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Abstract : It is known that Spirulina extracts have strong antioxidant activities since it contains diverse antioxidants
such as phycocyanin, £ -carotene, vitamin E and other carotencids. In order to enhance antioxidant activity of
Spirulina, Spirulina extracts were fermented by Lactobacillus plantarum P23 and Bacillus subtilis TP6. The resulting
fermented supernatants were analyzed for their antioxidant activities by DPPH (1.1-diphenyl-2-picrylhydrazyl)
method. The results indicated that fermentation process significantly enhanced total antioxidant activities. Increased
levels of UV-induced TNF-a and IL-6 were reduced back to normal level even by treatment of all three of the
Spirulina extracts. The result suggested that the fermentation process enhanced the anti-inflammatory activities at
least ten times higher than the simple extract. Zymography is used to determine the expression of UV-induced
MMP, Spirulina extracts fermented by Bacillus subtilis TP6 were found to suppressed the expression of MMPs, Also
treatment with the fermented Spirulina extracts resulted in an increase of collagen synthesis in vitro. In conclusion,
the fermented Spirulina extracts are expected to be used as anti-aging cosmeceuticals.
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29 Fe AFoly FEAIRY HUMER AMSH
= 239 AohiHH Elot 2 A ofAg Aulet ZHHIAA
(Arthrospira platensis) &b tAZ23 2t HAwH Arthro-
spira maxima)7t ®171¢ll &gt} o AEAwet £ §
g A FeY 02 BRI} e ofhE A
gt £07 FAHFOV “AFFYL L UNkHOR F
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2.1. 7171 & Ajek

UV/Vis spectrophotometer (DU730, Beckman Coulter,
USA) 9] AES AHsilth 25 SR 6-hydroxy-
2.5,7.8-tetra~methylchroman-2-carboxylic acid (Trolox),
L-ascrobic acid® AH&38FS1 1L, free radical 2A 83573
off AR 1,1-diphenyl-2-picrylhydrazyl (DPPH) radi-
cal- Sigma Chemical Co, (USA) AF-2 AH8-3t3itt. vh
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& A= normal keratinocyte®} normal hunam dermal
fibroblastsE AH&-8k1 0w HlSF ¥iA]& GIBCO (USA)
A EFE AT Sircol assay kit Bio-color (USA)
AFEE AHEEF o TNF-e, IL-6 5745 18 ELISA
kit BIO-SOURCE (USA) A& AH&3FSih

2.2. 2T|R2|L YeEe| =X

10 w/v% 29 Feju dete) 1 LE 37 T ARl 71
(shaking incubator) A 24 h &<t %v’ﬁ%o}oﬂ‘:}
B9 e Mol Lactobacillus p]antarum P23%} Bacillus
subtillis TP6S 242 1 v/v% % ¥ Lactobacillus plan-
tarum P23 30 C incubator, Bacillus subtillis TP6% 37
C shaking incubator®1~ 24 h &<t vttt Eatel
o)gt gAkale o] &8 Fo17] 98 Lactobacillus®) 78-F-
Fabdt wra E 28soin) wa & AR oY cellS
AAT FEES Al AHEERIt
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2.3.1. DPPHEE Ol aHEd

¢l Free Radical
Howghe] ¢l Edolt
5} 282 Molyneux[10]9)

el o3 =4 o}iiq. ofgbgol g3iAZl 0.25 mM
DPPH solution 0,5 mLol 92} F528 H&EE 05 mL&
H7rste] Aol Gl 20 min B ¥ AIX F
 UV-gpectrophotometer® 517 nmolAl T35 %3}
At L5 Zo|7] 93t AR A9 FHEE 54
o] RAG oY, Tz 71EY FAEAIEN
gzl AHg-E 3 QlE L-ascorbic acidSt TroloxE AHE-8k
k.

2.3.2. High Performance Thin Layer Chromatography
(HPTLC)-DPPHE & OI%P_P 24

Free radical 2484 E32S #8137 93k Soler-
Rivas et al[1012] Hell g8l Fsksict 3127k <]
B B5F HPTLCOl Y3 Asoz 3ysgin
HPTLCH silica gel plate®ll sample 5 L2 A A3t
AZ F chamberA ethyl acetate : formic acid : dis-
tilled water (85 : 20 : 5, v : v) &¥Z A/t Dry
oven®lA 20 ~ 30 min A& F ogt&o] &alr7 1 ~
2 w/v% DPPH solution 2.2 ‘H43}5irt ¥ £ 30 min
712 ¥ UV Spectrophotometer©ll Al #2stict,

