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Abstract
Sub-Antarctic macroalgae can be a feasible source of innumerous bioactive compounds that can display important biologi-
cal activities. In this sense, the aims of this work were to evaluate the chemical composition, antimicrobial activity and 
cytotoxic potential of n-hexane extracts from sub-Antarctic seaweed Mazzaella laminarioides (Bory) Fredericq at distinct 
development phases. Results showed that extracts were constituted of as much as 65 distinct compounds that could be dis-
tributed mainly among hydrocarbons, fatty acids, sterols and fatty alcohols. Generally, there were significant differences 
(P < 0.05) in the concentrations of compounds comparing distinct development phases. Antimicrobial evaluation indicated 
that n-hexane extracts of cystocarpic and tetrasporophytic phase of M. laminarioides inhibited the growth of most organ-
isms tested, reaching minimum inhibitory concentrations of 0.0312 mg mL−1 against Enterococcus faecalis (Andrewes and 
Horder) and 0.25 mg mL−1 against Acinetobacter baumannii (Bouvet and Grimont). Cytotoxic evaluation of extracts showed 
no toxicity to normal cells at concentrations below 1 mg mL−1. Therefore, M. laminarioides from the sub-Antarctic region 
had antimicrobial potential that could be explored on further commercial applications.
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1 Introduction

Identification of bioactive compound sources and screen-
ing for potential pharmacological activities are important 
aspects in order to develop novel tools for disease treatment 
(Santos et al. 2015; Martins et al. 2018). In this sense, mac-
roalgae are reservoirs for possible bioactive compounds 
given their ability to biosynthesize secondary metabolites 
against environmental stress that include limited photoper-
iod, low temperatures and decreased nutrient availability 
(Santos et al. 2017a; Passos et al. 2020). Moreover, these 
organisms can be found in several locations of the planet 
including tropical, sub-Antarctic and Antarctic regions 
highlighting their biological potential (Santos et al. 2016; 
Schmid et al. 2018).

Previous research works showed that macroalgae can be 
sources of terpenes, phenols (Fernandes et al. 2017), ster-
ols, proteins (Pereira et al. 2017), carbohydrates and lipids 
that are produced as secondary metabolites (Boulom et al. 
2014; Berneira et al. 2020). The vast number of synthesized 
compounds can be associated with several biological activi-
ties reported in the literature including anti-inflammatory 
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(Tenorio-Rodriguez et al. 2017), antimutagenic (Osuna-Ruiz 
et al. 2016), antiviral, antimicrobial (Martins et al. 2018) 
and antioxidant actions (Alves et al. 2016). Therefore, the 
characterization of chemical constituents from macroalgae 
can be an important tool in order to ascertain novel active 
substances and biological applications of these organisms 
(Martins et al. 2018).

Over the past decades, the indiscriminate and continued 
usage of antimicrobial agents led to the development of 
mechanisms of resistance to traditional therapeutic drugs 
among pathogens, which include fungi and bacteria (Sho-
bier et al. 2016). In order to overcome resistant bacteria, 
plants and marine organisms have been explored due to their 
bioactive metabolites (Guedes et al. 2012). Macroalgae, for 
instance, had antimicrobial substances detected in the early 
twentieth century, although most of the 10,000 species are 
still largely unexplored, with few data regarding chemical 
composition and antimicrobial activity (Campos et al. 2018).

As mentioned before, the determination of alternative 
sources of pharmacologically active compounds and the 
application of novel bioactive substances can be important 
tools in order to tackle bacterial resistance mechanisms. 
In this sense, sub-Antarctic macroalgae could be a source 
of bioactive substances, although the composition of few 
organisms has been determined leaving an immense phar-
macological potential to be explored. Therefore, the aims of 
this work were to evaluate the chemical composition, anti-
microbial activity and potential cytotoxic effect of n-hexane 
extracts from sub-Antarctic macroalgae Mazzaella laminari-
oides (Bory) Fredericq at distinct development stages.

