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The Magellan ecoregion, located in the sub-Antarctic portion of Chile, is marked as a continental portion of high
latitude that presents low periods of photoperiod and luminosity in the winter and high in the summer. Seasonal
variations in the chemical composition of seaweeds may influence their reproductive state and biomass, and thus
their prospection into food, cosmetological or pharmacological use. The objectives of the present study were to
determine the fatty acids (FAs) profile of the red seaweed Mazzaella laminarioides in vegetative, tetrasporophitic,
and cystocarpic phases in winter and summer, and assess the antitumoral activity of these FAs against T24
bladder cancer cells. The algal extracts consisted of nineteen FAs, and composition varied according to the
reproductive state and the season the algae were collected. Cell viability decreased in a concentration- and timedependent manner. Most significant cytotoxic activity of FAs, as well as the highest chromatin condensation
observed by DAPI staining was at a concentration of 200 μg/mL in 24 and 48 h. The results indicate that FAs
derived from M. laminarioides have potential to reduce the proliferation in BC cells.

1. Introduction
The Magellan Ecoregion is a biogeographic province located in the
southwest of the South American continent. Containing an area of
132.033 m2, it is the largest representative of the sub-Antarctic environment, with high degree of endemism of macroalgae [1]. There is
no latitudinal replicate on the planet of Magellan region and macroalgae metabolites from this ecoregion have great economic value in the
pharmaceutical industry, food, bioenergy and biotechnology [2].
Mazzaella laminarioides is and endemic specie from Chile with economic potential and is very sensitive to seasonal changes, which can
lead to variations in its chemical composition, as lipids [3]. It is located
in an intertidal zone and its different reproductive phases can coexist
during the year [4]. Studies indicate that Rhodophyta algae can produce significant amount of polyunsaturated fatty acids (PUFAs), such as
arachidonic acid (20:4n-6) and eicosapentaenoic acid (20:5n-3) [5].
High amounts of essential n-3 PUFAs have been reported to be important in maintaining human health, especially in reducing the risk of

⁎

heart disease, inflammatory processes and cancer [6].
Bladder cancer (BC) is a common malignant urologic cancer
worldwide, often occurs in the urinary tract and it is the second leading
cause of death among genitourinary tumors [7], with 76,960 new cases
and 16,390 deaths in 2016. Studies have reported that intake of n-3
PUFA may reduce the incidence of several types of cancer, such as
colorectal, breast and prostate cancer [8]. It is evidenced that these
molecules can interfere in cell cycle or cell death, apoptosis or autophagy mechanism and changes in membrane physiology [9].
Even though the considerable progress made in recent years in the
chemical composition of macroalgae, few reports in the literature explore the variations in FA or lipid amounts in samples from the Chilean
Sub-Antarctic seaweeds. It is necessary constantly learn about chemical
composition of these macroalgae, which is not completely understood
[10]. Identifying anticancer agents from this macroalgae is an interesting approach of study. In an effort to expand our research about fatty
acids and its biological activities, the aim of the present investigation
was to analyze the FAs profiles in distinct developmental phases of the
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seaweed M. laminarioides in winter and summer and evaluate its antitumoral potential against T24 BC cells.

(100 μL) was added to each well, and the formazan was solubilized on a
shaker for 5 min at 100 rpm. The absorbance was read on a microplate
reader (Victor X5, PerkinElmer, USA) at a test wavelength of 492 nm.
Cell inhibitory growth was determined as follows: cell growth inhibition ratio = (1 – Abs492treated cells/Abs492control cells) × 100%. For the
control group of cells, DMSO and FA were not added. The final vehicle
(DMSO) concentration did not exceed 0.5% (v/v). All the observations
were validated by three independent experiments performed in triplicate.

2. Material and methods
2.1. Algae collection and preparation
Samples of M. laminarioides were collected at low tide in intertidal
region, when they were exposed in the rocky habitat, during the winter
in July 2017 and summer in January 2018. The collect geographical
area is known as Santa Ana (53° 44′ S, 70° 58′ W) and is located 70 km
south of Punta Arenas, Strait of Magellan, Chile. Collection and preparation of collected algae were performed as described previously
[10]. The general information of algae collection, developmental
phases and subsequent morphological identification under specified
characteristics were carried out in the Herbarium of the Antarctic and
Sub-Antarctic Marine Ecosystems Laboratory (LEMAS), University of
Magallanes (UMAG), located in Punta Arenas, south of Chile.

