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ke]

o]
Folin & Ciocalteu's phenol reagent 1 mL

=

=

UK)
@

Yangju, Korea)ollx] AZA|
Kent ,

2019).
3

=

=

=
[S38)

Ltd.,
20, 40, 60, 80 WX 95% oEFLS 7}

3} o (Park

2 AE%o](Whatman Inc,
[e)

o AH&-

No.

A7 B(ERS),

[e)

A 3}31E (Phenolic compound) &

=
=

A8 20 g
k|

A& A2 (Codium fragile)
1.2 &

o A8t FAAZ7](11shin Lab Co.,

1.1 B2 (Codium fragile) &5 A=z

X
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AMGEF &9 10 nLE 93 25 ol AE S5 o] 8dle] FHFR

ot A A HEkeA 71 F | UV-spectrophotometer (UV-1201, Shimadzu, Tokyo,

Japan)% 0]%3}01 760 mmoll A FFE=E FASIAT. o]F U WHow ZHH gallic acide] HHFFHES
d

equivalents GAE/g of dried weight® YWEFHATH(Kim 5, 2003).

1.3 & o94A) (Polysaccharide) &% =4

% A (polysaccharide) & A& 0.2 mL, 5% phenol €< 0.2 mL, sulfuric acid 1 mL& Eg3lo] A
Lo A 1087 ¥-EeA17) 5, UV-spectrophotometer (UV-1201, Shimadzu)E& ©]&3}o] 490 mmollA FLE=E =4
3}k, % polysaccharide TS A3 WHoz =HE glucose?] HHFFAE o] &3dte] AAs v (Park
= 2020).

1.4 &3 A%

Z A=A 3FE T 349 2ot (= la). A=A 3eE e HZE 40% B FEEo|A 376.33 mg

‘1

o] o
GAE/g of dried weighto® 7} =& %P%k% Uelor, 60% oleh2 FEFE(201.33 mg GAE/g of dried
weight), 80% o|¥r2 F35(143.00 mg GAE/g of dried weight), 20% o|¥r2 FZ5&(124.66 mg GAE/g of dried
weight), & F5%(118.00 mg GAE/g of dried weight), 95% ol&F2 FZE(38.00 mg GAE/g of dried weight)
ToR ¥ IFS YEHlt.

ZA;
=
=

Q.

=

% polysaccharide &S w43 A3} F HAEA sgE FFoA Jdez @ dxFS Yepld & F55
I 20% oEre FEEoA ZHZF 46.31%, 29.86%% o RS vElWlon | 60% ol ke FEEo|A 13.47%, 40%
N EFE FZE A 12.28%, 95% OEFE FZE A 6.16%, 80% MBS FEHEo|A 4.87% £o8 o e 1}

B TH(= 1b).

<AAY 2> 2P AEA(PM;) =4 ROS 33 A HEE 5F

2.1 Ax WY

B Ao Abgd HAAAEMC-IXC)E American Type Culture Collection (Manasas, VA, USA)ZR-¥ Fujst
o] AFREGTE. BV-2AZE SEAEATY oz RE H-224Z = AAUE N FolguE 2R oA i
Gkgrom  10% AEletdA, 1% 50 units/ml FHUYAY H 100 pg/ml EEIERRO]AI(P/S)o] ETE
Dulbecco's Modified Eagle medium(DMEM)®¥iA] & A}E-3Fit}. Z12]ar MC-IXC Al¥EE 10% AEjold™, 1% P/S7}

23 Minimum Essential medium(MEM) ¥WiAIE g oz sfo] wjeFataict.
vl AEA (P 5) =4 AIE W ROS A oAl a3

2 =) )
2 0% F, zumm;q(wz D8 AALGAG, 2AWA A 2447 F, 50 Ml DF-DAZ A
al

33333 A (Infinite F200, Tecan, Mannedorf, Switzerland)& A}&3le] &% =%
485 nm 2 W= 34 535 oA FFFES A8 (Park 5, 2019).

A EZMC-IXC) N A Z=rAHA] 2 2] (465.66%) > T (100.00%) tHH] S7Fd Al U ROS =S e}
Hon  FHUFRTINAME 119.780% =2 JA &L}% YEATE. 20 pg/mloly TEA F A FEE BT

Zu AR Ao 2 ROS S YERoen, B FEE(216.60%) 3 40% ol €2 FEFE(125.69%) 100
pg/mLoll s ZulAHA] Heldt giu] =3 ROS A Al &3S el (= 2a).

