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A B S T R A C T   

Trifuhalol A, a fucol-type phlorotannin, was extracted and identified from the brown algae Agarum cribrosum. 
The total yield and purity of trifuhalol A from A. cribrosum were 0.98% and 86%, respectively. Trifuhalol A at 22 
and 44 μM inhibited lipid accumulation in human primary adipocytes. Consistently trifuhalol A suppressed the 
expression of adipogenesis-related genes, such as proliferator-activated receptor-gamma (PPAR-γ), CCAAT/ 
enhancer-binding protein-alpha (C/EBP-α), fatty acid synthase (FAS), and sterol regulatory element-binding 
protein-1 (SREBP-1), in a dose-dependent manner. Trifuhalol A increased the level of proteins such as wing-
less/integrated (Wnt)10b, nuclear-β-catenin, total-β-catenin, phospho-AMP-activated protein kinase (pAMPK), 
and phospho-liver kinase B1 (pLKB1) as well as the expression of genes such as Wnt10b, Frizzled 1, and low- 
density lipoprotein receptor-related protein 6 (LRP6). Additionally, trifuhalol A decreased the expression of 
the glycogen synthase kinase-3beta (GSK3β) gene. These results suggest that trifuhalol A reduces fat accumu-
lation in human adipocytes via the Wnt/β-catenin- and AMPK-dependent pathways.   

1. Introduction 

The brown algae Agarum cribrosum is utilized in the food and func-
tional food industry since it is readily available due to its omnipresence 
in the amphi-Pacific area. Agarum cribrosum is reported to contain 
abundant bioactive compounds that could be commercialized for func-
tional foods, cosmetic merchandise, and biomedical products (Park 
et al., 2012). It possesses various phytochemicals, such as fucoidans, 
phycocolloids, pigments, and phlorotannins. Among them, phlor-
otannin, a group of phenolic compounds constituted by phloroglucinol 
(1,3,5-trihydroxybenzene), was found to be rich in brown algae 
compared to other types of red or green algae (Kamiya et al., 2010). 
Phlorotannins are known for their anti-diabetic and anti-obesity ca-
pacities, making them a high-value group of polyphenols (Gheda et al., 
2021). Over 150 identified structurally diverse phlorotannins exist, yet 
most in vitro and in vivo studies are done on phlorotannin-rich extracts 
(Venkatesan et al., 2019; El Boukhari et al., 2020). Many identified 
phlorotannins have yet to be readily available in purified forms due to 
the lack of commercial use or the difficulty of mass production by syn-
thesis. Among them, trifuhalol A, a fucol-type phlorotannin, was pre-
viously purified from the brown algae Agarum cribrosum and reported to 

have anti-inflammatory and antioxidant activities in murine RAW264.7 
cells (Phasanasophon and Kim, 2019). However, the anti-obesity effect 
of trifuhalol A has not been studied; thus, the current study aimed to 
determine the role of trifuhalol A, found in brown algae, in adipogenesis 
using human primary preadipocytes. 

2. Materials and methods 

2.1. Materials 

Human preadipocytes and culture media were purchased from Zen-
Bio, Inc. (Research Triangle Park, NC, USA). Rabbit immunoglobulin G 
(IgG) monoclonal antibodies against pAMPK, pLKB1, and β-catenin were 
purchased from Cell Signaling Technology (Danvers, MA, USA). Rabbit 
anti-Wnt10b, α-tubulin, and the secondary antibody (goat anti-rabbit 
IgG antibody conjugated to horseradish peroxidase) were purchased 
from Abcam (Waltham, MA, USA). Other chemicals were bought from 
Fisher Scientific (Pittsburgh, PA, USA) unless stated in the described 
methods. 
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2.2. Preparation of sample 

Brown algae, Agarum cribrosum, collected in the ocean east of 
Gangneung, Republic of Korea in March 2020, were purchased from the 
Gangneung market. Sand, epiphytes, and salt were removed by washing 
with water. Algae were then air-dried for 7 days. The dried brown algae 
were ground with two consecutive grinders (LBC 15; Waring Commer-
cial, Torrington, CT, USA, and HMF-3000S; Hanil, Seoul, Republic of 
Korea) and sieved through 300 μm. The dried powder was stored in 
sealed bags at − 80 ◦C. 

