug resistance: An

evolving paradigm. Nat Rev Cancer 2013;13:714-26.

. Twelves C, Wong A, Nowacki MP Abt M, Burris 39 H, Carrato A, et al. Capecitabine as

adjuvant treatment for stage Ill colon cancer. N Engl J Med 2005;352:2696-704.
Balkwill F; Mantovani A. Inflammation and cancer: Back to Virchow? Lancet 2001;357:539-45.
Nature

F Cancerrelated inflammation.

2008;454:436-44.

. Borrello MG, Alberti L, Fischer A, Degl'innocenti D, Ferrario C, Gariboldi M, et al. Induction

of a proinflammatory program in normal human thyrocytes by the RET/PTC1 oncogene. Proc
Natl Acad Sci U S A 2005;102:14825-30.

. Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB. Oxidative stress, inflammation, and

cancer: How are they linked? Free Radic Biol Med 2010;49:1603-16.

. Tan AC, Konczak I, Sze DM, Ramzan |. Molecular pathways for cancer chemoprevention by

dietary phytochemicals. Nutr Cancer 2011;63:495-505.

. Talero E, Garcia-Maurifio S, Avila-Roman J, Rodriguez-Luna A, Alcaide A, Motilva V. Bioactive

Compounds Isolated from Microalgae in Chronic Inflammation and Cancer. Mar Drugs
2015;13:6152-209.

. Kang MC, Kang SM, Ahn G, Kim KN, Kang N, Samarakoon KW, et al. Protective effect of

a marine polyphenol, dieckol against carbon tetrachloride-induced acute liver damage in
mouse. Environ Toxicol Pharmacol 2013;35:517-23.

. Kuda T, Kunii T, Goto H, Suzuki T, Yano T. Varieties of antioxidant and antibacterial properties

of Ecklonia stolonifera and Ecklonia kurome products harvested and processed in the Noto
peninsula, Japan. Food Chem 2007;103:900-5.

. Kang HS, Chung HY, Jung JH, Son BW, Choi JS. A new phlorotannin from the brown alga

Ecklonia stolonifera. Chem Pharm Bull (Tokyo) 2003;51:1012-4.

. Kang HS, Chung HY, Kim JY, Son BW, Jung HA, Choi JS. Inhibitory phlorotannins from the

edible brown alga Ecklonia stolonifera on total reactive oxygen species (ROS) generation.
Arch Pharm Res 2004;27:194-8.

Lee JH, Oh HY, Choi JS. Preventive effect of Ecklonia stolonifera on the frequency of
benzo (a) pyrene-induced chromosomal aberrations. J Food Sci Nutr 1996;1:64-8.

. Lee JH, Kim ND, Choi JS, Kim YJ, Heo MY, Lim SY, Park KY. Inhibitory effects of the

methanolic extract of an edible brown alga, Ecklonia stolonifera and its component,

phloroglucinol on aflatoxin b1 mutagenicity in vitro (Ames Test) and on Benzo (a) pyrene or

Pharmacognosy Magazine, Volume 16, Issue 72, October-December 2020

20.

21

22.

23.

24.

25.

26.
27

28.
29.

30.

31.

32.

33.

34.

35.

36.

3

~

38.

39.

40.

4

42.

43.

N-methy!l n-nitrosourea clastogenicity in vivo. Nat Product Sci 1998;4:105-14.

. Li'Y, Qian ZJ, Ryu B, Lee SH, Kim MM, Kim SK. Chemical components and its antioxidant

properties in vitro: An edible marine brown alga, Ecklonia cava. Bioorg Med Chem
2009;17:1963-73.

Li YX, Wijesekara |, Li Y, Kim SK. Phlorotannins as bioactive agents from brown algae.
Process Biochem 2011;46:2219-24.

Lee MS, Lee B, Park KE, Utsuki T, Shin T, Oh CW, et al. Dieckol enhances the expression of
antioxidant and detoxifying enzymes by the activation of Nrf2-MAPK signaling pathway in
HepG2 cells. Food Chem 2015;174:538-46.

SadeeshkumarV, Duraikannu A, Ravichandran S, Fredrick WS, Sivaperumal R, Kodisundaram P
Protective effects of dieckol on N-nitrosodiethylamine induced hepatocarcinogenesis in rats.
Biomed Pharmacother 2016;84:1810-9.

Ahn J, Lee K, Choi J. 84 Dieckol, isolated from marine brown algae Ecklonia cava, induces
ROS-mediated apoptosis of human ovarian cancer cells via the multiple signaling pathways.

Euro J Cancer 2012;48:27.

Wang CX, Williams GM. Comparison of stomach cancer induced in rats by
N-methyl-N"-nitro-N-nitrosoguanidine or N-propyl-N'-nitro-N-nitrosoguanidine. Cancer Lett
1987;34:173-85.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid

reaction. Anal Biochem 1979;95:351-8.
Sinha AK. Colorimetric assay of catalase. Anal Biochem 1972;47:389-94.

Omura T, Sato R. The carbon monoxide-binding pigment of liver microsomes. I. Evidence for
its hemoprotein nature. J Biol Chem 1964;239:2370-8.

Beutler E, Kelly BM. The effect of sodium nitrite on red cell GSH. Experientia 1963;19:96-7.
Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG, Hoekstra WG. Selenium:
Biochemical role as a component of glutathione peroxidase. Science 1973;179:588-90.
Kakkar P Das B, Viswanathan PN. A modified spectrophotometric assay of superoxide
dismutase. Indian J Biochem Biophys 1984;21:130-2.

