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The Functional Effects of Anti-microbial Activity and
Anti-inflammatory of Seaweed polysaccharide Extracts
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Abstract This study aimed to evaluate seaweed polysaccharide extracts as a cosmetic material. To assess
anti-microbial efficacy, Staphylococcus aureus (S. aureus) was treated with seaweed polysaccharide extracts and
zones of inhibition were measured. In addition, the anti-inflammatory effect was confirmed in RAW 264.7cells,
and seaweed polysaccharide extracts was applied to the dorsal skin of Sprague-Dawley (SD) rats to evaluate
single-dose toxicity. As a results, seaweed polysaccharide extracts did not exhibit cytotoxicity at concentrations
up to 1,000 pg/mL in skin fibroblasts. Furthermore, when §S. aureus was treated with 1% seaweed
polysaccharide extracts, clear zones of 1.52+0.34 cm formed, confirming sufficient anti-microbial activity. When
RAW 264.7 cells were treated with seaweed polysaccharide extracts extract, nitric oxide (NO) production
decreased in a concentration-dependent manner and the production of inflammation-related cytokines, such as
interleukin 1 beta (IL1{3), tumor necrosis factor alpha (TNFa), and prostaglandin E2(PGE2), decreased. When
seaweed polysaccharide extracts extract was applied at various concentrations to rats, symptoms did not change
for more than 14 d, and there was no change in body or organ weights. In conclusion we found that seaweed
polysaccharide extracts is not cytotoxic and has anti-microbial and anti-inflammatory effects. Therefore, it is
suitable for use as a cosmetic material.

Key words : Seaweed-polysaccharide extracts, Cell toxicity, Anti-microbial efficacy, Anti-inflammatory effect,
Dermal toxicity
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Figure 1. Effects of seaweed polysaccharide extract on skin
fibroblast cell viability.

Skin fibroblast cells were incubated with various concentrations
of seaweed polysaccharide extract for 24h. seaweed
polysaccharide extract did not exhibit cytotoxicity at
concentrations up to 1,000 pg/mL.
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Table 1. Anti-microbial activity of Seaweed polysaccharide extracts on Staphylococcus aureus.

Materials

Concentration (%)

Inhibition zone diameter (cm)

Seaweed polysaccharide extracts

152 £ 0.34
144 £ 0.68

1.32 £ 054

M
it}

2l 1. Sl = CtehR F&=2] S. aureus Tl CHSH M-S x|
2 51} S.aureus, Staphylococcus aureus. 0 % (a), 0.01 % (b),
01 % @) ¥ 1% (del si=F cte/ F&= X2l

Figure. 2. Anti-microbial activity of seaweed polysaccharide
extracts on S. aureas. S. aureas, Straphylococcus aureaus.
seaweed polysaccharide extract at 0% (a), 0.01% (b), 0.1% (c),
and 1% (d).

S.aureas. was treated with varying concentration of seaweed
polysaccharide extract, and the diameter of the zone of
inhibition was measured. The zone of inhibition of S.aureas.
treated with 1% seaweed polysaccharide extract was 1.52+
0.34cm, confirming that seaweed polysaccharide extracts have
sufficient anti-microbial activity.
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Figure 3. Effects of seaweed polysaccharide extract on LPS-
induced No production in Raw 264.7 cells.

No, nitric oxide, LPS, lipopolysaccharide. RAW 264.7 cells were
treated with 50-400 pg/mL Effects of seaweedpolysaccharide
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extract and LPS(1 pg/mL) for 24h. No production decreased in
a Concentration dependent manner. Significance; *P<0.05
compared with LPs treated RAW 264.7 cells without seaweed
polysaccharide.No, nitric Oxide, LPS, lipopolysaccharide.
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Fig. 4. Effects of seaweed polysaccharide extract on
LPS-induced inflammatory cytokine production in Raw
264.7 cells.

IL 18, interleukin 1 beta; TNFa, tumor necrosis factor
alpha; PGE2, prostaglandin E2; LPS, lipopolysaccharide.