The extraction was carried out according to the method of Deenu 
et al. (2013) with a slight modification. The brown algae powder was 
mixed with 70% acetone with a 1 g to 35 mL ratio and extracted with an 
ultrasonic generator (Flexonic-500; Mirae Ultrasound Technology, 
Bucheon, Republic of Korea). The extraction condition was as follows: 
intensity of 36.58 W/cm2, frequency of 35 kHz, temperature of 30 ◦C, 
and time of 5.75 h. Then, the solution was centrifuged at 4500×g for 20 
min, filtered through Whatman filter paper No. 1 (GE Healthcare Life 
Sciences, Chicago, IL, USA), and concentrated in vacuo at 37 ◦C. Phlor-
otannin was purified according to the modified method of Gall et al. 
(2015). Solvent fractionation was carried out in the sequential order of 
n-hexane, dichloromethane, ethyl acetate, and water. Each solvent and 
aqueous fraction were concentrated in vacuo at 37 ◦C and then 
freeze-dried. The ethyl acetate fraction was purified with Sephadex 
LH-20 column chromatography (GE Healthcare Life Sciences, Chicago, 
IL, USA). The six running eluents were as follows: water: methanol so-
lution (1:1, 1:3 & 0:1) to methanol: acetone solution (5:1, 3:1 & 1:1), in 
order. Each elute was named as subfractions 1 to 6. All subfractions were 
concentrated in vacuo at 37 ◦C, lyophilized, and stored at − 80 ◦C. The 
yield of the crude extract was calculated as (weight of crude extract/-
weight of algae powder) × 100. The yield of the solvent fractionation 
was calculated as (weight of partitioned fraction/weight of crude 
extract) × 100. The yield of the column chromatography was calculated 
as (weight of Sephadex subfraction/weight of ethyl acetate fraction 
injected into the column) × 100. 

2.3. Determination of total phlorotannin content 

The total phlorotannin content was determined according to the 
method of Singleton and Rossi (1965). The standard was 98% phlor-
oglucinol (PGE, 50–300 μg/mL) from Thermo Fisher Scientific (Wal-
tham, MA, USA). A mixture of 200 μL of subfraction sample, 2.6 mL 
distilled water, and 200 μL of 2 M Folin-Ciocalteu reagent were incu-
bated at room temperature for 6 min. The reaction was stopped by 
adding 2 mL of 7% (w/v) Na2CO3. The mixture was incubated again at 
room temperature for 90 min, and the absorbance at 750 nm was 
measured with a UV-VIS Spectrophotometer (V-530; Jasco, Tokyo, 
Japan). Total phlorotannin content was calculated from the regression 
equation of the standard curve from phloroglucinol. 

2.4. High-performance liquid chromatography with diode-array detection 
and quality management system analysis 

The purified phlorotannin sample was analyzed by High- 
Performance Liquid Chromatography (HPLC) (Agilent 1100 series; 
Agilent Technologies Inc., Santa Clara, CA, USA) equipped with an 
autosampler/injector, a column compartment, a binary pump, and a 
diode array detector. The column was a Zorbax Analytical Rx-C18 (4.6 
× 250 mm, 5 μm, Agilent Technologies Inc.). The flow rate was 1 mL/ 
min. A mobile phase was 0.1% formic acid in aqueous solution, and B 
was 0.1% formic acid in acetonitrile. The linear gradient was as follows: 
0–8 min (5–15% B), 8–10 min (15–30% B), 10–18 min (30–35% B), 
18–23 min (35–100% B), 23–35 min (100% B), and 35–40 min (100–5% 
B). A wavelength at 280 nm was recorded. Mass spectrometric analysis 
(Agilent 6120; Agilent Technologies Inc., Santa Clara, CA, USA) was 
performed. Qualitative analysis was done by LC/MSC Chem Station 

B.04.03 software (Agilent Technologies Inc. address, Santa Clara, CA, 
USA). 

