FLIKE EIE 15 5 5 MR R AA RO R RSN RM

ZFHe 23 Rk, wHE, BRI DI E4 120 B0 Vet ssesaese, WAk SKE D 0750005 2.0 LA
A SR EE, Ik SKE O 0750005 3. AL FEILTEE A X ERE, WAL L 063200)

WE: BHY #3544 % G (lactoferrin, L4 fedfiotk, MELRNF69 LE 4545 5% & % #5085 J 4k (lactoferrin-modified
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WL AT# 8 BIEABHIR N R mies X R G C6 b3k SR il BrIEAE R | # %X LE-CPPS-LCL #i&
e A RIAAS B 4EiE 5 BV2 fa itk XA A, 471 4-F CPPS.CPPS-Lips #= Lf-CPPS-LCL #4725 4% F 7, i@ it ELISA
) €M 9% 3 8 B - -a(tumor necrosis factor-o, TNF-a) . & 28 L/ Z (interleukin, IL)-1B #= IL-6 #9-4-% , & JA Western blotting
& € BV2 %8 i, Toll 4 % 4k 4(Toll-like receptor 4, TLR4). #4544 B F (myeloid differentiation factor88, MyD88)F=4%
F-«xB(nuclear factor-xB, NF-xB)# &iAK-F, L5R A mhLFT AHRHL 31: 1, K28 : LB E8E=28 5, & Faf
[ 25 min, DSPE-PEG2000 #) /& R 4% 4 5%, H4#F6) LE-CPPS-LCL #)#:42 % (197.5£0.6)nm, PDI % (0.2+0.02), Zeta @
1% % (-18.81.1)mV, Lf-CPPS-LCL 5 /#2540 RS #2508 F A8, B L 455 69 B8 Stk 5 RAS-45 64 5 i1 A8 1L
st oo i B AR R A PG e kA SAEA AL, L-CPPS-LCL #&#H B474) £ M H-F TNF-a. IL-1B. IL-6 #zk, TiA
BV2 @/ TLR4. NF-kB. MyD88 4% & £k (P<0.05 & P<0.01), £Z5if 414349 LE-CPPS-LCL AR ¥, 5B 5H3g4 .
HEIF 0 S BAA B b B AR i 3 48 ), LECPPS-LCL T A &4 5 % 4814 549 BV2 X R B, HAERILH TS
T8 TLR4 A& i Fi#% 49 MyD88, NF-kB & & £ ik 48 %,
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Preparation and in Vitro Evaluation of Lactoferrin-modified Liposomes of Codonopsis Pilosula
Polysaccharide

AN Zixuan'?*? ZHANG Qi', SHI Caiyun', LU Fengkun'?, WANG Jin"?, LI Wei'?"(1.Department of Pharmacy,
Hebei North University, Zhangjiakou 075000, China; 2.Hebei Key Laboratory of Neuropharmacology, Zhangjiakou 075000,
China; 3.Caofeidian District Hospital of Tangshan City, Hebei Province, Tangshan 063200, China)

ABSTRACT: OBJECTIVE To construct receptor-mediated and lactoferrin-modified liposomes of Codonopsis pilosula
polysaccharide(Lf-CPPS-LCL) by selecting lactoferrin(Lf) as brain targeting ligand, and to investigate its ability to cross
blood-brain barrier and anti-inflammatory effect in vitro. METHODS CPPS-Lips was prepared by reverse evaporation method.
The optimal prescription was screened by the Box-Behken design-response surface methodology using the encapsulation rate as
the index. The amino group of Lf was covalently combined with DSPE-PEG2000-COOH on the surface of the liposome
membrane to obtain Lf-CPPS-LCL. Then its morphology, particle size, potential and release degree in vitro were investigated.
Established an in vitro blood-brain barrier model by co culturing human umbilical vein endothelial cells and rat glioma C6 cells
to investigate the permeability of Lf~CPPS-LCL. Lipopolysaccharide was used to induce inflammation model in BV2 cells. And
the BV2 cells were treated with CPPS, CPPS-Lips, and Lf-CPPS-LCL. The levels of tumor necrosis factor-a(TNF-a),
interleukin(IL)-1p and IL-6 was measured by ELISA. Western blotting was applied to determine the expression levels of Toll-like
receptor 4(TLR4), myeloid differentiation factor(MyD88) and nuclear factor-kB(NF-xB) in BV2 cells. RESULTS The optimal
prescription was determined as follows: The ratio of lipid to drug was 31 I 1, the ratio of soybean phospholipid to cholesterol
was 28 : 5, sonication time was 25 min, and molar content of DSPE-PEG2000 was 5%. The particle size of L{~=CPPS-LCL was
(197.54£0.6)nm, the PDI was (0.2+0.02), and the Zeta potential was (—18.8+1.1)mV. Compared with the raw material drug,
Lf-CPPS-LCL was released more slowly and smoothly in vitro. Compared with unmodified liposomes, Lf-modified liposomes
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had better permeability to the blood-brain barrier model. Compared with the model group, Lf-CPPS-LCL significantly reduced
the release of inflammatory factors TNF-a, IL-18 and IL-6 and down-regulated the protein expression of TLR4, NF-xB and
MyD88 in BV2 cells(P<0.05 or P<0.01). CONCLUSION Lf{-CPPS-LCL has a rounded morphology, with uniform particle
size distribution, good sustained release and blood-brain barrier model permeability. Lf-CPPS-LCL could effectively inhibit
LPS-induced inflammatory response in BV2 cells, and its mechanism of action may be related to the down-regulation of TLR4
and the protein expression of MyD88 and NF-kB on its downstream.

