Korean Society for Biotechnology and Bioengineering Journal 28(1): 36-41 (2013)

http://dx.doi.org/10.7841/ksbbj.2013.28.1.36

HR=e

HAEAE 7F2H ko] =] M % 3}

FArsh FES 7154 Bt

e s, 2obE e ofe, vt 5

TEd=9

A AR, o

Evaluation of Antioxidant and Anti-Inflammatory Activities
of Ascidian Tunic Carotenoids As a Source of Color Cosmetics

Bernadeth Ticar, Zuliyati Rohmah, Munkhjagal Bat-Erdene, Si-Hyang Park', and Byeong-Dae Choi*

420124 99 25¢ / Al A 591: 2013 29 25

© 2013 The Korean Society for Blotechnology and Bioengineering

Abstract: Carotenoids are fat-soluble red-orange colored pig-
ments found in plants and seafood-derived products, includ-
ing algae, seaweeds, and fish muscle. In this study, we have
demonstrated the molecular mechanism underlying the anti-
oxidants and anti-inflammatory properties of ascidian tunic
carotenoids using mouse macrophage cell line (RAW 264.7).
Cell viability was not affected by treatment of carotenoids
<10 pg/mL. This treatment also showed negative inhibition
on lipopolysaccharide (LPS)-stimulated nitric oxide (NO) and
cyclooxygenase-2 (COX-2). The DPPH radical scavenging
activity of carotenoids was 47.2% at 100 mg/mL. It also has a
potential reducing power (1.025) comparable with ascorbic
acid (1.584). The ascidian tunic carotenoids would make a
candidate for the commercially interesting biologically active
cosmetic pigments.

Keywords: Ascidian tunic carotenoids, DPPH radical, color
cosmetics, NO, COX-2
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okt Aot AlA| 24 A 7o AA dojve 754,
2, WSSk Wste} g % Qo 97ke] 3L A7kl
Aol whef = FH|7F g Aaskar, WA o) 75 uh &
‘go] AstE o] A 8 HMAES] B ol ol EA H
o] 7)== WolA =3} (intrinsic aging)?} QA o2 o HAH
571e} oF &, A& Foll 9l A7] = =3} (photo aging)
ol ofa) =7} gfolx|u, FFo| Z7}E| 1, Weo] 4z
B9k ofyef, 7], T]_WH 2 HuAlo] S7kskA ot [1,2].
8] A9l OfF BAEH T HARS TAARLE (reactive
oxygen species, ROS)o|| Q|3 A ufj 7| =], SFAFSHA] 112, %]
Z 3pALS), Thal R ALSE 9l DNA Q] AFsEA] &AFo] ATE 7}
A&t ROSEH ¥Hg o] Hj$ 2 10, W OHE W]%alo]
02 , H,0,, ROO’, RO’, ROOH ¥ HOCI 5-& 3dtc}. ROS
SollA 53] '0, 9 -OH2 T o] 3 &Afof 9lojA] Fagh
2% SHe AR UBA Utk o/ ROSE HAH 17
T 8] & AR SFAFSA| 2 o] o] R w2 gFAle} Hrojure 1
22171 7 AR O] Ak i, 53 g o] kel 2
39 984 S sl ey 5o e dn ol
o) A ATl gt FEAA 5 7)1 5hE b4 A 35
A el A8 o] P, Ao AR T
7ol thet o] oA WA ol FthS HEsHE WS
T O HEE AALYR FA SR S 87T
A3 Ik g0l Aol Aol gk ek Tt 9134
o Zglo]l A7IEHA HAAM Ao gt Falo] H& 5
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T GeH[6T]. HAM 2 g A o]
A ol A1 QAo et BAo] WA wowl G,
Aok, B9 5o mol Uk AT LeiA Yk [8-10].
3 AApo] Al a1 Sofshe WA L B Ao] o] A)
7ol QA ojojA] L2 AARS W 4 91 Wat oy}
AR Aol ket chakeh A4S g 4 glrhs Aol
ST} [11]. 2l A AL BFEE AR} bt 2
So] AAALS We el 742 & Yot 1 FHEETL ATHA 0l
SAe] gick. Telm AARY) WA 9 galA w5t Y
o 2|5 &, W W pH %5-9] 37 £.Qlo] wket 449 g4 Aol
Yolzths B4 AU glr12).
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A7 A of| &= alloxanthin (31.3%), halocynthiaxanthin (15.5%),
astaxanthin (7.8%) 52 H| &3t oF 1329 7}2H o] =7}
hrElo] LA [13], BAEA 7FRH ol & MAart FA]7Y
o 24 9l ol RS m B [14], WARNE 33
H 24o] gatstaat 9 vjgke i a (1518 2= 5 97
o} TR WL A} o Lol Fe). mebA B o)A
BAZRA 712H o] =9 ghitatdd W d5dA 5=
H| L FAGEO 2 4] 5 o] A E B8 M MzshtE
A 7R Aol Het 7| 2ARE ATstol Heldnol ol §
A& THAZI LA ST