2.5. Cell culture 

The culture and differentiation of human primary preadipocytes 
were followed by the manufacturer’s manual (ZenBio Inc., Triangle 
Park, NC, USA). Briefly, the deep-frozen cell vial was thawed at 37 ◦C 
water bath upon arrival and cultured with preadipocyte medium at 
37 ◦C in a humidified 5% CO2 atmosphere. The medium was changed 
every other day until the cell confluency reached 90%. The medium was 
changed to differentiation medium, and the day was designated as day 1. 
Different concentrations of trifuhalol A were treated on day 1. The new 
differentiation medium containing trifuhalol A was changed every other 
day until cells were harvested on day 15. Cell viability was determined 
using an Ez-cytox cell viability assay kit (DoGenBio, Seoul, Republic of 
Korea). The absorbance at 450 nm was measured using a microplate 
reader (EL-800; BioTek, Winooski, VT, USA). 

2.6. Determination of accumulated fat 

Oil-Red-O staining and triglyceride quantification were used to 
determine the accumulated fat from cells, followed by the method of 
Gunasinghe et al. (2019). Cells were observed with a Moticam Digital 
Color Camera (Ted Pella Inc., Redding, CA, USA). Cells were lysed with 
100% isopropanol, and the absorbance at 490 nm was measured. Tri-
glyceride analysis was determined using a Triglyceride Quantification 
Kit (BioVision, Mountain View, CA, USA). The absorbance at 570 nm 
was measured using a spectrophotometer (Biotek, Winooski, VT, USA). 

2.7. Real-time polymerase chain reaction 

Tri reagent® (Molecular Research Center Inc., Cincinnati, OH, USA) 
was used to extract RNA from each well. The concentration of the 
extracted RNA was analyzed with a nanophotometer (P330; Implen 
GmbH, Munich, Germany). High Capacity cDNA Reverse Transcription 
kit (Applied Biosystems, Foster City, CA, USA) was used to synthesize 
cDNA from extracted RNA. Quantification of gene expression was per-
formed using the QuantStudio™ 7 FlexReal-Time PCR System (Thermo 
Fisher Scientific, Waltham, MA, USA) and SYBR® Premix EX Taq™ II 
(Takara Bio Inc., Kusatsu, Shiga, Japan). Relative gene expression was 
calculated using the 2-ΔΔC

T method (Livak and Schmittgen, 2001). Primer 
sequences were assessed from the National Center for Biotechnology 
Information (Bethesda, MD, USA) and analyzed with OligoAnalyzer 
(Integrated DNA Technologies, Coralville, IA, USA). Forward and 
reverse sequences of tested genes are listed in Supplementary Table S1. 

2.8. Western blot analysis 

Radioimmunoprecipitation assay buffer (T&I, Seoul, Republic of 
Korea) containing protease inhibitor cocktail (T&I) was used to extract 
proteins, which were quantified using a Pierce BCA Protein Assay kit 
(Thermo Fisher Scientific, Waltham, MA, USA). Thirty micrograms/lane 
of proteins went through 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and transferred to polyvinylidene fluoride mem-
branes. Membranes were blocked using 5% non-fat skim milk in tris- 
buffered saline containing Tween 20 (TBST) at room temperature for 
1 h. Membranes were incubated again with primary antibodies: nuclear- 
β-catenin (1:1000), total-β-catenin (1:1000), Wnt10b (1:500), and 
β-actin (1:1000). Then, another 1hr incubation was followed with the 
secondary antibody (1:1000). Triple rinsing with TBST was performed 
between each and after incubations. ECL Advanced Western blotting 
detection reagent (Thermo Fisher Scientific, Waltham, MA, USA) was 
used to visualize targeted proteins. ChemiDoc XRS+ with Image Lab 
Software (Bio-Rad Laboratories, Hercules, CA, USA) was used to analyze 
proteins. 

A.T. Kim and Y. Park                                                                                                                                                                                                                          



Current Research in Food Science 7 (2023) 100646

3

2.9. Statistical analysis 

All experiments were carried out in triplicates, and all data were 
present as mean ± standard errors. Statistical analysis was performed 
using SPSS 23.0 (SPSS Inc., Chicago, IL, USA). Differences between 
groups were assessed by one-way analysis of variance followed by 
Tukey’s multiple-range test. Differences between groups were consid-
ered to be statistically significant at p < 0.05. 