2  Materials and methods

Sampling - Specimens of M. laminarioides in gameto-
phytic, cystocarpic and tetrasporophytic phases of devel-
opment were collected in January 2017 in the high mes-
olittoral zone of the San Juan region (53° 43 S, 70° 58 W) 
in the Chilean sub-Antarctic ecoregion. The collected 
material was conditioned in thermal boxes filled with sea-
water and further cleaned in order to eliminate epiphytes. 
Samples were dried in an air circulation oven JOST 700T 
at 35 °C for 24 h to 30 h and pulverized using a knife mill 
model 226/2 (Lucadema, Brazil). Approximately 20 to 30 
individuals of each development phase were collected, and 
analysis was carried out using their fronds (marginal and 
central). Information regarding collection and morpho-
logical identification were placed in the herbarium of the 
sub-Antarctic and Antarctic Marine Ecosystems Labora-
tory under the following numbering for the gametophytic 
(1298r), tetrasporophytic (1299r) and carposporophytic 
(1200r) phases of M. laminarioides. The identification and 
classification of macroalgae life cycles were conducted by 

the phycologist and botanist Prof. Dr. Andres Mansilla of 
the Biodiversity and Ecology Institute and coordinator of 
the sub-Antarctic and Antarctic Marine Ecosystems Labo-
ratory at the Magallanes University.

Chemicals and materials - N-methyl-N-(trimethylsilyl)-
trif luoroacetamide, pyridine, 3-(4,5-dimethylthiazol-
2-yl)-2,5 diphenyltetrazolium bromide (MTT), 2,3,5-tri-
phenyl tetrazolium chloride, n-hexane, chloroform and 
dimethyl sulfoxide (DMSO) were obtained from Sigma-
Aldrich (St Louis, USA). For the biological evaluations 
of the extracts, 96-well sterile polystyrene microplates 
were purchased from Kasvi (São José dos Pinhais, Bra-
zil), while brain–heart infusion (BHI), minimum essential 
medium and fetal bovine serum were acquired from Acu-
media (Lansing, USA).

Extraction - The extraction process followed the modified 
procedure of Santos et al. (2015). Briefly, approximately 
5 g of each development phase of M. laminarioides was 
individually introduced in a Soxhlet apparatus and immersed 
overnight in 100 mL of n-hexane. After this period, the sam-
ple was refluxed at 69 °C for 4 h, and then, the solvent was 
evaporated under reduced pressure. The procedure was per-
formed in triplicate (n = 3) for chemical and microbiological 
evaluation.

Chemical evaluation - Hydrolysis and silylation. Hydroly-
sis and silylation followed the methodology of Santos et al. 
(2015), in which approximately 10 mg of the extracted mate-
rial was mixed to 10 mL of a 0.5 M solution of sodium 
hydroxide in methanol: water (50:50, v/v) and placed under 
reflux and constant stirring for 1 h. Afterward, the solution 
was cooled and acidified to a pH of 2 with a 1 M solution of 
hydrochloric acid. The material was extracted with 10 mL 
of chloroform, and the organic phase was evaporated under 
reduced pressure. The hydrolyzed fraction was diluted in 100 
μL of chloroform and silylated with 100 μL of N-methyl-
N-(trimethylsilyl)-trifluoroacetamide and 100 μL of pyri-
dine. Finally, samples were heated to 70 °C for 30 min and 
further analyzed by gas chromatography-mass spectrometry 
(GC–MS).

Chromatographic analysis. Composition of the samples 
was determined after the injection of 1 μL in split mode 
(1:33) of the extracts in a GC–MS model QP-2010 (Shi-
madzu, Japan) equipped with a Rtx-5 ms capillary column 
(30 m × 0.25 mm  ×  0.25 μm) and helium as the carrier gas. 
The injector was maintained at 250 °C, while the interface 
and ion source operated at 290 °C. The initial oven tempera-
ture was 80 °C for 5 min increasing 4 °C.min−1 to 260 °C 
and again ramping up 2 °C.min−1 to 285 °C, maintaining 
for 8 min. The constituents of the samples were identified 
using a NIST 08 s library, while quantitation was performed 
using normalized area and expressed as percentage of area 
(% of area).
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Antimicrobial evaluation - Test organisms. Antimicrobial 
evaluation was performed using three gram-positive stand-
ard strains: Staphylococcus aureus (ATCC 25923; Rosen-
bach), Enterococccus faecalis (ATCC 51299; Andrewes and 
Horder) and Staphylococcus epidermidis (ATCC 35984; 
Winslow and Winslow) as well as four gram-negative stand-
ard strains: Klebsiella pneumoniae (ATCC 70063; Schro-
eter), Acinetobacter baumannii (ATCC 19606; Bouvet and 
Grimont), Salmonella typhimurium (ATCC 14028; Loef-
fler) and Pseudomonas aeruginosa (ATCC 27853; Schro-
eter), all provided by the Collection of Microorganisms of 
the Oswaldo Cruz Foundation (FIOCRUZ). The evaluated 
strains were maintained in storage medium at -20 °C and 
reactivated prior to antimicrobial testing on BHI medium.

