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Abstract

Impairment of apoptosis promotes abnormal cellular proliferation and ac-
cumulation of genetic alterations. Identifying bioactive compounds extracted
from seaweeds that induce apoptosis in cancer cells may be explored as new
agents for cancer chemoprevention and/or chemotherapy. The present study
aimed to determine the chemical composition and biological activity of the
chloroform crude extract and fractions from Antarctic seaweed Desmarestia
anceps. The chloroform extract was obtained by three consecutive macera-
tions and the fractionation by vacuum liquid chromatography. The chemical
characterization of the extract and fractions was performed through Gas
Chromatography. The cytotoxicity of the crude extract and fractions was
evaluated by the MTT assay. Cell death and cell cycle evaluation after 24
hours of exposure to chloroform extract were performed by flow cytometry.
A total of 48 compounds were identified. The results indicate that chloroform
extract and its fractions presented cytotoxic activity against HCT 116 cell line
in a dose dependent-manner. Proapoptotic events were observed after chlo-
roform extract exposition, which promoted an increase of multinucleated
cells and reduced cell viability. This study was the first to explore cytotoxic
potential of seaweed D. anceps fractions against HCT colorectal cancer cell
line, suggesting that these macroalgae may be a promising candidate against
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anticancer activity.
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1. Introduction

Macroalgae have been used for millennia as food sources in different countries.
Its nutritional interest is based on high levels of dietary fibers, polyunsaturated
fatty acids, vitamins, and minerals. Due to the great biodiversity in the oceans,
marine organisms, including macroalgae, are a valuable source of minerals, as
well as a reservoir of new biologically active compounds [1] [2]. Antarctic ma-
croalgae are adapted to an extreme environment, presenting a diversity of me-
tabolites and, therefore, being considered promising sources of compounds with
anticancer activity [3] [4].

Due to side effects promoted by many cancer therapies and also tumor cell re-
sistance to conventional drugs, the search for compounds of natural origin is still
being investigated [5] [6]. Anticancer chemotherapeutic drugs are currently de-
veloped to inhibit the growth of tumor cells, but chemotherapy may fail due to
the development of drug resistance promoted by apoptosis inhibition mechan-
isms. Apoptosis is a regulated cell death program that plays an essential role in
the development and maintenance of tissue homeostasis by eliminating unne-
cessary or mutated cells. As regulation of apoptosis relies on multiple cell sig-
naling mechanisms, cancer cells use number of different strategies to suppress a
protective apoptotic response. Phosphatidylserine exposure on the cellular sur-
face occurring at the initial or early apoptosis stages promotes membrane bleb-
bing, nuclear fragmentation, decreased cellular volume and a formation of
apoptotic bodies [7] [8] [9]. It can be further defined as cell death accompanied
by the activation of caspase proteases [10]. Impairment of this mechanism gene-
rates abnormal cellular proliferation and the accumulation of genetic alterations
that may contribute to drug resistance [11].

Identifying the type of cell death after treatment may contribute to selecting
the best therapy modality. Therefore, a better understanding of the cell death
signaling pathways can improve the efficacy of cancer therapy and bypass resis-
tance [11] [12] [13]. Bioactive compounds that induce apoptosis in cancer cells
can be used as agents for cancer chemoprevention and/or chemotherapy [14].
Accumulating evidence suggests that bioactive compounds extracted from algae
produce anticancer effects through multiple mechanisms of action, including
inhibition of cancer cell growth, invasion, and metastasis, and through the in-
duction of apoptosis [15] [16].

Until present, there is no literature demonstrating reduction of cellular viabil-

ity of colorectal cancer cells after treatment exposition to extract fractions of
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macroalgae D. anceps and the mechanism of cell death after de exposition of
crude extract. However, some isolated compounds taken from brown Antarctic
macroalgae such as fucoidan and fucosterol have been investigated with prom-
ising antitumor activity [17] [18].

In this context, the aim of this study was to evaluate mechanisms of cell death
induced after treatment of colorectal cancer cell line HCT 116 with chloroform
crude extract of D. anceps. In this study, the extract was fractioned and the
chemical characterization of the crude extract and its fractions were further in-

vestigated.

