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Promotional effects of Sargassum fusiforme fractions on hair growth via

in vitro and in vivo models
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Sargassum fusiforme has traditionally been widely
consumed in Asia as a food, and it has gained much
attention due to its high nutritional, pharmaceutical,
and industrial value. This study aimed to examine the
promotional effects of ethanol extract (ET) and frac-
tion obtained from ethyl acetate (FR) of S. fusiforme
on hair growth in C57BL/6 mice and HaCaT cells.
Five-week-old mice were used to compare hair re-
growth during application of ET and FR for 21 days.
Hair regrowth was evaluated by macr oscopic observa-
tion and verified by hematoxylin-eosin tissue staining.
Levels of mMRNA expression of factors relevant to the
hair growth cycle such as keratinocyte growth factor
(KGF), vascular endothelial growth factor (VEGF),
and transforming growth factor-betal (TGF-pl) were
examined by quantitative polymerase chain reaction
(gPCR). Our results showed that ET and FR success-
fully promoted hair regrowth in shaved C57BL /6 mice
at a dose >20 mg/kg. Moreover, ET and FR were ef-
fective in stimulating expression of KGF and VEGF
mRNAsin a dose-dependent manner, whereas TGF-p1
was not activated. These results indicate that ET and
FR of S. fusiforme effectively promoted hair growth
and gene expression relevant to hair growth cyclesin
both in vitro and in vivo models.

Key words: Sargassum fusiforme, hair growth, alopecia,
C57BL/6 mouse, HaCaT cell
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Materials and Methods
% —’F—EE % EE Y

2012Lﬂ 10~119¢] Zaol A AAetgon, FE 4
X—} F TP EAD T w@stdtH(Moucher No.: NI-
BRALO0000137941). A#3 =& ARy mgs 55
2 AAT F 70% e&3) SHFE 01%0}04 22k Al = et
o SAelA AAx s A TS \:17'” T gk &
% 100 g 1 Le] 80% ol eh&oll A|ete] Aol A 244
7+ F712 39 Bk &84 o, filter paper (Whatmann

Sargassum fusiforme powder (100 g)

Extraction with 80% ethanol

W

Ethanel extract (25 g)
Extraction with solvents
¥

n-Hexane extract

Residue

|
! |

Ethyl acetate extract (11.5 g)

!
v oLl

F1 F2 F3 F4

Fig. 1. Schematic representation of the extraction of
biologically active fractions from ethyl acetate extract by
column chromatography. The yield of ethanol and ethy! acetate
extract is represented as g/100 g of dry powder.
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Fig. 2. Average body weight (g) of C57BL/6 male mice. Body
weights of each group were measured during topical application
of 5% minoxidil (MIN), ET and FR (20, 40 mg/kg) for 21 days.
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Fig. 3. Comparison of hair regrowth in C57BL/6 male mice
during topical application of MIN, ET and FR for 0, 1, 6, 9,
12, 15, 21 days. Ctrl, non-treated normal; MIN, 5% minoxidil,
ET20/40, ethanol extract 20/40 mg/kg; FR20/40, fractionl
20/40 mg/kg.
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Fig. 4. Representative histological observations in C57BL/6
male mice (hematoxyline & eosin staining). Dorsal skins were
prepared to compare the changes of hair regrowth after 21 days
of treatment of MIN, ET and FR. Ctrl, non-treated normal mice;
MIN, 5% minoxidil; ET40, ethanol extract 40 mg/kg; FR40,
fraction] 40 mg/kg. Magnification x 100.
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PCR)-> SYBR Green PCR Master Mix (Qiagen, Valen-
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=% 412 5 Rotor-Gene 6000 (Corbett Research, Sydney,
Australia) & o]-&3te] Fal=3lvh. PCR 271 pre-dena-
turation 95°C 104 5 denaturation 95°C 15%, annealing
57°C 15%, extension 72°C 10%Z 1 cycle® 453] uk
3l = final extension 72°C 10%& A A3t} Primers
KGF (forward: ggcaaagtaaaagggaccca, reverse: aaggcaa-
caaacatttccce), TGF-B1 (forward: catcaacgggttcactaccg,
reverse: aagttggcatggtagccctt), VEGF (forward: caaggc-
cagcacataggaga, reverse: gcaacgcgagtctgtgtttt), GAPDH
(forward: ggagccaaaagggtcatcat, reverse: gtgatggcatg-
gactgtggt)= Bioneer (Deajeon, Korea)oll A2 2] 2|3}
AH-&-3HSA T

SHAZ

A4 F94 =52 GraphPad Prizm 5.01 software
(GraphPad Software Inc., La Jolla, CA, USA)ZE o] -&-3}<]
EALEA (one way ANOVA) S S8 519 o1 Tukey s mul-
tiple comparison test= P<0.05 =520l A {24 S <1438t
At 7+ ¥ A= mean + S.D.2 YERSITH