2.3.3. Fluorescence images
Cells seeded in a 96-well plate were treated with 200 μg/mL of FA
extracted from M. laminarioides macroalgae for 48 h and then the LIVE/
DEAD Cell Viability Assay (InvitrogenTM, Carlsbad, CA, USA) or DAPI
(4′,6-diamidino-2-phenylindole) staining were performed according to
the manufacturer's instructions. The cells were analyzed by a confocal
microscope (Leica-TCS-SP8 - Leica Microsystems) using UV filter adjusted accordingly recommended for the reagents (Excitation/
Emission = Calcein 494/517 nm and Ethidium Homodimer 528/
617 nm for LIVE/DEAD assay and Excitation/Emission = 358/461 nm
for DAPI assay).

2.2. Lipid extraction and identification
2.2.1. Lipid extraction and fatty acid methyl esters preparation
Extraction of fatty acids followed the modified procedure of Bligh
and Dyer [11]. To 1 g of the dried algae biomass was added 30 mL of
chloroform/methanol (1:2 v/v) and 10 mL of an aqueous solution of
sodium sulfate (1.5%, w/v). Subsequently, the mixture was agitated at
room temperature, at 2500 rpm for 30 min and after this period, the
organic phase (19.8 mL) was retrieved and the solvent was evaporated
in a rotary evaporator (Buchi, Switzerland) with a V-700 vacuum pump
and a B-741 cooler. In order to enable the analysis by GC, the lipids
were converted to their respective fatty acid methyl esters (FAME)
using boron trifluoride, as reported as method “B” of Moss [12]. Extraction procedures were performed in triplicate (n = 3). The resulting
FAME mixture in hexane was subjected to GC-FID detection.

2.4. Statistical analysis
Data of fatty acid composition are presented as mean ± standard
deviation (SD). The other data are presented as mean ± standard error
of the mean (SEM). Evaluation of the results regarding the FA quantification and MTT were performed applying the two-way analysis of
variance (ANOVA), followed by the Bonferroni's post hoc test. LIVE/
DEAD and DAPI assays were analyzed using one-way ANOVA, followed
by Tukey test. For all tests, a statistical program (GraphPad Prism 7
Software Inc., San Diego, CA, USA) was used. The limit of statistical
significance was set at p < 0.05.
3. Results and discussion

2.2.2. Chromatographic procedures
The quantitative analysis were performed in a gas chromatograph
with a flame ionization detector - GC/FID 2010, with a split/splitless
injector, autoinjector AOC-20i (Shimadzu Corporation, Kyoto, Japan)
and capillary column Elite-Wax (30 m × 0.25 mm I.D. × df 0.25 μm;
Supelco). The heating curve followed as previously reported in literature [5]. FAMEs were analyzed based on an analytical calibration employing FAME 37-MIX (Supelco, USA) in six distinct concentrations,
ranging from 0.625 to 20 mg mL−1. Nonadecanoate (≥99.0%; SigmaAldrich, USA) was the internal standard added to the samples and to the
analytical calibration in a concentration of 2 mg mL−1. The analyses
were conducted at the Federal University of Pelotas (Laboratory of Lipidomics and Bioorganic).

