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W E BH HE&C-HEER OGS ARMIKR(CPC-NPs) M 223 g % 45 (LPS) BRA- K 5 S M 545 69 R SME ALkl . ik
KR BT Bk, VA CPC A 254 5 F A o 4 (CMCS) 4 34k . CaCl. 4 3Tk 7] 4] & CPC-NPs, 5 CPC-NPs #t A7 K sh & 42, /] &
Fve 1A & & 2 i MLE-12 A= 4 20 L RAW264.7 3 2~ 4 T 2R SE% 28 (Con 28 ) , B2 20 (Mod #1) , = & NPs #1, CPC-NPs 30,60,
120,240 pg/mL 48 . & Con 2B 9M 2 4 &40 K A 10 wg/mL LPS v 25% i KB A- 4L 22 6 h, i A5 &2 25 A hutd i ) & 2h 4 4L 22
24 h, #m MLE-12 48 e, ¥ /5 =8 (MDA ) , &3 AALEE 7 (T-AOC) A2 AL M HALEE(SOD) | id AAL A8 (CAT) |\ B-BEH kit Bk
B (GSH-Px) /K -F , B fm etk 298 2(Bcl-2) \Bel-2 % 8% X % & (Bax) \ bt R % & B-3 (caspase-3) & & #» mRNA , YA % CAT \ &t H
Bk S-2545 8 (GST)mRNA F & /K ; #a ) RAW264.7 gu i b & s fe /-2 18 (IL-18) 98 3178 B F o ( TNF-a) \IL-6 7K F ,NOD #f %
R G 5 B A8 5% % G 3(NLRP3) | 3] 3749 caspase 1 (cleaved-caspase-1)% & & IL-1B . TNF-a . IL-6 . i A — A AL 482 (iNOS )
mRNA &k KF, R H&49 CPC-NPs #2124 (675.69 + 64.58 )nm, Zeta w45 4 (—20.11 £0.98)mV, % 54k & £4 0.455+0.010
(n=3); 6.3+ 5 4 35.60% , 8. 25 F H 16.13%; 7% S AN 692175 ; L P A THEH#30h A L, 5 Mod 44k, CPC-NPs &R
JE 40 MLE-12 %8 2 F T-AOC ,SOD , CAT (& CPC-NPs 30 pg/mL 284} ) ,GSH-Px 7K - F= CAT .GST mRNA & i& 7K -F A & Bcl-2/Bax
& & HoAH A2 mRNA HAE 3 B %91 % , MDA 7K F= caspase-3 2 & & mRNA # iA K -F 3 B FHAK(P<0.01 3, P<<0.05), 5 Mod 41
Yo, CPC-NPs &% & 41 RAW264.7 2n i, F IL-18 . TNF-a . IL-6 7K - #2 NLRP3 , cleaved-caspase-1 %& & F ik K -F A Z IL-18 . TNF-a,
IL-6.iINOS mRNA & ik K -F 3 B F BAK(P<0.01 % P<0.05), 5t M H & T B A Moty it Ao 2% #0249 CPC-NPs, CPC-NPs
T VA A A B R R da B T A KR R R 2 A LPS BRA R F 0 S ARG

KR C-HEEE G HRMOR, SBIRI  BAC R A T KRN K I8 S 4

Preparation of C-phycocyanin nanospheres and the in vitro effect mechanism on acute lung injury induced
by lipopolysaccharide combined with seawater

XIE Youyin, WANG Rongjin, SHAO Lilin, LIU Guantong, ZHANG Leifang (School of Food and Pharmacy,
Zhejiang Ocean University, Zhejiang Zhoushan 316022, China)

ABSTRACT OBJECTIVE To prepare C-phycocyanin nanoparticles (CPC-NPs) and evaluate the in vitro mechanism of CPC-
NPs on acute lung injury induced by lipopolysaccharide (LPS) combined with seawater. METHODS Ion crosslinking method was
used to prepare CPC-NPs using CPC as the drug, carboxymethyl chitosan (CMCS) as the carrier, and CaCl. as the crosslinking
agent. The basic characterization of CPC-NPs was carried out. Mouse alveolar type Il epithelial cells MLE-12 and macrophages
RAW264.7 were divided into 7 groups: normal group (Con group), model group (Mod group), blank NPs group, CPC-NPs 30,
60, 120 and 240 pg/mL groups. Except for the Con group, all other groups were treated with a combination of 10 wg/mL LPS and
25% seawater for 6 hours. After modeling, each treatment group was treated with corresponding drugs for 24 hours. The levels of
malondialdehyde (MDA) , total antioxidant capacity (T-AOC), superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GSH-Px) in MLE-12 cells, as well as the expression levels of B-cell lymphoma-2 (Bcl-2), Bel-2 associated X protein
(Bax), caspase-3 protein and mRNA, CAT and glutathione S-transferase (GST) mRNA were determined. The levels of interleukin-
1B (IL-1B), tumor necrosis factor-a (TNF-a) and IL-6 in RAW264.7 cells, as well as the expression levels of NOD-like receptor

thermal protein domain associated protein 3 (NLRP3) ,

AELTE HEKHRBEILETIH (No.81903693) ; #iTT A& 15
FEARBMIRL 45 3% E 1 (No.2019J00013)

cleaved caspase-1 protein, and mRNA expressions of IL-13,

. TNF-a, IL-6 and inducible nitric oxide synthase (iNOS) were
o BB WAL . BFC7 A I PEZ5 00 5 2 W Y ‘
E-mail : 18658015918@163.com all detected. RESULTS The prepared CPC-NPs had particle

