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Effect of Seaweed Extract on Hair Growth Promotion in Experimental
Study of CS7BL/6 Mice

Won Ho Ha, Dae Hwan Park
Department of Plastic and Reconstructive Surgery, Catholic University of Daegu School of Medicine, Daegu, Korea

Background: Recently, substances from seaweeds have been widely used in hair growth solutions, and have been proven to
be effective. Seaweeds have been documented to possess hair growth activity; however, no report on the effect of seaweed on
hair regeneration has been issued to date. In this study, we investigated which exact substance of hair tonic made by JW-bio
and our institute shows effects on hair growth by studying the mechanisms of candidate substances.

Methods: The study was conducted to investigate the hair restoring effect of domestic natural substances; we categorized
the candidate substances as seaweed, cereal, and herbal medicine. Five experimental groups were included in the study as
follows: a saline group, a 50% ethanol group, seaweed group, a cereal group, and a herbal medicine group.

Results: Three extracts (seaweed, cereal, and herbal medicine) were administered to C57BL/6 mice for two weeks after
depilation. Depilated areas were found to be completely covered with fully grown hair, and the hair re-growth score was highest
in the seaweed group. Using a hair analysis system, hair characteristics were measured in all groups on days 10 and 14 after
depilation. The width and length of hair follicles were largest in the seaweed group. Groups treated with seaweed showed
significantly increased gene expression of insulin-like growth factor-1. Groups treated with all the three extracts showed
decreased expression of transforming growth factor-f31.

Conclusion: Findings from our study suggest that seaweeds possess hair-growth effects and may be useful for the treatment
of alopecia in the future.

Keywords: Seaweed / Hair regrowth / Insulin-like growth factor-1
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Table 1. Grouping of experimental animal models

Group Number Applied material

Negative control 4 Normal saline

Solvent control 4 50% Ethanol

Sample 1 4 Seaweed

Sample 2 4 Cereal

Sample 3 4 Herbal medicine
. &S AE Ay

Ae55-2 ZE50 (Virbac, Paris, France) ¥} 53 (Bayelko-
rea Co. Seoul, Korea)2- 822 412 5 101} 5]4]5}o] E-FA| o]
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maceutical Co,, Ltd., Seoul, Korea) A I F-&- A}-8-6}o] 5-Z-9]
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Table 2. Comparison of hair regrowth after topical application of seaweed, cereal and herbal medicines for 2 weeks

50% Ethanol
1.75+0.63

Normal saline
1.75+0.48

Contents

Hair regrowth score

Herbal medicine
3.00+0.41

Cereal
3.25+0.25”

Seaweed
3.75+0.25™

Each value represents meanztstandard error (n=4).
Hair re¥growth scormf index: 0%—-20% (0), 20%—-40% (1), 40%-60% (2), 60%—

80% (3), 80%—100% (4).

9p<0.05, significantly different than the normal saline group; ¥p<0.05, significantly different than the 50% ethanol group.
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AT 5-2]/d-2 unpaired t-test B, kruskal Wallis Bk
one-way analysis of variance test= 5L Fol=2

5% v eko]l =ik

Fig. 1. Hair tonics made in JW-bio and Dae%u Catholic Tissue Engi-
neering Center. 1, seaweed; 2, cereal; 3, herbal medicines.
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Fig. 2. Time-dependent changes of hair re-growth in C57BL/6 mice treated with seaweed, cereal, and herbal medicines for a period of 2 weeks.
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Fig. 3. Photometric comparison of hair density after topical application of the test compounds at 14 days.