Intertidal region is subject to wide environmental fluctuations such
as solar radiation or dissection that may alter the macroalgae metabolism [13]. The concentrations of FAs found in the macroalgae M. laminarioides in winter and summer for three distinct developmental
phases are shown in Table 1. In total, 19 saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids were
identified. It has been previously reported that macroalgae collected in
different seasons have variation in profile of many chemical compounds, including lipids [14]. The most representative percent fatty
acids in the specimens were C16:0, C18:1n9c and C20:5n3 (Fig. 1A, B
and C).
- not detected.
The total percentage of saturated fatty acids (SFA) ranged from
31.57 to 39.67% of total FA. The higher concentration was of the SFA
C16:0 (25.64 to 30.19%), which is prevalent in both seasons and the
distinct reproductive phases. Red algae from Polar Regions have been
reported with C16:0 content varied between 20 and 30% [15]. In fact,
this FA is the most representative SFA in algae from the Rhodophyta
phylum [16]. In general, the content of SFA was prevalent in summer,
except for C18:0 that was prevalent in winter. In addition, C22:0 was
found only in summer of the three development phases (0.90 to 0.98%).
About MUFA, its concentration in relation to total FA ranged from
11.71 to 18.10%. The largest concentrations of MUFA were related to
C18:1n9c, which represented approximately 80% of the total MUFA in
cystocarpic phase collected in winter. Other authors found similar
percentage of MUFA in red macroalgae [2,16]. Both SFA and MUFA
were more prevalent in cystocarpic phase of M. laminarioides collected
in summer.
The largest variety of FA was found in PUFA class, with concentration varying from 42.30 to 55.73% of the total FA. The PUFA

2.3. Determination of cytotoxicity
2.3.1. Cell culture
This study was performed using human bladder cancer cell line T24
obtained from Rio de Janeiro Cell Bank (PABCAM, Federal University of
Rio de Janeiro, Brazil). T24 cells were cultured in Dulbecco's modified
Eagle's medium (DMEM) supplemented with 10% fetal bovine serum
(FBS), 1% L-glutamine at 37 °C and 5% of CO2 in a humidified atmosphere incubator.
2.3.2. Cell viability assay
The viability of the T24 cell line was assessed by MTT (3-(4,5-dimethylthiazol-2-yl)- 2,5 diphenyltetrazolium bromide). The cells were
pre-treated with different concentrations of FA (10–200 μg/mL) from
the macroalgae M. laminarioides in vegetative phase for 24 and 48 h and
then the MTT (1 mg mL−1) was added to each well. The plates were
incubated for an additional 3 h, and the medium was discarded. DMSO
2
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Table 1
Fatty acid composition determined by GC-FID of the M. laminarioides macroalgae in the vegetative, tetraesporophytic and cystocarpic phases, in winter and summer.
Fatty acid

Concentration (%)

[% total of fatty acids]

Vegetative

Saturated Fatty Acids (SFA)
Myristic acid (C14:0)
Pentadecanoic acid (C15:0)
Palmitic acid (C16:0)
Heptadecanoic acid (C17:0)
Stearic acid (C18:0)
Arachidic acid (C20:0)
Behenic acid (C22:0)
ΣSFAs
Monounsaturated Fatty Acids (MUFA)
Palmitoleic acid (C16:1)
Oleic acid (C18:1n9c)
Cis-11-Eicosenoic acid (C20:1)
Nervonic acid (C24:1)
ΣMUFAs
Polyunsaturated Fatty Acids (PUFA)
Linolelaidic acid (C18:2n6t)
Linoleic acid (C18:2n6c)
Linolenic acid (C18:3n3)
γ-Linolenic acid (C18:3n6)
Cis-11,14-Eicosadienoic acid (C20:2)
Cis-8,11,14-Eicosatrienoic acid (C20:3n6)
Arachidonic acid (C20:4n6)
Cis-5,8,11,14,17-Eicosapentaenoic acid (C20:5n3)
ΣPUFAs
ΣPUFAs n3
ΣPUFAs n6

Tetraesporophytic

Cystocarpic

Winter

Summer

Winter

Summer

Winter

Summer

2.26 ± 0.05
–
25.64 ± 1.17
–
3.67 ± 0.15
–
–
31.57 ± 0.97

2.94 ± 0.21
–
29.36 ± 0.60
–
1.59 ± 0.03
–
0.90 ± 0.18
34.79 ± 0.53

2.73 ± 0.62
–
26.0 ± 0.15
–
4.35 ± 1.18
–
–
33.08 ± 0.32

2.76 ± 0.10
0.31 ± 0.01
28.68 ± 1.08
1.13 ± 0.19
1.99 ± 0.32
0.67 ± 0.10
0.98 ± 0.22
36.52 ± 0.89

1.84 ± 0.36
–
26.10 ± 0.46
–
3.79 ± 0.15
0.56 ± 0.13
–
32.29 ± 0.41

3.66 ± 0.24
0.33 ± 0.04
30.19 ± 0.37
1.52 ± 0.29
3.06 ± 1.19
–
0.91 ± 0.09
39.67 ± 0.41