Hahe SR 8l dnesl g 227

2.4. M|z HiK(Cell Culture)

a5 232 o4 F2]3$}+ normal-keratinocytet DMEM
3} Ham's F-12 media® 3 : 19 v]&E 2489 10 %
FBS®F 1 % AA (Anti-biotic/ Anti-mycotic solution) &
H7¥sked 37 T, 5 % CO;y incubatorel A wie¥stal s, 9
HEzAo)x 28 normal human dermal fibroblasts
(NHDF)+= 10 % FBS$H 1 % AA7F 23" DMEM
media, 37 C, 5 % CO. incubatorlA] B33t

2.5. XeIM(UVB) M2l ¥ AlZel A2

Normal-keratinocyte®} NHDF AXE 2 x 10° cells/
well®] F5F JF3to] 37 T, 5 % COy Wd71olA 24 h
Sk uleF & vk X E AAS L, PBS S48 13
AlEstset PBS 1 mL 7Fsked AR21d(312 nm. 20
ml/cm?) A2l F ek Wi 5 Akt ojuf AEE
7} FEHE FoJ8t1 37 T. 5 % COp #7114 48 h
FQF WieFaksith

26. G5 MOIEFICIS] £ (ELISAR)

A9 A F A2 ok wjH e A8 E Folsle]
48 h HjoFo] vk normal keratinocyte® Hi<F AHEA-E
339t o] & o] &3te] Hjd o R FH]E TNF-«a
9} IL-6% ELISA kitE o] &3t &3t

2.1, iAol o3t ME &4 5= FT}
xm A Az) & qze e Ao NEE 247} 55
Bojah % 48 h £ MAAAL WY F S
15}

o

moWb_ 033 g/L 1 MTT €945 7} 2 mL/well® ¥

o 90 min & WlFS F MTT &9 AAST iso-

propanol 1 mLE ©143 20 min 5< A2°1A shaking

3 & AEHE 38k 12,000 rpm°ﬂ}\1 5 min ¢ €9

AEE T 540 nmollA] FFEE A5t T3 Al
X AEES vasiith

28 Al ZaiAl Mzt
Hjoko] ek NHDF S WiAIE AIASILL cell lysis £

2l
S SR 2ok AF

500 pL/well B #71sto] cell & 353

2o A frASFE S5E cell FEHORTE U F

2S998 Sircol collagen assay kitE ©]-&3}

St Dye reagent$} cellS ¥H&A1Z1 %= 15,000 rpmell A

15 min &< 420 Feds AAS $ FAE
o]

—

5

AY-S A2 reagentE WOl =
A

s
£8 5480 A4 2ol 4

% 540 nmell A 5%
skl
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Table 1. 50 % Radical Scavenging Activity Mass Content of
Antioxidants & Spirulina Extracts, Fermented Sample by
the DPPH Colormetry Method***

Scavenging activity (FSCs™)

Antioxidant
(ug/mlL)*

13
18

Concentration
2712 %
335
833 = 124

L-Ascorbic acid

Trolox

W

Spirulina Extracts
Spirulina E. (P23) 1388 + 65
Spirulina E. (TPB) 1502 £ 92
* Fach value is the mean £ SD. of 3 replicafe assays.
** RS(Cy is the mean 50 % free radical scavenging activity.
% {Jog 250 1M DPPH sclution for DPPH Colormetry method.
{Spirulina E, (P23): Fermented with Lactobacillus plantarum
P23, Spirulina E, (TP6): Perrrented with Bacillus sublilis TP6)

2.9. Zymograohy

s A F Az v wAle] A RE F
48 h Wieko] B normal-keratinocyte® i 4
843}tk MMPs (matrix metalloproteases) & type
IV 7 type VII collagens #3l15H= MMP-2 (gelatinase
A) S MMP-9 (gelatinase B) &l #8E& AT 8 1
% gelatin®] ¥89 10 % SDS-PAGE gelell 3% w1
N3} zymogram sample bufferst 1 : 19 ¥l-&2 4719
% 349tk spSE AAS) 18l 25 % Triton-X-100°]
30 min AA3 F incubation bufferE ©1&-8k over
it

night incubation

3 Zn o 1nE

31, AnF2|L g2 s

10 w/vee 285U @ | LE 37 T A7)
(shaking incubator) ol 24 h B¢t BFESSH &
29 A5l Lactobacillus p]antarum P23% Bacillus
subtillis TP6Z 22+ 1 v/v% 3% ¥ Lactobacillus planta-
rum P23 30 C incubator, Bacillus subtillis TP6< 37
C shaking incubator®lAl 24 h &< MiFstSiTt oju) 4
S8 299 %%

B A ek glo] %}" aba i AA gz o8 A
A A Aspate ke AEakE e AR A
$°lth @-Tocopherol 74 akabAl s AlREES-olA
24 sakalet) o] 44370 (hyderogen donor) E 2
g3ho] Aspukes ?é"] 7t} o)9) hydrogen donor®
Ags= Pk 582 AT AR HuEd

gietsi A EeE A, A A A3, 2008

e A

Flgure 1. Fermentatmn of szm]ma slurry increase the anti-
oxidant compounds by high performance thin layer chroma-
tography. 1: Spirulina extracts, 2: Spirulina E. (P23). 3
Spirufina E. (TP6).