KEYWORDS: Codonopsis pilosula polysaccharide; liposome; lactoferrin; brain targeting; blood-brain barrier; inflammation

P2 RAE & & A AE X B 28 R S (central
nervous system, CNS)AY—FF 4SRN o 3 4F bt
TR A RAE 5 2 Fh i 22 1R AT MRS AN Bl 7K %
IR 9% (Alzheimer’s disease , AD) . WA 4 7% K
(Parkinson’s disease , PD) I L 25 4 ] 2% A 4L i
(amyotrophic lateral sclerosis, ALS)%EH &A= FIA
AR W i T Il ik 5# B (blood-brain
barrier, BBB)™ % i) A= B 5t B AE FH A8 15 25 ) i LA
TE TN IS BIA BRI TR, B Z JAE 1Y I
PRIGYT A 254588 3% th B TR AT, SR 4 20
BU R 2 S A BB ST R . S 2 HE
(Codonopsis pilosula polysaccharides , CPPS/ A K
R YI, CHOEEEAHRP Sref.
PR RS 2R E YR, HIL TP A R R,
{0 CPPS HAEMIAIFIEEAR, #5 CPPS @ THRFA
H, ATEE A YITEAR R R, I RTE IR 1Y
VEHIITRL . K i B A 2easd i 244, mTHS 2yt
IRITHSUNEE P, R R A R, 4
AR . Z2F4:Y BBB RIMBIA7EFLE
M (lactoferrin, LNZZAR, REWEA T LI MMy
iz N, i B iz B B iR is, AR T
Wil 2 A5 3 BBB i ABKZHZIM, A SRR
M LE K& S I BUARBESR i DSPE-PEG2000-
COOH 25 SRk B 8 = Z WEIE Bt
& (lactoferrin-modified liposomes of Codonopsis
pilosula polysaccharide, Lf~=CPPS-LCL), DI
AR I E S iE, R EIK RS BBB HhE
71, MMif CPPS B 5%t BBB B4 A EHT R
YEHT, Rilt—2 58 LE-CPPS-LCL (A M 5%
AV AL B
1 {4 5EF

LE225D Hi, TR (5 F Sartorius 23 )5 3K30
e AR R 25O FL(Sigma 23 /), B 04428 82 mm);
Lab Tech UV2100(JL 53 AN ZEFRHAERAH]; 7650
ST WM (H S22 ) s ZETASIZER Nano
series 4 K r B HL A7 A3 (€ B B IR SCAN AR A FR A
Al); RCBCD I (RRK AR T); CO» FiFRAH
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(Thermo /3 #)); Infinite 200 PRO 23 HERHFR 1Y (R
KA. Tecan 23 7)); Mini-Protean Tetra B JKAE |
Mini Trans-Blot #5EJf#i¥5 3% H Bio-Rad Al ;
FMO0530 2 {828 % Fl ik 27 & O R & 4t (Protein
Simple 23 Al)

CPPS(PU LR F- A= FH A BR AR, 185
200618115 2 A XoF HEt i (£ o 24 A o F 5T
Be, 5. 110833; 4l =99%); HHE EL(EZ 4
A FRAT, 575 69008214); KT IR (H S .
N01006) . DSPE-PEG2000( £% 5 : B41233) .
DSPE-PEG2000-COOH({t5: H32668)¥404 H I i
WHREARA A mR-80(F 54, M At EURL T
HIRAT, $85: 9005-65-6); L(HAFEHERA S
#t, 585 CAQ3770); g Z Hi(lipopolys accharide,
LPS) (At KK E AP AR AR, 615
L.8880); Jii2F I3 (Gibeo 24 H), $85: 10099141);
DMEM Al FR 5 R AR AR A R AR, 1]
5 L130KJ); ECM N RZ8%5 773 (Sciencell 23],
P25 SC-1001); C6 4ifL & HEE I (cell 24H],
85 . r004-001b); Anti-TLR4 $if&. Anti-NF- «B
p65 Pk . Anti-MyD88 Hif&(Abcam A ], 5555
524 ab13556, abl6502, ab28763); Mouse TNF-a
ELISA Kit, Mouse IL-1p ELISA Kit. Mouse IL-6
ELISA Kit, CCK-8 ifXfl& . NO fillifH & =
KREVEARARAF, 55551510 PT512, PI301,
PI326, C0038, S0021S); BCA i & (Biosharp
ovHE, 585 BL521A),

BV2 /NN . A ER DK P K2 4 (human
umbilical vein endothelial cells, HUVECs)F1 K Ui
JI2 5 968 £ ML (C o) 4T 1 b Vg A i Bk 2 BF 5 o 40
PP
2 Hk
2.1 CPPS 4 rik iy sr
2.1 RIS AR AR T R T
50 pg-mL " XFREGATR, B 1 mL T, B
S%EIRI A 1 mL, RA1E, IMAMRELER S mL,
R2), HE 5Smin, /KIS 15 min, 25 HRKE
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REEE, B 1 mL A9 ZEE K I8 5 AR R 5
FHA 2 07 R s X IR, IROR A 360~
600 nm PRI 5z AR A K
2.1.2 FRAEIMZRIZH] RS ARIL 10 mg F% b
XFHE S, R B R 2R KR OIE R R, ERT
10 mL &, 40 EC s sk R 10, 20, 40,
60, 80, 100 pg-mL™' AR, HAREY-IREE IR B
{5 1E 490 nm A E LU ISR, DLk
RERAR R, WG AR B A i 2 R
2.1.3 RSB MERGE U RN 20, 40,
80 pg-mL" A A M X R A 1 mL, AR ER-IR
TRERTE (55 T-4£4h 490 nm Ab7E[R] 1 d &% 2 h
MEWSCRE, 35 W, HEHNKEE; Fkk
VS VRAE T R [A] — B B S S 5 d, 11 H DR
W,
2.1.4  [ICRIAES 2S5 AR TR Bl & . SR A
W8, B — 5 LA Ok S B A A0 L [ 1
- 80 ¥ T, SR e 78 K ASGHA T IR e e
KK, BB N RETE B — 2B B A,
10 mL 2B SRR A, SRIGINA 2 mL BERRER 2%
s (pH=7.4), MiHIRG , HAMRES), AR5
BT 2R AL L TR 7810, & Okt 4
&, 153 AR, i PBS /KK 2 h, HX
W, A 25 min, B, AEES ARRRA, Hss
F IS SR 45 2 mL, 439 9 4~ 10 mL il
B I R A B 20, 40, 80 pL 40 pug-mL-!
AT R SRR, ZRIBOKE R BZIE, -
WHRIRYE T (OFE 490 nm ALK, {0 RWOEREE, it
AT e
215 HEMWMKE Hl& 6 mEREWRESN
60 wg-mL~" 197 20X BRIV, R ORI -
iR i ()5 o 490 nm A E WO EE(E, 115 RSD,
PEM 7 ik i S A 1
2.2 S ZHENE FR(CPPS-Lips)i il &

e “2.1.47 WURN 5k, K BERREh %% v TRk
B CPPS Wil Eh 2% thim W il %5 CPPS-Lips, #f,
#H.
2.3 HfilgE A R R g
2.3.1 KAk pH EXT B ZRA M e ek
g . MHERES 56220 E, o5 %2k pH
5.8, 6.6, 7.2, 8.0 BIXHUEREF M, Al %=
F2h - iR CPPS &)/ 25 x100%.,