2. Methods
2.1. Reagents

Dulbecco’s modified eagle’s medium-high glucose (DMEM), trypsin-EDTA,
3-(4,5-dimethylthiazol-2-yl)-2,5-dipheyl-tetrazolium bromide (MTT), dimethyl
sulfoxide (DMSO), heat inactivated fetal bovine serum (FBS), Annexin V-FITC
Apoptosis Detection Kit were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Hexane, chloroform, acetone, and methanol were obtained from Synth
(Brazil). All other chemicals were of ultrapure grade and obtained from Sig-
ma-Aldrich (St. Louis, MO, USA).

2.2. Seaweed Sample

The brown seaweed Desmarestia anceps Montagne (Phaeophyceae) was col-
lected during the Brazilian Antarctic Operation XXXIII in the Snow Land
(62°44'07"S and 61°13'45"W in January 2015). Macroalgae fixed to the substrate
were collected from the intertidal region during periods of low tide. The sea-
weeds was washed with seawater to remove epiphytes, frozen at —20°C and
posteriorly lyophilized for biochemical analyzes. Species identification was per-
formed according to specimen morphology and the classification system pro-
posed by Wynne [19] and herbarium specimens were deposited in the Herba-
rium of Botanical Institute of Sio Paulo, SP, Brazil.

2.3. Preparation of Extract

The extract was obtained by maceration using 200 g of dry powder of D. anceps
that was mixed with 2 L of chloroform for 24 h. The extracts from three consec-
utive extractions were pooled and filtered using filter paper (Whatmann No. 1).
After filtration, D. anceps chloroform extract (DACExt) was concentrated to
dryness under vacuum at 40°C (Biichi R-300 Labortechnik AG, Flawil, Switzer-
land). The crude extract was kept in dark and dry conditions at —20°C until bio-
logical testing.

2.4. Liquid Vacuum Chromatography (LVC)

DACExt was fractionated by Liquid Vacuum Chromatography (LVC) with gra-
dients of increasing polarity using the solvents n-hexane, ethyl acetate and me-
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thanol. Each fraction (100 mL) was collected in a separate flask and concentrated
in a rotatory evaporator. The extracts were verified by IH NMR (Bruker-Fourier

300) and were obtained for comparison of the chemical profile.

2.5. Gas Chromatography (GC)

The extracts and fractions were analyzed by GC (QP2010, Shimadzu, Kyoto, Ja-
pan) with a 30 cm fused silica capillary column (HP-5MS with 0.25 um film,
Agilent). A sample (1 pL) was injected at temperature of 220°C and with split of
1:10. Helium was used as the carrier gas at a flow rate of 1 mL-min™" with the
following temperature ramp: initial temperature of 60°C with an increase of 5°C
per min up to 260°C, which was maintained for 10 min. The spectrum of the
unknown component was compared with the spectrum of the known compo-
nents stored in the NIST library.

2.6. Cell Culture and Cytotoxic Assay

HCT 116 (colorectal cancer cell line) was purchased from American Type Cul-
ture Collection (ATCC - CCL247), Manassas, VA, USA. Cells were cultured in
DMEM supplemented with 10% heat inactivated FBS and maintained in a hu-
midified atmosphere at 37°C, in 5% CO, and 95% air. The cytotoxicity study was
performed when the cells reached 70% - 80% confluence. Cytotoxicity was as-
sessed by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide)
method. Cells were seeded in 96-well plates at a density of 5 x 10* cells/cm’®. Af-
ter 24 h incubation, the cells were treated with increasing concentrations of
DACExt extract for 24, 48 and 72 h. The fractions were treated for 24 h. DMSO
0.5% was added to medium as a negative control. MTT solution (0.4 mg/mL)
was added after treatment and incubated for 2 h, followed by dimethyl sulfoxide.
The optical density (OD) was measured at 570 nm and ICs, was calculated by
GaphPad Prism version 5.0.

