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The microalga, Tetrathelmis tetrathele, is used in the development of products for the aquaculture, food,
and nutraceutical industries. In the present study, we investigated whether the T. tetrathele ethanolic
extract (TTE), which has anti-inflammatory properties, can confer protection against alopecia and improve
scalp health, influence the proliferation of human keratinocytes, HaCaT cells, and human hair follicle
dermal papilla cells (HFDPC), or inhibit 5α-reductase activity. We found that TTE inhibited the production
of the inflammatory mediator, nitric oxide (NO), and prostaglandin E2 (PGE2) without cytotoxicity in LPSstimulated RAW 264.7 cells. In addition, TTE encouraged the proliferation of HaCaT cells and HFDPC. Our
results showed that TTE had anti-inflammatory activities, proliferated HaCaT cells and HFDPC, and inhibited 5α-reductase activity. Therefore, we suggest that T. tetrathele could be a potent therapeutic agent for
alopecia prevention and scalp improvement.
Keywords: Tetraselmis tetrathele, nitric oxide, prostanglandin E2, keratinocytes, human hair follicle dermal papilla cells, 5-α
reductase

Introduction
Marine microalgae is a rich carbon source, and this
can be utilized in biofuels, health food supplements,
phrmaceuticals, and cosmeceuticals. Moreover, microalgae
produce a comprehensive variety of bioproducts such as
enzyme, pigments, lipids, sugars, vitamins and sterols.
This has caught the attention of researchers worldwide
to study the use of microalgae as a goal toward sustainable
development of microalgae-based products [1]. Tetraselmis
tetrathele, which belong to the Chlorophyta phylum, is a
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green marine microalga widely used in aquaculture as
feeds for marine lives, such as molluscs, crustacean
larvae and as a probiotic in fish [2−6]. The wide application of microalgae could be attributed to the various
bioactive compounds such as polyunsaturated fatty
acids (PUFA), polysaccharides, lipids, protein, enzymes,
vitamin E, lutein and carotenoids [7−9]. T. tetrathele
contains a lot of flavonoids and polyphenols with various
physiological activities such as antioxidant effects and it
is attracting attention as a material for various product
developments in aquaculture, food, nutraceutical industries [10].
Inflammation is a repair mechanism that regenerates
the damaged area following an invasion that causes
physical changes due to physical stimulation, chemical
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substances, and bacterial infection [11−13]. Macrophage
are inflammatory and immune effector cells that plays a
central role in inflammatory reactions, and activated by
various stimulus such as bacterial lipopolysaccharides
(LPS) [14−16]. LPS is the major component of gramnegative Escherichia coli cell wall and stimulates the
production of a variety of inflammatory mediators such
as nitric oxide (NO) and prostaglandin E2 (PGE2) [17−
20]. Localized inflammation around the hair follicle is
associated with the autoimmune condition alopecia
areata. It presents as discrete patches of hair loss in the
scalp and be associated with complete scalp hair loss
[21].
Hair loss is caused by genetic factors, eating habits,
stress, and alcohol consumption in women as well as in
men. One of the causes of hair loss, 5α reductase is produced in many tissues such as reproductive tract, skin,
seminal vesicles, and many organs in males and females
and is expressed in fetal scalp, liver, skin and prostate
[22]. Testosterone is metabolized to 5α dihydrotestosterone
(DTH) binds to a specific androgen receptor to form a
complex, and is metabolized to DTH by the 5α reductase
[23]. In the present study, to investigate the effect of
microalgae, T. tetrathele on hair loss and scalp improvement, which has not been recognized as a causative
agent such as fishery products and drinking water, we
assessed anti-inflammatory activities, cell proliferation
of keratinocyte and hair follicle dermal papilla cell, and
5α reductase inhibitory activity.