) Fub A (HT-22) ol A] ZH|AHA] % 2] (800.77%) S 2T (100%) thH] Z71E ROS AAAES B

o2 AREH ascorbic acidol A+ 97.65%% W23 FAFSE Al U] ROS A HS UrE]r‘;‘iE‘r. =

ZEAE 100 pg/mLolA] 440.96%= ZWAAR T tH] 44.93% 7HAE S Ve 7¢ 40% ol EH-e-
=

e 10 pg/nl s ool Hashs A& dEhdlen, 100 pg/ml &= ]*1% .%UW]‘“JX] A
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iH] oF 59.64% JAl¥E EAE UERITH(E 2b).

u| Ao} A 3E (BV-2) el A Zr| A A A 8]+ (312.15%)-8 thZa-(100%) the] oF 3.12¥] =& ROS A FS B o
], FPRETANAE 78.54%2 FoHo® F& AE ] ROS *Jw Mxi]ﬁﬂ?— HeERG A4 FEES 5Tt
7Vetel uwpel ME W) ROS o] 7HASHE AE¢S HY o, 5L 20 pg/mLolA 136.27%, 40% ol gk

z‘s =
=4 T
ZEL 100 pg/mLell A 144.83%= =& AU ROS A4 AAF J% UrEPMD}u 2¢).

=
[<)

=

-

2.3 ZUARAA (P s) FEA AZSA i AZAME 9A a3

A AEE 542 dAE Aol MIT stock &9 10 pnLE Aol 2A17F 5 9bEA]71a, A& EF
AASFAL dimethyl sulfoxideZ F7}sle] 208-7F Ao WH&-A171 % 570 nm (determination wavelength)<}
690 nm (reference wavelength)olA SFEE SAH3FH(Park 5, 2019).

HAFAEZMC-IXC) A Zr| AR A2 (65.06%) < iz (100.00%) tiH
et o | A RIS 90,7492 S71E AE AEES et A

N

o}
FEE AYTdAE 40% ol e
=Xl O

u

FEE UH dUFgoez & FE2E0] 53 AX AEES UEHeH, & FE5E82 5 pg/ml(118.93%), 40%
NErE FEHELS 20 pg/ml(99.60%) EEolA hExad FAE BEES YEHIT(E 3a).

S FA A2 (HT-22) ol A Z=w] A A A 2]+ (80.57%) 2 1‘4414 el ok 19.43% AE AEEo] FHArsgon, FA
ZroE 96.21%2 R fAFSE AE AEESS YEY. A4 B FEES 7 ST s ot AlE
AEEo] S7kske Ads B3, 5 Ug/mL(97.71%)o—l«°1]}‘_1 iz FARE AlE AESS UEd uhd
40% NEFE FEE AL 1 pg/mlolAE 97.82%8 thxa3 FAEE AE AEES BRYAY, 571 F7}

slol] upefr HAEE A4S BATHE 3b).

v Aol A 3 (BV-2) el A Zul A HA] A2 7 (22.40%)- & (100%) iy <k 77.60% WFe AME AEES
B3, FANETL(17.77%) A= AEX AEES YERWer A7) 40% des FE2E5S X d3gle]l Ax
A& 1 S HAA] G AoZ YEET. & FEEAAE s57F ST ek X AEE] SIS
I, 100 pg/mLollA] 96.25%% %o A AEES YERIY(E 3¢).