Minimum inhibitory concentration. Determination of mini-
mum inhibitory concentration (MIC) followed the broth 
microdilution method according to the standards estab-
lished by the Clinical and Laboratory Standards Institute 
(Patel et al. 2015). n-Hexane extracts of M. laminarioides 
were diluted and tested from concentrations of 1 mg mL−1 
to 0.0156 mg mL−1 in 2% de DMSO. As control of sterility 
of the medium, 50 μL of BHI broth and 50 μL of bacterial 
suspension were used as control of bacterial growth, while 
50 μL of polymyxin B at the same concentrations was used 
as a control to inhibit bacterial growth.

Microorganisms were cultured in BHI broth until reach-
ing 0.5 of the McFarland scale, and then, 50 μL of the cul-
tures was diluted in 4950 μL of BHI. Subsequently, 50 μL of 
the suspensions was placed in wells, excepting for the nega-
tive control, resulting in final concentrations of 3 × 104 CFU.
mL−1. The experiment was performed in triplicates (n = 3), 
and the plates were incubated at 37 °C for 24 h. After incu-
bation, 20 μL of 2,3,5-triphenyl tetrazolium chloride (0.5%, 
w/v) was added to the wells and the plate was incubated for 
20 min at 37 °C. After this period, color development indi-
cated bacterial growth.

Minimum microbicidal concentration. After MIC determi-
nation, aliquots of 5 μL from wells that inhibited bacte-
rial growth after 24 h were pealed in BHI agar plates and 
incubated at 37 °C for 24 h. After this period, the presence 
or absence of bacterial growth in the culture medium was 
evaluated in order to determine bacteriostatic or bacteri-
cidal activity. The experiments were carried out in triplicate 
(n = 3).

Cytotoxic assay - Cytotoxic assay of n-hexane extracts 
from cystocarpic and tetrasporophytic phases from M. lami-
narioides were made using Madin Darby Bovine Kidney 
(MDBK; ATCC CCL-22) cells from the Immunology and 
Virology Laboratory of the Federal University of Pelotas 

that were cultured in minimum essential medium supple-
mented with fetal bovine serum (10%, v/v) and incubated 
at 37 °C. MDBK cells were cultured to achieve a density 
of 3 × 104 cells per well for 24 h at 37 °C within an atmos-
phere containing 5% of carbonic gas and 95% of humidified 
air. Experiments were carried out in triplicate (n = 3) and 
repeated twice in independent experiments using 100 µL of 
solutions of the n-hexane extracts from 1 to 0.0156 mg mL−1 
in minimum essential medium in each well. Controls without 
treatment were also made in the cytotoxic assay. Subsequent 
to treatment, cells were incubated under similar temperature 
and atmospheric conditions for 24 h. After this period, 50 
µL of MTT solution (1 mg mL−1) was applied to plates in 
order to evaluate cell viability and incubated under similar 
conditions described above for 3 h. Afterward, the superna-
tant was removed and formazan crystals were solubilized in 
100 µL of DMSO for 10 min. Finally, plates were analyzed 
with a spectrophotometer at 540 nm following the method 
of Mosmann (1983) and Picoli et al. (2015).

Statistical analysis - The determined concentrations of the 
constituents in the extracts using distinct organic solvents 
and development phases were expressed as mean ± standard 
deviation. Statistical analysis of the results was performed 
using two-way analysis of variance (ANOVA) followed by 
Tukey’s test (P < 0.05) by GraphPad version 7 and using 
principal component analysis (PCA) by Minitab version 17.

