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ABSTRACT: The brown alga Sargassum plagiophyllum is one of the most abundant species in the Andaman Sea. It
is rich in phenolic compounds that show variations possibly influenced by biotic and abiotic factors. In the present
study, variations of total phenolic compounds within-thallus and in different life stages were investigated, and the
cytotoxicity of the phenolic compounds were evaluated against cancer cell proliferation. The results showed that
total phenolic compounds in S. plagiophyllum significantly differed within-thallus with the highest concentration being
found in the reproductive cells. There was significant difference in concentrations among life stages, with the lowest
concentration found in juvenile plants. Total phenolic compounds revealed anticancer activity against colon (HCT116
and PMF-k014) and cervical cancer cells (HeLa and SiHa). The cytotoxic activity of the extracted phenolics produced
half-maximal inhibitory concentrations (IC50 values) of >80 µg/ml against the cell lines HCT116 and PMF-k014, and
of 44±11.4 and 41.9±6.1 µg/ml against HeLa and SiHa, respectively. Overall, this work found that total phenolic
compounds from S. plagiophyllum have potential health benefits. In addition, the results of the study imply that to
collect and use total phenolic compounds of S. plagiophyllum efficiently and sustainably, parts of the thallus and life
stages should be carefully considered.
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INTRODUCTION

Phenolic compounds found in brown algae displays
multifunctional ecological roles [1]. The primary func-
tion of these metabolites is structural, as components
that strengthen cell walls, and the secondary function
is chemical, as a deterrent to herbivores, as a protection
against UV radiation, and as antifouling, antioxidant,
and antibacterial agents [1–5]. In recent years, phe-
nolic compounds from algae have been extensively
and widely used commercially in cosmetics, medicine,
food, health supplements, and industry [3, 6, 7]. They
also have beneficial effects for human on reducing
cardiovascular diseases and involving in antioxidant
and antitumor activities [8].

In algae, phenolic concentrations vary within and
between different species [9]. Within species, vari-
able concentrations within different parts of the same
individual and between individuals in the same pop-
ulation depend on developmental stage, algal age,
thallus size, maturity, and location [2, 10–12]. Many
studies have indicated that environmental factors such
as temperature, light intensity, nutrient supply, and
season, together with biotic factors such as grazing and
epiphyte attachment, can strongly influence phenolic
concentrations [1, 2, 12–14]. Faced with biotic or abi-
otic changes, seaweed will allocate resources to pro-

duce and translocate chemical compounds to younger
tissue, to reproductive parts, and to vulnerable parts in
order to maximize fitness. These responses support the
Optimal Defense Theory (ODT) [15], which predicts
that plants will allocate resources to tissues that have
the highest fitness value or the most at risk of attack by
grazers [9, 16]. In seaweed, these tissues correspond
to attachment structures, which are valuable and at
high risk to benthic grazers, and to meristematic and
reproductive tissues with a high fitness value. These
tissues, therefore, should have higher chemical con-
centrations than non-meristematic vegetative tissues
[10, 15].

In Thailand, Sargassum species grow dominantly
and abundantly on wave-exposed rocky shores and are
widely distributed along coastal areas [17]. The brown
alga, S. plagiophyllum, was chosen for the present
study because it has a high density and biomass on
the Andaman Coast. Additionally, it is a promising
and potential natural source of raw materials and
chemical compounds, such as sulfated fucoidans, phe-
nolic compounds, antioxidant compounds, and other
polysaccharides, that are of use in pharmaceutical,
medical and other applications [18–20]. However, the
variations in the concentration of phenolic compounds
within different parts, among different life stages, and
the cytotoxic activities of these concentrations remain
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unexplored. The objectives of this study were: (1) to
determine total phenolic compound variation within-
thallus and among different life stages of S. plagiophyl-
lum, and (2) to investigate the effect of total phenolic
compounds on proliferation of cervical and colorectal
cancer cells. The findings will help identify what part
of the plant to collect and at what life stage in order to
keep the resource’s sustainability, develop high yield
culture methods and elucidate cytotoxic activities of
phenolic compounds on cancer cell lines. Additionally,
the present data will confirm if this brown alga is a
potential source of phenolic compounds for pharma-
ceutical, medical, and other uses.