4 OBISVEE PRV P EST 07 I U P25 W5 AR size of (675.69+64.58) nm, Zeta potential of ( —20.11+
E-mail : zhangleifang1986@163.com 0.98) mV, polydispersity coefficient of 0.455+0.010 (n=3);
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entrapment efficiency of 35.60%, and drug loading of 16.13%; CPC-NPs had regular spherical shapes, where the drug could be
sustainably released for more than 30 hours. Compared with Mod group, the levels of T-AOC, SOD, CAT (excluding the 30 pg/mL
group of CPC-NPs) and GSH-Px, mRNA expressions of CAT and GST, as well as the Bcl-2/Bax protein ratio and mRNA ratio
were significantly increased in MLE-12 cells of different concentration groups of CPC-NPs, while MDA levels and caspase-3
protein and mRNA expression were significantly reduced (P<<0.01 or P<<0.05). Compared with Mod group, the levels of IL-13,
TNF-« and IL-6, NLRP3 and cleaved-caspase-1 protein expressions, as well as the mRNA expressions of IL-1B, TNF-a, IL-6 and
iNOS in RAW264.7 cells of different concentration groups of CPC-NPs were significantly reduced (P<<0.01 or P<C0.05).
CONCLUSIONS CPC-NPs with lung targeting and sustained release property were prepared successfully, which can alleviate acute
lung injury induced by LPS combined with seawater through antioxidant stress, inhibiting cell apoptosis and inflammatory response.

KEYWORDS C-phycocyanin; nanospheres; acute lung injury; oxidative stress; apoptosis; inflammatory response; seawater;

lipopolysaccharide

SRR 05 R B K B DL O R E 2 1 K
S o J A T A 7K 2 R R it 3 T T 1 ) O % R AR Ak
W, LK R R8s e HO oy 52 2% 3 23 1 IR K
A AR A

T 798 1 B PR A R B AR AR TR = 2 AT AE )
SR, FL A R | R R I AR R WA = SR Y
K AR T WA I AEY . AT R B, e K h
7 A= R AT B (Enterobacter spp.) s Fe ELACFME B 240 15
PP AT a2 B MR, 1 s 22 M (lipopolysac-
charide, LPS ) /2 55 2 [ [ A1 200t B 1 ZH 183 4, b
TA R 2 T B2 i 0 40 A B 1) S AR 5 I DR Y
T, LPS H 5 S PR B A Z5 G AR, 5| A PR T 5 2
P A& RE S N7, 438 5 I I 200 L 55 s 3 240 L ) o D e
Bifi 5 VT M Y R R, oK 2 T s S K R R A 4
AHEEZ L, EHBIBNATEI I A, C-3 ¥ 8 11 (C-
phycocyanin, CPC) fE1R 4 2 3 LPS Bk A1 7K 175 5 1Y
SER A

CPC&2—FoRiE T Es i aEAZ a0 E, H
HI RN T B 5 RR T R T2 Wi SR
G, W B, CPC A BUAMAT BT RS B
S AR A 22 A A BRI . SR, BT CPC & 8
PR P EE B, BT LABR R T JLAEV R T R sCR .
58 CPC e e 1 5 M ) RN, AT AR R AR B 350 SR b
(carboxymethyl chitosan, CMCS){ER#A, CMCS B f
R A Ak s PE R AE AR 25 Ve, o dE 0F n] LU & 25 9007
B, BEAN GRS 2 WA AR AR GBI
FEA 5 TR O AR A G A%, DT $2 = 25800 /D R e
FHEH g oK R 1Y i 20 4 L T CMCS- 40 K il 3%k
(nanoparticle, NPs) [ F4 £ , 30 1 I8 $ Rz A2 AL o7, AT DA
SR TR S DX S A PO 33X PR I A 43 7
BT A WEMN . A5 B 7 JF & CPC-NPs, [A]HT,
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RSN S50 4557 HxF LPS B A 1R /K 15 5 2t il 440
HIVEFIAILE , B 760 J5 SR N A= 0 PAN R 25 3058
FINBEA, I A im PRIG T AT 0 B R 12
1 #r#
1.1 FENHF

ISPLab06 %Y 5 W [ BERF Tl BHEL ( i) A FR
/vl ALPHA 1-4 LD plus B9 VR TEEHLIE [ 12 [E Marin
Christ A ) ; Spectrum 100 BIZL AT H 3¢ [F Perkin-
Elmer 23 ) ; JEM-F200 B2 5 FL 58 ) 1 SERR % (A8 50 FE
A PR 1] ; BeNano 90 Zeta B 40 K67 B A7 43 B {3
H P TR 25 A BR 2 & ; Mini-Protein % H1, 1k & 5% .
CFX96 #4592 € 1 3R A i S I (qPCR) A4 F
7% [E Bio-Rad /A ] ; SpectraMax M2 %I Z Y ie B Ut H
2% [ Molecular Devices 2\ A ; FluorChem FC3 i fb.2% &
A% 2 G [ 3 [F ProteinSimple 23 7] ; UV-1600 I 48
Hh-RT WL OERE T A e MR PR A F
1.2 FEHAmSEH