3  Results

Chemical evaluation - Analysis of the extracts from M. lami-
narioides at distinct development phases (Table 1) revealed 
that there were no significant differences (P < 0.05) among 
development phases. In this sense, cystocarpic and tetraspo-
rophytic phases had 1.02 ± 0.03% DW and 0.99 ± 0.04% DW, 
respectively. In turn, the gametophytic had intermediate val-
ues (1.00 ± 0.07% DW).

GC–MS analysis of the extracts from the distinct phases 
of development of M. laminarioides (Table 2) indicated 
that n-hexane extracts were composed of as much as 65 
compounds. Generally, compounds found in higher con-
centrations had the significant variations (P < 0.05) includ-
ing, for instance, phytane (1.97 ± 0.89% to 11.61 ± 0.79%), 

Table 1  Dry weight percentage (% DW) of the extracts from distinct 
development phases of Mazzaella laminarioides 

Results of the triplicates are expressed as mean ± standard deviation; 
distinct superscripts in the columns of the same extract are statisti-
cally different (P < 0.05)

Extract (% DW) Development phase

Gametophytic Cystocarpic Tetrasporophytic
1.00 ± 0.07a 1.02 ± 0.03a 0.99 ± 0.04a
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cholesterol (6.99 ± 2.55% to 13.42 ± 2.50%) and pentade-
cane (5.64 ± 0.69% to 9.01 ± 1.35%). GC–MS chromato-
grams of the extracts can be observed in Supplementary 
Information section.

Concerning the overall chemical classes identified 
in the n-hexane extract (Fig. 1), it can be observed that 
most of the components can be placed as hydrocarbons 
(55.79 ± 3.94% to 65.73 ± 6.49%) mostly in forms of ali-
phatic or branched alkanes. Other constituents found in 
appreciable amounts included fatty acids (11.24 ± 1.08% 
to 13.59 ± 1.43%), sterols (7.06 ± 2.58 to 13.48 ± 2.50) 
and fatty alcohols (3.26 ± 0.61 to 5.98 ± 0.30). It is worth 
noting that there were significant differences (P < 0.05) 
in the concentrations of hydrocarbons and sterols among 
the development phases, which was not observed for the 
other classes.

Bioactive evaluation - Evaluation of the antimicrobial 
activity of extracts from M. laminarioides showed that 
n-hexane extracts (Table 3) inhibited the growth of most 
tested microorganisms with the exception of Salmonella 
typhimurium, Pseudomonas aeruginosa and Staphylococ-
cus epidermidis. Moreover, antimicrobial activity differed 
according to the development phase as n-hexane extracts of 
cystocarpic and tetrasporophytic stages of M. laminarioides 
showed antimicrobial activity against strains of Staphylococ-
cus aureus, Enterococcus faecalis, Klebisella pneumoniae 
and Acinetobacter baumannii. The gametophytic phase of 

the organisms did not have antimicrobial activity under the 
tested experimental conditions.

As given in Table 3, n-hexane extracts from the cysto-
carpic or tetrasporophytic stages of M. laminarioides inhib-
ited the growth of A-positive bacteria such as Staphylococ-
cus aureus (MIC = 0.5 mg mL−1), Enterococcus faecalis 
(MIC = 0.0312 mg mL−1) as well as gram-negative bacteria 
Klebisella pneumoniae (MIC = 0.5 mg mL−1) and Acineto-
bacter baumannii (MIC = 0.25 mg mL−1). It is worth noting 
that the extracts from different development phases had dis-
tinct values of MMC (minimum microbicidal concentration) 
for the tested microorganisms reaching 0.125 mg mL−1 and 
0.5 mg mL−1 for E. faecalis using cystocarpic and tetraspo-
rophytic stages, respectively.

Regarding the cytotoxic assay, n-hexane extracts from 
cystocarpic and tetrasporophytic phases of M. laminarioides 
did not have cytotoxic effects to MDBK cells from the maxi-
mum to the minimum tested concentrations (1 mg mL−1 to 
0.0156 mg mL−1) at 24 h of exposure. In this sense, extracts 
had no overall toxicity and could even stimulate normal cel-
lular growth in the tested conditions.