MATERIALS AND METHODS

The whole thallus of S. plagiophyllum was collected
from the coast of Ko Lanta, Krabi Province in the
Andaman Sea, Southern Thailand. An ethanol extract
of S. plagiophyllum was prepared for phytochemical
screening. Chemical tests were performed using stan-
dard procedures [21–25] to identify the presence of al-
kaloids, steroids, terpenoids, saponin, anthraquinones,
phenolic compounds, tannins, flavonoids, and gly-
cosides. Thin layer chromatography (TLC) was ap-
plied for phytochemical screening. Chromatograms
were developed and dried on silica gel TLC plates.
The developed dried plate was sprayed with vanillin-
sulphuric acid, and displayed bands were visualised
under a UV lamp.

Juvenile, adult, and fertile individuals of S. pla-
giophyllum were collected for the study of intraspecific
variation in phenolic concentration in different life
stages. Blade, holdfast, and reproductive cells (or re-
ceptacles) were separated to determine within-thallus
variation in phenolic concentration. Samples were col-
lected in the dry (March 2021) and the rainy (October
2021) seasons. All collected samples were placed in
Zip-loc bags and immediately transferred to the labo-
ratory under dark and cold conditions. Samples were
sorted, cleaned of sediment and epiphytes and frozen
at −85 °C until used. Samples of each life stage and
part were chopped into very fine pieces using a food
cutter and, then, extracted in 80% aqueous ethanol
in a 500-ml flask placed on an ultrasonic shaker for
1 h. The ethanol extract was filtered and dried under
reduced pressure using a rotary evaporator. Phenolic
concentrations were measured using a modified Folin-
Ciocalteu assay [26]. Briefly, 500 µl of Folin-Ciocalteu’s
phenol reagent (Sigma-Aldrich, Germany) were added
to the extract sample, and the mixture was incubated at
room temperature for 3 min. Then, 100 µl of saturated
sodium carbonate solution (Na2CO3) were added, and
the reaction continued in the dark at room temperature
for 1 h. The absorbance of the solution was measured
at 725 nm with gallic acid used as standard. The anal-
ysis of extracts was performed in triplicate, and total
phenolic compounds were expressed as GAE (gallic

acid equivalent).

The cytotoxicity of extracted phenolic compounds
from the whole thallus of S. plagiophyllum was de-
termined against colorectal cancer cell lines (HCT116
and PMF-k014), cervical cancer cell lines (HeLa
and SiHa), and normal embryonic kidney cell line
(HEK293) by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. These cell lines
were seeded at a density of 5 × 103 cells in 96-well
plates containing 150 µl of completed medium per
well. Cells were permitted to adhere for 24 h, and
then treated with the crude extracts diluted to various
concentrations of 5–80 µg/ml in medium. In addition,
DMSO alone was added to another set of cells as a
negative control. Doxorubicin (0.06–6 µg/ml) was
used as the positive control. The cells were incubated
for 72 h, washed with phosphate buffered saline (PBS),
and then 100 µl of 0.5 mg/ml MTT solution were
added into each well. The formazan crystals were
dissolved with 150 µl of DMSO before absorbance was
measured at 570 nm and 650 nm on a SpectraMax
M5 multi-mode microplate reader (Molecular Device
Corporation, USA). The whole experiment was inde-
pendently replicated three times. The determination
of cell viability and the fitting of response curves
followed a previously described method [27]. The 50%
inhibitory concentration (IC50) of the crude extracts
was calculated from the fitted response curves and
determined according to the method of the US National
Center Institute and Geran et al [28]. IC50 values
were categorized as follows: IC50 ⩽ 20 µg/ml = highly
active; IC50 21–200 µg/ml = moderately active; IC50
201–500 µg/ml=weakly active, and IC50 > 500 µg/ml
= inactive.