DPPH&9] ¥H&-& 53t
AABA A AT TG
2 A28 L-ascorbic acid®} Troloxell ¥l
o AAZZ2EE2A HNHO R free radical 2715
Ad 2z gddEc) £33 $EaES FEE(1833 2
124 ug/mL)el B8] FAFE(P23) L& Al
(1388 + 65 pg/mL). LZT(TPE) HE »
(1502 + 92 pyg/mL) BEE B3y FHE
W ATH Table 1).
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32, AmEz|L 2529 HPTLC 24

A2y 2 g2 HPTLC AFPE LIRS
1ol GERAIE Figure 1914 12 292U 25, 2
= Au 2 Lactobacillus plantarum P23 HEE, 32
2928} Bacillus subtillis TP6 HEES RS
747ke) = @A pand= FaHEE S TR A4S WE
ek HPTLC B3 FZ 89l Y8l Lactobacillus planta-
rum P23 HEEL Figure 19014 solid arrow band”7} 48
9% =oJUI dotted arrow band’b £2HEHE A2 E3
v}, Bacillus subtillis TP6 & E> solid arrow band 7}
AR ANHE AL BAsg o) £ Bt 244

2o shiele b TR ofd AnAol
Aol ht F7rAel ATt st
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Figure 2. Anti-inflammatory activity against UV-induced
TNF-e.
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Figure 3. Anti-inflammatory activity against UV-induced
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33 ASY AOIEFIRI N &
Normal-keratinocyte"ﬂ AF9} A
Mg H3kal 48 h F<k 4l
6}0% HEAR All27lR1E A% A5 A 7
BE %EOM 22 M okA] 2 % EHEE} TNF- @
AE 50 % ol AATE B o A (Figure 2). A8
A Az 3 A ARk 38) ol IL-6 wnlHE F7HA

ol A}
An A A F ARE 4 ¥
#

L.
o

THE
5

i

ZF A 80 HAELoA o]y
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Hoh(Figure 3), &, 29 Fey #2810 €& $550|
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9} IL-65 5 A A4
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Figure 4. Protection effects of the fermented spirulina ex-
tracts on cell damage induced by UVB (MTT assay).

= Epo] 9 BASHGOL BE el ) 7t
A9 9% &9 Z7He BREA gkt

34, Tpelidol olgt ME A4
Aol o] oJsk AE & 2 o
A 2AL T AE AESES ZRATE 29T

FEE Y PE FHE LT UV 2AL @ AlEAL
A& PANAY, A%ELY ASE AT ¢ A
34 ke TR k40 % oY AEES 7t
A Zs AE &4 88 a7t Aeg B2l 53
Lactobacillus plantarum P23°2.2 2a s 3% 15501

%)M A ATEo] ol & 174 S 2
3|8 UV FATEGE 22 XY £ 2948 Y
b dct, Wb Lactobacillus plantarum P23 WaE2
A AZAPES A ol et X8 S F7HIIE
'] sl Ao Al #lth(Figure 4).

35 MM 2kl g g1

A ek AEAdE gobr7) Y8 NHDF #kelA
& A ARE 4 FEEE FOIg F 48 h S Wi
stol Fepll AAFS SHsich 4843 &g
He] & A 7 A EE 7t FEEE Fold B He
A 2kel A HeEl &2 3 Fell EHE Akeld Azl
A pFoz IEAY Eu ol Ao 3u) o] 4l
A Fep YRS ST g it A
Fau FEET Lactobacillus plantarum P232.2 43
St A A ek ddEgo) w5t Sl wek
Aot AEE BAARE Bacillus subtillis TP6E ©]-§-3gt

__,_

-
T
2

ME r‘%'i
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Figure 5. Collagen assay of human dermal fibroblasts treated
with fermented Spirulina extracts (in vitro).
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o] w3-& dolr 7] 93| normal-keratinocyteo] A4
T ANEE sTEE Aokl 48 h wiek & u)
o0 358t zymography S A B3t A
2253} actobacillus plantarum P23& ©] &3}
b oAl EOAE MMPs2) #Hao] A %015?‘]
. Bacillus subtillis TP6E ©]&3}o] 1
TR JEHOE MMPs] ol %
=
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>
r&‘

