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TAIBHANE (microglia cell) Ry ERSTERHY—TEH EMRHANE - 738 R SUER S (IR - SRg iR
155 - AR - EWGHIIA RIS #E (apoptotic body) FRETREITTRARIFM - AWFFELUL A
SR B S < SAE RSN RE - SEAREST LI ZME (lipopolyscharride, LPS) #5381 EUIHAR T
Btk (BV-2) BEARRIRIET » BEEMFRKZREST - LLHPLC /Wil S le BT - Bl
I &l (phosphatidylcholine, PC) ~ # g HEE £ 2% (phosphatidylethanolamine, PE) ~ g Hig I %of & ik
(phosphatidylserine, PS) ~ ZEE#IIES (phosphatidylinositol, PI) ~ YAIMEAEENRE (lysophosphatidylcholine,
Lyso-PC) K HAWBENSE > 4351k 46.2 ~ 184 ~7.7~3.5+4.9 ~ 19.3% » BEIEE T n-3 25| IR ALIFEE
(eicosapentaenoic acid, EPA) k¢ —+Hi7/<HFili# (docosahexaenoic acid, DHA) 4357k 11.8 5z 28.7% »
BRI SR B2 pA0ERS (SQ-liposome) K/INKTRy 100 nm < I FIERAHSE R BLRIE 2.5 mg/ml DUREY
SQ-liposome gz BV-2 HUMARITZTG=S - I H R BESEE T TEI%<E] BV-2 & &% SQ-liposome
TE53HT SQ-liposome #II LPS sty fE B A AMIEEERRYAE S » 2537 0.83 Bd 2.5 mg/ml #Y SQ-liposome
n]BEEHIE] BV-2 437 H -6 (interleukin-6, 1L-6) ~ ERFESEIR T (tumor necrosis factor alpha, TNF-
a) (p<0.05) ; [AIFRFHESER SQ-liposome EriAZFPIRFAMIIEINES - EYLAEREKTF (transforming growth
factor beta, TGF-P) ~ 41-F415&-10 (interleukin-10, IL-10) A5 (p<0.05) - 5341 LPS AiafEm)—4& b4
(nitric oxide, NO) A:j{ » ZRBETHIZEE SQ liposome & BEIREEN INIAEZE 1 FRE (p<0.05) » H_FofAg5R