3. Results and discussion 

3.1. Characteristics of trifuhalol A from A. cribrosum 

The phytochemicals from the brown algae Agarum cribrosum powder 
were extracted by ultrasonication, which is known to have increased 
yield through the bubble cavitation process compared to the conven-
tional solvent extraction method (Ummat et al., 2020). According to 
Fig. 1, the ultrasound extraction yielded 9.0% with a total phlorotannin 
content value of 18.27 mg phloroglucinol equivalent (PGE)/g of sample. 
After the sequential solvent fractionation, the ethyl acetate fraction had 
the highest total phlorotannin content of 57.50 mg PGE/g with a yield of 
13.8% (Fig. 1). Subsequently, the ethyl acetate extract was separated 
further by Sephadex LH-20 chromatography, resulting in subfractions 5 
and 6 having total phlorotannin content of 67.24 and 69.68 mg PGE/g 
with yields of 25.6 and 53.4%, respectively (Fig. 1). Subfraction 4 dis-
played the highest total phlorotannin content of 48.70 mg PGE/g, yet 
the yield was considerably lower than subfractions 5 and 6 (Fig. 1). 
Therefore, subfractions 5 and 6 were selected for further 
HPLC-DAD-QMS analysis, which contained a peak at the same retention 
time with a purity of up to 86% (Fig. 2A and B). Mass spectrometry 
revealed the molecular ions at m/z [M+H] + 391.0, [M+Na] + 413.1, 
and [2M+M]+ 803.1 (Fig. 2C). Based on the previous report (Le Lann 
et al., 2016), the molecular mass was determined as 390 Da. To further 
analyze the structure, nuclear magnetic resonance (NMR) analysis was 
followed (Fig. S1). The NMR data displayed the resonance at δH 5.89–6.3 
and δC 95–163 ppm, which were the characteristics of phlorotannin (Le 
Lann et al., 2016). 1H-NMR spectra showed three characteristics of ar-
omatic 1H: 5.89, 5.90, and 5.92 ppm. 13C-NMR spectrum was used to 
determine the types of linkage: C-O-C linkage from 125.13, 125.78, 
158.67, and 158.80 ppm; C-H linkage from 95.54 to 98.10 ppm; C-OH 
linkages from 147.99, 152.46, 152.60 and 152.68 ppm; phenolic C from 

152 to 159 ppm (Supplementary Figure S1). The vacancy at 100–105 
spectrum explained the absence of aryl-aryl C. Based on the described 
data and the previous publication, the compound was identified as tri-
fuhalol A, a type of phlorotannin (Phasanasophon and Kim, 2017). 

3.2. Cytotoxicity of trifuhalol A on human adipocytes 

Previously, phlorotannins were reported to have no significant 
toxicity up to 1500 mg/kg in mice and 263 mg/day in humans 
(Nagayama et al., 2002; Turch et al., 2017). However, the toxicity of 
phlorotannins was observed in human and rat leukemia cells at a rela-
tively high concentration of 500 μM (Le et al., 2009). Thus, we deter-
mined the cytotoxicity of trifuhalol A from A. cribrosum in human 
primary preadipocytes using 10–160 μg/mL extract, which is equivalent 
to 22–352 μM based on purity of 86% in subfractions 5 & 6. The con-
centration of 22 μM and 44 μM of trifuhalol A did not show cytotoxicity 
when treated for 15 days of adipogenesis (Fig. 3). However, we observed 
significant cytotoxicity with a concentration higher than 88 μM of tri-
fuhalol A on day 15 (Fig. 3). At 176 μM and 352 μM of trifuhalol A 
significantly decreased the cell viability by 33% and 51% on day 15 
compared to the control, respectively (Fig. 3). Therefore, we used 22 μM 
and 44 μM of trifuhalol A for the following experiments. 

3.3. Reduced fat accumulation by trifuhalol A 

Trifuhalol A was tested for its role in fat accumulation using Oil-Red- 
O staining and quantifying the triglyceride contents in the mature 
human adipocytes (Fig. 4). Undifferentiated human preadipocytes 
showed no to minimum stain by Oil-Red-O and triglyceride contents, 

Fig. 1. Yields and total phlorotannin content of the extract, solvent 
fractions, and subfractions from ethyl acetate fraction of A. cribrosum. 
Yield and total phlorotannin contents (TPC) were determined from 3 inde-
pendent experiments. TPC, total phlorotannin content (mg of phloroglucinol 
equivalent/g of sample); ND, Not Detected. a-dDifferent letters indicate signif-
icant difference within the same purification step (p < 0.05). 