2.4 BETYH S =(Malondialdehyde; MDA) A oA & &4

A Hkd 72 eE (malondialdehyde, MDA) A A &3+ 458 43 ICR w9~ (Samtako, Osan, Korea)E
A%, HE HEste] A AFEeqTt. E Ade 78‘ Eﬁiiﬂ FEod AU 2 E FARI7PAE: GNU-
181019—M0054)% ol Z1gstlet. A&Ee ¥ 24 20 M ETs G4 $E& Al 7.4)& 7hetar 24 k)7

(Next Advance Inc., Troy, NY, USA)E A}&35}o] ﬁ’—ﬁiﬂr?& 9, 10,000 XgollA 10EE< AE 3 AsHe
o] &3t FEEO ¥ =& A5, 10 uM FeS0,(I1), 0.1 mM ascorbic acid® &3&te] 37TolA 1 A|zF
o HHE A AT, W F 30% trichloroacetic acid®} 1% thiobarbituric acidE F7}ste] 95T 2 +=%
oA 208 ¢t 7lgsigtt. HE WSES QAR (10,000 Xg, 10 min)dlte] AFE=9S UV-spectrophotometer
(UV-1201, Shimadzu)ZE ©]-&3}o] 532 mmollA] SF =S SH3 .

47t FEEQ AHIteE A AAEHRE SH (= 4) HZ 40% S FEEL 60% S FEE
oA 54.46%, 52.57%% = A4S el oH, & FEE, 200 olEE FEE 2 95% dEE FEEAA= &
dol A9l YEhA ek,

AR QUA W A Al AbekE AR SAE e AR delA glow, O AdEN gt 24 (),

b, AAolA A AnabstE AAsE Aew Buda Ydth(Araujo B, 2008; Hajipour %, 2020). Kim %

(2015)2] Aol waw, A7} e FEEC] in vitro 43t 4 (ABTS/DPPH 2t 2484, superoxide

dismutase &4, reducing power, MDA A F =4 sHE FF =2 BEAC] = AoR Wast

k. vIE = FEEclAe WA A adrr FdiHoem vEFedAINt, Kolsi 5(2017)2] A7kl np=w
A oEe

5 FEEA g2S e = sulfated polysaccharide®] 2loj7} mAHF Aol2 FxF H]‘?} wistar
rats EEof|A 7t} A AAAbstE S o AA|stta BHusiglt. oo ube}, -
8 AYSAEZQ polysaccharide &&o] 534 UEbd & FE2E3 5 dasd 3= 39 ¢

grgol kAl dEhd 40% ClEE FEEe] vAWA fREAd ARsHA

iy ©

gl digt AE RIgy
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RE H¥e meantSDE YERI o | 7} Hyghol thdk oA 5L SAS software 9.4(SAS Institute Inc.
Cary, NC, USA)E— 2 A3}, Duncan®] v ¢ A H (Duncan’ s multiple range test)o.2 ZF A5 7H9 TrJ
22 5% 5 (X&0.05)0 A AZeTt.

QAR Z Qe AEEAH] F8 WAYSTS ROS Aol 2gt DNA 4bsl 9 whulz A F o2 HuFHL
Ak, A= 2 UF WES wHelgiaet 2 §7] 4 FFELS wAUA e Fo s A AAEHA
cytochrome P450 3¢l @ ol o8] AthEiuzat 22 ROSE FAsh. =3k, njAdA]e] x3E 4= = A9
TEHEES AE W - oA ROS T ABite] 7ot 4 glom | o]E2 DNA Akst B dhuld &S fUdow
A AE £ D T ASE F25HA "tk (Valavandis 5, 2008 ; Xia %5, 2007).