2.8 9y
21. 72 o)t MA2E P FF 24

BAZRA 712H eolE MazE2 54 A4H YARE
= AEAIR T, A F A=l 3o acetoneS: 7oAl
SHERE Ao A g oh 2 M RS FE0 ok 24
< 33 HHESto] AR 27 H MAaE 55 §EA1Zi o
3t acetone FEES AN FTTLEF7]|2 40°C o]sto
A FE5T F, EHRE F7]3L, o)7]of ethers 7}5ko] A
RS AEAT &, oA HAF e 55715 o835t
of jE 2bA 3] A At 7R H ol E MAFEHER 5}
dtt £ 712 ko] = 32 460 nmoj| A McBeth [16]9]
HH o] w2} UV/VIS spectrophotometer (Shimadzu UV-1700,
Kyoto, Japan) 2 =45} 4t}

22.9 =332 §4

7 =3}eh= 9] Rk Folin-Ciocalteu B [17]0]] &3t 57

£ 348 33 WhEste] 2E S mol ofwsilrt. of el
2z gesE7lo0A AsE o ohe, 27re] gl
SmLol o] 20°C W5 aLo] ARttt Belulls ke
27517] $I3to] A4 7} A2 30 uLA ¥ 10% Folin
Ak 150 LS A7behol 2 ERHE F 38 F9F ALLo] 4]
SHS T o} 7]¢f 7.5% Na,CO; 120 uLE 713 3 40°Cof| 4]
308 Fok ¥HSA7] the 765 nmofl A EHEE =AY

on, = HsA gE9 TEFS gallic acid (G7384-100G,
Sigma Co., St. Louis, MO, USA)o| t3t U F o= AAkst
9131 blanki= £ A|efol] Al 4] & o] 252 b3t A
& g sttt

2.3.DPPH gt 2 A8 43

YAHE 7FEH o]l M A F2E52 ethanol 0.1, 1.0, 10
g 100 mg/mLe] =& 2351t} 96 well plate A] 3 o]
Al 89 100 pLe} 100 uL 9] ethanolS- 7}5}aL, 0.5 mM 1,1-
diphenyl-2-picrylhydrazyl (DPPH)/ethanol &8 50 uLE %
7FskQiTh. 25°CE] A-2ollA 302 &<k HAFE F, UV/VIS
spectrophotometer (Spectramax M2 Molecular Devices, Sunnyvale,
CA, USA)E ©]-&3t4] 517 nmoj| Al 35 S4 53t of
ZF+= A= Al 100 uL9] ethanol2 AF&-3} ATl ESH A=
£ 100 L&} 150 uL ethanol& £330 S =& =4St
S AR THEE Bt A dj 2t & 2= ascorbic
acidZ 0.01-10 mg/mL £ & o] 7o vk o =2 ghr]zh &
A= Bkl [18].