HUR > SQ-liposome HAF I LPS i Z MBI S R I EZ I8 > AR AN E R USRS AR &
FEM -

REHEST - BEIEHDAR - 1DREIEHNASES - IRSHBIRIA TS

[

AGEs) - BUE K H i ARl 2R T

B o e MBI - S R@ERR

PUBHIE (microglia cell) HYTHAL P 2k
TERR T — SNBSS [RErIEE R
JEELORFENSE AT DIRE - SRR =] I
BB R B BR B BRI - R RS AR
TR I E AT o BRI AR
IKf » BB ~ R ~ SRR E R (amyloid) ~ 44,
{t.EHHI%: (free radical and reactive oxygen species)-
P IR EY) (advanced glycation end products,
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BRIE - ARIMFFESGRE R R IE - "RE
5 EERS AR TANIHEES ~ 254 - M EEET
ZRAL IS TAHBRZR I EEA: - BN © Flekif
ERIEBCE AN BERESER T - TSR EHUR - 4%
FEISER SR P [EEAY 2 R MR8 R v DARRARGET
2B bR RS (Kim and Joh, 2006) -
RIBMEE T - 2RV IEE &R
150,000 mt » FEAZEIM K FRME (Dosidicus gigas)
R g PR Y T B AR U BRI
A FUKEMN TR - ARMAEI i - 7K
FERIEY EEAREE Y 35% » Ho ik fa i
15% o [T Ry figk o Rz XY B S B A S i SR IELEs
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CUEE - o3 B AT B AR R U R FE B - Sk
JSCARBE R P& - BB AR 2ok (R BRI
Yy EEFEE IR R K55, (Hwang et al,
2011) < SBEMATEFRH - SRA FBENEE S A
‘B &5 80 - 85% » Hr ik U R E 70 1 I 38
& T A MR (eicosapentaenoic acid,
EPA) K — -+ R /M EE (docosahexaenoic
acid, DHA) % n-3 ZIC AR EIRINE NG (n-3
PUFA) (Olivas et al., 2004; Hwang et al., 2011) -
n-3 Z U AEEFINE NI FRAE 2 R I E R & i —2
AR (resolvins) ~ fRFESR (protectins)
FeiieOReESR (maresins) 55 Kyl % S
HhE AR (Calder, 2015) - BFSERER > HUH
Y 4 NS R W 2 B2 (phosphatidylserine, PS)
FIE = WEREEE &S (phosphatidylcholine, PC)
TR - sEFTR (T L ~ T
Pt EE LRI C#E (apoptotic bodies) @ 2%
P I Y e R A R %+ A8 FR 2 AT
Yl E2 (prostaglandin E,, PGE2) KEE LA
[K]¥--B (transforming growth factor-p, TGF-B) » A
T G A 22 R 42 20 S e o M 7 R P R I
(Wu et al., 2011) - B4} > BMEEESE
PS/PC MBI HE < 522 AL » BEAT SN il ek yeg 23
BRI (tumor necrosis factor-a, TNF-a) ~ —45,
1t & (nitric oxide, NO) FI ¥ & R B 1T
(peroxideion, O%) 4% » #E—FHNH] B-XEEH
HFEH (amyloid B) FIT#3 (interferon-y, INF-y)
ZIH (Hashioka et al., 2007) - fEEHAFIFANE 24
(lipopolysaccharide, LPS ) &2 ISHE G5 ENY) B 5
Hh BUR KB R E S It 3 (interleukin-
1B, IL-1B) KB - W HiAk p38 ~ c-Jun N Ui i#ihiG
(jun N-terminal kinase, INK) & » FI|FH#ERE SR
N ls-fiEHE (phosphatidylserine-liposome, PS-
liposome) FEIZA[EZE/HFE (interleukin-10,
IL-10) A pRHiEE R E - WHNH] LPS Frafisiny
AR TS AL ST Ik R 38 2% A i B0 i
85 (Nolan etal., 2004) - [KIELAEARFZEH » 2
AT HE fik e B gk i AR B A 1 S ol B T Y SR
5 R BRI AR B P Ay PS #REEHA IR
HEZRIA - TR RB O R - A b fe Rz ik
HEEIERE (SQ-liposome) HEREAVHIIIME C s
S BT LPS F5 3 BRI HI I 4 0 S FERY BE
jj o

P REEL 5 ik
.
(—) SQ-liposome &g

fik F2U B Ry 2218 K SR /K EE N L Al SRR IR ik
ZEIFEY) » A /K ER AR J et -
ZEHUE IR R 2% Hwang et al. (2011) k&
Akbarzadeh et al. (2013) Z Fi% o

(Z)  fEReEk

AGRESFTE 2 BV-2 % BEUSERB A
(mouse, C57BL/6, brain, microglial cells) » {RHHE

R BN S R R R SR Z AL -
(=) SERFRE

B2t 200 E  Sigma (St. Louis, MO,
USA) » fifuitEass i H GIBCO BRL (Grand
Island, NY, USA) NO 5E&0M[4H (Cat. 780001)
% H Cayman Chemicals (Ann Arbor, MI, USA) »
B RAFIMEER S IL-6 ~ IL-10 ~ TNF-o JZ
TGF-B > EMH A H R&D System, Inc.
(Minneapolis, MN, USA) -

itk
(—) SQ-liposome #ERD AT

SQ-liposome 1Y #H A (%227 Kaduce et al.
(1983) FI| = S BE W AH AT R AR HE L 52 S M AR
s 2K e o HoHR E SO E AT ik (high
performance liquid chromatography, HPLC) fZ#E
m RIS KRG RIEEIEGY) (Sigma P3817)
JKE. PC RER RIRR R EY) PS (Sigma
P0474) > 73 HIFEFE 10 mg RRIA 1 ml 1Y LEHE W
Je 2 mg PS I 1 ml 95HI1% - FREARSEIAHVA
1 13EFT > #80.22 um Syringe filter 3@ ° {E
i HERS » HPLC 4tk JASCO PU-2089 plus i
& 20 pl BEAER 0 #AlES B Shimadzu SPD-6A 2
UV {Eh@2s » 2347 202 nm RO - s PERIE
2 ml/min - FHERSUERTTEEE Ry 70 MPa - BB E)HH
P05 - FEE : BRER =100 0 3 :0.05 » [EEHHEE
FH 534k HLPC 43k Kromasil (4.6 x 250 mm)
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60-58i » 3T B —ARALIRFAT Ry 15 - 30 min » DI
TR R R SR ANIE