Data analysis

A 3-way analysis of variance and Tukey’s post-hoc test
were used to examine the effects of: (1) life stage,
(2) within-thallus, and (3) sampling time on total
phenolic concentrations of S. plagiophyllum. Cochran’s
C-test was used to determine homogeneity of variance.
All statistical analyses were performed using the com-
puter program SPSS for Windows 13.0 (SPSS, Chicago,
IL, USA).

RESULTS AND DISCUSSION

Phytochemical screening of the ethanol extract of
S. plagiophyllum showed distinct patterns of chemical
constituents of terpenoids, steroids, saponins, phenolic
compounds, flavonoids, and coumarins (Table 1).

Phenolic compounds are frequently found in
brown algae. Their multiple functions and biologi-
cal activities were reported to include herbivore de-
terrence, antifouling with epiphytes, UV protection,
and antioxidant, antibacterial, anticoagulant, anti-
inflammatory, and anticancer activities [17, 29, 30].
It was also reported that phenolic compounds and
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Fig. 1 Total phenolic compounds in different thallus parts of each life stage of S. plagiophyllum from Ko Lanta, Krabi Province,
collected in March (dry season) and October (rainy season) 2021. Data are means±SE. Different letters and *** indicate
statistically significant differences at p < 0.001.

Table 1 Phytochemical screening of S. plagiophyllum.

Phytochemical screening S. plagiophyllum

Terpenoids +
Steroids +
Saponins +
Phenolic compounds +
Flavonoids +
Coumarins +

+ = present, − = absent.

Table 2 The effects of sampling time, life stage, and thallus
part on total phenolic concentrations of S. plagiophyllum.

Source Df MS F

Time 1 348.693 109.594***
Life stage 2 340.347 106.970***
Within thallus 1 119.465 37.548***
Time× life stage 2 114.603 36.019***
Time×within thallus 1 7.691 2.417ns

Life stage×within thallus 2 1164.598 366.030***
Time× life stage×within thallus 2 170.673 53.642***

Error 24 3.182

Total 36

* p< 0.05; ** p< 0.01; *** p< 0.001; ns, not significant;
Df, degrees of freedom in the source; MS, mean sum of
squares due to the source; and F , F -statistic.

flavonoids were among the most effective antioxidant
agents [31]. Steroids have an antibacterial poten-
tial, and saponins have shown anti-inflammatory and
antimicrobial properties [32]. However, phytochem-
ical variations between species could be generated

Table 3 Inhibitory effects of total phenolic compounds from
the whole thallus of S. plagiophyllum on the cervical cancer
HeLa and SiHa cell lines, and the colorectal cancer HCT116
and PMF-k014 cell lines.

Cell type Cell line IC50 (µg/ml)

Compounds Doxorubicin

Cervical cancer HeLa 44.0±11.4 0.57±0.01
SiHa 41.9±6.1 0.55±0.00

Colorectal cancer HCT116 >80 0.55±0.02
PMF-k014 >80 0.55±0.01

Normal Kidney HEK293 >80 <0.06

by life cycle and environmental factors such as tem-
perature, light intensity, salinity, nutrient availability,
and grazing pressure [1, 2, 4, 5, 33, 34]. Phytochemical
investigations of S. oligocystum, S. crassifolium and
S. tenerrimum showed that phenolic compounds and
flavonoids were the major metabolites in these species
[29, 30].

Table 2 presents the result from a 3-way analysis
of variance examining the effects of within-thallus, life
stage, and sampling time on total phenolic concen-
trations of S. plagiophyllum. There were significant
differences in total phenolic concentrations within-
thallus (blade, stipe, and receptacles), in different life
stages (juvenile, adult, and fertile plants), and sam-
pling times (March and October) (p < 0.001, Table 2).
For the within-thallus variation, the receptacles had the
highest phenolic concentration, whereas the holdfast
had the lowest value. For the life stage, the lowest
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and the highest phenolic concentrations were found
in the juvenile and the fertile plants, respectively
(Fig. 1). For juvenile and adult plants, the concen-
tration was higher in the blade than in the holdfast
in both March and October. For fertile plants, the
concentration varied between holdfast, blade, and re-
ceptacle. The receptacles of fertile plants exhibited the
highest within-thallus concentrations in both March
and October at 62.47±4.01 and 69.92±7.05 µg/ml,
respectively (Fig. 1). Concentrations fluctuated sig-
nificantly through time; however, S. plagiophyllum in
March had a greater phenolic concentration than that
in October (p < 0.001, Table 2).