B ATolA HZE 40% s FEES T dud 22 I, AZRE A a9l = FEE Uib 3
aL, wARA R AE W ROSAY A mdelMe = FEEY ARG 8 %2 24S Biln

2373
SHAIRE, M AHAIR FEEE A EAE
RE AxoA AE AEE F3Fs 9XA F7AH(BV-2 cell) A
EEAAMI-22 celD)E YEE Aoz SIHY. v, & FE= @%, e 14011*1 FEE
AZAPE A GRS Yl 2AS Felssint. girdor sz 4 A2 &AL dieckol¥} 22 polyphenol =
FE 7Rk Aem FAEo] fARE, A Aol sl2FrE ek = teFE polysaccharide MR
qzfFol Fo AYSHEAR AR dn a2 A g A7 JAPHL Jde FAloltk(Juarez-
Portilla 5, 2019). Wang 5(2020)¢] AFolA HZt a4 FalE2HE 2|8 sulfated polysaccharide®= 4l
F(Vero) A EZAA H0.2 F=¥ AbstA 2EG~=R A% Ax APE 9 ROS s fFoAom IAaAA FIHLS
W, zebrafish ¥lo}Z o] &3+ in vivo oA H0,2 =¥ ROS 3 5, AlZEAE 2 A2 I323S F9

g

Koz ZAaAI= AR EFHJT. olyd B FEEY 5% AxRS axe HZb9 sulfated
polysaccharide®} #2 A EZAA 7]21H

& A9s) 2aE TS % W, e

A .
AA & ZAHAA 40% S FEEF9 HS ¥ AF u(Mc IXO)E Al
o

<AA Y 3> jn vivo TERENA FL FEFEY AA7F AMA 27 FA

7 655 ¢ BALB/c PF$2~Z Samtako(Osan, Korea)&H-E Fuf3d}lict. ‘1} 25 AolA & 5
Foto], 55% % 2 22+£2T 9 xT AT ZAAA AFSEITE. o]ES 79 IFoE BRI

P
T
A=)

Rl

Z 1
1 sham control(Sham) chamber exposure-/sample intake-
normal control (NC) clean airt/sample intake-

3 normal+sample(NS) clean airt/sample intaket;

100 mg/kg of body weight
4 |PMys =3 (PM) dust air+/sample intake-
5 |PMys =% B AlE AdF (CF50) dust air+/sample intaket;

50 mg/kg of body weight
6 |PMos =% B AlZ 445 (CF100) dust air+/sample intaket;

100 mg/kg of body weight

_12_
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7 positive control(PC) dust air+/positive control intaket;
50 mg/kg of body weight

7} 1%S sham control(Sham) I3 (chamber exposure-/sample intake-), normal control(NC) I3 (clean
airt/sample intake-), normaltsample(NS) 1§ (clean airt/sample intaket; 100 mg/kg of body weight),
PMys =% (PM) I (dust airt/sample intake-), PMys =% 2 A& AHF(CF50) L& (dust air+/sample

intaket; 50 mg/kg of body weight), PMys =& % A& AJFH(CF100) & (dust airt/sample intake+; 100

mg/kg of body weight), positive control(PC) ZZi&(dust airt/positive control intaket; 50 mg/kg of body
weight) 22 &} t}. positive controld 239 okl ﬂﬂoﬂ SAE AR 7 el MASE YeRE EA

o A7 sAE 24 erjr5’1(Ange ica gigas Nakai) g F&& B2& A&s5id. A2 & F2E239 29
A e FEE2 5859 5 F 1273 5 1Y 18] 4F T4 o, vgasE A 2F AWA 125

%?_}_' 6‘}—?‘ 500 ug/m3 lg‘ ’] PMZ Oﬂ J—E}\]iﬂlxq‘

BT Edodta FEAE
° u

2> 3
. [e) =
1 es]o] SlE Wop F=yHA

3.1y vz 43

Y-"]23= Zo] 33 cm, #°] 15 cm, H©°] 10 emQl 24 ZErgo=R 3] FHo R FEE Art. 7
S A, B, C&2 FE3 F & FHo vl$-2E Fa 88 vl9-29] olF HARZE video tracking system(SMART
v3.0, Panlab SL, Barcelona, Spain)2 2 Z=A3Utt. 379 AME 2 F90 dAEFoz SojzpH 13
(actual alteration)S HFoislal W7 3522 actual alteration / number of possible triads X 10022

Axkatele.