CPC (L5 KLM211019, 4l 98% ) [ 1R
YR A FR 2\ 7] ; CMCS |, CaCly . NaCl, MgCl., MgSO.
NaBr,NaHCO,, KCI (4t 5 431 2y 20200914, 20150806
20221016, 20111220, 20170712, 20190710, 20180608,
20100915, 24 4y 73 B 4l) ¥y [ [ 254 11 4k 25 150 A FR
/3 F] s DMEM/F-12 55 77 3% . DMEM =y 55 5% 5 i 4 1
T (HES 4350k 2247167 2285119 .2267991) 414 [ 26 [
Thermo Fisher Scientific 2% & ; CCK-8 it 7 & (it =5
GK10001) W4 [ 3EEFFELE YL (T ) A FRZA H] s LPS Fl
BB E AL EE J1 (total antioxidant capacity, T-AOC) | #8 %8
AL 15 1k 1 (superoxide dismutase, SOD) | i1 48 1k S i
(catalase, CAT) . TN [ (malondialdehyde , MDA ) \ 7+ i
H K S L W) 88 (glutathione peroxidase , GSH-Px) 2 7]
& LA} Bradford £ 1 ¥k B KR & (At 4 51 A
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062722221214, 062922221122, 110122221128 ,0716222-
21201,081722221214,011822221226,063822221228) 1%
W H EEE R RAEYBR A A PRA A s AR 18
(interleukin-1B, IL-1B) Mg IR BE A F o (tumor necrosis
factor-ar, TNF-au) \IL-6 i I5C 592 W B 46 (ELISA ) 351
£ (5439 > M210709-046a . M200629-102a . M221216-
004a) B30 A - ¥ R A= DR AT IR ) 5 5 o- U
1 (a-tubulin) B 5 FEHTAA (L GR3281114-3) 1 [ 3
HHT (R ) 5 5 A R W 5 5 B 241 ik 9 2 (B-cell
lymphoma-2, Bel-2) £ 5L BEHTA | 41 Bel-2 JCHK X 45 H
(Bcl-2 associated X protein, Bax ) 22 7i B PR bt K 1R
1 i 3 (caspase-3) £ i e BT A (L5 4351 4 00118470 ,
00114379,00120689) 42 My [ i = J A= P He AR A BR 2L
] 3 42 57 U] 1) caspasel (cleaved-caspase-1) 2 i FEHTIA |
B NOD F 52 A FAZR 11 45 #4 3 AH OC 2 11 3 (NOD-like re-
ceptor thermal protein domain associated protein 3,
NLRP3) £ e LR (L5 535114 14e3164.87p8121) ¥
W 96 ) AR R AR FRA F

1.3 SEIZRAE

/N BRI 1Y Rz 40 MILE-12 VT Tolk K2F 2
/N BRI AT i RAW264.7 1 1] 33 v 7538 44
VIR R AT
2 A&

2.1 CPC-NPsHy#I#&

Z: 5 M O SCRR™ IR R SR B T A IR R A
CPC-NPs, HAA T 40 F  fE#ESE A F T, FRE 100 mg
CMCS #37K , DL &8 /K i il ol o 5 ¥R % 0 4 mg/mL 1
CMCS % & , 800 r/min # 77 $% F1 10 min; FX it 100 mg
CPC, L 4l 7K e i) il o 1 4% % 2 80 mg/mL #Y CPC %
5 1] CMCS I 10 HH 2 3 3 in CPC ¥, 15 i 1L 625
(meves - meec) A, 800 t/min B I3 45 +F 15 min; FR i 150
mg CaCl., L4l 7K fe il Bl i i ¥ BE o 3 mg/mL 1) CaCl.
Vs 1) CPC FI CMCS TR 120 i 2 mL CaCl,
VW, 4 CCHREEHEFE 1 b5, 5688 22 16 mL A 55 5.0
i, 212 000 t/min 250 10 min, YL3E 40K P4
ik AT = R CPC-NPs., il 4525 4 NPs (11}
RGN CPC, HA AT ] CPC-NPs i il i e .

2.2 CPC-NPsHyR1E
2.2.1 KifE Zeta UL 25 RE I

' CPC-NPs % T WM ER 22 vhif v, T il B 0T et v
4 3 mg/mL FYVE R, FH 2N KL FE H A2 43 BT A3 5 CPC-
NPs [ R0 1% | Zeta HL A | 2 53 1l F %K (polydispersity in-
dex,PDI),
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2.2.2 ALERMBLY RN

FHERH-7] WL 466 BE 1 CPC-NPs % 7E 652
620 nm % K AL AL (absorbance, 4) o FI A
%} 24 4 (drug loading, DL) . £ #} % (entrapment effi-
ciency, EE) o CPC 1Y it fi (mcrc) = (Aano—0.47445)/
5.34; DL (% ) =merc/mercmn X 100% ; EE (% ) = mcsc/ mercss X
100%., H:A1, mese 7275 CPC-NPs H1 CPC Y JTi i, mcvc e
/R CPC-NPs [ i i, meve o #78 CPC JFURHE A T 1 .
2.2.3  EAMROGIE

I3 %F CPC . %3 4 NPs . CPC-NPs HEAT 22 Sh i
REFH, P 400~800 nm,

2.2.4  AAMEIEEH

VBE B AL BB R L 75 °C T8 5 h, 538 B 1Y 77 I
CPC-NPs s MR A IF 0 ES 5ok , Fe il B, & 2051
PEACH AR, o BT AR E RE I o SR [RVRR 4 v 1
CPC %8 [ANPs IR R R, JF AT 204
2.2.5 NPsIEEMEL

H25 1 NPs ,CPC-NPs ¥ G 7 AL B 15 min, ¥5) 43
UG PR T TR, B IR 10 min, (I 4E0 25
Z AR AR AT DR AR S e o0 T . B AESCIR (i)
TR A rh O fefT FH 3% S R B R 4R IR1ROTF LS 25 1 NPs
CPC-NPs [HIEZS .