Materials and Methods
T. tetrathele cultivation, harvesting and extraction
Microalgae, T. tetrathele (KMCC-P2) was studied and
provided by National Institute of Fisheries Science in
Korea. T. tetrathele was stationary cultured in 20 L of
acrylic bottle at 23 ± 1℃ and illuminated 400 Wa metal
halide lamp with 18:6 h light-dark cycle for 22 days. The
f/2 culture media [24] was used to maintain the inoculums
and to carry out the experiments. Cultivated T. tetrathele
was centrifuged at 3,000 rpm for 15 min, and the pellet
was extracted by addition of 5 volumes of ethanol and
shaking at 40℃ for 3 h. The filtrate of T. extract was
filtrated, concentrated in vacuo, and dried with nitrogen.
The dried extract was stored at -20℃ and dissolved with
dimethylsulfoxide (DMSO) (Sigma-Aldrich, USA) prior
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to use.
Cell culture, treatment and cytotoxic assay
Murine macrophage, RAW 264.7 cells, were obtained
from Korean Cell Line Bank (Korea), and human
keratinocyte, HaCaT was provided from Pukyong
National University (Korea), respectively. These cells
incubated with Dulbecco’s Modified Eagle’s Medium
(DMEM) (HyClone, USA) supplemented with 10% heatinactivated fetal bovine serum (FBS) (HyClone), and
100 ug/ml of penicillin and 100 μg/ml of streptomycin
Solution, Human hair follicle dermal papilla cell,
HFDPC cells was obtained from PromoCell (Germany)
and incubateded with Follicle dermal papilla cell growth
medium (Promocell). All of cells were cultured at 37℃ in
a humidified atmosphere with 5% CO2.
To examine the cytotoxicity to T. tetrathele, RAW
264.7 cells were cultured in serum-free medium with
different concentration of TTE for 2 h, and then stimulated
with 1 μg/ml of LPS for 24 h, and HaCaT and HFDPC
cells were treated with various concentration of TTE
24 h under serum free condition. And then these cells
were added with equal volumes of MTS reagent (CellTiter
96(R) AQueous One Solution Cell Proliferation Assay,
Promega, USA), and measure at 490 nm (Molecular
Devices, VersaMax ELISA Microplate Reader, USA).
NO and PGE2 assay
RAW 264.7 cells were cultured in serum-free medium
with different concentration of TTE for 2 h, and then
stimulated with LPS (1 μg/ml) for 24 h. To examine the
NO production, the culture media was mixed with an
equal volume of Griess reagents, A [0.1% (w/v) N-(1naphthyl) ethylenediamine in DW] and B [1% (w/v)
sulfanilamide in 5% (v/v) phosphoric], reacted at RT for
15 min, and measured at 550 nm using microplate
reader. PGE2 levels in culture media were quantitatively
determined by ELISA kit according to the manufacturer’s instructions (Cayman Chemical Com., USA).
Assay of 5α reductase activity
To extract of rat microsomal, the liver of SD rat and 4
times the weight of the reagent [48 uM EDTA·2Na,
5.02 mM MgCl2· 6H2O, 131.5 mM Sucrose, 2.57 mM 2mercaptoethanol, 50 mM NaCl, 1 mM Tris-HCl (pH7.0)]
mixed and centrifuged at 10,000 ×g for 10 min at 0℃.
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The supernatant was harvested and was centrifuged at
30,000 ×g for 1 h at 0℃. The interlayer liquid measured
protein content using BCA method, and adjusted to
5.0 mg/ml, and stored at -50℃. 5α reductase activity was
measured according to the modified Wu JH method (Wu
and Sun, 2013). In brief, 1 ml of TTE was mixed with
20 μl of rat microsomal suspension, 20 μl of 33 μM
testosterone, 139 μl of 1 mM Tris-HCl (pH 7.0), and
20 μl of 33 μM NADPH. And then, absorbance of the
mixture was measured at 340 nm for 10 min at 37℃.
The inhibitory activity of this enzyme was calculated by
the NADPH reduction rate.
Statistical analysis
All experiments were carried out independently in
triplicate. Comparison between the control and test group
were determined by a Student’s t-test and statistical
significance was considered at p < 0.05.

Results and Discussion
Anti-inflammatory activities of TTE in LPS-induced murine
macrophage
Microalgae have been used as a source for a wide variety
of practical and potential metabolic products such as
food supplements, pharmacological substances, lipid,
enzymes, material, polymers, toxins, pigments, tertiary
wastewater treatment, and green energy [25]. Moreover,
microalgae are also important in aquaculture as a
source of nutrients and production of oxygen, consumption of carbon dioxide and nitrogen-based compounds
[20]. Among the microalgae, T. Tetrathele has various
physiological activities and potential as raw materials
for various production development in aquaculture,
cosmetical and nutraceutical industries [26, 27]. For the
utilization of microlage in marine biotechnology, we
investigated the effect of T. tetrathele on lopecia prevention and scalp improvement. Macrophage play an
important role in inflammatory reaction as effector cells,
and the inflammatory responses they elicit contribute to
antimicrobial defense, tissue repair and metabolism
[16]. In the present study, LPS from E. coli was used to
activate macrophage, and viabilities of RAW 264.7 cells
were assessed using an MTS assay. TTE did not exhibit
any cytotoxic effect on RAW 264.7 cells at concentration
up to 200 μg/ml treatment time of 24 h (Fig. 1A). To