Yu2E Ed F0AA5de WhE A%E E sl AT, $7A5de dehle W assde

Sham 13&(24.98%), NC 13&(26.54%), NS 15(26.54%) 14 & b AolE Holx gkokor PM 1F (17.05%)
oA ZHAastdth, WbA PC 25(29.66%), CF50 1%(23.38%), CF100 Z5(30.95%) A+ &30 xs& o] 7hXA
AR 5a). 7 P BA H5E SHHGS W AP Az B vhgae] 2EAe] Aol melq gk

(% 5b). HE3F, Y-u|2oA AE 3t wp9-xo] HARZE FA53S wl, Sham &, NC ZF, NS 5o HIS] PM

AAFHS B ok, PC, CF50, CF100 182 F7HIx5Ho] MAEE Aoz =gt

%‘Hi U= B 5 01

S B WgEY 7199ES Hrket A94E & 6o YERu. AF A T FYoR 59
7he AR E R ARl Abol 7t flitH(E 6a). ?é A ol ol FE FHom EorlE AArTHE
=435S o Sham ZH(300 s), NC ZE(300 s), NS LE(300 s)olA & 7+ zfol&= i}, whd PN 15
(155.17%) A Fro)Hom ity on PC 15(284.50 s), CF50 L& (275.67 s), CF100 & (300 s)ollA
|3Fo] F7tele] ©@r]gkGe] wE 7o) JfAE AL FRASATHE 6b).

ﬂ

A

3.3 Morris % W2 A3

Morris % "= A3 9kXE 75 cm, =°] 60 cm?] Y¥ F=Fo 55 23 £ 2T 5= 30 cm Fo|2 AL

_13_
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5, FZE AHEHEN, S, E, W

o2 Wt AR T W Yo ZIUE X F QAoHE
(Cebesa, Valencia, Spain)& o|&3to] 29 £ nl9-29o] ME iy =R 3glvt. A4F Adole =0
glol AHrEAl 6027 st ASFAS AAL, 1 F UE S EIYE FH o 1 enE Fol =7t
Holx| 7 Axst & wjH JFstE HAAE UEA vt 1Y 432 447 v FHEGleH, P 27} 60
Zebel A E 3he Afolle Zde 1633 MEA slen, =IgE A XE Afodle S8 =i
o] YAE chfis] Fo] = ol 207 HELEE THAHY. 28 544 (probe test)dlE = Zﬂﬂﬂ

e
X

W Fo A npg-27F HEZ2= AZFS 90%7F video tracking system (SMART v3.0, Panlab SL, Barcelona,
Spain)& o]&3lo] 7] =&},

Morris =% V=5 F8) &7 7I9s8e Gt das = 7 dehhio. % 49 A ', Sham “15(33.32

s), NC L%(37.27 s), NS 1&(33.85 s)olA] 1§ 7& ZFol= YERA] kth. whE PM T145(54.82 s)dl A &
ES Fol ZErtE AAANE ZUtslglom, PC 18(39.66 s), CF50 zf(39 57 s), CF100 —18(34.69

s)olA ZAaste AEFS I (E 7a). T4 BWH 2 W33 probe testo] A= Sham 1E(13.00 s), NC 1&
(13.61 s), NS “15(29.61 s)BT} PM 18(4.39 s)o] W T mFei= azte] Goldow 7asigie). wh
PC 18(22.44 s), CF50 1&(13.00 s) CF100 Z15(24.78 s)ollM = W F+Ho HF 2= AZko] {Fojdoz &
ASATHCE Th). ER, vheooh 19 AmE dms] wgke W, AUv1el SuEe P LgN R,
CF50, CF100 “1EoA 45 = Ao g}g_ (% 7).

<AAd 4> R4 FEE AP BE H 27 Y

Fo2 FAse ¥ 2L AAs A7 B 222 As) W 246 nAE JFe o

d

4.1 23235 AAEA(Superoxide dismutase; SOD) s HA

phosphate buffered saline(PBS, pH 7.4)ol4 = Z2& #2383}tk (Next Advance Inc., Averill Park, NY,
USA). w238 ¥ F4& 4ToA 1083 400xg 2o YaRes &, A45AE AA% pelletS SOD T
=Ao A3, Pellet®} 1Xcell extraction buffer[10% SOD buffer, 0.4% (V/V) triton X-100, 200 uM
phenylmethane sulfonylfluoride]& 4TColA 10&3F 10,000xg 2oz A4E23e & 48 SOD kit(Dojindo
Molecular Technologies, Kumamoto, Japan)& AF&3}e] SOD &&& F7313lH.