PCA (Fig. 2) was used to assess a potential correlation 
between the components of the extracts at different life 
cycles (gametophytic, tetrasporophytic and cystocarpic 
phases) of M. laminarioides and their antimicrobial activ-
ity. Results showed that most fatty acids excluding eicosa-
pentaenoic acid clustered in the negative axis of the first 
component (PC1) and positive axis of the second compo-
nent (PC2). Regarding hydrocarbons, most compounds were 
found in the negative axis of PC1 and PC2. Microbial agents 
were found in the positive axis of PC1 and PC2. Finally, 

Table 2  Chemical constituents (% of area) of n-hexane extracts from 
Mazzaella laminarioides at gametophytic, cystocarpic and tetrasporo-
phytic phases

Results of the triplicates are expressed as mean ± standard deviation; 
distinct superscripts in the columns of the same extract are signifi-
cantly different (P < 0.05)

Compound Development phase

Gametophytic Cystocarpic Tetrasporophytic

Heptadecane 3.17 ± 0.52a 5.35 ± 1.49b 3.42 ± 0.20a

Hexadecane 4.95 ± 1.73a 5.43 ± 1.19a 2.90 ± 0.35b

Pentadecane 8.19 ± 1.00a 9.01 ± 1.35b 5.64 ± 0.69c

Tetradecane 4.44 ± 1.23a 4.99 ± 0.14a 4.85 ± 0.41a

Phytane 11.61 ± 0.79a 1.97 ± 0.89b 10.84 ± 0.99c

Phytol 3.45 ± 0.07a 1.48 ± 0.43b 3.98 ± 0.00a

Hexadecanoic acid 3.52 ± 0.08ab 2.85 ± 0.60a 3.86 ± 0.46b

Octadecanoic acid 0.31 ± 0.01a 0.25 ± 0.01a 0.52 ± 0.01a

Octadecadienoic 
acid

0.81 ± 0.04a 0.39 ± 0.07a 0.85 ± 0.07a

Octadecenoic acid 2.20 ± 0.07a 1.92 ± 0.02a 2.21 ± 0.30a

Eicosapentaenoic 
acid

2.67 ± 0.03a 3.23 ± 0.24a 2.67 ± 0.20a

Cholesterol 12.09 ± 0.11a 6.99 ± 2.55b 13.42 ± 2.50c

Unidentified 10.97 ± 1.03 11.82 ± 0.46 10.62 ± 0.04
Others 31.62 ± 2.13 44.32 ± 3.78 34.22 ± 2.98

Fig. 1  Chemical classes of the constituents of n-hexane extracts from 
gametophytic, cystocarpic and tetrasporophytic phases of Mazzaella 
laminarioides. Significant differences (P < 0.05) among development 
phases are indicated in distinct letters
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tetrasporophytic and cystocarpic phases of M. laminarioides 
were found in regions close to the microbial agents, while 
the gametophytic phase was found in the negative axis of 
PC1 and PC2.

4  Discussion

Chemical evaluation - Previous reports in the literature 
indicated that lipophilic extracts from red, green and brown 
macroalgae from the coast of Portugal had 0.12 ± 0.01% 
DW to 2.94 ± 0.08% DW which agree with the results found 
in the current research work (Santos et al. 2015, 2016). 
Since methods used in both studies were similar, possible 

differences in the extractive yield can be associated with 
the macroalgae species, extractor solvent and the distinct 
locations that the organisms were retrieved from (Santos 
et al. 2017a).

The presence of several classes that can include fatty 
acids, hydrocarbons, sterols and fatty alcohols has been 
reported in the analysis of lipophilic extracts from marine 
macroalgae (Valentão et al. 2010). Santos et al. (2017b) 
and Cortés et al. (2014) analyzed dichloromethane extracts 
from Bifurcaria bifurcata R.Ross and Ceramium rubrum 
C. Agardh, respectively, and detected similar compounds 
(Cortés et al. 2014; Santos et al. 2017b). It is worth noting 
that, to the best of our knowledge, this was the first time that 
lipophilic extracts from M. laminarioides at distinct phases 