(Z) BV-2 {lpRizs

BV-2 i - BEF] 75T BEEMREENEH
10% 5 4~ 1M ¥  (fetal bovine serum, FBS)
DMEM B5#3H 1 75T S5 E R 37°C I
HEH 5%CO, ZREEFE BEE/ U JUriw
IRf - EETTHIIEAIRE AR 2 - MRS R G 5k
B AR R HEE - DL PBS MYERIR o B
IR 50 ml HYBELVE @ S9N TR SRR Y
75T 58 A 14 ml SRR MIERR 2
W IAHENRE 1 ml JRESEIHAR - FRIERAATAI

Wt 4°C T - BL 1200 rpm #5HEE L 10 min--

BEIMAEEARNE IR MERY DMEM 552 -
STEGHIIE 4 HIEFERRA 3.5 cm KFERIMLEL 96 FL
A e

(=) 700 SQ-liposome ¥ BV-2 #llg7 5=
REE

R T 1R SQ-liposome #f BV-2 .7 ffiffd &g 4>
HLL MTT assay 2RI & BV-2 fE&FR R BEEE T
HYTEIER » MTT [3- (4,5- dimethyldiazol-2-yl) -2,5
diphenyl tetrazolium bromide] J&—7# tetrazolium
salt - £ % Al o e] #E FORZER 88 succinated-
tetrazolium reductase system j MTT B tetrazolium
ring EAE L JE KA TE 2RSSR (Y formazan - L)
100 ul DMSO #fiE » HIFR 570 nm FR NEOE
1B - AHEHINE AR R R RS E e
TR VAT GH < SR BOBE E 70 B

(7@ LA Nile RED HEEIER RAW264.7 A2
&l SQ-liposome

Nile Red (9-diethylamino-5H- benzo [a]
phenoxazine-5-one) Fy— VAR EYLH] - HH
JAJISE HEREAE AT -RAYNEE - F1IF Nile Red
T3t - ARSI AIRE AT - K 2x 10°
cells/ml RAW264.7 #ilf - A 6 FLESER
DI&H 10% FBS 2 DMEM ¥k 37°C B
WAR > FEmHMBGRT 22 - RSP AC BRI 2.5 -
0.25 mg/ml fik f SZBENRE - EHUR UK ERSGEE IR

¥ 10 min 0 L 022 pm B U8 R R
(Millex®GS, Millpore, IE) - 5% SQ-liposome 5%
R WIGHHRS AN S i f S s e 5 R
AR PR IS B IR % » o3 BT DI IR AR S
FEERWR - 552 6 hr o IR TSR RS R - I BR
THHERERTEW - DL PBS IZEE YEANE 2 2% > bR
REAEWRAIGAERS » IIA 50 ng/ml Nile Red PBS
VS > 1Y 37°C R ESEE 1S min - FFREL PBS R1H
THVEATIE 2 2% - R EEEIETES RAW264.7
HHEAURE S iR R TETE -

(f) HERRFEXME NO RERIE

Nitrite 53 A7 BI EAHAYF B 2 £- T Griess
LA SRR AR AL EGY) - BRI 80 ul £
minl EAERFEALSUNIN 10 ul iEEER R Kz 10 pl
PSRN - AR NEA 1 - 3 hr » 435000
A 50 ul 2 Griess 30 1 [z Griess 3VH] 2 » fEfE
TRy 200 pl - Y SCE 20 438848 - SEALTAAEY)
Ll ELISA reader EHY 540 nm 2 W Y& E 7 B
NaNO, e gl bbig - HOBR TS S=AE > BImTHR
AR R R AT & Nitrite (Z 2 -