2.2.6  IRINBEIELK:

KB HGE 1 pH R 7.4 (B RR R 28 v A
I CPC (ARSMNEE TR o K7 2 mg 1) CPC-NPs H B L
BT BENAST KB IASICE T3 A L B RIREE 5
AR b B AR B T E R IR e L L
37 °ClE i 300 r/min fH & M RETL . /3 HI7E0.2.4.6,
12.18.,24.30.36.42 .48 h i B A TP 9 100 WL A4 ([R]
A FH A5 T A B R R 22 v AN ] ), S IR 2.2.27 300 F 7 ik
THARERUN mere 35 LT AT RIPREHCR , IR0 R
HEHZR o BRITREHCR (%) = (meec/mereaes) X 100%

2.3 ZHREEIE
2.3.1 AR o GER S 4G 2

MLE-12 40 il 3% JH &% 10% Jits 4 1fiL 35 i DMEM/F-12
R R L BE 57 RAW264.7 41 i >R F 7 10% Jif 2F 1L 7 14
DMEM [ HERE FR 315757, AP A4 7E 37 °C \5%CO. 4%
R,

B il LPS BX A 25% 7K (¥, Herp LPS Ji i vk
40.5 mg/mL”, S5 I K 2 2% v [ [ 5O R
5 R AT R AR Y TC Oy O L 2SR B A R AR
KBV K, pH N 8.2, L E M 1.05, 8 1 K K 1 300
mmol/L. /KBB4 : NaCl 26.518 g/L, MgCl.
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2.447 g/L,MgSO; 3.305 g/L,CaCl, 1.141 g/L,NaBr 0.083
g/L,NaHCO; 0.202 g/L,KC1 0.725 g/L. [t il #f 7K
TR K E G T 4 CCOKFIRAT

MLE-12 .RAW264.7 41 i35 53y T4, 11~ S2 50 40 3
AL I (Con 4) , BEAVZH (Mod 2H , 10 pg/mL
LPSEEA 25% g /KALEE6 h) , 25 A NPsZH (10 pg/mL LPS
A 259% HEK AL 6 h 5 , 25T 240 wg/mL 25 [ NPs 4b 3§
24 h) , CPC-NPs 30, 60, 120, 240 wg/mL 41 (10 pg/mL
LPSEX & 25% g /KA BR 6 h 5, 43934577 30,60, 120,240
pg/mL CPC-NPs 4b 3 24 h) . 25 25 5 & 2 7% SCHR[16].
WA 6 h 5, WA ILAE K IR PR AN G 22 R 200 sk
RIERBLR I
2.3.2 MLE-12 Zfi Jifd 48 Ak N S Bk il

4 MLE-12 403 1 X 10°mL ™" 425 BE 520 T 6 FLAR
o FEBR 2.3 17T T A HEA T A AR 25 2 WOAR A A
AR T4 JEORH 7] G 10E T 5 4G D 4 it H MDA T-AOC
SOD .CAT .GSH-Px 7K F-,
2.3.3  MLE-12 ZHfifg i T AH G AR 1 AR A

K F Western blot 7 45 . MLE-12 4fi g LA 1 X
10° mL™" A% BEHE RN F 6 FLARCT 42 BR“2.3.17 300 F 7 vk
AT 2y . WA, FHBERRER 28 v 31K,
RIPA S 1 24 A0 B, FH 200 B0 6 4 438 T, e B
BELOE P, UK EZ# 30 min 5, 1E 4 °CE&METFLL12
000 r/min &0, Bl JE Y4 FIE W . A Bradford 8 &
R I 2 A7) 0 0 SR J MILE-12 40 M 14 3 1 R B8,
FEA M BE R R — 2, BT 100 °C /KA 5 min, B0 J B
VE W o B MR B A R, AT R DN A TR O H Uk
(FELE 200 V), 43 25 25 1 JF 26 B (HL I 400 mA) , il FH R
AR AT B YERRS L A Bel-2 , Bax  caspase-3
FEA PRI 1:1.000) , 4 °Cit BOBE & 5 YA
Je, A Z B (FRBEHL R 121 000) , IR 2 h;
VRIEJS L NS A8 ELC b4 & GIRR A T 5 5 i f% o
fifi JH] Image-Pro Plus 6.0 3K /F-53-H7 2 11 4541 K (R, LA H
2 115 9 28 11 (a-tubulin) J B LM 25 H 08
1922357, 15 Bel-2/Bax 25 [ F A8, T W04 i
JAT AR IE BL
2.3.4 MLE-12 40 i+ CAT . ZJpE H Ik S-54F21F  Bel-2
Bax . caspase-3 mRNA A4

K qPCR A, # MLE-12 4ifg )k 1 X 10° mL ™' %5
FEHERDZ 6 LA, F IR 2.3 17 T F Iy i B T A L N
25, WCER AN AR , 2R Trizol 3 & B4l fL 40 i 5L RNA, 2
5% cDNA, H-4% FR R € Ud B B A T4/ . ROV AA
Z B DNA 1 L, I #5445 0.4 uL, 2XqPCR