Table 3. Comparison of density and thickness after topical application of seaweed, cereal and herbal medicines for 2 weeks

50% Ethanol Herbal medicine

Seaweed Cereal

Normal saline

Hair density of day 10 (/0.4 mm’) 2.25+1.60 2.50+1.19 14.0+2.00°” 10.0+3.42*" 11.50+1.85*"
Hair density of day 14 (/0.4 mm?) 13.3+0.8 12.5+0.7 17.3+0.3*" 17.5+1.0° 15.4+0.8
Hair thickness (mm) 0.04+0.00 0.04+0.00 0.07+0.01 0.05+0.01 0.05+0.01

Each value represents mean +standard error (n=4).
9p<0.05, significantly different than the normal saline group; ?p<0.05, significantly different than the 50% ethanol group.
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Hair follicle width (mm)

Seaweed Cereal Herbal
medicine

Normal 50%
saline Ethanol

020 T a,b)
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Hair follicle length (mm)

Seaweed Cereal Herbal
medicine

Normal 50%
saline Ethanol

Fig. 4. Comparison of hair follicle width and length after topical

application of seaweed, cereal, and herbal medicines for a period of 2

weeks (scale bar, 0.l mm). Results represent mean+standard error

(n 4). ¥p<0.05, significantly different than the normal saline group;
Yp<0.05, significantly different than the 50% ethanol group.
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Fig. 5. Histologic observation of hair growth after topical application of seaweed, cereal, and herbal medicines for a period of 2 weeks (H&E, x 100). (A)

Normal saline. (B) 50% Ethanol group. (C) Seweed. (D Cerea

E) Herbal medicine.
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Fig. 6. Effects of seaweed, cereal and herbal medicines on the expres-
sion of IGF-1 (A) and TGF-1 (B) real time PCR. GAPDH was used
as a comparative control. Results are expressed as mean+SE (n=4)
TGE-pL, transforming growth factor-p1; IGE-1, insuhn like growth
factor-1; PCR, polymerase chain reaction; GAPDH, glyceraldehyde-3-
-phosphate de (Yrogenase *p<0.05, significantly di zferent than the
normal saline group.
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Table 4. Chemical compounds of the CH.ClL-fraction of seaweed
hair tonic by GC-MS

Area
%) MW
13.84 018 178 Triethylene glycol dimethyl ether

16.30 029 182 Methyl-(2-hydroxy-3-ethoxy-
benzyl) ether

1777 1.02 180 Coniferyl alcohol
1782 127 196 (-)-Loliolide

RT Library Effect

Anti-oxident
Cell protective

19.18 0.33 278 Neophytadiene Fragrance

21.08 221 256 Pamitic acid Moisturizing

2115 16 192 1-Isopropyl-5-methylbicyclo
[3.2.2Jnon-3-en-2-one

21.37 093 284 Ethyl pamitate Moisturizing

2281 059 222 Isofraxidin Vasodilation

23.36 061 298 9, 12-Octadecadienoyl chloride Dispersant

2360 145 308 Ethyllinoleate Emollients
2460 023 288 ()-138-Methyl-13-
vinylpodocarpa-7-ene-35-ol
2499 022 288 (Bbeta)-6-hydroxyestr-4-ene-
3,17-dione
2559 028 286 Totarol Anti-oxidant
2576 029 304 Pregnan-18-ol
2666 0.34 306 11a,17p-Dihydroxy-5a-
androstan-3-one
2713 023 360 7-Oxo-12-methoxy-6,11,14-
trihydroxy-abieta-5,8,11,13-
tetraene
27.73 0.33 300 2-Hydroxyethyl paimitate Moisturizing
28.16 017 301  2,6-Dimethyl-N-(2-methyl-a
-phenylbenzyl) aniline
2862 019 368 Ethylester of docosanoic acid
2967 024 356 2-Oleoylglycerol Moisturizing
2992 024 358 Octadecanoic acid Moisturizing
3056 126 410 Putranjvene
31.70 024 408 Nonacosane Ol
3202 0.14 344 10-Methyl-1,8-diphenyl
anthracene
3365 228 424 Nonacosan-10-ol Ol
3570 0.16 507 Hexatriacontane Wax

35680 0.27 420 Cyclotriacontane
3598 022 364 1-Hexacosene
36.33 169 414 p-sitosterol

CH:Cl, methylene chloride; GC-MS, gas chromatography-mass spectrosco-
py; RT, retention time; Area (%), relative amount of the sub-fraction; MW,
molecular weight.