() BABRFAIRARDN

FEEEHATMEIEE (IL-6 ~ TNF-a ~ IL-10 ~ TGF-
B) IR LIRS R RIE I ATEHIE - R E BB
B FR .z Capture HIRSRFT Y 96 FLEE - $i
B MBI BBk - DL wash buffer PRk =K -
A 300 ul Blocking {7 (3% BSA) LIERA
WM iRERY RS > /ERT 1| hr ZREEERFLL wash
buffer JEifk =K » @ EMEEL W (Hl HER)
RRAIEE S 96 LA - YEFILL 2 hr BB BRAR A
W& > wash buffer Py =% - FFLL detection Fi#E
YERI 2 hr » BEBRORIKHS & detection PRS- fxf&
A 52 B ¥ ¥R tetramethylbenzidine substrate
(NeA-Blue, Clinical science products Inc., USA)
HETEM > W2 M RER LR B FE - R
ELISA reader 15| OD 450 nm W%E » &
AHH SR AR AE i DU F AR ME R P (BB - ORISR
WA o AR IR L -

() #R5t
i omT-2EE DL mean + SD 32775 0 SESER
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—H# > BURZMETTERA Student’s test (Ziffe
AT TRE TR B AT B K HEE R p<0.05-

— ~ SQ-liposome #H & 53 Hr

B FE R i 0 FH 4 ik e R S 05 R SRR IR
fik - FRENRE & B IR EE 8.04% » HrhiiEE
FIGRENEE S & 57.7% DL HPLC 4pAfrfikfe iz ik
TG B AL oS B 2% T ol i B A MR £ 2 B e v L
(Table 1)  FHEEFT > PC IS E)y 46.2+2.4% ;
PEMYE &y 1844+ 1% PSHYE & 7.7£0.7%:;
Pl &= R 3.5+ 1.1% ; Lyso-PC Y& = 4.9+
2.4%; Lyso-PE [y & &EEy 6 + 0.5% » HPE]E
(Neutral lipid) #J& &k 10.6 £ 0.5% » il Es Rk
fi§ (Sphingomylin, SM) HY& & E 0.8+0.1% » H
A& & ks 4.1 £ 0.3% o {EfRF IR E 431N
NERt Z #HK - Horh EPA ¢ DHA 4351l S #EIEE
i 11.8 J% 28.7% » Z e BRI AR LB e
50% (Table 2) «

B EE G TR R R R A B
150,000 mt - iy fik £ 11 T 8% Bl ZE WA A 48 2E =
35%  HHP#IA 8 - 13% Ryfih i Bz EhHA - Haft
R R BR AN S IH G » R A 08 DUAE
2 W LY BRI A - SR AR$E Dengetal.
(1998) #+ - Frft (Ommastrephes bartrami)
FeREERT DUE 2 DHA ASE AR IR B AR » Rk
HENEE 53 1] o v B S WA EE IR 2.5 2 14.7%
Hrh 80-85% filEE & & - 1% EPA K
DHA B3Ik - H4b » BB (Sthenoteuthis
oualaniensis) &R E &2 6.27% » Mk
BEE 7R 5 RA S & & 72.1% (Wanget al., 2008) o
Saito (2014) WFEER > EINAIRELRY PUFA L4
BERE BRI RB AN R INENR ~ & R ATERR -
HP{E{E PE 4> F A2 EPA By 17.2-28.8% »
DHA 8.8 - 22.6% ~ {EAEVYJ#R& (arachidonic acid,
ARA)2.4 - 11.8% > 1fii PC 5> F AN HILL DHA k%
(30.6 - 47.8%) - Calder et al. (2012) F52EET »
fm e e ABEENY) > ERE TR ER s IR e iR
B GE AR ROBEIEE - 7R3 R ERFAK
HAEYIG R IR B A YIER % R e - o
n-6 R ARA BGEHNERRYE (PE,)

Table 1 The phospholipid composition of squid
integument extraction

Phospholipid classes Y%o*
Neural lipids 10.6+0.5
Phosphatidylinositol (P1) 3.5+1.1
Phosphatidylserine (PS) 7.7+0.7
Phosphatidylethanolamine (PE) 18.4x1
Phosphatidylcholine (PC) 46.2+2.4

Lyso-phosphatidylcholine (Lyso-PC) 4.9+2.4
Others 8.7+0.9

*data are averaged from three batch of extraction as mean
+ SEM (n=3).