Fig. 2. Purity of fractions and structure of trifuhalol A. (A) HPLC chro-
matogram of subfraction 5 and (B) subfraction 6. (C) Mass spectra of sub-
fractions 5 + 6. (D) Structure of trifuhalol A. 
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whereas, in mature adipocytes, trifuhalol A inhibited the accumulation 
of lipid and triglyceride in a dose-dependent manner compared to the 
fully matured adipocyte control (Fig. 4). Treatment of trifuhalol A at 44 
μM suppressed lipid accumulation by ~16% compared to the control 
(Fig. 4B and C). Previously, several phlorotannins were reported to 
suppress lipid accumulation in vitro as well as in vivo, such as in mice and 
zebrafish (Choi et al., 2015), but the current work would be the first to 
report the reduced fat accumulation of a phlorotannin in human 

adipocytes. 
Real-time PCR analysis was followed to determine the role of trifu-

halol A in key adipogenesis-related genes. Peroxisome proliferator- 
activated receptor-gamma (PPAR-γ) and CCAAT/enhancer-binding 
protein-alpha (C/EBP-α) are key transcription factors of adipogenesis 
and activate expressions of down-stream genes involved in adipogenesis 
(Dunning et al., 2014; Ye et al., 2017; Zhang et al., 2018). Treating cells 
with trifuhalol A at 22 and 44 μM was able to suppress the expression of 
PPAR-γ by 18% and 26%, and C/EBP-α by 21% and 31% compared to 
the controls, respectively (Fig. 5A and B). In addition, fatty acid synthase 
(FAS) and sterol regulatory element-binding protein-1 (SREBP1) are 
involved in lipogenesis, particularly in converting carbohydrates to fatty 
acids (Hwang et al., 2017). Treatment of trifuhalol A at 22 and 44 μM 
inhibited FAS by 13% and 28%, and SREBP1 by 13% and 39% compared 
to the controls, respectively (Fig. 5C and D). These results support that 
trifuhalol A reduced fat accumulation by inhibiting the expression of 
adipogenic transcription factors and their downstream genes. 

3.4. Inhibition by trifuhalol A on adipogenesis pathways 

The Wnt signaling is an important pathway in cellular homeostasis 
and differentiation and functions via two distinct pathways: β-catenin- 
dependent canonical pathway (Wnt/β-catenin) and β-catenin-indepen-
dent non-canonical pathways (Wnt/Ca2+ and planar cell polarity; PCP) 
(Song and Wang, 2020). The canonical Wnt/β-catenin pathway is vital 
in cell differentiation, survival, growth, and proliferation, whereas the 
non-canonical Wnt pathway controls cell migration and polarity (Fan 
et al., 2017; Liu et al., 2022). With regards to adipocyte differentiation, 
it is known that the canonical Wnt/β-catenin pathway suppresses adi-
pogenesis by blocking C/EBPα and PPARγ, whereas the non-canonical 
Wnt pathway acts as pro-adipogenic by antagonizing the canonical 
Wnt pathway (Christodoulides et al., 2009; van Tienen et al., 2009). 

Fig. 3. Effects of trifuhalol A from A. cribrosum on cell viability of human 
primary preadipocytes and adipocytes. Cells were treated with trifuhalol A 
from day 0 to day 15 of adipocytic differentiation. Data are shown as mean ±
standard error (n = 3). Means with different letters are significantly different at 
p < 0.05. Pre, Human preadipocytes; Control, Human adipocytes. 