¥ zA oMol S0 FHFE FAZ AFdes = 8o etk ¥ Aol SO S Sham 1H(10.72
unit/mg of protein), NC Z(11.03 unit/mg of protein), NS 2% (11.34 unit/mg of protein)olA] L& 7t
A Aol YEPA] ekom ¥ xZ oAl SO &2 PM 15 (10.23 unit/mg of protein)ell A A3}
= AeS Bvk. whd PC 18 (11.14 unit/mg of protein), CF50 Z3&(11.21 unit/mg of protein), CF100 —L
5 (11.01 unit/mg of protein)ol A& SOD $+&Fo] F718l= ZoE FAHAL.

4.2 ZUARAA (P 50 22" vk o 22 ) AH}As} A a7

phosphate buffered saline(PBS, pH 7.4)oA > ZZ & #2335t (Next Advance Inc., Averill Park, NY,
USA). #43te ¥ 25 5,000 rpm B 4TelA 1087F 400xg o2 AR &, Aeds 95C &
Zo| A 1% phosphoric acid ¥ 0.67% TBAS} $HA] 1A17F WEEAIFH T, HESES 600 X gollA 10827 Y4 &85}
o] Asds 3gatal 532 oA FEFEE SAEUT.

] Ao A9 MDA FFe SAT ARE = 99 YERUSTE. ¥ 2A ol A4 MDA -2 Sham 135 (0.50 nmole/mg
of protein), NC Z&(0.50 nmole/mg of protein), NS ZL5&(0.55 nmole/mg of protein)ollA L& 7+ 214l
zFol7F iR o™, PM Z145(0.63 nmole/mg of protein)olA]l MDA &2 Fo¥ oz F7Istcr. WbH PC Z1&
(0.40 nmole/mg of protein), CF50 Z35(0.45 nmole/mg of protein), CF100 13&(0.45 nmole/mg of protein)
ol MDA o] axpx oz A4S,
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4.3 393 ZFEXL2(Reduced glutathione; GSH) ¥ &4

phosphate buffer(pH 6.0)ol A ¥ ZA S #A3}eATE. #d3tE ¥ ZAS 10,000xg ZHoA] 158 5

g & A5dS 3|55kt }2}%0—‘.‘3 5% metaphosphoric acid®} WHSAIZ1 & 2 000X gol| A YA R s)ar,
AS M tris-HCI(pH 7.8), 0.65 N NaOH 2 1 mg/mLe] o-phthaldialdehyde2} A-2o|A 158 &<F WHEA| A
. 9] —?, fluorescence microplate reader(Infinite 200, Tecan Co., Mannedorf, Switzerland)Z ©o]-&3}o
% 9 320 nm, WE 9F 420 ol M FF FEE ST

o Mz

f

u S oox mx

x

ZZA o 9] reduced glutathione (GSH) &< %X?—i A3E = 109 YeEHAT. ¥ FRZ A reduced
GSHe] #H&Fe Sham 15 (101.97%), NC L& (100%), NS 1 (98.86%) o2 uelskom 15 31 fo 2l 2o
= vehx ekl v ] 22 o)A reduced GSHE @%}% PM 2E(83.19%)2 NC LE(100%) Kt} 74350
™ PC 18(92.52%), CF50 18(87.13%), CF100 L& (100.52%) 1A= PM L&) H]8] reduced GSH ¥Hske] 7K
e AL FAFA.