Adult plants exhibited the highest concentration
of phenolic compounds in blade, while fertile plants
exhibited the highest concentration of the compounds
in receptacles. These findings supported the prediction
of the ODT that tissues with a higher fitness value and
risk to be attacked by grazers would have higher con-
centration of phenolic compounds. Thus, meristematic
and reproductive tissues, which have high fitness val-
ues, should be better defended than non-meristematic
vegetative tissues. Our results were consistent with
the work of Van Alstyne et al [10], who found that re-
productive cells of the kelp Alaria marginata contained
higher concentrations of phlorotannins than vegetative
tissues. It is stated that newly growing tissues of Hal-
imeda contained higher chemical concentrations than
older tissues [35]. Halimeda, thus, follows the predic-
tion of the ODT. Similarly, Siphonous green algae have
the structures (siphons) to transport chemical defences
from the meristem to the actively growing parts [36].
It is also showed that the tips of Neomeris annulata
had high concentrations of secondary metabolites, and
adult life stages had more phenolic compounds than
juvenile stages [37]. Many studies have concluded that
concentrations fluctuated in juvenile plants because
they were more susceptible to changing environmental
factors than adult plants [38, 39], and seaweeds might
allocate more resources to growth than to chemical
defence.

The study of the cytotoxicity of S. plagiophyl-
lum phenolic compounds against cancer cell prolif-
eration revealed anticancer activity against all tested
cell lines. The IC50 values were 44±11.4 and
41.9±6.1 µg/ml against HeLa and SiHa, respectively;
and >80 µg/ml against HCT116 and PMF-k014 as
well as normal kidney HEK293 cells (Table 3). Many
studies have reported similar results, showing that
phenolic compounds from Sargassum had anticancer
effects [30, 39]. Extracts of polyphenols effectively
inhibited cervical and breast cancer cells. Nam-
var et al [39] also reported that polyphenols inhibited
approximately 50% of the growth of breast cancer cell
lines MCF-7 and MDA-MB-231 at concentrations of 22
and 55 µg/ml, respectively. IC50 values of doxoru-
bicin were 0.57±0.01, 0.55±0.00, 0.55±0.02, and

0.55±0.01 µg/ml against HeLa, SiHa, HCT116, and
PMF-k014 cell lines, respectively. The present finding
confirmed cytotoxic effect of doxorubicin on cancer
cells. However, doxorubicin was sensitive to normal
kidney HEK293 cells with IC50 of <0.06 µg/ml. Our
finding was in accordance with a previous study which
reported that HEK293 cell line had the higher growth
rate compared with MCF-7, and doxorubicin was more
effective on HEK293 cells [40]. Although, doxorubicin
showed higher anti-proliferative activity than the com-
pounds, it was more cytotoxic in the normal cells. This
indicated that S. plagiophyllum phenolic compound
was more effective in cancer cell lines and, hence,
could be a potential candidate for cancer therapy.

This study confirmed the variation in total phe-
nolic concentrations within the thallus and in differ-
ent life stages of S. plagiophyllum. Additionally, the
cytotoxicity of extracted phenolic compounds against
cervical and colorectal cancer cell lines were evalu-
ated. The results indicated that phenolic compounds
of S. plagiophyllum had potential health benefits. Ac-
cording to the present study, the harvest of Sargassum
for extraction of phenolic compounds should take into
consideration the parts and the life stage of the plants.
These considerations would improve the efficiency and
the sustainability of the plant. However, more studies
on the population dynamics of this seaweed, phenolic
qualification, and clinical trials would also help define
the harvesting time, the use of biomass, and the prop-
erties of phenolic compounds.
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