Fig. 4. Effects of trifuhalol A from A. cribrosum on lipid accumulation in human adipocytes. (A) Representation of Oil-Red-O staining of differentiated human 
adipocytes at magnification of 40 and 100. (B) Quantification of Oil-Red-O stained differentiated human adipocytes. (C) Relative triglyceride content of differentiated 
human adipocytes. Cells were treated with trifuhalol A for 15 days. Data are shown as the mean ± standard error (n = 3). Means with different letters indicate 
significant differences at p < 0.05. Pre, Human preadipocytes; Control, Human adipocytes. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
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Fig. 5. Effects of trifuhalol A from A. cribrosum on adipogenesis-related gene expression. (A) Proliferator-activated receptor-gamma (PPAR-γ), (B) CCAAT/ 
Enhancer-binding protein-alpha (C/EBP-α), (C) Fatty acid synthase (FAS), and (D) Sterol regulatory element-binding protein-1 (SREBP1). Cells were treated with 
trifuhalol A for 15 days. Data are shown as the mean ± standard error (n = 3). Means with different letters indicate significant differences at p < 0.05. Pre, Human 
preadipocytes; Control, Human adipocytes. 

Fig. 6. Effects of trifuhalol A from A. cribrosum on pathway-related genes. (A) Wnt Family member 10b (Wnt10b), (B) Frizzled 1, (C) Lipoprotein receptor- 
related protein 6 (LRP6) and (D) Glycogen synthase kinase 3 beta (GSK3β). Cells were treated with trifuhalol A for 15 days. Data are shown as the mean ± stan-
dard error (n = 3). Means with different letters indicate significant differences at p < 0.05. 
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However, with its high complexity due to the diversity and interplay of 
receptors and co-receptors, the importance of the non-canonical Wnt 
pathway during adipogenesis in vivo remains less established (Fuster 
et al., 2015). Thus, we focused on whether trifuhalol A acts via the ca-
nonical Wnt/β-catenin signaling pathway in human adipocytes. 

When the canonical Wnt pathway is not activated, the destruction 
complex (composed of glycogen synthase kinase 3 beta, GSK3β, axin, 
adenomatous polyposis coli, casein kinase-1, and β-transducin) remains 
active, and GSK3β phosphorylates β-catenin leading to degradation of 
β-catenin (Pakula et al., 2017). The canonical Wnt pathway is activated 
when frizzled 1 or its co-receptor lipoprotein receptor-related protein 
(LRP) 5/6 binds with one of the canonical Wnt ligands (such as Wnt 
family member 1, 3a, and 10b; Wnt1, Wnt3a, Wnt10b), leading to in-
hibition of the destruction complex; thus, β-catenin enters the nucleus to 
start transcription of downstream genes (Wang et al., 2020). In this 
study, we examined the effects of trifuhalol A in canonical Wnt/β-ca-
tenin signaling pathway: Wnt family member 10b (Wnt10b), frizzled 1, 
LRP 6 and GSK-3β. Treatment of trifuhalol A significantly increased 
levels of Wnt10b, frizzled 1, and LRP6 compared to the control in a 
dose-dependent manner (Fig. 6A–C). In addition, trifuhalol A suppressed 
the expression of GSK-3β, which was overexpressed during adipogenesis 
(Fig. 6D). These were further confirmed by the Western blot analysis 
that trifuhalol A increased protein levels of Wnt10b, nuclear-β-catenin, 
and total-β-catenin compared to the control (Fig. 7A–D). These results 
suggest that trifuhalol A may target the Wnt/β-catenin signaling 
pathway to reduce fat accumulation in this model. 

Additionally, we examined pAMPK and pLKB1 proteins, which are 
key elements in the AMPK signaling pathway. Phosphorylated LKB1 
protein induces phosphorylated AMPK, which inhibits lipogenesis. In 
addition, the AMPK pathway is reported to interplay with the canonical 
Wnt/β-catenin pathway (Zhao et al., 2010), and GSK-3β is inhibited by 
the AMPK pathway (Wang et al., 2020). Our results showed that trifu-
halol A increased the levels of pAMPK and pLKB1 (Fig. 7E and F). 
Therefore, the anti-obesity aspects of trifuhalol A act in part via the 
Wnt/β-catenin as well as AMPK signaling pathways. 