4.4 o}l EZA (Acetylcholine; ACh) &3 24

¥ %2 % 4] 1081¢] phosphate buffered saline(PBS, pH 7.4)22 #2333 3 4T, 12,000xg Z7 A
3087 4 ]-Erﬂﬁ} o}, A5alS 0.1 M HCI® 3.5 N NaOHE £33} hydroxylamine A 2F3} &33afo] Ab-2-of A
187F e A A0, 9keA171 & 0.5 N NaOH® 0.3 M ferric chlorideE H7}ste] 540 mmoll A EF =2 =As}

H FF 9o ACh TS 4T Ade = 1laol YAk, ¥ Ao A ACh %2 Sham 155(2.35 mmole/mg
of protein), NC 1&(2.56 mmole/mg of protein) NS 1&(2.56 mmole/mg of protein)olA <2<l Z}ol7} L}
] ¢kkrh. WhH PM Z15(1.78 mmole/mg of protein)ollA ooz 7H4-% ACh &3S Uehidlen PC 15
(2.60 mmole/mg of protein), CF50 13 (1.75 mmole/mg of protein) CF100 135 (2.02 mmole/mg of protein)
o &= ACh ol F7hste AE&FS YTt

4.5 ol EEZA B3 &2 (Acetylcholine esterase; AChE) &4 B4

ACh st EMof Al8-% %NS 50 mM phosphate buffered saline(PBS, pH 7.4)3} 37CeolA 10%#7F ¥H-3-A1H
t}. o]3 Ellman’ s reaction mixtureZ® H7}3 3 405 nmmol| A EF =S =H3to] AChE A4S =AH& ).

5 ZZAHe AChE 84S A3 Z3E = 11bol YeERlAT. Sham Z25(102.05%), NC L& (100%), NS L&
(100.06%) N Al -2 A<l zpol 7} LJEFLFA] @Egkt). whH PN 18- (125.87%) 9| 4] AChE &Alo] &F7}sliew | PC 1
£(85.41%), CF50 1E(85.80%), CF100 13&(90.38%) 4] AChE EAlo] 7ZAstE= Aoz FQH Q).

4.6 MEZ=g ol W ROS AR T &4

¥ ZALS 1 mM EGTAYF g3 nmEZE=gol & £H(215 mM mannitol, 75 mM sucrose, 0.1% BSA, 20 mM
HEPES sodium salt, pH 7.2) 108] H3|& Al&3te] FAs e, #23tE S48 4C 2 1,300< g0l A 10+
7 PARFE E AEdS 2712 4T 2 13,000 X g0l A 1087 FARF ST, SRS AAS T pelletS

0.1% digitoning X &3t nEE= o} & buffered £, l“f T ZES 1 mM EGTAZF 23 n)
EZ=go} % buffer9d ¥HSAI7]1aL 4T 2 13,000 goll A 15%7F LA #2353

3 nEE=golE 25 uM DCF-DAS ¥316F= KCl-based respiration buffer [125 mM potassium chloride,
2 mM potassium phosphate monobabic, 20 mM HEPES, 1 mM magnesium chloride, 500 pM EGTA, 2.5 mM malate
and 5 mM pyruvate] @} 20837+ WFSA AT, DCF 333-& fluorescence microplate reader (Infinite 200, Tecan
Co. )& AFE3LY] 485 mmoll A &% 3H3S, 530 mmell A W& 93-S SA3%).

H A wEZEFol F ROS FFS = 126 e, H oA mEZ =g o} ROS TS Sham 14
(94.17%), NC Z1E(100%), NS 1F(111.93%)o A <Fel&el zpol7t “JeEbR] QEgkth. wbdA PN 15 (223.12%)
A felFeor FUlEtd e PC 15 (95.18%), CF50 Z145(72.85%), CF100 L& (73.46%)°)A ROS SFFo] 9]
How st
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4.7 |EZ=g o} U mitochondrial membrane potential (MMP) 4]

5 mM pyruvate % 5 mM malateE X3 mEE=gol & vy, o vEFE=ZoE 96 well black

plateold 1 uM JC-1¥} ¥reAZth., EFES 2087F o ZAdA vl%3d & fluorescence microplate
reader (Infinite 200, Tecan Co.)E A}&3}le] 530 mmollA] &% 948, 590 mmoll A = 334 A9,