-

24.399 &34

Ethanolo]] 7} 52 =of A3 YAHA 7H2 8 kol =
0.3 mLE AJg 3o ¥ 0.7mL2 50 mM phosphate buffer
(pH 6.6)2} 0.5 mL2] 1% potassium ferricyanide §-9-& Y-
Th2 S50°Cofl A 202 &<t Whg-= AlZiTh of 7)o Tl &
A A3E7] Y38l 0.5 mLe] 10% TCA €942 A 7}18}a1 5,000 x g
oA 102 &<+ A28kl 45 0.5 mLE F3l 0.5
mL2] €0]- 242} 0.1 mL2] 0.1% ferric chloride &2 7}
3}l 105 3 UV/VIS spectrophotometer (Shimadzu UV-1700)
2 700 nmoj| A FF =5 S5k [19].

25. 2GR AEEY &3

Aol AHE-E RAW 264.7 cell 3h=A| :2522-3) (KCLB,
Korean Cell Line Bank)of| 4] &ofgto} Ao A&}t
DMEM (VWR International Inc., Logan, UT, USA) s} x| & A}
8L, ZF Al 225= 10 em plateo] A v §Fsho] 3U e} 7
o djoFst o, HjoFuiR|= 10% FBSL} 5% penicillin/
streptomycin 3-8 44| 2 ksl ole. A B &
T 95%, CO, 5% B}of| A 35°C2 Z A= incubatoro] A vl oF
sl o, i A= 2-39 ol g A wgksl ol WA A
7hEE ol B9 M5 54517 flsto] Al wiek&
Za} s T o] HjoFSE RAW 264.7 A 23 10 mLE Za}A T 0]
A Hlojifo] Athskelal, DMEM Hi 2| = v g5} lth. RAW
264.7 | EFE 1 x 10 cells/wellQ] =2 96 well plateo] &
F38}a1, 2447k 591 35°C, 5= 95%, CO, 5%= %A= CO,
i F71 oA vieFst it A28 wi Al o] Al& o) F&=7} 25,
50, 100 & 200 pg/mLo| =] =2 A3t} A|EZ0] 244]7F
59F A2 shoirt. of 7] o] Al X 2] A& o] Sisted
MTS  [3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium, inner salt] A|¢FS A7t &
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oF A 2|3t & formazan®] A A A &=& microplate reader (Perkin
Elmer 1420, VICTOR™ Multilabel Plate Readers, Waltham,
MA, USA)Z 490 nmo] A SF =& S45k3h Al=29 A
L2 AR A Y g 2gtof i Al & A2 S8 =
2 FEAEE T [20].

2.6. Nitric oxide (NO) A A A5 23

WA 7h e 0] £0] 1% oA £ RAW 2647 4]
22 AHg3le] Green 5 [21]9] & WG stel S5ttt
10% (v/v) FBS, 100 U/mL penicillin, 100 pg/mL streptomycin
<& X36t= DMEM HjZ| 2 N EZE 96 wello]] 5}o] A2
7} 70-80% 7 &= wello]] A3745153-& w, LPS (lipopolysaccharide,
100 sng/mL)o} A A| 25 5= = A 2] s}o] 24471 52t
aFak ek AlzafF AE A 50 uLE Fsko] Griess A|oF
50 uLe} 5E-7F dk-8- A1 7] &, microplate reader (Perkin Elmer
1420)E ARg-3to] 540 nmo| A FH =5 S45H% T NO9
A2 LPS Bha A 2gh th o] Aol it LPSe}
AR AR o] AARE WEER Leh oL,

27.COX-2 A &4 23

COX-2 A3 A =4-& COX activity assay kit (Cayman
Chemical Co. Ann Arbor, MI, USA)E ©]8-3}o] A& 3} $ict.
A& 20 pLoj| hematin 10 pL, &4 5 pL, buffer 950 pL& @
3L 37°Cof| Al Wk & 10 uL9] arachidonic acidE& % 7}3}¢]
37°CollAl 227t REGAIA COX-25 EASHAI & o]&
50 uLE FISHAL 200 L] A 25 @& 5 25°Cof A] 907t
HE2-A]171 & ELISA autoreader (UVN340, Biochrom Ltd.,
Holliston, MA, USA)E AF&35}10] 590 nmof| 4] L =& =4
SF3ITE COX-29] &4 AAEE & COX9| &/ o] COX-19]
/& Alsko] Alikstlet [22].