There are previous reports of the anti-obesity effects of various 

phlorotannins using isolates or extracts: Kim et al. (2013) previously 
reported anti-adipogenic effect of phlorotannin-rich methanol extract of 
Ecklonia cava on 3T3-L1 adipocytes dependent on PPAR-γ. Consistently, 
five phlorotannins (dieckol, dioxinodehydroeckol, dieckol, phlor-
ofucofuroeckol A, and phloroglucinol) from Ecklonia stolonifera dis-
played anti-adipogenic activity on 3T3-L1 through C/EBPα and PPARγ 
(Jung et al., 2014). Another study reported phlorotannin derivatives 
(triphlorethol-A, eckol, and dieckol) suppressed adipogenesis via 
SREBP1c, C/EBPα, and PPARγ in 3T3-L1 adipocytes (Karadeniz et al., 
2015). In addition, there are limited in vivo studies with phlorotannins; 
dieckol from E. cava inhibited fat accumulation in high-fat diet zebrafish 
and mice through AMPKα signaling pathways (Choi et al., 2015). 
Various phlorotannins from brown algae displayed anti-obesity aspects 
in different experimental models, but more studies should be followed to 
understand the role of phlorotannins in adipogenesis further. 

Phlorotannins from brown algae with various concentrations (1–200 
μM; 60–2000 mg/kg body weight) displayed little to no significant 
toxicity in different cell lines, plants, microalgae, invertebrates, and 
animals (zebrafish, mice, rats, dogs), while expressing some health 
beneficial effects, such as tumor suppression, or reduced lipid accumu-
lation (Negara et al., 2021). Although limited, clinical studies with 
phlorotannins or crude extracts reported no side effects or serious 
adverse effects with concentrations between 72 and 500 mg/capsule 
with 1–2 capsules/day up to 12 weeks (Paradis et al., 2011; Shin et al., 
2012; Um et al., 2018). Additionally, previous studies mainly used the 
concentration range between 10 and 100 μM with minimum cytotox-
icity, and clinical studies on phlorotannins extract from E. cava did not 
show adverse effects on patients with hypercholesterolemia or 
pre-diabetic conditions (Choi et al., 2015; Lee and Jeon, 2015). How-
ever, many studies use crude extracts, popular phlorotannins, such as 
eckol or dieckol, or common sources, such as E. cava. Other types of 
phlorotannins, such as trifuhalol A, have not been tested in animals or 
clinical trials. 

Currently, only limited biological functions of trifuhalol A have been 
reported: Anti-inflammatory activities on murine RAW264.7 cells and 
anti-allergic effects in mice (Phasanasophon and Kim, 2019; Bong et al., 

Fig. 7. Effects of trifuhalol A from A. cribrosum on production of various proteins in Wnt/β-catenin and AMPK pathway. Cells were treated with trifuhalol A for 15 
days. (A) Western blot analysis with human adipocytes. Protein Quantification normalized by α-tubulin of (B) Wnt10b, (C) nuclear-β-catenin, (D) total-β-catenin, (E) 
phosphorylated AMPK, and (F) phosphorylated LKB1. Data are shown as the mean ± standard error (n = 3). Means with different letters indicate significant dif-
ferences at p < 0.05. 
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2022). Therefore, this study would be the first to report reduced adi-
pogenesis by trifuhalol A from brown algae Agarum cribrosum. The exact 
mechanisms of anti-obesity effects of phlorotannin are still limited and 
largely unknown, including the effects of trifuhalol A from in vivo 
models. However, based on previous reports that various types of 
phlorotannins, such as phloroglucinols and dieckol, displayed 
anti-obesity effects from both in vitro and in vivo studies (Choi et al., 
2015; Ko et al., 2013; Lee and Jeon, 2015; Yoon et al., 2017), we expect 
that similar anti-obesity effects by trifuhalol A from in vivo studies. 
Therefore, more research should be followed to examine the potential 
significance of the current observations using in vivo models. 

4. Conclusion 

Trifuhalol A was purified from the brown algae Agarum cribrosum 
with a yield of 0.93% and a purity of 86%. Trifuhalol A inhibited lipid 
accumulation during adipogenesis by down-regulating the expression of 
adipogenesis-related genes in human primary adipocytes. The effects of 
trifuhalol A on fat accumulation depended on its role in the Wnt/ 
β-catenin and AMPK pathways. Therefore, trifuhalol A from the brown 
algae could potentially be used for controlling adipogenesis. 
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