2.02 ± 0.15
8.40 ± 0.63
0.57 ± 0.07
0.72 ± 0.31
11.71 ± 0.50

3.69 ± 0.28
9.26 ± 0.5
–
0.84 ± 0.11
13.79 ± 0.42

2.28 ± 0.09
9.32 ± 1.59
–
1.13 ± 0.30
12.73 ± 1.21

5.34 ± 0.33
10.27 ± 0.30
0.38 ± 0.02
0.99 ± 0.37
16.98 ± 0.31

2.48 ± 0.26
12.14 ± 4.48
–
0.57 ± 0.01
15.19 ± 3.62

5.39 ± 0.11
11.30 ± 0.70
0.54 ± 0.18
0.87 ± 0.23
18.10 ± 0.49

–
2.62 ± 1.29
0.92 ± 0.26
1.15 ± 0.28
–
1.32 ± 0.43
16.4 ± 0.44
34.62 ± 2.30
55.03 ± 1.66
35.54 ± 2.25
21.49 ± 0.53

2.3 ± 0.33
4.19 ± 0.14
5.05 ± 0.34
0.86 ± 0.06
2.87 ± 0.14
2.04 ± 0.18
17.37 ± 0.07
17.05 ± 0.42
52.07 ± 0.23
22.10 ± 0.40
26.76 ± 0.11

–
3.82 ± 1.42
1.22 ± 0.04
1.07 ± 0.12
–
1.09 ± 0.28
15.32 ± 1.45
33.21 ± 0.32
55.73 ± 0.71
34.43 ± 0.31
21.3 ± 1.32

2.35 ± 0.39
5.04 ± 0.20
6.32 ± 0.10
0.57 ± 0.03
4.17 ± 0.15
1.62 ± 0.37
14.29 ± 0.80
13.24 ± 0.07
47.6 ± 0.34
19.56 ± 0.08
23.87 ± 0.59

–
5.64 ± 4.28
0.28 ± 0.04
0.13 ± 0.01
–
1.42 ± 0.20
11.82 ± 2.07
33.23 ± 5.82
52.52 ± 4.61
33.51 ± 5.77
19.29 ± 2.53

1.40 ± 0.11
4.85 ± 1.06
3.40 ± 0.17
0.80 ± 0.38
2.69 ± 0.24
1.49 ± 0.43
11.70 ± 0.45
15.97 ± 0.46
42.30 ± 0.47
19.37 ± 0.41
20.24 ± 0.57

Data are expressed in mol%. Values are the average ± standard deviation (SD) of three independent experiments (n = 3). ΣSFAs, ΣMUFAs, ΣPUFAs: sum of all
saturated, monounsaturated and polyunsaturated fatty acids, respectively; (n3): omega 3; (n6): omega 6.

content varied considerably both in the seasons and in the reproductive
phases of the M. laminarioides. The central role that PUFA have in the
permeability and fluidity of algal cell membranes is well established
[17]. Importantly, our results show a higher concentration of PUFAs
compared to found in a previous study in algae of the same phylum.
Data from literature pointed to a concentration ranging from 17.96 to
32.10% of PUFA in other red seaweeds [18], where in macroalgae from
polar regions this value can exceed 60% [5]. The high variation pointed
out by our study between winter and summer, suggest a compensatory
mechanism by PUFA on the control of cell membrane fluidity and
permeability in situations of thermal amplitude and variation of luminosity throughout the year, especially in a Sub-Antarctic region.
PUFAs C20:5n3 and C20:4n6 were the most representative, with
concentrations ranging from 13.24 to 34.62% and from 11.70 to
17.37%, respectively. Some n-6 FA, as C18:2n6t, C20:3n6 and C18:3n6

were prevalent in vegetative and cysctocarpic phases collected in
summer. On the other hand, n3 FAs C18:3n3 and C20:5n3 was found in
higher quantities in tetraesporophytic phase obtained during winter.
Positive effects of PUFA intake on human healthy have been reported,
especially n-3 [6]. A higher ratio between (n-3):(n-6) have beneficial
effects against many diseases. The macroalgae M. laminarioides proved
to be an important source of these compounds, especially if obtained in
winter. These observations reinforce the biological aspect of the use of
macroalga from cold environment as a nutritional and pharmacological
source. As observed in our results, the season exerts high impact on the
FA profile. Hence, we considered appropriated to carry out the biological assays in the vegetative phase during the winter, due to higher
amount of n-3 PUFA.
Many studies have shown cytotoxicity induced by FA in some types
of cancer, such as skin, colon, prostate, and breast cancer [8]. FA