28. A% 24
EE AY2 39 MEAYS AR, 2o SAAN

B3 (590 nm) x 0.21
0.008267 x 0.04

Total COX activity (nmol/min/mL) = 2

JMP (SAS Institute Inc., Cary, NC, USA)E ©|-&-3}%l o, 7}
Zho] Aol tfafA = B + BEARE ebiich 2 AR
o] gt o)} AAL One-way ANOVA testS Al A|3}o]

FAHEA3E 5, Duncan’s multiple range testo]] 2] 3l % 2]3-2]
A7 e 285t A 178 (P<0.05)5 AAIBHATH

IE-E ) ik

3.1.DPPH &)@ 24 4%

AR 7R o] =9 gtz &7 E/45-S DPPHA|
OFO 2 ZAJ3}o] Table 1of] UrER ST A o] B A
of o]ato] BHAY sl SAgARAE AU Q] gHAFSIA] AF] o] <]

Table 1. DPPH radical scavenging activity of ascidian tunic
carotenoids (ASTC)

Sample (mg/mL)

Radical scavenging activity (%)"

Control 100.0£ 1.9
Ascorbic acid 0.01 41.6%6.0°
0.1 56.6+2.4°

1.0 93.5+ 0.4

10.0 94.6 +0.8°

ASTC 0.1 33.2+2.1¢
1.0 359+2.0¢
10.0 41.3410.9%

100.0 472+ 14.6°

Results are represented as mean = SEM on three measurements.

YAny two means having a common letter are not significantly different
at the 1% level of significance.

sho] A|A 2| vk, AE g 2 5o Ofsto] wprhshA WA=
DAt Alzete) Qe BEESHA AT Aol A F
TS of7|sto] Al Wf 24, 71554 9siE AT
=t ol g3t A AT E A0 7]= AfEtH Zof| HAE
Solsto] 43kE A5z 52 ¢ DPPHY Mg o5& &
Aok WS o] 8okl HAEA Y FAikst Bd& 2AMSH
H o] gol o] &5 L It} [23]. e Z 27 A= vl
317 &3l A th =S 2 ascorbic acidE 0.01-10 mg/mL
o] & 5to] Almef 2 WO FAlof S5kt
Al 25 H7F1A] &-& o o] H] &) ascorbic acid 1 mg/mL
oA 90%7t = Stz &4 B o 9o, 2
] Zo] 50% A == 5= (ICs)+= 0.023 mg/mLo] it} 3
ARA o9 7t 2EH R0 B w7t SVl whet 2k
Z a7 G450l o1t F7kekl o, Al =<l 100 mg/mL
NA & 47.2%9] Adfls HolFo] gtz oA 52
ascorbic acido]] v] 2] X = F 3514 T}

HAA AN A Bofzl FtZE| o] Eof M AM A o7 T
e e gzl g, A, et
DPPH 2}t]Z 2751} Bl w3 off -2 1.0 mg/mL 9| 5 =0
A 35.9%9] A e Kool gyt 5 FAHE Hd
A 73.0-79.8%E o FA 22 AAFS e Sl o]
= sitE Mool gad e e sEvt w2 A
o] L Yo ® HuHt[6,24]. 53] AEA & M
@] anthocyanin®] DPPH 2}t]Zt A& A 5L a-tocopherol} -
ARRE & HatetE & e QIAIRE, WA A 7H2E o)
T & W& DPPH oz 2 A 55 et 3l [25].