2.7. Morphological Analysis through SEM

For morphological evaluation, HCT 116 cell line was plated at a density of 1 x
10° cells/mL in 24-well plates over a glass coverslip. After 24 h, the cells were
treated with DACext at the ICs, concentration and values correspondent to 2
times the concentration of ICs, for 24 h. The cells were fixed with a 3% glutaral-
dehyde solution in PBS (v/v) for 15 minutes and with 30%, 50%, 70%, 90% and
100% (v/v) ethanol for 10 minutes for each concentration. The samples were
kept in a desiccator until the analysis. The coverslips were removed from the
wells, coated with gold and examined in a SHIMADZU Superscan SS-500 scan-

ning electron microscope (SEM).

2.8. Cell Cycle Assays and Apoptosis Detection through Annexin V
and Propidium Iodine by Flow Cytometry

HCT 116 cell line (5 x 10°/well) was seeded into 6 well plates culture flasks with
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DMEM supplemented culture medium. CRC cells were treated with ICs, con-
centration (37.77 pg-mL™') and double (75.44 ug-mL™') of DACExt extract for 24
h. The negative control was treated with DMSO 0.5%. For Annexin V assay, the
Annexin V-FITC Apoptosis Detection Kit (APOAF, Sigma, USA) was used, ac-
cording to manufacturer’s instruction. For cell cycle analysis, cells went through
trypsinization and collected for centrifugation (1800 rpm for 5 min) in PBS. Cell
pellets were fixed in ice-cold 70% ethanol and stored overnight at —20°C. After,
cells were resuspended in Triton X-100 (1% in PBS) and incubated with RNAse
and Propidium Iodide in the dark for 30 min at room temperature. Cells were
analyzed by flow cytometry using a BD FACSAria III flow cytometer equipped
with lasers 488 and 633 nm (Becton & Dickinson LTDA). Data were collected by
FACSDiva software (BD Biosciences) and analyzed using FlowJo (TreeStar, Inc.).

2.9. Statistical Analysis

The results were expressed as the means + SD. Statistical analysis was performed
using SPSS version 20.0 and GaphPad Prism version 5.0. Normality tests (Kol-
mogorov-Smirnov and Shapiro-Wilk), One-way Analysis of Variance ANOVA,
with Tukey’s post hoc multiple comparisons test were performed. The signific-

ance of difference was considered to include values of p < 0.05.

3. Results
3.1.Yield and Analysis of Fractions by 1H NMR

DACExt extract was obtained and fractionated by VLC as mentioned in item 2.4.
In total 13 fractions were obtained, and their yield is shown in Table 1. Fractions

Table 1. Yield of fractions of DACExt.

Fractions Solvents Yield (mg) Yield (%)
1 Hexane 39 10.8
2 Hexane:Ethyl acetate (9:1) 78.6 21.77
3 Hexane:Ethyl acetate (8:2) 106,2 29.42
4 Hexane:Ethyl acetate (7:3) 114.9 31.83
5 Hexane:Ethyl acetate (6:4) 68.4 18.95
6 Hexane:Ethyl acetate (1:1) 81 22.44
7 Hexane:Ethyl acetate (4:6) 86 23.82
8 Hexane:Ethyl acetate (3:7) 125.3 34.72
9 Hexane:Ethyl acetate (2:8) 73.8 20.44
10 Hexane:Ethyl acetate (1:9) 34.5 9.55
11 Ethyl acetate 22.2 6.15
12 Ethyl acetate:Methanol (1:1) 209.3 57.99
13 Methanol 89.7 24.85
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3 and 4, 9 and 10, 11 and 12 were grouped by similarity of spectra, totaling 10

fractions.

3.2. Gas Chromatography

To examine the chemical profile of DACExt, the analysis of chloroform extract
and fraction was carried out using GC analysis of crude chloroform extract and
fractions shown in Table 2 and Table 3, respectively. The major compounds
were expressed as peak area percentage. The Fraction 1 was not chemically cha-

racterized.

Table 2. Major compounds expressed as a peak area (%) of chloroform extract of D. anceps.