Fig. 1. Fatty acid composition in vegetative, tetraesporophytic and cystocarpic phases and different seasons of the main A) saturated fatty acid; palmitic acid (C16:0),
B) monounsaturated fatty acid; oleic acid (C18:1n9c) and C) polyunsaturated fatty acid; eicosapentaenoic acid (C20:5n3) found in M. laminarioides. Data expressed as
mol %. Data are expressed as the average ± SEM of three independent experiments (n = 3). Brackets indicate differences between groups. * p < 0.05; ** p < 0.01;
*** p < 0.001; **** p < 0.0001.
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Fig. 2. A) Cytotoxic effects of FAs extracted from M. laminarioides at 24 and 48 h in T24 cells. Capital letters indicate differences between the different times. The
lowercase letters indicate differences between the different concentrations. B) Number of dead and live cells in a total of 300 cells was counted in triplicate for each
sample. Lowercase letters indicate statistical differences (p < 0.05). C) apoptotic ratio in three different areas of the plate (n = 3). D) Control and E) treated cells
estimated by LIVE/DEAD assay; the arrow heads indicate dead cells (red), and green cells indicate live cells. F) Control and G) treated cells assessed by DAPI staining;
short arrow indicates apoptotic cell (condensed or fragmented nuclei) and the long arrow indicates live cells. All graphs are presented as the mean ± SEM. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

extracts of M. laminarioides were able to reduce T24 cells viability
showing cytotoxic potential against BC cells (Fig. 2A). The results demonstrated that after 24 h of exposure to concentrations of 10, 25, 50,
100 and 200 μg/mL of FAs presented inhibitory ratio of 7.65, 20.35,
24.04, 29.48 and 61.59%, respectively. After 48 h, the inhibitory ratio
was increased to 12.18, 23.50, 31.67, 38.52 and 45.44%. Some studies
have shown that n-3 PUFA intake could reduce cell growth, tumor
volume and preventing metastasis, by different mechanisms such as
gene expression and signal transduction, changes in estrogen metabolism, alterations in the production of reactive oxygen species (ROS),
suppression of neoplastic transformation, the inhibition of cell growth
and increased apoptosis [5,19].
In LIVE/DEAD assay (Fig. 2D and E) were observed higher amounts
of dead cells in FA extracts treated cells when compared to control
group (16.14 vs 3.21%, respectively) (p < 0.05) (Fig. 2B). Tumor cells
have uncontrolled cell growth and limited capacity to die by apoptosis.
Studies have pointed that resistance to apoptosis is one of the main
characteristics of the malignant tumors [20]. However, DAPI assay
(Fig. 2F and G) did not show statistical differences in apoptotic ratio
between FA extracts of M. laminarioides and control group (6.32 and
3.56%, respectively) (p > 0.05) (Fig. 2C). One possible explanation is
an autophagy mechanism exert by n-3 PUFA, with a synergic effect of
toxicity against T24 cells. This mechanism has been previously described, which an increase of the AMPK level, thus decreases in mTOR
activity and phosphorylated Akt levels after n-3 PUFA administration in
glioblastoma cells [9]. Besides that, in a study in human RT112 urinary
bladder cancer cells, DHA in concentrations that do not affect cell
proliferation inhibits the invasion of this cell line, therefore, reducing
the metastatic potential [21]. The effect observed by our results may be
further well explored in order to investigate the combined natural and
synthetic therapies, and thus minimize the side effects typical of the
conventional chemotherapeutic treatment.

independent manner. These findings classify and prospect this macroalga as an important source of FA, especially PUFA, with significative
biotechnological value due the cytotoxicity against BC cells.
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