P E AR F 255 2023 4F 5 5 40 5 10 1

232 JEA LT ESR A [ BB NE A9
i, U E R R, A e i 2 1 1,4
1, 8: 1, 10 + 1 WA AT XL BRI
233 JRZyT BRI [ BRI A
i OIWEE S HERER BT R LG8 ¢ 1), HASRAEA
BREOTS, RS2 R, IR
Wk 20:1, 40:1, 60: 1, 80: 1, WEINHENG
5 CPPS Y & Fe X R A 52
2.3.4  DIEENS S0tiR 80 MR A BRI 5
M [ SR NS A i . OB AR - R ) o
b8 = 1) AR H33 ¢ 1) HAB SR RELL T,
MR DR AR Sk 80 MY T L, (HERBEAR S ki 80
PR 121, 31, 51, 7:1, ME
GRBENE S5k 75 80 19 5 2 L XA BRI 520
2.3.5 EFETEX BN [ BRI
&, BRBEIR SR E R R E (8« 1), HRZNt
(33 : 1), UPWENE StiE 80 MR M(T < 1), H
SRR IGOLT , B8 75 R4 50 h 0, 30,
50, 70 min, WLEEER A B () XA 35 3R () 520
2.4 M R T A A A A T

P RPN B 1 S ek 2 3718 7 RS B |
BEAYLE . BRZ5LL . MR, 3 X3 R 4K
KIHZE R AR, BMHREE 3 KF, RH
ST Design-Expert 12, PIAuEH 2 A0 N AE ,
%71 Box-Behnken 46, MRHEAIAIL A 45 A5
Al T 55
2.5 CPPS-Lips fiefH:Ab 77 54 55 UF B R AE

K% Box-Behnken R0 & I LAb T 4¢
1 E &2 i 4 CPPS-Lips, J14r#E 3 R E L5
AL SR e R AR A T 201451 CPPS-Lips
iR 50 A%, R FH B 2R SOREREASGI 52 A% R AV A
FE ) FH 25 S B 488K CPPS-Lips AYABZE 14 , By
1% CPPS-Lips F A BT KRR 5 A%, b 1 i T4
ML, 2% SRR YL 3 min, WRTIK4Y, EE
TR TR
2.6 Lf-CPPS-LCL (il % I T. 254k4k
2.6.1 Lf-CPPS-LCL [Wil& R LRGeS 5
AL J7 4544 PRl % CPPS-Lips, 1% DSPE-
PEG2000, DSPE-PEG2000-COOH M #1R-& G iR A
CPPS-Lips 1, /K¥&(60 C)fHEME (1 h), HlE
CPPS-LCL, {8 1-Z3&-(3-HI ILE LN IE) bk —
JER R AR . N-FRIET WEE A DSPE-PEG2000-
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COOH F 5 10 = 10 : 1 {8 A CPPS-LCL /1, =
Y P #F (10 min) , ¥ CPPS-LCL %1k, ¥ Lf:

DSPE-PEG2000-COOH(1 : 4) il A B £ 1% 1k 1Y
CPPS-LCL ', JKIA(37 CFE (G h), THABHLE
BT 22 h(DABR 2SI 2519 CPPS. Lf. fEfEF),
M52 4ifk Y LE-CPPS-LCL,

2.6.2 LEHEFACEMHEE  HULE-CPPS-LCL I
300 uL, FIPEE(400 pL)yiwfiE 30s JEANGfs 200 uL
FRRIATIE 30 s JF N BF7K 100 uL, i%jE 30s,

9000 rrmin~' B.0> 3 min, &3 FJEEWR; FHIMA
400 pL FIEE, J547E 30 s, 9 000 r-min~! B.0> 3 min,
7 bW, AaaiinE, IR HERACKH R T,

M. A BCA &P alin &, #aile
Lf-CPPS-LCL MM &, HE Lf MR
(CE%). B7c, HI/E BCA HHMErRMERZ . ¥
BSA(FRHER X B IE  pH oh 7.4 (1) PBS i
il A% 0.5 mg-mL™" AUFRUESR IR, 7 PBS BR B
B ZE 0.4, 03, 02, 0.1, 0.05, 0.025 mg-mL"'!
;5 HE8 BCA KA & VLA, 7F 560 nm &b
TE AR BB RO, SRR g R
RIG, ¥4 LECPPS-LCL [ @ UliE it T
200 uL PBS(pH=7.4)"1", /i A BCA TAEWRIEA],

B (37 'C)30 min, 560 nm AbIIE W GEE, @t
PRUEINZ T, iHEEA R, AA ER AL,
FHEERACE, CE%=(1-C yu/C £)x100%.

2.6.3 DSPE-PEG2000 5 B®Ng M EE /R Hoxf 6 &
REgsgm SZECAMREINSELK, % DSPE-
PEG2000 : F#EIE>10%, DSPE-PEG2000 23548 |
A “/NERI” . BHIE DSPE-PEG2000 4 AR
W2, I LL LE-CPPS-LCL Ayfudt F T br,
PEHUT DSPE-PEG2000 5 UIHEAR B EE /R L 10% LA
W Z A Lk T % %8, JF 1L T DSPE-PEG2000
SUiBENg EE R LR 2%, 5%, 7%HT Lf-CPPS-
LCL W E3,

2.6.4 Lf-CPPS-LCL A 4abJ5 4514 1) 55 iF 12 5=
fE ZE4 LREEH, O DSPE-PEG2000 5 5P
e “2.6.37 Wi TG EE R L Hl4E 3 it L
CPPS-LCL, 433l Lf-CPPS-LCL f9 Lf % 4%
RO, VP R AEAL Ty S5 ) E B AR 12