Entry RT (min) Identified compound Molecular Formula % Peak Area SI
1 34.680 Bicyclo [3.1.1] heptane, 2,6,6-trime this-, (1, 2, 5a) CioHis 0.34 60
2 37.087 Fucosterol CaHasO 2.40 95
3 37.612  6,10-methano-19-norandrost-4-ene-3,17-dione, 6-methoxy- C20H2603 5.93 96
4 37.732 Androst-5,15-dien-3o0l acetate C21H300: 7.48 83
5 42.933 Quinoline, 3-(methylthio) C1oHoNS 1.07 58
6 41.996 Stigmasta 4,24 (28)-dien-3-one C29H4sO 1.47 91

*RT: Retention Time; *SI = Similarity Index.

Table 3. GC Major compounds expressed as a peak area (%) of fractions of chloroform extract fractions of D. anceps.

Molecular Peak

Fraction Entry RT (min) Identified compound Formula area % SI
1 34.673  Bicyclo [3.1.1]heptane, 2,6,6-trimethyl CioHis 14.45 60

2 2 37.445  Phytol C20H40O 2.08 90
3 39.354  Hexanedioic acid, ethyl ester Ci1sH3602 8.32 95

4 46.287  Vitamin E C29Hs5002 16.46 98

1 36.117 n-hexadecanoic acid C16H3.02 34.10 98

¥ 2 37.643  Oleic acid CisH3602 13.30 95
1 36.849  Fucosterol CH450 13.79 93

° 2 36.901  5-androsten-17.alpha.-ethynyl-3.beta.,17.beta.-diol Ca5H3604 22.81 94
1 8.112 2-pentene, 5-bromo-2,3-dimethyl- C7Hi13Br 491 64

2 11.839  2-cyclopenten-1-one, 3-methyl- CsHsO 6.39 94

3 21.858 Hexadecane Ci6Hsy 2.10 83

° 4 27.453  Pentacosane CasHsa 2.60 90
5 32.363  Octadecane, 1-iodo- CisHs71 2.69 90

6 35.712  7,9-di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione C17H2403 4.19 95

1 32.362  Heneicosane C2Haa 4.52 83

7 2 34.672  Bicyclo[3.1.1]heptane, 2,6,6-trimethyl CloH1s 20.06 46
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Continued

3 35.003  1,2-dihexylcyclopropene CisHas 4.31 53

4 35.226  Phytol C20H400 7.81 53

5 35.712  Heptacosane Cy7Hse 8.66 53

1 34.672  Bicyclo[3.1.1]heptane, 2,6,6-trimethyl- CioHis 4.21 60

2 35.341  6-methyl-6-(5-methyl-furan-2-yl)-hept-3-en-2-one C1:H1:02 22.86 43

8 3 35.712  7,9-di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione C17H2403 6.74 95
4 39.930  7-pentadecyne CisH2s 6.77 64

5 40.022  Hexadecanoic acid C16H302 14.08 72

1 35.226  Phytol C20H400 2.09 64

2 37.626  Heptacosane Cy7Hse 1.76 83

9/10 3 37.935 Hexacosane CasHsa 1.45 83
4 39.038  Octacosane CasHb5s 341 72

5 40.535  Eicosane Cz0Haz 3.62 68

1 27.453  2-bromo dodecane C1,H2sBr 1.49 78

2 32.363  Heptacosane Co7Hse 1.86 86

3 36.100 n-Hexadecanoic acid CisH320:2 1.63 62

4 37.449  Phytol C20H40O 1.18 72

11/12 5 37.632  Octadecane CisHs 244 91
6 39.078  Octacosane CasHss 0.38 83

7 40.027  Hexadecanoic acid Ci6H30: 8.05 76

s oy bl e oo,

1 27.454  Heptacosane C27Hse 2.40 83

2 32.364  Pentadecane, 2,6,10-trimethyl- CisHss 3.56 86

13 3 35.713  7,9-di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione C17H2403 11.10 99
4 39.040 Pentacosane CzsH52 1.17 72

5 40.028 Hexadecanoic acid CisH320:2 19.84 58

*RT: Retention Time *SI = Similarity Index.