Immunity-boost

o= A7} Qlom, olelst ARASS SHEA P &
Tz Q18 dml oA 2518 AAHQ Ayt Hofshar 9]
o} 0|2 Bk SIa) B B2 AT QAL Alglo] W
o] &35 Q53] 915 AREATE AH O 9%
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Table 5. Chemical compounds of the n-BuOH-fraction of seaweed
hair tonic by GC-MS

Area ]

RT %) MW Library Effect

10.38 0.07 150 4-Vinyl-2methoxy-phenol

1069 0.14 178 Benzeneacetic acid, a-0xo0-, Antibiosis
ethyl ester

13.09 140 189 1,1,3,3-Tetradeuterio-4-oxo-
1,2,3,4-tetrahydrocarbazene

15642 087 178 2,3,-Di-O-methyl-D-xulopyranose

1629 0.34 182 Ethyl vanilyl ether Fragrance

17.74 028 208 1-(1-cyclopenten-1-y)-5,5-
dimethyl-1,3-hexanedione

2038 120 270 Methyl pamitate Moisturizing

21.05 084 192 1-Isopropyl-5-methylbicyclo
[3.2.2Jnon-3-en-2-one

2278 039 296 Methyloleate Penetration

agent
2310 029 298 Methylstearate Penetration
agent

2568 0.34 262 Cyclopentanecarboxylic acid,
3-methylene-,1, 7,7-trimethylbicyclo
[2.2.1]hept-2-yl ester

2729 0.09 200 Butyl 2-ethylhexanoate

2768 0.36 330 2-Palmitoylglycerol Moisturizing
1,3-Dihydroxy-6-methoxy-8-

cusy 029 22 methyl-9H-xanthen-9-one

3360 0.16 424 Nonacosan-10-ol Ol

n-BuOH, n-Butanol; GC-MS, gas chromatograph%;fmass spectroscopy; RT,
retention time; Area (%), relative amount of the sub-fraction; MW, molecu-
lar weight.

[10]. 3F Aol A= sl =72 Hghe: ==
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Table 6. Chemical compounds of the H2O-fraction of seaweed hair
tonic by GC-MS

Area :
RT %) MW Library Effect
2040 1619 270 Methyl paimitate Moisturizing
2093 220 256 Pamitic acid Moisturizing

2263 626 298 Methylstearate
2280 191 296 Methyl oleate
2286 0.84 296 Methyl petroselinate

2516 0.99 326 Arachidic acid methyl ester Epidermal
composition lipid

Penetration agent
Penetration agent
Penetration agent

2731 094 214  Pentyl 2-ethylhexanoate

GC-MS, gas chromatography-mass spectroscopy; RT, retention time; Area
(%), relative amount of the sub-fraction; MW, molecular weight.

Table 7. Chemical compounds of the EtOAc-fraction of seaweed hair
tonic by GC-MS

Area
(%)
2042 072 270 Methyl pamitate

20.95 0.09 278 Butylisobutyl phthalate
2256 0.08 270 1-Octadecanal

22,683 029 298 Methylstearate

2280 011 296 Methyl oleate

2366 0.05 290 2-Ethylhexyl
4-methoxycinnamate

25,16 0.05 326 Arachidic acid methyl ester  Epidermal
composition lipid

RT MW Library Effect

Moisturizing

Penetration agent
Penetration agent
Penetration agent

2644 006 258 Hexanedioic acid,1-(2-
ethylhexyl) ester

2731 018 200 Butyl 2-ethylhexanoate
2814 0.75 390 Diisooctyl phthalate
2927 0.18 282 Phytane

EtOALG, ethyl acetate; GC-MS, gas chromatography-mass spectroscopy; RT,

retention time; Area (%), relative amount of the sub-fraction; MW, molecu-
lar weight.

Moisturizing

Immunity-boost
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