Fig. 1. Effects of TTE on Cytotoxicity (A) and LPS-induced
NO (B) and PGE2 (C) production in RAW 264.7 cells. Data are
presented as means ± SD of three independent experiments.
*
p < 0.05 indicates significant differences from the TTE-treated
group.

examine the effects of TTE on release of LPS-induced
inflammatory mediators, levels of NO and PGE2 was
measured using the Griess assay and ELISA, respectively. TTE was found to concentration-dependently
reduce NO (Fig. 1B) and PGE2 (Fig. 1C) production in
LPS-stimulated RAW 264.7 cells.
Effects of TTE on cell proliferation in human keratinocyte
Human keratinocytes, HaCaT cells is a cell line
derived from adult human skin. To examine skin regeneration ability, HaCaT cells treated with various concentration of TTE, and cell proliferation were examined.
TTE had no toxic effect at a concentration of ≤ 200 μg/ml
(Fig. 2A). To assess the long-term effects of TTE, HaCaT
cells were treated with various concentration of TTE for
5 days. TTE was found to induce cell proliferation in
concentration-dependent manner (Fig. 2B).
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Fig. 2. Effects of TTE on cytotoxicity (A) and cell proliferation (B) in HaCaT cells. Data are presented as means ± SD of three independent experiments. *p < 0.05 indicates significant differences from the TTE-treated group.

Effects of TTE on cell proliferation in HFDPC
HFDPC are mesenchymal cells isolated from human
dermis of the scalp, originating from the occipital or temple region. To investigate the scalp improvement effect,
HFDPC treated with various concentration of TTE 24 h,
and cell proliferation were examined. TTE had no toxic
effect at a concentration of ≤ 200 μg/ml (Fig. 3A). To
assess the long-term effects of TTE, HFDPC were
treated with various concentration of TTE for 5 days.
TTE was found to induce cell proliferation in dose- and
time-dependent manner (Fig. 3B).
Under normal conditions, hair is constantly lost and
replaced in a process referred to as the hair cycle.
However, in cases of hair loss, inflammatory response
alters normal growth processes in follicles, damage the
scalp, and lead to the destruction of hair follicles and
eventually to alopecia. Hair growth was promotes by

promoting the proliferation of HFDPC cells and keratinocytes. Our results shown that TTE exhibited antiinflammatory activity via inhibiting inflammatory mediators, NO and PGE2 production in LPS-induced murine
macrophage (Fig. 1B), and proliferated HaCaT cells (Fig.
2A) and HFDPC (Fig. 3B).
Effects of TTE on 5α reductase activity
One of the causes of hair loss is the male hormone testosterone that is converted to 5-α dihydrotestosterone
(DHT) by 5-α reductase in the prescence of NADPH.
Therefore, the action of a TTE that can inhibit this
enzyme is important in preventing hair loss [28, 29]. 5α
reductase activity was measured using rat liver tissues,
and we found that TTE dose-dependently inhibit 5-α
reductase expression, and interestingly, the NADPH
expression (Fig. 4).

Fig. 3. Effects of TTE on cytotoxicity (A) and cell proliferation (B) in HFDPC cells. Data are presented as means ± SD of three
independent experiments. *p < 0.05 indicates significant differences from the TTE-treated group.
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Fig. 4. Effects of TTE on 5α Reductase activity. Data are
presented as means ± SD of three independent experiments.
*
p < 0.05 indicates significant differences from the TTE-treated
group.

Conclusion
TTE inhibited the inflammatory mediator such as NO
and PGE2 production in LPS-stimulated murine macrophage, RAW 264.7 cells. This extract proliferated the
human keratinocytes and human hair follicle dermal
papilla cells. Moreover, TTE inhibited production of 5α
reductase that activate hair loss. These results suggested
that T. Tetrathele may be potent therapeutic candidates
for treatment the hair loss.
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