TEZED; 2024455 35 85 16 1]

SuperMix 10 wL, fil7K OR & #% R ) 2 20 wL. LA 18S

RNAERNZS:, DL 27T CAT A B H Ik S-52 R il

(glutathione S-transferase, GST) | Bel-2, Bax ., caspase-3

mRNA ) #357KF, 3115 Bel-2/Bax mRNA Lo, JH T

WAL TR A E DL o 51 SR N AT AR PR B

MARAFBGT GG SIS R 1.
*1 PCR3IMFINRF=YKE

R FHl(5'—3') Ik bp

cAT IEJi5147: GGAGGCGGGAACCCAATAG 102
F[#1514): GTGTGCCATCTCGTCAGTGAA

GST IF[1314): TCTGCCCTACTTGATTGATGGG 1
[ i514): TCCACACGAATCTTCTCCTCT

Bel-2 IEI3147: GTCGCTACCGTCGTGACTTC 284
J5141: CAGACATGCACCTACCCAGC

Bax TF1314): TGAAGACAGGGGCCTTITIG 140
[ Ji514): AATTCGCCGGAGACACTCG

caspase-3 IEI3147: ATGGAGAACAACAAAACCTCAGT 74
F[#1514): TIGCTCCCATGTATGGTCTTTAC

IL-18 TF1814): ATGGAGAACAACAAAACCTCAGT 116
J514): TGGATGCTCTCATCAGGACAG

INF-a IEJ#3]4: CCTGTAGCCCACGTCGTAG 148
2 I5141: GGGAGTAGACAAGGTACAACCC

16 E1314): CTGCAAGAGACTTCCATCCAG 131
Ji514): AGTGGTATAGACAGGTCTGTTGG

iNOS IEJ]5147: GGAGTGACGGCAAACATGACT 127

[ #7531 41: TCGATGCACAACTGGGTGAAC

iNOS : 75 5 Bl — 48 Ak & A il (inducible nitric oxide synthase) .
2.3.5  RAW264.7 4l H 9 AE P F 7K FAG

K ELISA A K . B RAW264.7 4}y A 1X 10°
mL B RN A 6 fLAR T, H IR 2.3 17T vk kAT
ST NG 2y WA AN MRS FR I, B0 JE B T T, Hie R
ARSI B BT A5 7 EE A TR, (T mE AR AR
TP RREN F IL-18 . TNF-au IL-6 7K F-
2.3.6  RAW264.7 4 fifd tp S AEAH SC TR (H TR I

Kl Western blot 7451 . HURAW264.7 4H I LA 1 X
10° mL ™' A % BE A 28 6 LA, F IR2.3.17 30 R U vk
AT /TR 5 25 o SR AR AR, 5 2220 B[] “2.3.37 Tl
(—¥T2l i NLRP3 . cleaved-caspase-1)
2.3.7 RAW264.7 4l rh 4 AE Il F mRNA Fib kil

K FH qPCR K IL-18 \ TNF-a . IL-6 .iNOS mRNA [
FikKF, HURAW264.7 4HHI LA 1 X 10° mL ™ A %5 J3 32
Pl 2 6 fLAR R, FE IR “2.3. 17300 N 5 Bh b AT A el R4 2
WA AR, J5 2220 BB R “2.3.47 T T, B I E 5 Mo =K
FEWER L,
24 GritEacE

TR AN T 52 302K FH SPSS 26.0 14047 #8704
AL R ] Origin 2016 3/ 4T85 88 0. A 4k
iU x £5s Kow , Z B HCECR 5 22 034, i3 — 20 I
SR H LSD-t k. A7k ifE a=0.05,
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3 HFR
3.1 CPC-NPsHJRIELER
3.1.1  KifE Zeta HLAL PDI N2 455

CPC-NPs {745 (675.69 + 64.58 )nm , Zeta FiL {7 4
(—20.11 £0.98)mV,PDI }70.455 £ 0.010(n=3) ,
3.1.2 EEMIDL|545

CPC FruEI £ 1) 7 #E  4=0.298 7¢+40.008 9(R* =
0.997) , Herpt A ARG , ¢ oA CPC YR , e PR IRl hy 1~
200 pg/mL. 4545 %] EE DL %344 35.60% .16.13%
313 EAMROLIE 4

AN IE 45 R R , CPC-NPs j% £ 5 CPC
TE AL, CPC 7E 620 nm I 4 404 FFAE 1%, 176 HH CPC-
NPs AR 20T LIS CPC (93525, HAR i i CPC 2544
MekAE , S5 ILIE N,

0.40 4

—— ZEFINPs
0.35 ——— CPC-NPs
—— CPC
0.30
0.25
= 0.20
0.15
0.10 4
0.05
0 T T T \
400 500 600 700 800
Pef/em

1 CPC.ZE NPs.CPC-NPs {42 5MR W st it [=

314 aAMEIEEREE R

AMETE RS R R, 5725 - NPs . CPC th#%,
CPC-NPs S Ifi 1 fb24 8 kA= T 284k, HEl T BE7E 1 364
em EME R T S8, BB CMC 5 CPC AT RE & 4 T 32 Ik
FL, HIE SO i, S5 2,

CPC-NPs

e Va

%51 NPs

M N

500 1000 1500 2000 2500 3000 3500 4000
WH/em™

2 CPC.ZHNPs.CPC-NPs £I 5 i &

BATR%

3.1.5 NPsJEAMELL,

175 S B WL 45 R 7R, CPC-NPs S #E I BRI
AR, 4558 LE 3,
3.1.6  IRIMREIL A,

IRAINBE I S 56 235 5 i 7% , CPC-NPs H 2454 n] F5 41 ¢
Jit 30 h A I, CPC-NPs Bgjit CPC [ EE 7 12 h i,
FIRESE R R CPC /KIS PELF , ) 2 i Vi rhoRE s 1Y) 38 B A
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518 h 5 2 W B U - 2% , T RE 21K o CMICS 3% )t
Mefi ) B i CPC B Bl 455 LI 4.