RIG, ¥ LR R HIF5AY LE-CPPS-LCL #iBE = 50
FEAARRR, R H 7R SOREFEASGIN i HOR AR R A7 A
R FH B ST o A4S M EE LE-CPPS-LCL ) IMZs 14,
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RR HB e N 1, 2% B IR YL 4 3 min,
WK, CESE SR TOIES; IR AL
FERE, A B M2 GEAE 400~4 000 nm
N, XF R [E 774 mPEG-CPPL Fl 4 7= 4
Lf-PEG-CPPL #1725 ¥ 50 Hr o

2.6.5 Lf-CPPS-LCL KIMBEILEH5E K25
AHIH]AY CPPS. CPPS-Lips. Lf-CPPS-LCL 4% 3 1}y,
IAZIRE B A iEHTAE T, S F a3t 1, 76 200 mL
pH A 7.4 1 PBS 2 i UK IRE R 37 °C,
Bk 100 r'min', F 0.5, 1, 2, 3, 4, 6, 8,
10, 12, 24, 36, 48, 72 h B4 HL 2 mL, [R]Ab
A 2 mL B3 AT, 385 AN BTN
JEEE, 1A A4 CPPS A& M RV OR , IF4
il CPPS. CPPS-Lips. Lf-CPPS-LCL )% Hi £k .
2.7 Lf-CPPS-LCL ) BBB it %%

271 KERIE# S, HUVECs 1 8 6 M A S 4D
BBB e 4u bk, H ¥ HUVECs 5 C6 4ifif
e AL SR AR/ BBB 1%, 4 HUVECsS
Al C6 MR K RE LT 80%~90%0}, 4HfE %L,
HUVECS 4 DAREL 1.6x10% P 2 Jfa 285 1 42
T 24 fL Transwell /N FZERY PET B [, N
250 uL N A 5E bR AL, IR, DAL 1x10°
F C6 44 FFF Transwell SFLE(TE), A
C6 L HREFREE | mL, 4ERF 2 FhYu s F= 5800 W m
AH- o i B AN AL (R & HUVECS) 25 X REZ
HAHEE 3 MR, BHESFRAE PRI
FERTHR, USRI A I Ol o AT SR SRS
BBB HERIPEM Y R 51 S50

2,72 BREIEAL RRUMUEEARE S S, BRAHE
B WM MEE HUVECs fl C6 ARG Al &1
B, 4 h B w50 RS P9 B2 40 A FL BH BT (trans-
endothelial electrical resistance, TEER)iﬁgﬁﬁfﬁ*
HIFMARTY ;4 h BIRIAE: 7F Transwell /NE [ |
TSI 300 uL, 1.5 mL 3554, 6 -
FEHTREWEZEEPHZE 0.5 cm, FEYIHLE R4
(37 °C, 5%COx)"I%3% 4h, WMELAE 4 h J5 21D
AR F>0.5cm MY 1A 25 ; TEER K. i H
Millicell.ERS-2 HLFHAY, X455+ %) BBB 5%l
4T TEER kil B SCORAas 7E g 5 224 R
9730 min, %, FIHFIER, HEGEHEEREE.
B LR E AR £, A &%) D-HANK s
ZEIREME T, ik 2 PN Y 2 e R A
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o R R TR B T WOE T, ASRE iR /)N
FIRHR IR, B 3 ASASFEACE B, IR
/A= o = M s M 17 N S [ PR o 7 N G I
(Q-em?)=(LHa LI (25 LI EAH)> PET i
T F(cm?),

2.7.3 Lf-CPPS-LCL f) BBB &P %58 puliat
ST RSN BBB AT fE, R R IR AL, e
Mt P9 43 0.006 5 mg-mL~! JILAZE4) 4% 1 mL,
THEFRHE 4 h 553 B — 3B 32 A 55 5, i
IR - AR R AN CPPS & &, 1155 Lf-CPPS-LCL
i A5 BBB 4 AR Y (1 375 A% %

2.8 CPPS, CPPS-Lips. Lf-CPPS-LCL X%} LPS i
TSN BV2 20 A AE IR BT R A R AL
OEIER I

2.8.1 LPS AN[RIVEEFIE I RIXT BV2 4475
Rsgm TR R BV2 21 R 1
B AL, BRI EEAL 5x10° fZ0 2 B R b T
96 fLAL, KiFF 24 h, SRIEWEASFIR Y LPS(0.1,
1, 10 pgrmL )10 pL A REAFLAF, 308555 8,
12, 24, 48 h, AW 3 ANESL, 5E DG N0
A AP . RIE CCK-8 KA & i,
4 FLIA 10 pL CCK-8 k7], JARE T4 ks
H2h, ZIFEAA, T 450 nm AN E &AL O EE
{EL(OD) . 2 HELAF 176 %4(%)=(L J 4] OD-%5 141 OD)/
(IEH 4 OD—= H4l OD),

2.8.2 LPS iESH BV2 RIN &0 4 oA A B ik
NO Zh&EHEE  NO RN+ EHE M RN T
FES 0T, RIERAR, NO Iyt B i 2 bl
r=A Ko H 2, MG, PR
JE ALY NO FElcaE vl W BV2 4 i & A= R AE I
N IO BOMECAE IR BV2 21 A il R 40 e
W, RO BRI R B AL 1x10° 4, R T
24 fLAk, 1 B IEH X IE4E, LPS 0.1, 1, 10 pg-mL™!
4, FAE 4 4EF, Bl 500 uL, BiFE 24 h,
IEH XA AT k373, HAbdlim AR
W 20 ARSI 85 92 3% B 24 FLEF SRR
BT 37 C. 5%CO, Hi A h ol i 55 8, 12, 24,
48 h, WM IS, $% Griess IE G
NO i, FIHBEFRMLT 540 nm 40002 R,
HE AL NO BT

2.8.3 CPPS AN[A[¥EJEAEHINRIXT BV2 4017
TR 7 “2.8.17 TR R ERAE, SRIEM
A 10 pg-mL' CPPS ZkZE 435|435 12,24,36,48 h,

P E AR F 255 2023 4F 5 5 40 5 10 1

K H CCK-8 21 5 AN [m] 45 245 B[R] % BV2 4l U717
R $ “2.8.17 W, ABINAAIFE
R CPPS(0.1, 1, 10, 100, 1000 ug-mL™),
Rig% 24h, R CCK-8 :i5E AR 45 259k B %ot
BV2 2 A7 A5 00