Carlberg I, Mannervik B. Glutathione reductase. Methods Enzymol 1985;113:484-90.

Habig WH, Pabst MJ, Jakoby WB. Glutathione S-transferases. The first enzymatic step in
mercapturic acid formation. J Biol Chem 1974;249:7130-9.

Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Anal Biochem 1976;72:248-54.

Laemmli UK. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature 1970;227:680-5.

Sivagami G, Karthikkumar

V, Balasubramanian T, Nalini N. The

rice bran phenolic acid,

modulatory

influence of p-methoxycinnamic acid, an active against
1,2-dimethylhydrazine-induced lipid peroxidation, antioxidant status and aberrant crypt foci in

rat colon carcinogenesis. Chem Biol Interact 2012;196:11-22.

Vinothkumar R, Vinoth Kumar R, Karthikkumar V, Viswanathan FKabalimoorthy J, Nalini N.
Oral supplementation with troxerutin (trihydroxyethylrutin), modulates lipid peroxidation and
antioxidant status in 1,2-dimethylhydrazine-induced rat colon carcinogenesis. Environ Toxicol
Pharmacol 2014,37:174-84.

Banakar MC, Paramasivan SK, Chattopadhyay MB, Datta S, Chakraborty P Chatterjee M, et al.
1alpha, 25-dihydroxyvitamin D3 prevents DNA damage and restores antioxidant enzymes
in rat hepatocarcinogenesis induced by diethylnitrosamine and promoted by phenobarbital.
World J Gastroenterol 2004;10:1268-75.

Shahab U, Sarfraz A. Dietary antioxidants protection against oxidative stress. Biochem Educ
1995;23:6.

Balaji C, Muthukumaran J, Nalini N. Effect of sinapic acid on 1,2 dimethylhydrazine induced
aberrant crypt foci, biotransforming bacterial enzymes and circulatory oxidative stress status
in experimental rat colon carcinogenesis. Bratisl Lek Listy 2015;116:560-6.

Kang MC, Ahn G, Yang X, Kim KN, Kang SM, Lee SH, et al. Hepatoprotective effects of
dieckol-rich phlorotannins from Ecklonia cava, a brown seaweed, against ethanol induced
liver damage in BALB/c mice. Food Chem Toxicol 2012;50:1986-91.

. Cooke MS, Evans MD, Dizdaroglu M, Lunec J. Oxidative DNA damage: Mechanisms,

mutation, and disease. FASEB J 2003;17:1195-214.

Sengottuvelan M, Senthilkumar R, Nalini N. Modulatory influence of dietary resveratrol
during different phases of 1,2-dimethylhydrazine induced mucosal lipid-peroxidation,
antioxidant status and aberrant crypt foci development in rat colon carcinogenesis. Biochim
Biophys Acta 2006;1760:1175-83.

Vinothkumar R, Sudha M, Viswanathan P Kabalimoorthy J, Balasubramanian T, Nalini N.

Modulating effect of d-carvone on 1,2-dimethylhydrazine-induced pre-neoplastic lesions,

857



BAOXIU YANG, et al.: Anticancer Activity of Dieckol in Rats

44.

45.

46.

47.

48.

oxidative stress and biotransforming enzymes, in an experimental model of rat colon
carcinogenesis. Cell Prolif 2013;46:705-20.

Amara S, Tiriveedhi V. Inflammatory role of high salt level in tumor microenvironment (Review).
Int J Oncol 2017;50:1477-81.

Subbaramaiah K, Dannenberg AJ. Cyclooxygenase 2: A molecular target for cancer
prevention and treatment. Trends Pharmacol Sci 2003;24:96-102.

Zhou XL, Fan W, Yang G, Yu MX. The clinical significance of PR, ER, NF-k B and TNFa in
breast cancer. Dis Markers 2014;2014:494581.

Apte RN, KrelinY, Song X, Dotan S, Recih E, Elkabets M, etal. Effects of micro-environment-and
malignant cell-derived interleukin-1 in carcinogenesis, tumour invasiveness and tumourhost
interactions. Eur J Cancer 2006;42:751-9.

Granados-Principal S, Liu Y, Guevara ML, Blanco E, Choi DS, Qian W, et al. Inhibition of INOS

858

49.

50.

51.

52.

as a novel effective targeted therapy against triple-negative breast cancer. Breast Cancer
Res 2015;17:25.

Wang Y, Lu B Zhang W, Du Q, Tang J, Wang H, et al. GEN-27, a Newly Synthetic Isoflavonoid,
Inhibits the Proliferation of Colon Cancer Cells in Inflammation Microenvironment by
Suppressing NFkB Pathway. Mediators Inflamm 2016;2016:2853040.

Karthikkumar V, Sivagami G, Viswanathan P Nalini N. Rosmarinic acid inhibits DMH-induced
cell proliferation in experimental rats. J Basic Clin Physiol Pharmacol 2015;26:185-200.
Fouad TM, Kogawa T, Reuben JM, Ueno NT. The role of inflammation in inflammatory breast
cancer. Adv Exp Med Biol 2014,816:53-73.

Ortiz-Montero P Londono-Vallejo A, Vernot JP Senescence-associated I1-6 and I1-8 cytokines
induce a self- and cross-reinforced senescence/inflammatory milieu strengthening

tumorigenic capabilities in the MCF-7 breast cancer cell line. Cell Commun Signal 2017;15:17.

Pharmacognosy Magazine, Volume 16, Issue 72, October-December 2020