Table 3  Evaluation of the antimicrobial activity of n-hexane extracts of Mazzaella laminarioides 

(−) Microbial inhibition; (+) microbial growth; minimum inhibitory concentration (MIC); minimum microbicidal concentration (MMC); Staph-
ylococcus aureus (S.a); Enterococcus faecalis (E.f); Klebisella pneumoniae (K.p); Acinetobacter baumannii (A.b)

Extract n-Hexane (cystocarpic phase) n-Hexane (tetrasporophytic phase)

Microorganism S.a. E.f. K.p. A.b. S.a. E.f. K.p. A.b

Concentration (mg mL−1) MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC

1 − − − − − − − − − − − − − − − −
0.5 − − − − − + − − − + − − − − − +
0.25 + + − − + + − + + + − + + + − +
0.125 + + − − + + + + + + − + + + + +
0.0625 + + − + + + + + + + − + + + + +
0.0312 + + − + + + + + + + − + + + + +
0.0156 + + + + + + + + + + + + + + + +
0.0078 + + + + + + + + + + + + + + + +

Fig. 2  Principal component 
analysis of the n-hexane extracts 
of distinct life cycles of M. 
laminarioides and their respec-
tive antimicrobial activity
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of development were identified, indicating possible biologi-
cal applications.

The presence and concentration of secondary metabolites 
in macroalgae are controlled by several environmental con-
ditions that include, for instance, temperature, seasonality, 
pH, salinity and development phase (Santos et al. 2017a; 
Berneira et al. 2020). In this sense, evaluation of the life 
stages of M. laminarioides revealed significant differences 
(P < 0.05) in the chemical classes as the cystocarpic phase 
had higher concentrations of hydrocarbons and fatty acids 
than other development phases. Therefore, environmental 
conditions influenced the biosynthetic capacity of the organ-
ism at different development phases (Tan et al. 2012).

Fluctuations in the concentrations of bioactive substances 
within development stages collected in the sub-Antarctic 
summer found in the current work agree with previous 
reports in the literature that correlated environmental con-
ditions to distinct biological applications of seaweeds. Tan 
et al. (2012) analyzed Ulva lactuta Linnaeus from the coast 
of Ireland and highlighted that, depending on the season of 
the year, there were noticeable changes in the antimicro-
bial potential of the organism (Tan et al. 2012). Other study 
showed that Ecklonia cava Kjellman accumulated defense 
chemicals in the early stages of growth compared to older 
portions of the seaweed, enforcing that natural parameters 
have to be carefully analyzed in order to pursue adequate 
biological applications (Tanvir et al. 2011).

Bioactive evaluation - Evaluation of antimicrobial activity 
showed that n-hexane extracts inhibited the growth of most 
tested organisms. This biological potential can be possibly 
associated with the synergism of several natural substances 
found in the samples and not only to certain individual com-
ponents (Kosanić et al. 2015). Indeed, Plaza et al. (2010) and 
El Shafay et al. (2016) indicated that the presence of phytol, 
neophytadiene, eicosane, heptacosane and unsaturated fatty 
acids was linked to the antimicrobial activity of Synecho-
cystis sp., Himanthalia elongate Linnaeus, S. vulgare and 
Sargassum fusiforme Harvey extracts.

Moreover, antimicrobial activity of algal extracts can be 
associated with the presence of long-chain unsaturated fatty 
acids such as octadecenoic, octadecadienoic, octadecatrie-
noic and hexadecanoic acids and hydrocarbons including 
heptadecane and hexadecane (Plaza et al. 2010; Aili Zaka-
ria et al. 2011). These compounds were found in noticeable 
concentrations in the n-hexane extracts of M. laminarioides. 
Mechanisms of action of fatty acids and hydrocarbons have 
been associated with their potential to solubilize or disrupt 
bacterial membranes or with their interference on essential 
metabolic processes of the organism including the electron 
transport carbon chain and the oxidative phosphorylation 
(Sikkema et al. 1995; Desbois and Smith 2010).