2.8.4 =5 FNRIEMANT BV2 A G RARm il
F AR B2 (25 FURR SR AN LE 25 (IR A, 15t
MAEBEFRMBEEWE R 5, 50, 500 pgrmL™" /Y
WL, FIA 4 RN e et miEE 1,
10, 100 pg-mL™" WA, &M, % “2.8.17 Wi F
Tk, BRI EEZS LI B il A4k 21555 24 h,
CCK-8 LM E MG E(E, THA A LA A IE R
2.8.5 CPPS. CPPS-Lips. Lf-CPPS-LCL X} LPS
PR BV2 SAERIA NO B2 4% “2.8.27
WUR O, SR ABLMmAWKE R 1, 10,
100 ug'mL~" /) CPPS. CPPS-Lips. Lf-CPPS-LCL
RigR345 100 uL, K55 24 h SR AE A AL b5 57
W, FEPRYT 540 nm AbWNEWOLEE(E , TR A4
NO Bl .

2.8.6 ELISA EAGIA0ML S W TNF-a IL-1P.
IL-6 RIEHFHI&H % “2.827 Wi RNk, 5L
Wl A FLIMAKREE ] 1, 10, 100 pg-mL™" f) CPPS .
CPPS-Lips, Lf-CPPS-LCL };3:3£4% 100 L 1555
24 h JE R A A AL FRWE, DL 1000 r-min ! B0
5 min, BREGIMIIE R, #% BELISA 357 & il I A,
5351 96 FLA I AGHAE & ShRiESy, BfLIRE 3
AEAL, BRI 450 nm PEAANE RS ERE, 1050
JCEEME, ARIEbRAEIZ AL E RIS, A4
¥EWH TNF-a, IL-1B. 1L-6 24E T & it
2.8.7 R I SR g8 B I K I 4R 4 38 #% TLR4 |
NF-kB. MyD88 HHH#iE RIOEHFRH
BCA il AT 8 i , 2840 SDS-PAGE BERHLIK |
MR, WBE b, B WE b, BESLIR,
Kl 3 FhE ) RIAOK T, — PR E I, anti-
TLR4. anti-NF-kB. anti-MyD88 (1) #s Lt 151 43 5]
J91:1000, 1:10000, 1:1000, T 4 CHJE
EWEE AR . H HRP dRid iR BEE (1 ¢ 1.000)
FHIR L FIEMFE 2h, A Image-J FAFHEIT 5%
AT, TR KA .

2.8.8 HiteE ik 45RM x s oK, it SPSS
26.0 AT BARAS BERGE I 2E 000, 454 B
AT R Jr 225007, 2 2H RV B LA ¢ 4560
P<0.05 h2EREAGIEE L
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3 #R

3.1 CPPS 4rHr ik sy

3.0 KIERKEAE  A AR IR TE 490 nm
DA B R WA T 2 1 O B AR A I i K A T i
W, XFE L. HEESE 490 nm 4 CPPS %
o AR R

3.2 BRAERRZRIVH]  DAMREE MRS AL BR(Y), O
FERAERR(Y), TlAbRERTZR, bRl e R .
¥=0.009 4X+0.027 7, R>=0.999 5, %Mty a5k
TAE 10~100 pg-mL™ LRI R BRI

3.3 KA e “2.1.37 TR AR R
SRR O B H Y RSD 43518 1.51%, 1.07%,
1.68%(n=5), HIE RSD 451K 1.75%, 1.14%,
1.36%(n=5), FUMLEAEEE RLT,

3.4 [FCRIRE H7 “2.1.47 TR 5 L
B, RIS B IAE RSORS00 102.50%(RSD=
2.00%, n=3), 99.00%(RSD=1.60%, n=3), 99.56%
(RSD=0.50%, n=3), RSD {H¥J<3%, fF&ITE¥
BUR, RAZOTIEREERAT

3.1.5 TEMRE % “2.1.57 WF HIEEXTIE
MV VRAE 10 h WEEE M R 4f, RSD=1.90%(n=6),
FAA T R A R

3.2 CPPS-Lips H[H & # 4

3.2.1 KAk pH EXTEE R B pH (EM
H4m, CPPS-Lips M H LT mEHEIK. 7£ pH
7.2 B EPRIRE K, ARSI 1Kk Ak pH
P72, AR 1,

3.2.2 A BRI [EE SREEAR 1)

80 - 80 -
70 70 4
o 60 60
= e
% 50 %r 50
I 40 5 40+
&30+ 30 4
20+ 20 1
101 10
0 0
58 66 72 8 201
7K ApHIE
80 -
70 -
2 60
3 50
& 40 1
& 30
20
10 4
0

&2 L
1

20:140:160:180:1

e, BEE AT AL, CPPS-Lips (618 5ok
TG/, TERER R 4 ¢ 1 Uk Bk,
PR AR S0 PR R LU RE 4 0 1. S5 5R I 1,
3.2.3 fRZy XM ERA N BER 2,
CPPS-Lips MR mFEAL, ERRZI LN
40 @ 1 B E AR RNRE K, I A2 AR b e 2E
WAL E SN R —, ZRIE 1,
3.2.4  GRWEAE S0t IR 80 By LA U B KA
M [ BRI A i, BE A R BEAR Stk 80 Y
JF e U2, CPPS-Lips 1943 35t 3 5 48 i J vk
b TEIBEIR SR 80 MBTE L 3 0 1 W E
RIRF R, ARSI #EAE 5 kIR 80 11 5 &
LLak#e 3« 1, 4550 0LAE 1,
3.2.5 HFETESE IR R ]
A3, CPPS-Lips B3 #8561 I 5 B s/
FERE ST 30 min BRI, K 75 B ]
YER G AL TR SR R Z —. G5 I 1,
3.3 ma o AT A AL
KGR Design-Expert 12, DIflf%E N
M i, %31 Box-Behnken L. ARAEALAILS
SRR AR T . SRR g% LR 1,
RGBT R EEE R 2, 7 B4 R Wk 3.