E3 CPC-NPsiESTHEER

100 =

BRI %

0 4 8 12 16 20 24 28 32 36 40 44 48
il /h

4 CPC-NPsHJIMERI LR (x £ 5,n=3)
32 YHAEKIGEER
3.2.1 CPC-NPs %I MLE-12 28} 48 Ak 7 S b 1 5 i)
55 Con 41 [4#% ,Mod 20 MLE-12 4 jitg () MDA 7K *F-
. F TR (P<<0.01), T-AOC .SOD ,CAT .GSH-Px /K F-#
B E AR (P<<0.01) ., 5 Mod 20 [£%% , CPC-NPs 45 ¢ Ji
ZH MLE-12 4l Jifd o i) MDA 7K -2 & 2 &A% (P<<0.01)
T-AOC .SOD , CAT ([ CPC-NPs 30 wg/mL 214} ) .GSH-
Px K2 3 (P<<0.05 8 P<<0.01)., 4532,
F2 KA MLE-12 400 S 4L B B AR 40 M 45 R L 4

(x*ts,n=3)
T TAOCUR)  SOD(Ug)  CAT(Umg) GSH-Px(Ug) MDA(molimg)
Con4l 0.08+0.01 1.24£0.01 320£0.17 27494079 1231027
Mod 4 0.04£0.01* 0.90£0.03* 1.41£0.02° 179410700 2272043
2 HNPs 4 0.04£0.01 091£0.03 142£0.03 18.12+073 2412046
CPC-NPs 30 pg/mL 400510010 1061003 1.61£0.03 19714006 1.88+032°
CPC-NPs 60 pgmL 4l 0.0540.01° 1.10£0.01° 1761028 20491035 1.60£0.02°
CPC-NPs 120 pg/mL 4L 0.06£0.01° 115£0.01° 1.9940.02° 21554 1.000  139£0.15°
CPC-NPs 240 pg/mL 41 0.06£0.01° 12240.04° 2541033 24014063 13240210

a: 5 Conf L%, P<0.01;b: 5Mod4H b #¢, P<<0.01;c: 5 Mod4H
4%, P<<0.05,

3.2.2  CPC-NPs X} MLE-12 il it sh A T-AH G 2R (1 3Rk 1Y
2]

5 Con 41 Ft %% , Mod 41 MLE-12 41 Jifi ' caspase-3 K
F 2R K i 2 T8 (P<<0.01) , Bel-2/Bax £ 1 L
FEAK (P<<0.01), 5 Mod 41 %L, CPC-NPs 45 ¢ Ji 21
MLE-12 4fi i '} caspase-3 2 [ % ik 7K - 24 & 25 [ AIK
(P<<0.01) , Bel-2/Bax £ 4 FUAE ¥ 1 3 7 i (P<<0.01) o
gEIL LA 5 K 3,
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1 I 1 v v M VI

I :Conl; Il :Mod41 ; I : 25 FANPs4 ; IV : CPC-NPs 30 wg/mL4 ;
V : CPC-NPs 60 pwg/mL4 ; VI : CPC-NPs 120 pg/mL# ; VIl : CPC-NPs
240 pg/mL4,

E5 &EMLE-1240fdUATHXEBRIEEIKE

=3 &4 MLE-12 8 R caspase-3 & H &% /K £ F0
Bel-2/Bax EHLELLE B (x £5,n=3)

415 caspase-3/a-tubulin Bel-2Bax B 1L [
Conff] 127003 136£0.05
Mod 4l 2601016 038003
ZFINPs4l 27340.09 033003
CPC-NPs 30 pg/mL4 216£0.05° 0514002
CPC-NPs 60 pg/mL 4 194005 050£0.02°
CPC-NPs 120 pg/mL41 161£0.12° 057£0.05°
CPC-NPs 240 pg/mL 41 1754005 081004

a: 5Con4 H#, P<<0.01;b: 5Mod4H b4, P<<0.01,

3.2.3 CPC-NPs X} MLE-12 4 fifi ' CAT .GST mRNA #
e iy Al

5 Con 41 145 , Mod 41 MLE-12 4l g ' CAT mRNA
Fe kKO B EFEAK (P<<0.01) ; GST mRNA %A 7K - 1%
ARG AR ZEF TG 2 L (P>0.05), 5 Mod 41 Lt
A, CPC-NPs 45 ¥ i 41 24 Jifd o CAT .GST mRNA K ik7K
S48 B T (P<<0.058( P<<0.01) ., 455RW%4,
R4 BEMLE-12 /5 CAT .GST mRNA ik K F

b (x+s,n=3)