Altogether, considering DACExt extract and fractions, 48 compounds were
identified. The literature reports the biological activity of some of these com-
pounds. The DACExt spectra reveled seven major compounds; among them is
the fucosterol, in which seven peaks were identified. In F5, two peaks corres-
ponded to fucosterol. In F3/4, two peaks were identified as n-hexadecanoic acid.
This compound was also found in the fractions F2, F8, F11/12 and F13.

3.3. Cytotoxic Assay

The DACExt crude extract and its fractions were tested against HCT 116 cell line
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and were able to inhibit the growth of cells in different times of incubation (24,
48 and 72 h) (Figure 1).

Results indicate that early incubation times (24 h) are already presenting cy-
totoxic activity and further experiments reveled no difference in cell prolifera-
tion rates. ICs varied according incubation time, 37.77 + 1.57 pg-mL™* for 24 h,
25.99 + 1.41 pg-mL™" for 48 h and 30.48 + 1.48 pug-mL™" for 72 h. The cell viability
show to be concentration dependent (p < 0.05), but not time dependent (p > 0.05).
All fractions were cytotoxic against colorectal cancer cell line in a dose-dependent
manner (p < 0.05), with the exception of Fraction 1 (ICs, > 350 ug-mL™). The
general ICs, values were higher in the fractions with higher polarity (F11/12 and
F13), decreased in fractions with intermediate polarity (F5 to F10) (Table 4).

3.4. Evaluation of Cell Morphology by SEM

The morphological analysis of the cells by SEM, after 24 hours of exposure to the
concentration of the ICs, (37.77 ug-mL™) and twice this value (75.54 ug-mL™") of

100

e 24h

+ =2 [~}
o o o
1 1 1

Cell Viability (%)

N
o
1

o

50 100 150 200
Concentration (pg.mL'1)

o

Figure 1. Cytotoxic effects of DACExt extract against HCT 116 cell line in 24, 48 and 72
h. Decrease in cell viability was reduced in lower concentrations (<50 ug-mL™") for longer
incubation time (48 and 72 h).

Table 4. ICso (ug-mL™") of Fractions of Chloroform Extract of D. anceps against HCT 116
cancer cell line.

Fractions 1Cso
1 >350
2 43.85+1.64
3/4 39.86 + 1.60
5 24.52 +1.38
6 18.82 £ 1.27
7 22.63 £1.35
8 14.62 £ 1.16
9/10 22.63 £1.35
11/12 308.8 £ 2.49
13 218.3 £2.33
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DACExt showed morphological profiles indicating a reduction in the number of
cells per area. Also retraction of the cytoplasm and altered morphology of the
treated cells in comparison to the negative control was observed. Furthermore,
in the highest concentration tested, sparse colonies were seen (Figure 2).

The morphological evaluation is a qualitative analysis and allows evidence of
cellular changes after exposure of the cells to the extract, corroborating with the
data obtained by the MTT assay. Untreated cells exhibited characteristics typical
of adherent cells with cytoplasmic extensions and expected confluence according
to the number of cells plated.

3.5. Flow Cytometry: Annexin-V and Cell Cycle Assays

The effect on cell cycle of HCT 116 of the DACExt in early incubation time (24
h) was evaluated in two concentrations, the ICs, (37.77 pg-mL™") and twice the

Lemic | ucs

Figure 2. HCT 116 cell line images obtained by Scanning Electron Microscopy after 24
hours of exposure to the chloroform extract of D. anceps at the ICso 37.77 + 1.57 ug-mL™!
and 75.54 pg-mL". (A)-(C) correspond to the control group, (D)-(F), the treatment in the
concentration of the ICs and G, H and I, to the treatment with concentration corres-
ponding to twice the ICso. The images on the left are 250x magnification, those in the
center are 500x and on the right 1000x.
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value (75.54 pg-mL™) in comparison with the control (DMSO 0.5%) (Figure 3).

There was a significant decrease in G1 cells with increased extract concentra-
tion (p < 0.05), a small but not significant increase in G2/M cells (p > 0.05).
Moreover, multinucleated cells were increased with enhanced extract concentra-
tion (p < 0.05).