=1 BHERFRAFHED

Tab.1 Factors and levels code

7K A%
A A A] /min B HEE/mg  CHZLH/mg
— 0 20 3.3
0 30 25 5
50 50 10
70
60
= 501
¥ 40+
30
@ 20 -
10
0 .
4:1 8:110:1 1:1 5:1 7:1
iy g4 SRR SR80 & kb
80 -
70
L 601
50
¥ 40
3%30-
20
104
04
0 30 S0 70
ARF B} [E]/min

KL EBERREEEFFEARLZELR(XLs, n=3)

Fig. 1 Single factor study on preparation conditions of Codonopsis pilosula polysaccharide liposomes(x s, n=3)
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% 2 Box-Behnken R Xt A EEE R
Tab. 2 Plan and results of Box-Behnken trials

45 A MARE/min B HEE/mg  C S L H/mg  AEER/%

1 25 35 6.65 73.6
2 0 35 10 58.4
3 25 50 33 55.1
4 50 35 10 523
5 50 20 6.65 69.1
6 0 20 6.65 49.8
7 50 35 33 59.9
8 25 20 33 49.8
9 0 35 33 534
10 0 50 6.65 69.8
11 50 50 6.65 51.2
12 25 50 10 46.6
13 25 20 10 50.3

R3I TEHMER

Tab. 3 Analysis results of variance

FERW FHE AmE B F P
T 1888.45 9 209.83 13.85 0.001 1
A 32.08 1 32.08 2.12 0.189 0
B 1.67 1 1.67 0.1099  0.750 0
c 6.39 1 6.39 04217 0.5368
AB 360.24 1 360.24 23.77 0.001 8
AC 230.74 1 230.74 15.23 0.005 9
BC 20.39 1 20.39 1.35 0.284 1
A2 15.18 1 15.18 1.00 0.350 2
B2 580.45 1 580.45 38.31 0.000 4
C? 550.69 1 550.69 36.34 0.000 5
B 106.07 7 15.15
KA 106.07 3 35.36
4R 0.000 0 4 0.000 0
B 1994.52 16

FIH Design Expert 12 3 fFi#t47T 3 I 3 K
T Zon gt B il s, #e it S
B R BN ¥=73.6+0.137 5A+0.462 5B-1.32C—
9.48AB-3.15AC-2.25BC—4.04A2-9.59B2-13.56C?
(R*=0.997 9), SLHBIIYAIFHSCREL R*=0.9979, Wi
A e 0 {8 55 45 TRV 3R 2 RIAEAE i M IR A DG &R o X
DL I A T BRI O 22 50 T AR 1 [l ) AR AR v
IALERRE P<0.01, ULHARTEER 3 > HAE RN
XA BRA BEERE N, Jr 22 W4 R
3o 2l PRIAE 2 A AR e ) = A R T RN A
EE, SR 2. 2 iTEH, B, CHIRE

P E AR F 255 2023 4F 5 5 40 5 10 1

PORSESRIINEA LN Y= ALY TR e N |
K2 A E RN, B A X3RRI 4
N BATERNK 3 MR E N A=25 min,
B=35.4 mg, C=6.47 mg, fAftAbJ5 MIRZG L 31 ¢ 1,
KEBEG - PHEEE=28 : 5. #EAEFE] 25 min, i
M EZHR 73.64%, K4 Box-Behnken {55 fff
FE LA 7 S5 B S il % CPPS-Lips, 343511
FE 3 RHE R SIS A E R, 415 R 73.56%,69.46%,
69.19%, F-344(70.73+2.44)%, RSD<3%, fudf#
S50 5B EAE RO B B R
3.4 CPPS-Lips S fEAN 5 S5 B0IE S R Ak

K H FiR%: Box-Behnken 564 € 1Y s Ak
A EE HI 4 3 K CPPS-Lips, 3 KB &R
SEHARiAR H(151.242.2)nm(n=3), PDI {H34<0.3, /%
i K5 BAEE A (-17.740.6)mV (n=3), i
5], KRR EFaE s CPPS-Lips 765 5 HL 8 1 1K)
ABAZEF UL 3, 10 000 545 1 1 B o] WLAR 45 4,
20 000 545 F CPPS-Lips K/NMA—, 43844,
3.5 Lf-CPPS-LCL Ryl & & T 244k
351 deifEfhZemyibils SRR EU, &n
FRACK I, 153 BCA Fruth &L miely v=
0.001 3X+0.150 3, R2=0.990 7, 7 0~1 500 pg-mL""
P, BCA RifEER FIAMRIZ M R R AT
352 Lf HESCERNEE W& 3 it Lt
CPPS-LCL, FLEE LS EECERIHN 68.08%,
65.11%, 70.50%, uFEBAH# Lf-CPPS-LCL iY77k
Mz HRRE .
3.5.3 DSPE-PEG2000 -5 Ui fig % B8 /R b X
KA DSPE-PEG2000 5 R #ASEE /R L 2%,
5%, T%MIREARAE S5 10.49%, 7.52%, 12.08%,
DSPE-PEG2000 ¢ %}y 5%H}, JRFUAYE 7 d NIK
WERTRERD, REERL, Frllit#: DSPE-
PEG2000 &K 5%,
3.54 Lf-CPPS-LCL fefAbJy 454 B 5aiik K e AiF
M5 Lf-CPPS-LCL #4845 41(197.5+0.6)nm, PDI
$9(0.2+0.02), 44 Zeta HL{v A (—18.8+1.1)mV,
DSPE-PEG2000 (A ffi g iR kii2 2R, T
DSPE-PEG2000 H iR 32 A 14 17 75 ff HAy 67 fL i
i LA# CPPS-Lips 1M 5 , LE-CPPS (17 s P S &,
iR A EHE R VR SR, RIS AP geE
PE; IS, TEM 85 FUESBIMES A ULIE 4, ki
FEISIBINERIE, RiETEEE, SN2 WG
S R AP A S AW | o o £ ikt NS T

Chin J Mod Appl Pharm, 2023 May, Vol.40 No.10 - 1323 .