B

3.2. 39 o FAs 53

FerricyanideE ©]-§-3F WA A4 7t 28| l=o| =0 2 g &
=743 43, 0.1 mg/mLA-E 10 mg/mL7HA] 527} 57t
w2} ko] 3 F7tsto] 1.025¢] o] 27 91 ascorbic
acid 10 mg/mLE o} W2 kS YEFY AT} (Table 2). H] 3
Z 121 ascorbic acid 10 mg/mL2] 1.5849} H|<23%t G59] &
A8 E Ue7] e = BAAE 7H2E o] =5 10 my
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Table 2. Reducing power and phenol contents of ascidian tunic 120
carotenoids (ASTC) depends on solvent a ab abe abe
Sampl Absorbance  Total phenolics %7
ample
(nm)"” (mg/g)” S w0
Ascorbic acid 0.0l mg/mL  0.162 + 0.003° =
0.1 mg/mL  0.430 + 0.000° 2 60 ;
1.0 mg/mL  0.536 % 0.002° =
10.0 mg/mL  1.584 % 0.007° S 40
ASTC 0.1 mg/mL  0.009 £ 0.001"
0.5 mg/mL  0.094 £ 0.0038 207
1.0 mg/mL  0.203 & 0.008"
0
10.0 mg/mL  1.025 £ 0.055° Control  ASTC0.01 ASTC0.4 ASTC1 ASTC10 ASTC 100

Ethyl acetate
extract
Ethanol extract

1.178 £ 0.083¢

1.676 = 0.041°
1.740 £ 0.168*
1.381£0.078°

Methanol extract
Acetone extract

Results are represented as mean+ SEM on three measurements.

YAny two means having a common letter are not significantly different
at the 1% level of significance.

? Miligrams of total phenolic content/g of carotenoids based on gallic
acid standard.

mL o4} H7kstolof 3 0.2 of Ark. 34 Akh
Hom ofihe AFAIS W0 HAAE A
Fol AAEE AT el 20 YAE FoATOZA B
EAN. olgh o] HALE Folati Feo] B
AR GUAL HuR A oz He AL
PAeR g}ﬂ' Azl YE 2 AME5H= Ao| aupa o
5 [2612 = sH 29 PR e3E oA
di= f%}ﬁﬂ Aot wjRee gl R A 2 =
B9 833 AR e Pl )54 393
R ZA Y AR 7Hs & HESHALA} ethanol . &2 5
Shol 2121% /et 2ok ethanol 538 2 minL 120]
A 1589] B S Uehfo] B 2EERT} RO BAYS
L}FJrlH Qlthal ST} Total phenolic S1HEY ¥ =7 =5
Ao o3 FAtet 1} 7Ht w2 AH A E U
EHHO*E}J_ X3 Auezova 5 [27]9] AT A IE E2ls}]
9istol WA A 7helol Eof 548 phenol FHkE 27
5% th(Table 2). 2 & °ﬂ wte} Zpo] 7} Qlof ethyl acetate
7F 1178 mg/g o &2 7}AF W& 3k o |/ ¢l 31, methanolo] 7}
A 5 1740 mglg GBSt o) ok sut 2B
122.6 mg/g¥} 2 %% Saccharina bongardiana®| 7.08 mg/gk
oh A s WSS HolRgln AR o) S4T HAY

of w2t phenol gafoll 2 2fo] & Hof F= 2 22 LERT.

OP

2 N ) oo
ot o

3. RAW 264.7 cell lineo] 1:]]1}} EYNY

A2 oA AEL AN L0l RAW 264.7 cell2- HloFs}

243l (Fig. 1). A R0] FEE ejshe] A4 AlE
245 F EAo] gl FEolA FUE A2 24

o
AN EZ gt SAAF A 100 pg/mLe] 31

Carotenoids concentration (g/mL)

Fig. 1. Cell (RAW 264.7) toxicity of ascidian tunic carotenoids
(ASTC). Values are mean with standard error of triplicates. Any
two means having a common letter are not significantly different at
the 1% level of significance.

Lo A A7} 60% A= AFEEF O
EoH=
Ak

™, 10 ug/mL o A&
SAHoR FoFQl ME 542 Ve o

34.NOAA A9A &4

PARE 7t2H 0| 28] FHF A2 NOYF A
3 A2 ZA 5t Table 30 LYEF Gl LPS+= NO A4
I A5 Aol BT A S Frdhs BEE A Y
AR AT LR QI NO A2 v 2lohs 10171
U E4E AASE 98-S st A= S 249 &4,
AR wo] W AR S-S do7)7] e S [28]. 2t
LPS% A& BEE H7FA B9, 4 Hxdoze
LPSTHE, Al o= LPSOF A 25 =8 = A 2]8te] NO
A o] Aalls-S vl wetgltt LPSS A 2jah Al 4]
Aol w]sko] NO9| A dwFo] 3uff = =9tom, LPSih-&
A2 4 2 NOBEF T YARA 72 o] =
O NO Q=& wugh 27k, NO AT M 35510
pg/mLo Al oF 5%9] Ao &4& HoAF o, BE Tk
oA FoHQ AAETE AT 5 FUSUTh RAW 264.7