RAW 264.7 cells were treated with 50-400 ug/mL of
seaweed polysaccharide extracts and LPS (500 pg/mL) for 24
h, and IL 1B(A), TNFa(B), and PGE2(C) were
determined. Inflammation-related cytokines, such as IL
18, TNFa and PGE2 were significantly decreased,
Significance: /<0.05, “p<0.01 compared with LPS
treated RAW 264.7 cells in the absence of seaweed
polysaccharide; £<0.05 compared with LPS non-treated
RAW 2647 cells in the absence of seaweed
polysaccharide.
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Table 2. Evaluation of body weight and food and water intake in SD-rats

Day 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Body M 153 165 172 184 192 19 207 214 222 231 238 243 253 260 268
weight

(g) F 138 142 150 157 163 170 180 186 19% 203 210 219 228 236 242
Food M 017 016 017 015 018 016 016 018 017 016 015 016 017 017 016
intake

(g/g) F 015 014 016 016 018 017 016 016 016 018 017 016 014 016 0.16
Water M 022 024 02 02 02 024 023 023 024 025 023 024 024 025 024
intake

(mL/g) F 024 025 024 023 024 022 024 026 025 026 025 02 024 023 023
M, male; F, female; SD, Sprague - Dawley.

I 3 dl=F ClEdR FEE2 o350 =4 "Holof ost 24 V|7 &Y

Table 3. Rat organ weights after single transdermal treatment with seaweed polysaccharide extract (Unit: g)

Seaweed polysaccadide

Seaweed polysaccadide, Seaweed polysaccadide,

Vehicle
Organ Extracts, 1% Extracts 5% Extracts 10%
M F M F M F M F
. 858 + 642 848 + 6.3 + 851 + 6.44 853 +
Liver 638 + 022
0.43 0.33 0.38 048 0.45 0.35 0.32
. 104 + 071 = 098 + 068 + 099 = 0.69 = 0% =
Kidney 072 £ 012
0.10 0.10 0.08 0.10 0.11 0.08 0.08
0.72 £ 048 = 069 + 050 + 073 £ 047 + 0.70 =
Spleen 049 £ 006
0.06 0.03 0.08 0.08 0.10 0.04 0.06
162 + 112 + 159 + 1.09 + 160 + 1.06 + 164 +
Lung 1.10 = 010
0.11 0.11 0.08 0.13 0.10 0.08 0.13
101 + 068 098 + 066 + 103 + 0.69 = 097 =
Heart 070 £ 010
0.07 0.07 0.08 0.09 0.12 0.08 0.10

M, male; F, female.

- 167 -



The Functional Effects of Anti—microbial Activity and Anti—inflammatory of Seaweed polysaccharide Extracts

As &%

AT sx E1rov ‘é—‘jr—zr%
3} 1,000 pg/mL7HA] M 3ES

. aureust WY § = ‘:}%
S 01%, 0.1%, 1%¢] sE== Agst 4
3, s EAR s eIt B3 RAW
20647 Az LPSE 7tete] keS8 5 NO
1 TL1B, TNFa, PGE2¢} 22 954 Aol &7}
ol ANTS AwE Ay PSS
117411 yM=Z S718F NO A Fo] sizF42d5 3l
Z dF AEFEE 40 pg/mles AHolA

M
o
(e
iClal
o
o

o
2,
of
o

b

ILIp A= 3
st A UERLAL, TNFa A =2 sz o
== 200, 400 ug/mL B2 Aol feolg
eIt PGE2ABA S w3 sz thdF A
F5 400 pg/ml w5 Aol Al frelahA
Z O3 AEFEEe Hod 34

2

oty 18 % gdE AR=E

N

il 1

i i
.
Z

o]
-

o

o wlo

o off
o
o ox 2 B offf o o

{0, ot

o
>
2 Om
o,
>
O
N

b g N oo @ MroaY ol
40 g —

3
>

!

O

el

oX,
[o
=
fuj
=
X
2 5
g:_‘q:
=
- W
Q
5
oy
w
I
il

S, NS W o &% 52 4w %
5 R ol o Y
€ 3| 20 A2 2 01?4 WARoR Y g

Aol wWE APW ohjE BB YL B A%

N

KX
T

References

[1] Kim DB, Ahn EY, and Kim EJ, "Improvement
of insulin resistance by curcumin in high fat
diet fed mice, The Jorurnal of the Convergence
on Culture Technology, Vol. 4(1), pp. 315-323,
2018.