Table 2 The fatty acid composition in phospholipid
extract of squid integument

Fatty Acid Y%
Palmitic Acid (C 16:0) 27.2
Margaric Acid (C 17:0) 1.5
Stearic Acid (C 18:0) 8.4
Oleic Acid (C 18:1) 2.6
Gadoleic Acid (C 20:1) 7.7
Arachidonic Acid (C 20:4 w-6) 4.8
Eicosapentaenoic Acid (EPA) (C 20:5 w-3) 11.8
Erucic Acid (C 22:1) 1.1
Docosahexaenoic Acid (C 22:6 w-3) 28.7
Others 6.3
Monounsaturated Fatty Acid 12.5
Polyunsaturated Fatty Acid 47.4
Saturated Fatty Acid 40.1

n-3 ;%51 (EPA Jz DHA) QIR ERCRARIFR ~ f&
&34 (Siriwardhana et al., 2012) - 554 » FERSE

DHA - HIJ 52 A 3 5 il 68 O G 32 Dol i 2% 28 I JfEE
(Calder, 2015) o AWFFEAES R ik fo S e S
S HHRRMR AR - —2 K e Rl fe S Bt i
B InAMIRER = o WIS R B
R OATRHGTAIR » Z AT IR R AR Fy 100 nm
Fan and Zhang (2013)f9RfF5EHEH - —i B k%
JE IR R RIAR 7347 53 )1 Ky 20 - 250 nm Jz 1 -5
um » (RIS BT SQ-liposome & 52 i 15
i R[5 N = £ W N VA AT S
MR E R PS 737 SR EHERER R RERyR
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Fig. 2 Cytotoxicities of SQ-
liposome pretreatments in
microglial cells (A) with or (B)
without LPS inductions. Each

100

60

Cell viability (%)

value indicates the mean = 40 -

SEM (n=3). The values with 20
different letters are significantly

different at p < 0.05 as SQ-liposome (mg/ml)

analyzed by Student’s test. LPS (1 pg/ml)

T} > SR RSk T g e -
BR T R i BT AR U BERETE PS 41 > iR
WlEE B & & EPA K DHA > [KIFEHEZ RN (ERK
B VIRE R R R I REEE L R -

-~ ¥ SQ-liposome ¥ BV-2 flffIfE
ER

SQ-liposome ¥} BV-2 il GBS R
FH > SQ-liposome FRUIEELE 2.5 mg/ml LIF »
& BV-2 HifUARR 4 hr £ - MG ERE &SN
90% (p < 0.05) (Fig. 1 A) * IRINIREREEE 2.5
mg/ml BL_EIRf - RIS iR e - TR
UAfARRE -

LA LPS F53E BV-2 ##R - #5S SQ-
liposome TH R Bl BL A7 ¥ UG AR 2522 - DL
1 pg/ml LPS FEEMANRE K - FERBEH BV-2 #fl
HOTEfA=REE AT 90% (p < 0.05)  FHSELL 0.03 -
2.5 mg/ml SQ-liposome {EM » FEsHN 1 ug/ml LPS

100 -

o ]
=] o
i T

N
o

120-

80 -

04—

a
b b b
C I I I
0.03 0.09 0.28 0.83 2.5
003 009 028 083 2.

JER - Hll BV-2 #ilffUf S 7=RRE#% SQ-liposome [y
WA TR (p<0.05) (Fig. 1 B) - SQ-liposome
B 532k PC ~ PE J¢ PS ZEBENRE - H A
FEBIY) PC J PS REEBIR L EEVIE B RTE Ry
GRAS (generally recognized as safe) &2 # 77
(USFDA, 2007,2009) ; X[l * Mayhew et al. (1987)
F?I“fﬁiﬁ@ﬁ%ﬂp; Y RN CIliSE G =y LR Y & E1%
T REAAAEE AR R - B R I NE T & EB Y PS