Table 3. Inhibitory effects of ascidian tunic carotenoids (ASTC)
on NO production by LPS

Sample NO formation(%)"
Control 38.3+2.1
LPS 100 ng/mL 100.0+3.7
ASTC 0.01 pg/mL + LPS 100 ng/mL 98.5+ 3.0
0.1 ug/mL + LPS 100 ng/mL 98.0 + 3.8
1.0 pg/mL + LPS 100 ng/mL 99.0 + 6.0°
5.0 pg/mL + LPS 100 ng/mL 98.0 = 4.4
10.0 pg/mL + LPS 100 ng/mL 95.0 £ 7.2bcd

Results are represented as mean+ SEM on three measurements.

YAny two means having a common letter are not significantly different
at the 1% level of significance.
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Table 4. COX-2 inhibition activity of ascidian tunic carotenoids
(ASTC)

COX-2 formation

Sample (nmol/min/mL)"
Control 6.97+0.30
LPS 100 ng/mL 8.30+2.31
ASTC 0.01 pg/mL + LPS 100 ng/mL 8.12+0.39°
0.1 pg/mL + LPS 100 ng/mL 8.34 % 0.40°
1.0 ug/mL + LPS 100 ng/mL 8.11+0.34*
5.0 pg/mL + LPS 100 ng/mL 825+ 0.10°

Results are represented as mean = SEM on three measurements.

YSince ANOVA proofed there are no significant differences between
treatments thus it couldn’t be proceed to Duncan’s multiple range test.

cellS o] 835}o] LPSE §=% NO AJAof tjst astaxanthin
of o)A £3}2 2743 23} 10 pg/mLo A oF 36912] NO 4
He ofAlsigon, SE 028 om NOo| A4S 404

A AR AL ;}04 BARAANA 2o H 7F=E e
ol= Hr} thd E29] astaxanthin®] §%50] &2 Ao &
EHRTH [29].

3.5.COX-29 A3 &4

FHS Ao Fstr] flste] COX-2 S S 6t
of Table 4of Weti Stk A2 w3 7kEel 2+t (6.97+
0.30 nmol/min/mL)®] H|3] LPSE &3t Al¥+ (8.30+
2.31 nmol/min/mL)& COX-2 A9l 8-9]& el Z717} <
A= o, LPSeL 7h2 H| ol =5 F Aol A 2|7k F-ol A
/\ AL E 57]./\] 301]5 %:rLg]__,—y_ COX- 29,] =l
8.11~8.25 nmol/min/mL H $] 2 LPS A| &£ 1}2] Z}o] 7} 21X
B A QT (P <0.05). NO A4 COX-29] BAH = &
S BABA eeol 2o G5 miol A GFL
2| A S Ao 2 YEETE Anthocyaning FA RO 2 3=
S AU Q] S RAIFH, S 2 EE| cyanidin 3-0-glucoside
S AAsH FetEAdS 54T A3 50 pg/ml F kol A]
46.8-73.3%9] U & TS TA S Lrep) A48, COX-
1 20] o 9 EAT B3 125 pgmlANE FRE
CFERUIA] QESKTHIL B [30, Al HS BASIBAS 1
BF ATt e F A W ,\Oi 37+l ch Rafi 5
[31] = 6Z79] carotenoids 5 714 =& Ars e S LEL
WH lycopene] iNOS & COX-2 SA|&AS =43t A3} NO
RABEL 25.10 uM B 2] A] B oA (P<0.001)0.3
AASFAAI T, COX-2 BAFoll= Fd= nAA Fotrha
sto] Ao WhE AR o E ATE HoFGloeng ¢
W& A7 o] Fo{ A o jirhal 5 Git.
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