&
T
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= MMP-9
“ 0 MvP-2
0.1 01 05 0.1 05
Extracts (%) Fermented Fermented
with TP6 (%) with P23 (%)

+UVB (312 nm, 20 mJ/cm?)
Figure 6. Treatment with fermented Spirulina extract re-
sulted in reduced the expression of UV-induced MMP-2 and
MMP-9 in human normal keratinocytes.
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5}. gAkst §_-‘Jr§‘ Z74317] A% free radical A/l
A 23 Felyg 25 FSCxollA 1833 + 124 pg/mL 4
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P23 W& A 241 %, Bacillus subtillis TP6 HE Al 18.6
%9 SR TR EaHRE YERSith HPTLC &
2\ A3} Lactobacillus plantarum P23 &8 7§ 457
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1ok #Fvltd B2 enzyme activityoll 28 d4atst &
42 AR Ed =49 *JWJJr SRl ot 7

EA40) et A4, A BAL 5 Aoz g o
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24 #EEgen Zu 9 MMP-2¢ st ¥
Zo)7b Qllek, 3k A A F YERE AlEEA)
38 JEolAME F3eh Afojrt HAHUY FFY A
ToM= o] gk Aol 7} o= F4dw-9] WalelA 7]
SR E rEetaat g

= 0 28

1. O. 1. Aruoma, Nutrition and health aspects of free
radicals and antioxidants, Food Chem. Toxicol., 32,
671 (1994).

2. I Fridovich, Oxygen toxicity: a radical explanation,
J. Exp. Biol, 201, 1203 (1998).

3. J. A. Imlay and S. Linn, DNA damage and oxygen
radical toxicity, Science, 240, 1302 (1998).

4, T. M. Buttke and P. A. Sandstrom, Redox regu-
lation of programmed cell death in lymphocytes,
Free Radical Res., 22. 389 (1995).

5. Q. S. Pang, B. J. Guo, and J. H. Ruan, Enhance-
ment of endonuclease activity and repair DNA syn-
thesis by polysaccharide of Spirulina platensis, I
Chuan Hsuch Pao, 15, 374 (1998).

6. M. A. Qureshi, M, T, Kidd, and R, A, Ali, Spirulina
platensis extract enhances chicken macrophage
functions after in vitro exposure, J Nutritional
Immunol, 3, 35 (1995),

7.

10.

11

12,

13.

14.

M. A. Qureshi, J. D. Garlich, and M. T. Kidd,
Dietary Spirulina platensis enhances humoral and
in chickens,

cell-mediated immune functions

Immunopharmacol. Immunotoxicol, 18, 465 (1996).

. M, A, Qureshi and R, A, Ali, Spirulina platensis ex-

posure enhances macrophage phagocytic function in
cats, Immunopharmacol Immunotoxicol, 18, 457
(1996).

. C. D. Upasani and R. Balaraman. Protective effect

of Spirulina on lead induced deleterious changes in
the lipid peroxidation and endogenous antioxidants
in rats. Phytother Res., 17, 330 (2003).

H. Takashi, T. Mikiya, O, Masaki, T. Teppei, and
S. Morihiko. Antioxidant activities of phycocyano-
bilin prepared from Spirulina platensis, J Appl
Phycol, 12, 435 (2000).

J. E. Pinero Estrada, P. Bermejo Bescos, and A. M.
Villar, Antioxidant activity of different fractions of
Spirulina platensis protean extract, Farmaco, 56,
497 (2001).

G. J. Fisher and J, J, Voorhees, Molecular mecha-
nisms of photoaging and its prevention by retinoic
acid: ultraviolet irradiation induces MAP Kkinase
signal transduction cascades that induce AP-1-
regulated matrix metalloproteinases that degrade
human skin in vivo, J Invest. Dermatol Symp.
Proc., 3, 61 (1998),

G. Jenkis, Molecular mechanisms of skin ageing,
Mech. Aging Dev., 123, 801 (2002).

S. Amanoa, N. Akutsua, Y. Matsunagaa, K.
Kadoya. T. Nishivamaa, M. F. Champliaudb, R. E.
Burgesonb, and E. Adachi, Importance of balance
between extracellular matrix synthesis and degrada-
tion in basement membrane formation, Experimental
Cell Res., 271, 249 (2001).

J. Soc. Cosmet. Scientists Korea, Vol. 34, No. 3, 2008