¢ PG fliEHE AR BRI RS A= - 55
&k » Rustum (1979) K% Hart (1981) FF5eEps thsy
AAEATIE B EEEhEEE PS HliERERIHIl
% - Kobayashi (1991) B#E—45H - HEIE
BN SRR (LA MNE T PS Rr - e inieiE B
AR EEBE R E A SR FORF PS ML » ARy
e TAMEYE PS RIS [ZEHNfdJ8 1 (Uchidaetal,
1998) > ﬁﬁ%’f%ﬂ’]?ﬂtfﬁ% » JRIAIRF P fE B gAY
“eatme” HYFRE. » HE— HEEIE R fuZE
1EF (efferocyt051s) PS 5, SQ-liposome 1£ =]
SRR H AT RS SRS R AR E
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Fig. 2 The microscopic images of (A) BV-
2 cell (untreated control), (B) undergoing
apoptosis of BV-2, (C) and (D) undergoing
efferocytosis of BV-2. The red arrows
indicated that the BV-2 cells engulfed and
cleaned nearby apoptotic bodies.

SQ-liposome (mg/mL) Control

Bright
field

Dark
field

0.25 4

Fig. 3 Engulfment microscopy images of microglial cells by Nile red staining.

FIRERA B IIEE C g FEEERIRIE T
R B HIEST LPS s [ LR T Bk
BRI R RPN - A TSGR BN HLHEEE SQ-
liposome FIRERE(E LPS % BV-2 Ml
T ARSI -

= ~ BV-2 f{liifg51E SQ-liposome

ARERRE S BY-2 HIussEE -
Hrpife s bkE T IR (Fig. 2A&B) > it
HRF AN RS o 8 o 2 1 2K BRI A e

HB ST R E RS BV-2 M I AT M ZE 1 H
(efferocytosis) JFFRAMMIHCHE (Fig. 2C & D) »
By THE—HES > BV-2 EEEGAEHIE C
HE— B SQ-liposome » FAMHE EAE LRI
FY BV-2 Hiid Fs im0 0.25 5z 2.5 mg/ml SQ-liposome
FEER 4 hr o 28 H I e B R R
(Fig. 3, bright field) » #—2 ) Nile Red 4ettiiksy
Hr BV-2 HifU ¥ GATRREEREIRES ) - Bi5E BV-2 f
HUE A SQ-liposome FAEAYHIZ: - B/~ BV-2 #fiff
HEAEWEAT PS Y SQ-liposome (Fig. 3, dark field) -
BRI IR SR - RS
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Fig. 4 Effects of SQ liposomes
on secretion of pro-inflammatory
cytokines in LPS-induced BV-2

TNF-a(pg/ml)

cells inducing (A) IL-6 and (B) 10000 -

TNF-o.. Data are given as mean + 5000 -

S.D. (n=3). The values with
different letters are significantly
different at p < 0.05 as analyzed | pg (4 ug/ml)
by Student’s test.

A B PS o B E e TR - AR
JRHHIRAR P PS Erigfe B Ml - ZEHIAIL “eat
me” FHEE - G5 BRI TG E R » e
B MuZE/ER (Cavaillon, 2013; Takaoka et al.,
2014; Kumar and Birge, 2016; Birge et al., 2016) -
Hoffmann et al. (2001) &8 Ul &V {E A
T NE BN Z B PS e Ry RiE
RURE - F i C e SRR A HER PS » B
MRy EREVE R BN €&r 284 - Geelen et al. (2012)
W7ERR - BlEEE & 6% PS ELAE Sk
WGBS AR - 2R1# PC-liposome H2R
&6 PS - QUBIETS E &I H BRI SR AL
NEHAIE - 2R 2 — TR AR YRR I o
TEEIRETH] - ARAIERRE R ~ JECHIIE S B
B BB A IRREEIE (E R RS - &
R HER 7ML A B TREE 1S 1A Ry
W SEMEF S HIIREMEAERS - SR
AR o K - FE DI R IRIE R 1 SE CRIAMERE
RS B R BN AL [ 38 AR A AR 5 R BRI

20000 -

15000 -

0 4

a
a
a a
b
I c

SQ-liposome (mg/ml)

028 083 .