Ao mEZ=Zoel ¥ HYE = 13°] YERNYIY. Sham ZF(119.16%), NC 15(100%), NS &
(103.35%) N A 1% 3+ &< o]zt ypA] gkkom | PM 25 (77.15%) A fFeldoz 7asgivl. vbd PC
18(129.77%), CF50 1E(63.99%), CF100 L& (77.35%) A& uEZE=g o}l v He 7t Z7lsl= Aoz 3l
= AT},

4.8 AIX AME 9 95 #H gl @y g9l (Western blot)

¥ z2AS 199 PIE E%é}‘: 2 89 (GeneAll Biotechnology, Seoul, Korea)d}t A #2A3IA 7 T 4T,
13,000<g Zz1ollA 10&3F AlEgste] s 3lgatalnt. 229 dldS SDS-PAGE gel® )3kl o
PVDF membrane®.2 transfer &} t}. Transfer® membraneg 4ColA 12} &A1} 12A13F vE-SA|7]aL, 22 &A)
o AeA 1A FQF WRSAIFTE. olHA AAdE FA HEIFAE ECL &HOR wEIA|A A om,
ChemiDoc(ibrightTM CL1000 instrument, Invitrogen, Carlsbad, CA, USA)E AFg3}o] HESGY. AEH ol
Ao AT = Image] 2ZE¢ o] (National Institutes of Health, Bethesda, MD, USA)E Al&ste] AAbEdTh

QA S WA

band imaget™ = 14a®} 7T, B-actind Tl WS ksl 93 A E dhildolt)h, ujHEA|e =
2 4%, p-INK9} COX-29] wrdo] ZFrhshal, BClI-29] wrdo] il Ad Ay, p-JNKeF C0X-29] PM 1H
(120.80%, 145.32%)e1 4] e NC & (100%) o] B&l Z7ts8tglen | CF100 ZE8(97.11%, 99.59%)ol4 %+
A= 14b, &= 14d). 3, BC1-2 &S PM 28(69.30%) oA NC 28 (100%)°] Hl8] 7Zastgem, CF
100 15 (112.37%) oA & o] Z71eAtH (= 14c).

W Ao AE AR A% 9 95 pad gud BEae ® ud deshigen wad wade 54
[¢}

o

<AAld 5> 37 F229 ALY B 24

FAsle] A8 AAS T FAARA HZb WeeS MUlste g & YARE F TS FHoh
Aol AFg3AT. S NS BEH Cis column (100<2.1 mm, 1.7 pL; Waters, Milford, MA, USA)7} &&= o

X0 M

+ ultra performance liquid chromatography—quadrupole-time of flight / mass spectrometry(UPLC-Q-
TOF/MS) S o] &3&le] BAS A3l vt. Ay 2% 40T, €9 0.1% formic acid® 3} acetonitriled}
THFE ARt AfS S 2d g EES QT0F/MSE BEASSI. Q-TOFe] 24 xie
positive AL AFE3F% o Capillary Zd?}ﬁ 2.5 kV, sampling cone A& 40 V. source =X+ 100C,
desolvation &%= 400C, desolvation F%-2 900 L/h & AA3}F3it}.

UPLC-Q-TOF/MS ¥4 A3}, xanthin, 18:1 Lysophosphatidylcholine (LPC), Oleamide, 7,8 7',8'-
tetradehydroastaxanthin®.2 4=, 4 Z3&E = 159 YENSIH.

#£ 2
No RT w/z [ +H]+ Q-TOF-MS Fragments Proposed Compounds
(min)
1 0.56 153.0403 110.03, 136.01, 82.03, 66.01 Xanthin
2 7.05 522.3773 184.0, 86.1, 56.8 18:1 Lysophosphatidylcholine
3 8.43 282.2790 265.2, 274.2, 149.2 Oleamide
4 8.54 593.2773 90.91, 164.82, 127.89, 76.90 7.8 7',8'-tetradehydroastaxanthin

AN 6> A7 a8 oA, JAD, £, FIE Y B
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