il CAT mRNA GST mRNA
Confll 1014006 1.01£0.05
Mod 41 025£001° 0.90+0.02
ZSANPs 02740.02 090£0.02
CPC-NPs 30 pg/mL4 0454003 150£0.17
CPC-NPs 60 pg/mL4] 0560.02° 192£0.03°
CPC-NPs 120 pg/mL 41 0.76£0,02° 4151033
CPC-NPs 240 pg/mL 41 088+0.05° 4561039

a: 5 Conf L%, P<<0.01;b: 5Mod4H H 4, P<<0.01;c: 5Mod4H
e, P<<0.05,
3.2.4  CPC-NPsXf MLE-12 4 g H A T4 G F mRNA
FIRHF R
5 Con 41t #¢ , Mod 241 MLE-12 41 }fg ' caspase-3
mRNA 335 /K 1 T 5 (P<<0.01) , Bel-2/Bax mRNA
FO A B 25 AR (P<<0.01) . 5 Mod 41 He 4%, CPC-NPs 45
e B 240 MILE-12 41 it 7 caspase-3 mRNA 3 ik 7K -1 i
Z AL (P<<0.01) , Bel-2/Bax mRNA M AE 4 B % T
(P<<0.01), &5 WFES,

TEZED; 2024455 35 85 16 1]

F£5 HHMLE-12 4B F caspase-3 mRNA ik 7k F
#0Bcl-2/Bax mRNA LB (x £5,n=3)

A5 caspase-3 mRNA Bel-2/Bax mRNA [ fif
Con4l 0971002 1.03+0.02
Mod 4 27520.06* 0.10£0.01*
ZHNPA 2814002 0.11£001
CPC:NPs 30 pginL 41 1942009 0204004
CPC-NPs 60 pg/mL4] 165£001° 0.34£0.03°
CPC-NPs 120 pg/mL 4 145+002° 0.56£0.02°
CPC-NPs 240 pg/mL 4 140+0.04° 0.61£0.01°

a: 5ConfH [L#,P<<0.01;b: 5Mod4H b 4:, P<0.01,
3.2.5  CPC-NPs X} RAW264.7 4l g i 48 4iE A 1 7K - 1

Al
5 Con 41 % , Mod 20 RAW264.7 4 it /p IL-1B .
TNF-o IL-6 7K V-3 1 2 5 (P<<0.01) . 5 Mod 41 Lt
5, CPC-NPs £ ¢ i 2 RAW264.7 411 tP IL-18 . TNF-at |
IL-6 7K P44 i AR (P<<0.01) . 456,
F*6 FHHRAW264.7 WK ERFIEIRENERILE
(x*s,n=3,pg/mL)

41 IL-1 TNF-a L6
Conffl 5384007 62,04+ 156 373016
Modi 1580017 14384552 50643 £830°
BEN Y 13131014 14.69+8.55 505.16£ 13.61
CPC-NPs 30 pg/mL4! 12304007 105174726 40994+ 15.76"
CPC-NPs 60 pg/mL 4! 1026+0.10° 96,81 1.10° 396724283
CPC-NPs 120 pg/mL 4 8314027 88.90+3.00° 3730748300
CPC-NPs 240 pg/mL 4 7214004 99,15+ 172" 205.16£4.16°

a: 5Confl L4, P<<0.01;b: 5Mod#i L4, P<<0.01,

3.2.6  CPC-NPsXf RAW264.7 il fifd 1 S e AH 5 2 [ & ik
Ehp=A10|

5 Con 41 I 4% , Mod 41 RAW264.7 4il g /' NLRP3
cleaved-caspase-1 £ [H # ik 7K 1 i 3 7+ 55 (P<<0.01) .
15 Mod 4 [ %5 , CPC-NPs 45 ¢ Ji 41 RAW264.7 4 ifg rf
NLRP3, cleaved-caspase-1 & [ 3 ik 7K - 34 & 3% B AIX
(P<<0.01). #RULEI6 KT,

cleaved-caspase-ll I l l l l I 4: 10 kDa

I I} ] v A% A\l VI
I :Con4l; I :Mod4H ; I : %5 FANPsZH ; IV : CPC-NPs 30 wg/mLZ ;
V : CPC-NPs 60 pg/mL4]; VI : CPC-NPs 120 pg/mL4] ; VIl : CPC-NPs
240 wg/mL4 .

B 6 &ZHRAW264.7 4R KA X E A RIABEIKE
3.2.7  CPC-NPs Xf RAW264.7 41 il o} 48 it [ T mRNA
FERIH R

5 Con 41 It % , Mod 20 RAW264.7 41 ifg  IL-1B.
TNF-«. IL-6,iNOS mRNA % ik /K 5F ¥ i 2 T+ i (P<
0.01), Hi IL-1B ) mRNA ZEA7K AR . 5 Mod 41 1t
%5, CPC-NPs £ 9 i 40 TL-18 . TNF-o, IL-6,iNOS mRNA
FERACEH B EREL(P<0.055% P<0.01), Z55-W.38,
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RT7T FHHRAW26L.THRERRIEHEXEBRIEKTEL