In the treatment with the ICs, concentration, the percentage of cells in early
apoptosis presents a significant difference in relation to the control (p < 0.05).
The percentage of cells in initial apoptosis increases after exposure to the lowest
concentration of the extract and the number of cells is reduced using a higher
concentration. With increasing concentration, the number of cells in late apop-
tosis increased (p < 0.05). Late apoptosis results increased after high extract
concentration exposure. There was a reduction in the number of cells in necrosis
(p < 0.05) and the percentage of viable cells decreased considerably (p < 0.05).
Therefore, the DACExt extract inhibits the growth of colorectal cancer in a
dose-dependent manner through the induction of apoptosis. Figure 4 and Fig-
ure 5 represents the results of triplicate after flow cytometry.

Il Sub G1

1007 =
< 80 .S
£ 70 G2IM
% 601 [ Multinucleated Cells
S 504 . .
£ 401 . I I
3 301 = .
O 20 *

10-

0-

Concentration (pg.mL'1)

Figure 3. Flow cytometry analysis of Cell Cycle parameters: HCT 116 cells were treated for
24 h with DMSO 0.5% (control negative) and with the DACExt extract at the ICso (37.7.7
pg-mL™") concentration and twice the ICso (75.4 pg-mL™") (*p < 0.05 compared to control).

100 Hl Annex+
90+ I Annex+ Pl+
s gg' , Pl+
2 6o- *D Annex- PI-
8 50- .
£ 40
3 30- I .
O 20" I .
ofma_ || Bi2f]
i ot |
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A o°
A A
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Figure 4. Annexin-V/PI staining expressed in mean and standard deviation after 24 h
treatment with the DACExt at the concentration of ICso (37.77 pg-mL™) and twice (75.4
pg-mL™) (*p < 0.05 compared to control).

DOI: 10.4236/abc.2022.126019 237 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2022.126019

R. Frassini et al.

Annexin V

11.9% 6.6% 56.1% 157%  373% 40.3%

|

69.3% 12.2% 14.8% 13.3% 4.0% 18.3%

PI

Figure 5. Representative analysis of flow cytometry data after Annexin V/Propidium Iodide
staining. HCT 116 cells were treated for 24 h with DMSO 0.5% ((A) Control) and with the
DACExt at the ICso ((B) 37.77 pg-mL™) concentration and twice the ICso ((C) 75.4 pg-mL™).
Annexin-V only staining early apoptotic events (Q1-UL quadrant), Annexin V and PI stain-
ing indicated the late phase of apoptosis (Q1-UR quadrant), only PI staining indicated necro-
sis (Q1-LR) and Annexin-V and PI not stained (Q1-LL) indicated viable cells. Quadrant fig-
ures were representative of at least three independent experiments.

The mechanism of cell death, including initial apoptosis, late apoptosis or ne-

crosis, was analyzed after exposure HCT 116 cell line to DACExt extract for 24 h.

4. Discussion

Seaweeds are used as functional food and medicinal herbs, and have a long his-
tory of applications in Asian countries. Since, crude extracts or partially purified
or isolated compounds from many species of brown, green, and red algae have
been tested for their antitumor activities. These studies have indicated that ma-
rine algae constitute a promising source of novel compounds with potential as
human therapeutic agents. In particular, macroalgae have been considered as a
source of new bioactive compounds [16].

In this study, GC identified many compounds in the chloroform extract and
fractions of the Antarctic macroalgae D. anceps. Fucosterol is a sterol commonly
seen in algae and has been attributed to several biological activities such as an-
ti-inflammatory, antioxidant, hepatoprotective and anticancer [18] [20]. Khana-
vi et al. [21] isolated fucosterol from brown alga Sargassum angustifolium and
showed an anticancer activity against HT29 colorectal and T47D breast cancer
lines. Among them, fucosterol has been investigated for its anticancer properties
[22]. Therefore, other unidentified compounds that may act in isolate or through
synergism mechanism may be involved in the anticancer potential of D. anceps.
Recently, in our studies, we identified a series of steroids in Antarctic macroal-
gae using liquid chromatography coupled with tandem mass spectrometry [22].
The chemical composition of extract may vary according to extraction technique
and methodology.