Results
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A EEo o L} N7 B3} A A BR-L) 7L A o 2 5] E o
e} Aoz g 5E o, FR a5 % 2 2]++(40 mg/kg)
o] A9 MA el whh AR - ofgh WA o] A YO B

Table 1. Comparison of hair regrowth intensity in C57BL/6 mice
Days Ctrl MIN ET20 ET40 FR20 FR40

6 - - - - + +

9 - - - - ++ ++
12+ ++ + + +++ +++
15 ++ +++ +++ +++ -+ A
21 P+ A A e e

Study compounds were applied to the shaved dorsal skin of
mice for 21 days, and hair growth was evaluated by the scoring
index: 0~10%(-), 11~30% (+), 31~50% (++), 51~70% (+++),
71~90% (+++), 90~100% (+++++). Ctrl, non-treated normal;
MIN, minoxidil 5%; ET20/40, ethanol extract 20/40 mg/kg;
FR20/40, fraction 20/40 mg/Kkg.
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Fig. 5. Cell viability by ET (A) and FR (B) in HaCaT cells.
Cells were seeded in 96-well microplates and cultured with
varying concentrations (0.1 to 100 pg/mL) for 24 hr. Cell
viability was analyzed by measuring absorbance at 450 nm as
described in Materials and Methods. Bars represent an average
of three independent measures. H,O, (1 mM) was used as a
positive control.
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<1 MINel| vj&] &5ttt L o] o] R a s 7hA] = ¢F she A Bolou BAA ool 1 HA e vk
Aol =2 AASA 4= AtsdH in-vivo A @l = 7hg whe 2 A4S 19 FRS KGF

A5 ES oz =33 invivo 283 gl o] X ET 2 VEGF 27 & 59 Hdg op7lste] dujqoz 1
o} FRel| o &k kel fr 72k 8l ET 9FR -7 A X6l S A ARE VHAS 5 s 714 A
A FZA o] v ¢ Hdlw =9l 10 pg/mLelsk(l, 10 Aol 1=t A, KGF e a2 Zha Al 2 3 oy}
pg/mL)E A7dstgivh. ¥ AfeA s B Agde] A3k oAl et ol A o] D3 el = J S A= A
Ao g J&gS v A= 3oz 42l KGF, VEGF, TGF-f1 o= okl 9lo] KGFe] §-9)at =30 wral e 7)o
o F AR =S Hx2H(PMA, Phorbol 12-myristate dho] Jjd oz 73 AeAIS HEdS Aoz Algy
13-acetate) =} njnigto 24 ETe} FRe 7144 R 5% th 53] FR2 93 Al x5 A3 §A47] A8 d a4
& AZshaA 59l lze PMAE protein kinase C & SAe FRFg oz ER 2 MINeI &) w2 i A%
(PKC) pathways= &4 8}51¢] KGF, VEGF 5 4421 2-¢] & Bl Aow pudn. 3%, KGFe TGF-pl 7 #14
MRNA 23 & Z7HA7]= B4 2 gelA glo] & A9 4 = 447 oA w5 wdsts, 55 TGF-l1S 2 4
3t N2 EAZ ALEE AT18, 19]. A frotHlE A3} 719 ukat B8] zRbe] AgetA] ik 715 24
familye] member=4 =i 448 FH8E AxA KGF gl Ao gl A glol[21, 24, 25] F AR HA] 24
[20, 21]+= ET 9} FRell A vl el Hla) 2tad4=5E0] 57hst 3l e 2 )9 a7 Fw A el Bk A E 9]
= A4S 2olon, 53] FR 10 pg/mL A 2]l A oF 3.5 w2 A S of7|e A0 R o dE o] o] thgk 7121 7]
) o] 4ol =& e SUHES B tH(Fig. 6A). o, F417] A A7t 2 Zo R Ag
o AR S FZHANI = AAZA 2L B A% Azdon & fe ET 2 FRE 2t da2 A=alw
712 Ab=53k= VEGF [20] 44T FR A efstel A A+ 2.z S =ob 2 AP A AP S 2AFE A
2 W s Bolon, aE e Ao A s 2w o] o2 AZtE ], MINZ Bl glg o) T35l wr avrt
o] S7HES Hol KGR A 487 & =3l th(Fig. 6B). A AE Bk ot 2} I F-A o] gl kg Ed o] &
W RS oS SR Gl TGRBL[19,21]  aso] mubga 520 SwauAdzel A% b5 4ol
o] A9-ET % FR Aol A ol g =72 mRNAZd & o FR AR 7 gt
7b7t e A ek skek(Fig. 6C).
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