=Y
&
'
R
A
R
O

B JH [ B /mg

CSRSERIS
700NN

N

0 10 20 30 40 50 20 26 32 38 44 50 0 10 20 30 40 50
A FEFSIN [E]/min B JH[ABE/mg A 7SI [E]/min
B2 wm R R

Fig.2 Response surface and contour diagrams
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S AR A R
H7650 80KV | 20000x 2110328, 1319
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B3 %% %467 K% 4 8.4 (10 000, 20 000%)
Fig. 3 Transmission electron microscopy of CPPS-Lips
(10 000%, 20 000x)

AU B
80KV | 10000

B4 e&aBifs s %k kE s 85 E (10 000x)
Fig. 4 Transmission electron microscopy of Lf~-CPPS-LCL
(10 000x)

1223

& 5A H13152.10 cm™,930.60 cm ™! 4k -COOH-
FIRFIE I IS, [l SB HT-COOH- 4R IE I WA Ie 77
4, 3399011 em™, 1654.19 cm! &b 2 i 5 B
-CONH-FRHE ML e, 76 1735.6 cm™ Ab iyl 2

-1324 .
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DSPE 4374 2 4clg it I -COOH- [ M i ig
G &SA DSPE, FH Lf FAY-NH2-5 03
fit PEG I 1-COOH-&#: 13 .

15210

3399.11——

T T T T
3500 3000 2500 2000
WE/em™

B 5 shiEE
A-mPEG-CPPS-LCL; B-Lf-CPPS-LCL.

Fig. 5 Infrared spectrum
A-mPEG-CPPS-LCL; B-Lf-CPPS-LCL.

3.5.5 Lf-CPPS-LCL {K/MEILEEEE (RIMEZ
ghE B2 WLIE 6, SE2s B R, liF B CPPS
TE 10 h WHEARSE 2R, BITBHUR A 94.84%,
CPPS-Lips 7E 36 h B} BRI FIAE] 84.69%;
CPPS-LCL F1 Lf-CPPS-LCL NI 7E 72 h s 231REiL
RO 75.74%F1 74.47%., T REE M T DSPE-
PEG2000 7£Jg it fA& R 1B B T — J2 7K Ak IEE sk 18
CPPS R, BB

P E AR F 255 2023 47 5 5 40 B4 10 1




120 - =—e=CPPS —4— CPPS-Lips

=dr— CPPS-LCL == L{-CPPS-LCL

—_
o] (=3
(=] (=}
T T

B RBR%
[=2)
(=

40 L
20 b
0 1 1 1 1 1 1 1 1 1 1 1 1 J
05 1 2 3 4 6 8 10 12 24 36 48 72
t/h

6 EABHBmE(xts, n=3)

Fig. 6 Release curve in vitro(x £ s, n=3)

3.6 Lf-CPPS-LCL f) BBB i&id 1 % %%

3.6.1 FEAIEA  EAWE. HEDMEEmEE
Transwell % F#2JEH) HUVECs 4ijitd, K8 H
G218, BWTEIL CHIARET FE, AHAR A
GICEERR, TR N BUR W2 BB 25, 455
W 7, 4 h BIREK : 4 h J5 0] 0L/ NE AMIS ] 4
F5>0.5 cm W2, VLIRS BBB BRI 1A
K EFFEYIGE, AR RIS IR IR T , 25 LA 8.
TEER {46 : HUVECs 1 C6 15 37 BRI 4: HUVECs
FR AR 2 U = () TEER A, 565 122
SR R G, SRR SR TEER {8 35 1 0
T B (P<0.05), feJEdhis g Al TEER fH K

206 Q-cm? Efﬁﬁﬂ:fé?iﬁwi&, ZEIR LK 9,

fEea

&7 HUVCEs 8 41 f # A (100x)
Fig. 7 Cell morphology of HUVCEs(100x)

8 4hBRARER

A—4hii; B-4hJ5.

Fig. 8 Results of 4 h leakage test

A—4 h before; B—4 h after.

3.6.2 Lf-CPPS-LCL ) BBB &Pt %% CPPS-

Lips fil Lf-CPPS-LCL 7£ 4 h J5 &4} BBB #i#I 1)
PRI 2522 2023 46 5 71465 40 %45 10 10

250

o 200 |-
5 s ——
& 150 | — — T
m —+— HUVECS
50 |
0 L 1 1 1 1 )
1 2 3 4 5 6

t/d

B9 HErfframpadasinimrREeEnE(TLs,
n=3)

Fig. 9 TEER values of in vitro blood-brain barrier models
in co-culture group and single cell group (X s, n=3)

B B4 I h (41.5041.26)%, (50.80+1.75)%,
A1 Lf-CPPS-LCL % i % 5 CPPS-Lips #H LA
Fr 4Tt

3.7 CPPS. CPPS-Lips. Lf-CPPS-LCL %} LPS
SRS BV2 21 S RE LR BT A A FH BB
R BT

3.7.1  LPS AN[RIVEEE FIAE B[R] % BV2 21 i A7 3%
R B TAEFEERER LPSO.1, 1,
10 pg'mL "), /3 91AES R 3R 8, 12, 24, 48 h, X
BV2 4iME M AFG R TC B . S5 5R W3E 4,

*4 TEIRELPS %57 F B 19 % BV2 4 jL 77 75 R
m(xxs, n=3)
Tab. 4 Effects on the survival rate of BV2 cells induced by

different concentrations of LPS for different time lengths
(xt£s,n=3)

FEIE R %
25
8h 12h 24h 48 h
E X IR 2H 100.3£0.41 100.4+1.33  99.940.75 100.0+0.28
LPS 0.1 yg'mL! 108.5£0.07 106.4£0.06 99.7+0.12 101.6+0.16
LPS 1 pgmL! 110.140.06 98.840.25 108.5+0.13  92.0+0.21
LPS 10 pg'mL"!  104.6£0.04 101.3£0.05 109.740.24  94.4+0.25

3.7.2  LPS ESH BV2 RSN 0E 240 A5 0 e Tk
NO WENAEHLEE ALY LPS il 40 i 8 h Al
12 h, 4R NO A 515 # 0 BR 4 e i 25 7 0
giiteg X b, EEE LPS(1, 10 pg-mL)#I#
4l 24 h, YRR NO 1Y 5 1E HO6 BRZH LK
FE T (P<0.05) LPS N 1 pg-mL ' Bf %52 24 h
Bf NO ¥ LR BIE AR, b E+E 1 pg-mL™!
) LPS ¥53% 24 h A7 )5 285, 4R IEER 5.

3.7.3  CPPS /[ Akt )%t BV2 ZHiEF
RN 44F 10 pgmL™' CPPS 4kZ24) 5 55
7% 12, 36, 48h, SIEWXIRAIAHLL, M

Chin J Mod Appl Pharm, 2023 May, Vol.40 No.10 -1325.