Bicyclo [3.1.1] heptane, 2,6,6-trimethyl (pinane) is a compound from the ter-
pene class and was identified by Santana et al [23] as a constituent of the essen-
tial oil of S. terebinthifolius, showing cytotoxic properties against human mela-
noma (A2058), breast adenocarcinoma (MCF7), leukemia (HL-60) and cervical

carcinoma (HeLa) cell lines. Boyom et al [24] identified the presence of al-
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pha-pinene in the essential oil composition of Cleistopholis patens and Uvarias-
trum pierreanum, both showing antimalarial effect. Maruthupandian & Mohan
[25] identified the presence of acid n-hexadecanoic with biological activities
such as antioxidant, nematicide, antiinflammatory, hypocholesterolemic, canna-
binoid. Members of the vitamin E family are hydrophobic fat-soluble com-
pounds found in a variety of food sources such as corn oil, peanuts, vegetable
oils, fruits and vegetables consumed through diet. The health benefit of con-
suming vitamin E, present in present in F2, through diet or supplementation is
believed to be for its antioxidant properties. Vitamin E protects cells from cell
damage caused by free radicals that damage cell membranes through lipid oxi-
dation, leading to DNA damage and cancer development [26].

The compound 3-methyl-2-cyclopenten-1-one and oleic acid observed in
fractions 3/4 and 6, respectively, were found in plant extracts of Foeniculum
vulgare and showed antimicrobial activity [27]. Phytol, the open chain diterpene,
presented antimycobacterium activity [28] was identified in F2, F7, F9/10,
F11/12.

Based on popular knowledge, algae have been investigated for their biological
activities. However, few studies have reported the chemical composition and bi-
ological activity of Antarctic phytoflora [29] [30]. Clinical tests, both in vivo and
in vitro, are performed to confirm the effectiveness of natural compounds [31].

Several studies have reported that compounds extracted from seaweed may be
effective anticancer agents [16] [32] [33]. The DACExt and its fractions pre-
sented cytotoxicity against the colorectal cancer cell line HCT 116 at the ana-
lyzed times. The effect of the treatment on ICs, concentration (37.7.7 ug-mL™) of
the cell line after 24 hours of exposure to the extract was also analyzed by scan-
ning electron microscopy and, in addition to the reduction in the number of
cells, loss of cell adhesion, cytoplasm retraction was found. As the concentration
of the extract increased (75.4 pg-mL™), sparse colonic formation was observed.
Cytotoxic activity of extracts of different Antarctic seaweeds, C. jacquinotii, 1.
cordata, H. grandifolius, and P. endiviifolia were observed from our research
group [4] [34] [35]. The anticancer potential of several macroalgae species has
been demonstrated against colorectal cancer cells lines such as HT 29 e HCT 116
[14] [30] [31], Caco-2, WiDr, HCT116, and DLD-1 [36] [37] [38] [39]. This was
the first study to demonstrate the anticancer activity extract fractions of ma-
croalgae D. anceps against colorectal cancer HCT 116 cell line. In this way, D.
anceps was shown to be a promising source of compounds with anticancer ac-
tivity and target for new studies.

The elucidation of the molecular mechanisms involved in the pathogenesis of
colorectal cancer may reduce incidence, as well as the morbidity and mortality.
Thus, the identification of markers and the mechanisms that inhibit apoptosis
and stimulate cell proliferation of transformed cells is of fundamental impor-
tance to reduce the prevalence of this disease.

In this study we evaluated by flow cytometry the effects on cell cycle of ex-

posing colorectal cancer cells to different concentrations of DACExt and the
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mechanism of cell death. We verified an increase in the number of multinuc-
leated cells and phase M progression, acquiring extra copies of the genome
without making cytokinesis, perhaps by checkpoint failure in phase M. Increased
ploidy may be causing genetic instability, which may be responsible for the cell
being referred for apoptosis.