003 0.09
+ + +

IR $# K2 (Korns et al., 2011; Freire and Van
Dyke, 2013) - fEANFZEH - fiRfRZ BRI E R
HEH 7.7% PS - HFTHH A A IR E R —
FRE RS - REIRGEIEAC R MR ] PS #3
BN ANRIGERE - P4 BV-2 MR B
HIE -

P4 ~ FEEEH SQ-liposome 35 fie "8 Kl
MR

BV-2 iflfgi 1 pg/ml LPS 355 18 hr % » AHHK
JRETHGRH A IR R T-6 JREERARE BT
6.8 pg/ml (p < 0.05) (Fig. 4A) ; AHTESLCEEESH
0.83 - 2.5 mg/ml SQ-liposome K524 4 hr » RIfHHE
EIFWH IL-6 JREEREEREEE 6.3 - 4.0 ug/ml
(p<0.05) A EAGHEM - 5540 > BV-2 HilfEss
1 pg/ml LPS Z53E 18 hr % - il E3Ew - IL-6
T FEE RH S HEGREL B BRI 0 3 6% (10.9 pg/ml —
29.7 ug/ml) (p < 0.05) (Fig. 4A) ; ZFaS I &4
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0.2 - 2.5 mg/ml SQ-liposome E5E2%% > RT3
& TNF-o IREARIEHRE (p<0.05) (Fig. 4B) »
AFEFHREEE SQ-liposome JREEfER » TNF-o #ZHl
FIRTSCRBE » BHEHZE 2.5 mg/ml SQ-liposome
#H o R B TNF-o SRS 17.8 pg/ml
(EHIEAH 29.7 pg/ml) (p < 0.05) (Fig. 4B) - HHi BV-
2 fRAETERE RS SQ-liposome HYEZEEEL 4 hr > BE
HEE AN LPS 35 A MR TNF-o Y2
Bl e FEIEHTEID T » mfGRHEHEY TNF-o GESTEH
EAC T oS gy rT e ~ BRI RO - IR - 8K
R R B B IR O BHUS BEL 5 SaZiid
ARG - GBI T o0 WA K &Y TNF-a &
B A R B R R R TE AL - S (3
ARSI AR AH RS 8 - 4o A 1k RS 28 28 B2 A
BUEMEEE (excitotoxicity) 23 FAKIHIHER L
I FEERK L — > Fian - FEESEIE ~ BRI ~ P2k
THBRIE ~ IE<E A FORE S 2 B M LRE S s
#EEEIR TNF-0 B E 0 (Olmos and Lladd,
2014) > TNF-o FY8% T {1 (56 1L P R RER T -1
L - RS KRS ~ RER I 2
ORI AE AR LA AN R b, - SRR Bk S B
WA 2 B A R AR T B+ 5 [ A R 3 R S
JFEE - FE I TNF-o 42 B aiRHER {F R B AR AN
Ry AT DARHL 11 F BRI A dR I A A » 9t RE
FhEIE (Feuerstein et al., 1994) o [FJEF » @RS
ZENRIEGEUREYRE - i TTHIN (neuron) ~ FEIEHH
il (microglia) ~ EARHIN (astrocyte) Jz X Rz
(endothelial cells) JRErghN IL-6 FKIH o fF—L55K
FEMEISI A ERIR 2B ~ MR B8 B DR
PR RS B R - #EEEE] IL-6 K
FRE 722 BB P A R R A AAHR A
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lupus erithematosus) Kz &% 4t & 3% JK" & (human
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MR S ERTS RER R REE S - TL-6 B2
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B BR= L P fE i A% (Erta et al., 2012) o
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liposome &l 2H IR 5 /#8532  (AB/IFN-y)
it 3% BB A M. TNF-o MZE R - A5 H PS-
liposome {F FHTERAIBAIING I S HLE1EE K S Hisa
{EFFE - BESR - BB 2 RV E IS H A
[A] > {H FHpR B R RE I8 L HHIEAY PS-liposome Bl &
SQ-liposome * ¥HEFHRE TNF-o Y4 5 » BLAEE
Bt FAHIL » FHBRPE SQ-liposome EGHIE LPS it
R BV-2 HfuERIE IL-6 K& TNF-a °