The type of cell wall present in the morphological consti-
tution of the organisms is among the reasons that can explain 

the distinct antimicrobial activities observed. Since gram-
negative bacteria have outer membranes, potential antibiot-
ics have increased difficulty to surpass this biological bar-
rier, and thus, they generally have lower impact (Kosanić 
et al. 2015; Moubayed et al. 2017). Indeed, n-hexane extracts 
of M. laminarioides were generally more effective to gram-
positive bacteria (e.g., E. faecalis) than their gram-negative 
counterparts (e.g., K. pneumonia). Results in the litera-
ture also indicate a similar trend as diethyl ether extracts 
of Scenedesmus obliquus (Turpin) Kützing had MICs of 
1.2 ± 0.28 mg mL−1 against K. pneumoniaea (gram-nega-
tive) and 0.8 ± 0.28 mg mL−1 against B. cereus (gram-posi-
tive) (Marrez et al. 2019).

It is worth noting that there were differences of antimicro-
bial activity among development phases as cystocarpic and 
tetrasporophytic stages of M. laminarioides had biological 
action, while the gametophytic phase did not inhibit micro-
bial growth. Differences in antimicrobial activity among life 
cycles could be attributed to the distinct concentrations of 
identifiable and non-identifiable constituents of the extracts 
and to the different interactions among the components of 
the samples. Moreover, other influential factors including 
algal species, extract concentration and type of organism 
could also affect the overall results (Kosanić et al. 2015). 
Therefore, development phases have to be carefully evalu-
ated in order to obtain adequate results regarding antimi-
crobial activity.

Cytotoxic assay showed that n-hexane extracts from M. 
laminarioides had no toxic effects to MDBK cells, indi-
cating that the antibacterial activities obtained from these 
extracts could be potentially explored. Moreover, the materi-
als stimulated cellular growth, indicating that they could be 
explored for healing purposes (Martins et al. 2018). In gen-
eral lines, the obtained results agree with previous studies 
such as the one from Martins et al. (2018), who evaluated the 
cytotoxic activity of extracts from Iridaea cordata (Turner) 
Bory showing cellular viability above 91.1% after 24 h of 
exposure to 500 µg.mL−1 of concentration. Therefore, mac-
roalgae extracts could have several biological activities with 
little or no side effects to healthy cells (Gambato et al. 2014; 
Mashjoor et al. 2016).

Previous studies have indicated that macroalgae compo-
nents from Antarctic or sub-Antarctic could be a prominent 
source of pharmacological constituents mainly as antibac-
terial, antifungal and anticancer agents due to the presence 
of unique secondary metabolites found in these organisms 
(Martins et al. 2018; Pacheco et al. 2018; Berneira et al. 
2020). Among these secondary metabolites, polyunsaturated 
fatty acids and volatile organic compounds, for instance, 
could be associated with the bioactivities of macroalgae 
extracts (Santos et al. 2017a; Pacheco et al. 2018, Berneira 
et al. 2020). Therefore, Antarctic and sub-Antarctic sea-
weeds comprehend a renewable and vast source of potential 
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bioactive compounds that could be further explored in phar-
maceutical, biotechnological and chemistry areas (Santos 
et al. 2017a).

Results of PCA indicated that the life cycle, lipophilic 
constitution and antimicrobial activity could be associated. 
In this sense, development phases that had antimicrobial 
action lied close to microbial agents correlating their life 
cycle to bioactivity. It is worth noting that the position of 
the macroalgae specimens in the multivariate analysis was 
also influenced by their chemical composition. Given this, 
development phases richer in hydrocarbons had antimicro-
bial activity compared to the gametophytic phase, which 
had more fatty acids and sterols. This correlation can be 
observed by the clustering of these parameters mostly in the 
positive axis of PC1. These conclusions agree with previous 
studies, which indicated that the chemical composition of 
macroalgae can be directly linked to the organism (Berneira 
et al. 2020; Kumari et al. 2009).

Summarizing, the composition and antimicrobial activ-
ity n-hexane extracts from distinct development phases of 
Mazzaella laminarioides were adequately evaluated for the 
first time, revealing that the samples were composed of sev-
eral potential bioactive compounds. Extracts had antimicro-
bial activity with no toxicity to healthy cells. In this sense, 
macroalgae could be potentially applied in formulations for 
antimicrobial control reinforcing the considerable potential 
of seaweeds for human use.
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