[2] Bae GC, and Bae DY, "The anti-inflammatory
effects of ethanol extract of Allium Hookeri
cultivated in South Korea,” The Korea Journal
of Herbology, Vol. 27, pp. 55-61, 2012.

[3] Cha SH, Lee JS, Kim YS, Kim D, Moon JC,

and Park K, "Properties of fucoidan as raw
materials of  water-holding cream  and
cosmetics,” Korean  Chemical Engineering

Research, Vol. 48, pp. 27-32, 2010.

[4] Choi JH, Kim DI, Park SH, Kim DW, Kim CM,
and Koo JG, "Effects of sea tangle (Laminaria
japonica) extract and fucoidan components on
lipid metabolism of stressed mouse,” Korean
Journal of Fisheries and Aquatic Sciences, Vol
33, pp. 124-128, 2000.

[6] Choi YH, Kim SE, Huh J, Han YH, and Lee
M]J, "Antibacterial and antioxidative activity of
roasted coffee and red ginseng —mixture
extracts,” Journal of the Korean Society of Food
Science and Nutrition, Vol. 41, pp. 320-326, 2012.

[6] Han SM, Lee KG, Yeo JH, Kim WT, and Park
KK, "Antimicrobial property of honeybee (Apis
mellifera L.) venom against Propionibacterium
acnes and aerobic skin flora,” Korean Journal of
Pharmacognosy, Vol. 40, pp. 173-177, 2009.

[7] Jung HK, Kang BM, Jang JH, Ahn BK, Yeo
JH, Jung WS, Cho JH, Kuk YI, Hyun KH, and
Cho HW, ’"Inhibitory effect of Alopecurus
aequalis sobol ethanol extracts on LPS-induced
inflammatory response in RAW 2647 Cells,”
Korean Journal of Medicinal Crop Science, Vol.
22, pp. 98-104, 2014.

[8] Kang N, Han EJ, Park SY, Jee Y, Jeon Y],
Ahn CB, and Ahn G, "Inhibitory effects of
Ecklonia cava ethanol extracts  against
TNF-a/IFN-y-induced inflammation in human
keratinocytes,” Journal of Chitin and Chitosan,
Vol. 22, pp. 82-88, 2017.

[9] Kim HH, Park GH, Park KS, Lee JY, Kim TH,

- 168 -



The Journal of the Convergence on Culture Technology (JCCT)
Vol. 4, No. 2, pp.161—169 May 31, 2018. pISSN 2384—0358, eISSN 2384—0366

and An BJ, "The effect of Aster glehni Fr.
Schm. extracts on whitening and anti-wrinkle,”
Journal of Life Science, Vol. 20, pp. 1034-1040,
2010.

[10] Kim MR, Woo SE, Shin SO, Hong SM, and
Yang SY, "IA study on the distribution of
Staphylococus aureus in atopic dermatitis,”
Journal of the Society of Cosmetic Scientists of
Korea, Vol. 32, pp. 93-97, 2006.

[11] Kim SN, Lee SH, Choi GH, Chang IS, and Lee
BG, "Effects of parsley extract on skin
anti-aging and anti-irritation,” Journal of the
Society of Cosmetic Scientists of Korea, Vol. 30,
pp. 79-83, 2004.

[12] Kim YS, Lee SJ, Hwang JW, Kim EH, Park
PJ, and Jeong JH, "Anti-inflammatory effects of
extracts from Ligustrum ovalifolium H. leaves
on RAWZ264.7 macrophages,” Journal of the
Korean Society of Food Science and Nutrition,
Vol. 41, pp. 1205-1210, 2012.

[13] Lee AR, Roh SS, Lee ES, and Min YH,
"Anti-oxidant and anti-melanogenic activity of
the methanol extract of pine cone,”  Asian
Journal of Beauty and Cosmetology, Vol. 14, pp.
301-308, 2016.

[14] Lee SS, Imm JY, and Han YS. "The
improvement effect of lotus leaf extracts on
acne skin. Asian Journal of Beauty and
Cosmetology,” Vol. 10, pp. 405-413, 2012.

[15] Lee S, Han HS, An IS, and Ahn K], "Effects
of amentoflavone on anti-inflammation and
cytoprotection,” Asian Journal of Beauty and
Cosmetology, Vol. 14, pp. 201-211, 2016.

- 169 -