11~ THEEHE SQ-liposome "1 % 5l
MR
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th TGF- (Fig. 5A) B IL-10 (Fig. 5B) BfHasH
MG HRHE 225 (p > 0.05) = 0.03 - 2.5
mg/ml 7 SQ-liposome BV-2 HETEZEH 4 hr » T
LA LPS 3388 % 18 hr - i HiE& - TGF-BAH
PR SRR EE LPS RHEEERGIN 13- 1.7 £5 (p >
0.05) - BV-2 #Hju7EEH 0.28 - 2.5 mg/ml 7 SQ-
liposome 4 hr » FF2L LPS 3EE 254 18 hr » #fi
TR > IL-10 FHERIRFRAEERER LPS AHEEE RN
12-1.5% (p >0.05) - Di Santo et al. (1995) ¥
IL-10 (75 ng) {5 A/INEUBEM » B IL-10 &4l
] LPS ZEESESEE A4 TNF-0 % IL-1B° Szczepanik
etal. (2001) 5 » TL-10 BEHNHIANS - AR
i SAMNEE RN AR B - Bachis et al. (2001) HIf
FEH IL-10 e A B MR A SE C » \]
5L IL-10 71 LPS Frafs SRy lSEr s £ - PrriiE
AR RAAT - 5340 BRI R A
(apoptotic cell) 2% » EREIE) MIFERERE R —R
SISEE - AN - AERESMHIE B » ABEEALER
Fir 53 ALY BRI B B R BT (J774) 1E
IR CHEB R RERIRE (e 2R /BT » A5
BRI E FPIE RS (Fadok et al., 1998;
McDonald et al., 1999) - Chen et al. (2001) 25 -
IR T e R B A0y TGF-B
16 LPS FREZ R0 E RGN _E &gl TNF-o
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Fig. 5 Effects of SQ liposomes RN
on secretion of anti-inflammatory =
—

cytokines in LPS-induced BV-2
TGF-B and (B)
IL-10. Data are given as mean +
S.D. (n=3). with
different letters are significantly
different at p < 0.05 as analyzed by
Student’s test.
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IL-10 (5B Bl Huynh et al. (2002) $55AH01 -
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acid, PA) fflgi8 (PA-liposome) k¢ PS-liposome
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liposome HI[ E B HIH] %R - Aramaki et al.
(2001) £ —3EE PS-liposome & & HH 4 #1
p38/MAPK &R » 222 NO &kl (inducible
nitric oxide synthase, iNOS) mRNA IR T I
/% NO 4% ° Freire-de-Lima et al. (2006) 5245
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Fig. 6 Effects of SQ liposomes on secretion of inflammatory mediator NO in LPS-induced BV-2 cells. Data are given
as mean + S.D. (n=3). The values with different letters are significantly different at p < 0.05 as analyzed by Student’s

test.
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ABSTRACT

Microglial cell is a macrophage that resides in brain. However, overactive microglial cells may result in brain
neuron damage or inflammation. Recent studies show that the initiation of anti-inflammatory is triggered by
macrophage engulfed apoptotic bodies. In this study, the liposome (SQ-liposome) was made from phospholipids
extracted from squid skin, and used to mimic apoptotic body. The anti-inflammatory effects of SQ-liposome were
then evaluated on the lipopolysaccharide (LPS) induced mouse microglial cell line (BV-2). The major
phospholipid constituents in the squid skin extract was including 46.2% of phosphatidylcholine, 18.4% of
phosphatidylethanolamine, 7.7% of phosphatidylserine, 3.5% of phosphatidylinositol, 4.9% of
Lysophosphatidylcholine, and 19.3% of other phospholipids in HPLC-UV analysis. An approximately 100 nm
of SQ-liposome was prepared by ultrasonication. There was no cytotoxicity to BV-2 as the concentration of
SQ-liposome was less than 2.5 mg/ml after microglial cells engulfed SQ-liposome. The LPS induced pro-
inflammatory cytokines, including tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6), were
significantly suppressed (p < 0.05) by pretreated 0.83~2.5mg/ml SQ liposome. Oppositely, the anti-inflammatory
cytokines transforming growth factor-beta (TGF-f) and interleukin-10 (IL-10) secretion were enhanced (p < 0.05).
The results suggested that SQ-liposome possess anti-inflammatory properties on BV-2 and may be a good strategy

for against neuro-inflammatory disease.

Key words: anti-neuroinflammation, macrophage, functional liposome, apoptotic mimicry

*Correspondence: 199 Hou-lh Road, Keelung 202, Taiwan. TEL: (02)2462-2101 ext. 2837 ; FAX: (02)2462-3306; E-
mail: yfkao@mail.tfrin.gov.tw