B(x+s,n=3)
415 NLRP3/a-tubulin cleaved-caspase- | fa-tubulin
Confl 1.08+0.04 0.99+0.06
Mod 4l 1.81£0.09* 249+0.08°
ZHNPs 4l 1921009 241+0.06
CPC-NPs 30 pg/mL 4] 144£0.06 1.87£0.07
CPC-NPs 60 pg/mL4] 1284003 1.88£0.07°
CPC-NPs 120 pg/mL 41 144£012° 1.70£0.02°
CPC-NPs 240 pg/mL 41 1214003 1484009

a: 5Conlt#s, P<0.01;b: 5Modlt#%, P<<0.01,
#R8 HBZHRAW264.7 4HAE h #HE E F mRNA FRiAKF
b (x £5,n=3)

gl IL-13 mRNA TNF-o mRNA IL-6 mRNA iNOS mRNA
Conl 1.13£0.07 125£0.10 1.09£0.05 0.97£0.04
Mod 4t 50221431 236£0.11° 4991028 356047
ZFINPs4l 4924£8.00 2361003 4924035 3541036
CPC-NPs 30 pg/mL A4l 30.14£032° 220£0.03 416+0.07 2434022
CPC-NPs 60 pg/mLA 25.17+036° 1.91£0.03° 3.10£0.06" 1.96+0.07°
CPC-NPs 120 pg/mLéAl ~ 15.87£1.00° 1.73£0.05° 236002 149+0.02°
CPC-NPs 40 pgmLAl 1343 £ 1.01° 1594004 1.94£0.08" 140+0.05°

a: 5Conlb#, P<<0.01;b: 5Mod %, P<<0.01;c: 5Mod L 4%,
P<<0.05,

4 g

CPC REfE A #ERR A H 2L, I Won X ZURAE R
PHIVE R . A T 4255 CPC YR YT i S 1) 28 T8 R i)
P, TR R ARG RN . 6 R AR LL B 20 i 4
PR TR HCKE , AR BRARAE 0.5~5 m 3 BBl P i e f 1
NPs [FPRiA% , o] LA LU 9 it =6 4 i AR, I
1% A A L5 BB A it 28 2 i, AT e 245 ) A M
TR, 3 Ry IOk 26 24 ) S B3 e s L 1) 9 7 AR
T RCE R ARG 45 1 CPC-NPs ki e K/ Ky
(675.69 +64.58) nm , £+ £ i ¥, DX a6 B s 422 /N g 222
KRR S T CPC A0 1 o RSP ZS R o
CPC-NPs " 25 ] FR2E B8 30 h LA I, HAA — 2 %%
BOR . AR RABR IR KRB AR T
CPC-NPs, A B2 CPC Y i 8 ) 11 5 2 18 B

Vg 7K T S5 SR I 4055 AR A O DA DG WK
HEAT 2375 T M AR e A R S R A A
Pyt F MDA A B, (At S Ak i Js 2R A, Qi 46
5T 2RI, VK 23 b 35 WA AT AL Bz 40 B P 47 37 26, i
ifs 2 28 b 3 1 4 MDA 19 A= B, I B AR E 480 Ak il 19 7K
-, G AL N L 3 U 47 . Zhang SFIF T R
LPS 175 5 19 S Bl 451 43 23 sl HILAAR 7 A K 16 M 40T
o | AR B, DTS U 405 , 400 AR L % LPS
B0 S A AT — o VR o Bl b i A
FEAEREIT 6 1 H LA M ey 1 HA ZOCEEMEH,
FENTAR A 3 A rp XAl 208 5 A 2 T OCEEE A o
AR T S A DL PR T 7K 3 1) o B R il i
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LPS Tk 5 25% 1K , dl sr A VR A R o 45 2R R,
CPC-NPs ] 2. 2 7 LPS K5 /K 2b FiUS MLE-12 24 i
1 T-AOC,SOD ., CAT (i CPC-NPs 30 pg/mL #}) .GSH-
Px 7R, 23 R MDA K- o X 1 CPC-NPs il 4154
U % LPS 1K A 1 7K Ak 215 MLE-12 200 i 14 4 £k 17 93
JEIAS
P T2 4 52 S P R R P AL T R . Bel-2
FELA & — T T [N, R 1 Bel-2 42 i 0 i A7 1 R
MR AR ] RE SR FEAE B caspase 2K 1A 5 F% 25 410 Bt Ny S, 14k
FIEE 5 AN  FEZRL AR H Bel-2 25 8 AT LA il —3 43
caspase {fi f I IR, AP 45 R, CPC-NPs A]
1 7 T LPS B A3 g K A 3 J5 MLE-12 40 il f Bel-2/
Bax 2 [ FU{E M H mRNA FUAH , 2 F#IK caspase-3 25 [
L2 He mRNA £k K ¥ X K W] CPC-NPs I A %0 2
LPS A /K A 335 MLE-12 40 AR 7150
LVEMER A KR L RN T IR R A, 2 T
PR 551 K RAE B, i B4 A AR, JFG vl i [ e
20 0 A3 9 A U Y SR AE DR 5 S R T A T A (A
AHF G 45 7 , CPC-NPs 1]l 2 I LPS A ik b
PR J5 RAW264.7 4 it v IL-18 . TNF-a, IL-6 7K - &% H
mRNA % ik , iNOS mRNA £ ik , DL K 48 i # 5 R 1
NLRP3 Fll cleaved-caspasel f)52i5 ., X FRH] CPC-NPs 1]
A7 RO LPS 145 5 /K AL 35 RAW264.7 41 i (1) 58 45
FAS
25 LT ARSI o5 1 E A B [ P A SR
PR CPC-NPs,  CPC-NPs ] DL i 47t 480 £ 0 38 5% 41 1
20 L 081 T R R ;A D fidk LPS 1K K 5 1Y S
iAo 5 SR IEIEA TR N S Se s JFRE— RS
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