Tumors are complex systems that include heterogeneous cancer cells with
markedly different sizes and genomic contents [40]. The bulk of cancer cells
within the majority of solid tumors (~90%) are aneuploidy. Such cells have an
alteration (often gain) of chromosome number that is not a multiple of the
diploid (2n) component. Cancer stem cells are often much smaller than the
bulk of cells, whereas polyploid cells are larger than bulk cells by virtue of their
increased ploidy (>4n). Not surprisingly, cultures of established solid tu-
mor-derived cell lines are also heterogeneous [41]. Similar results were found
and described by Lu et al [42]. In this study, reversine, a small molecule that was
originally identified to induce dedifferentiation of murine myoblasts into multi-
potent progenitor cells, demonstrated anticancer activity and generated an in-
crease in the number of multinucleated cells, suggesting that tumor cells can es-
cape from mitosis without cell division.

Giant multinucleated cell formation is a cell phenotype due to verification
failure at cell cycle checkpoints, mainly in DNA structure verification and mi-
totic spindle assembly. Failure to interrupt the cycle to phase M leads to an at-
tempt at aberrant chromosomal segregation, which triggers the activation of the
apoptotic mechanism. Due to damage to the mitotic spindle, cells are able to es-
cape the M-phase without segregation of sister chromatids and cytokinesis, a
process known as “mitotic slippage”. Cells stop at G1 because they activate a
p53-mediated checkpoint. In the presence of p53, p2l activates polyploidy,
which generates cell death to prevent late mitosis and aneuploidy errors [41].

The mechanism of cell death identified was initial apoptosis. Cell death was
evaluated by several studies using different compounds and extracts from algae in
a wide variety of cell models. Laminarin from brown seaweed Laminaria digitata
induced apoptosis in HT-29 colon cancer cells (5 mg-mL™) in a dose-dependent
manner [43]. The ethanolic extract of algae Undaria pinnatifida induced the re-
duction of cell viability of the HCT 116 cell line (2% of cell extract reduces in
80% cell viability) by apoptotic mechanism [44]. Fucoindan, sulfated polysac-
charides purified from the brown algae Fucus vesiculosus, induced apoptosis in
the HT 29 adenocarcinoma line (5 - 20 pg-mL™) [14]. Fucoxanthin, a carotenoid
present in brown seaweeds, has shown to suppress the level of Bcl-2 protein and
induce apoptosis in human colon cancer cells Caco-2, HT-29 and DLD-1. After
exposure at concentration 15.2 uM, fucoxoxantin inhibited, respectively, the via-
bility of the cells in 14.8%, 50.8% and 29.4%. In addition, fucoxanthinol, fucox-
anthin metabolite, also had a stronger anti-proliferative effect than fucoxanthin
on Caco-2 human colon cancer cells [45] [46].

Most reports studying cytotoxic effects of macroalgae present a range of ICso

from 5 pg/mL to 869 pg-mL™". Various therapeutic compounds from seaweed are
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able to induce apoptosis through different pathways and molecular mechanisms.
Recent cancer preventive studies have been focused on designing anticancer
drugs from natural sources because of fewer side effects as compared to synthet-
ic anticancer drugs [16] [32] [17] [47].

The inhibition of apoptosis in colorectal cancer cells enhances tumor growth,
promotes neoplastic progression, and confers resistance to cytotoxic anticancer
agents. Thus, bioactive compounds that induce apoptosis in cancer cells can be

usefull as agents for cancer chemoprevention and/or chemotherapy [17].

5. Conclusion

This study was the first to demonstrate the reduction of the cellular viability of
colorectal cancer cells through the induction of apoptosis pathway after treat-
ment with chloroform extract of the brown Antarctic macroalgae D. anceps,
suggesting that this macroalgae is a promising candidate for the isolation of mo-
lecules with anticancer activity. Fractionation by bioassay-guided is an interest-
ing tool to separate, isolate and purify natural compounds with anticancer activ-
ity. Some isolated compounds such as fucoidan and fucosterol have been inves-
tigated with promising antitumor activity. However, more studies are necessary
in order to elucidate the mechanism of action of macroalgae and the pathways of

induction of apoptosis.
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