RICREMEZES, 3R 24 h, QEAFERA iy
T(P<0.05), Z5RILE 10, MMAARFIHE R CPPS
(0.1, 1, 10, 100, 1000 pg-mL )K53E 24 h, 40y
FENG R IE X A A LT B g, Bk R
(1, 10, 100 pg-mL YA REFEUEAM A, 4550 I
K11,

*xS5 TFEKE LPS %54 Fl 6 5 X BV2 41 il NO B &
(X s, n=3)

Tab. 5 Effects on the NO release quantity of BV2 cells

induced by different concentrations of LPS for different time
lengths(x £, n=3)

NO Bl i/ umol - L'
8h 12h 24h 48h

bl

TEH X 2L
LPS 0.1 pgrmL™' 10.34+0.81

7.50+0.58  12.01+0.20  9.47+1.88 15.80+1.16

11.10£1.05 14.72+£5.68  35.00+2.68"
16.29+1.32 27.90+4.51) 41.30+2.96"

18.12+1.77  35.08+7.85D 68.90+5.02Y

8.70+0.60
8.85+1.77

LPS 1 pg'mL™!
LPS 10 pg-mL™!
I SIE®EXMA LS, YP<0.05,

Note: Compared with normal control group, "P<0.05.

T . w iE A
= 0 CPPS(10 pg'mL™)

_—
0 O N
S o O

T

MRS %
53

[\
(=]

(=

12 24 36 48
t/h
10 TR A CPPS %% BV2 4 17 /& £ H &
(xxs, n=3)
HIEH X B g, DP<0.05,
Fig. 10 Effects on the survival rate of BV2 cells induced by
CPPS for different time(x £ s, n=3)

Compared with normal control group, "P<0.05.

140 -
120 |
X100 F
ﬁ 80 |
g 60 |
ST
20 -
Omﬁxﬁﬁlﬁzﬁ 1000 100 10 1 0.1
CPPSH¢ & /ug-mL-!
Bl 11 T FEKE CPPS x BV2 M /& REH(XLs,
n=3)
Fig. 11 Effects on the survival rate of BV2 cells induced by

different concentrations of CPPS(x s, n=3)
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3.7.4  ZSANSIEARST BV2 QARG R0 A
[k 5 123 L B AR 5 LE2s g B BV2 41 i
P R ErE, HRE 447 CRR AR B
B, BV2 AN SO B B RE AL, 3R
BH i IO AR W B85 %) T i 480 S 6 200 LA 05 3 TG B 5
M, 25 UL 12,

120 - 02 PSR

—I— =

m Lf 2 Rk

ANERY
5 8 8 B
!
}

[\
S
T

[=

EF XA 1 10 100
e /ug-mL!
12 ZEBERENEREEENTZH(ILs, n=3)
Fig. 12 Effect of blank liposome on cell survival rate( x £ s,
n=3)

3.7.5 CPPS. CPPS-Lips. Lf-CPPS-LCL %I LPS
7SI BV2 RACEA NO BRI BRI 5
IE 56 B AH LA 3 M 25 55 (P<0.01); CPPS,
CPPS-Lips il Lf-CPPS-LCL 1, 10, 100 pg-mL""
AR R, A NO Bt Ay i 2% PR AR
(P<0.01), Z5HILFE 6,

#F* 6 CPPS KA 4t BV2 4l NO B W # (X s,
n=3)

Tab. 6 Effects of CPPS and its formulation on NO release
in BV2 cells(x s, n=3)

NO F¥jift ##/pumol - L

2053 -
CPPS CPPS-Lips Lf-CPPS-LCL
1EF % HR AL 13.14+1.00 14.86+2.19 17.6242.26
TR 41.73+4.04) 46.81+3.73D 50.82+1.55"
1 pg'mL™! 26.59+1.22% 31.94+1.752 30.38+2.28?
10 pg-mL-! 22.93+1.07? 23.50+0.76% 21.44+1.63?
100 pg'mL"! 35.94+2.839 30.80+2.729 30.75+1.61?

TE: SIEEX A LR, VP<0.01; SRUAIH LE, 2P<0.01,
Note: Compared with normal control group, "P<0.01; compared with
model group, 2P<0.01.

3.7.6 ELISA JEKM 20 b3 W H TNF-o IL-1B.
IL-6 ZAE Ry & ir BRI 5 IE 5 X A AR L,
YR TNF-o, IL-18, IL-6 B3N, 225 H
A 4124 5 L (P<0.001); CPPS. CPPS-Lips Al
Lf-CPPS-LCL 1, 10, 100 pg-mL~" 4 S5HRIZH I
#, TNF-o. IL-1B. IL-6 & &35 i E A% (P<0.05
8¢ P<0.01), #&/" CPPS Xf LPS iASA BV2 4ijity

rPEI LA FHZG 24 2023 47 5 A4 40 55 10 11



) TNF-a, IL-1B. IL-6 X6 RAE K F AU BCEAT
AEFREE I RIER], S5 RIWE 7~9,

%7 CPPS M REHFHEH(xts, n=3)
Tab. 7 Effects of CPPS on inflammatory factors(x £s, n=3)

pg-mL!
20 531 TNF-a IL-1pB IL-6
1E R IR 24.26+1.37 7.07+1.86 9.47+1.42
HERIZ 118.86+3.89)  24.03+2.50)  28.85+3.92D
1 pg-mL~! CPPS 96.90+7.97)  19.70+2.66”  20.49+5.13%
10 ug-mL~! CPPS 89.95£7.92%)  19.46+2.170  19.14+4.812
100 pg'mL~! CPPS  90.30+£7.89»  19.73+2.282  18.27+4.66?

TE: SIEH X I L, DP<0.001; SRV AL, 2P<0.05, YP<0.01,
Note: Compared with normal control group, "P<0.001; compared with
model group, 2P<0.05, ¥P<0.01.

%= 8 CPPS-Lips X KAEH FH 9 (xts, n=3)
Tab. 8 Effects of CPPS-Lips on inflammatory factors(x £s,

n=3) pg'mL~!
2051 TNF-q IL-1B IL-6
TEH % R4 18.18+3.53 7.29+1.05  12.91%3.01
[ EE 130.27+3.06")  25.71+1.64)  31.11+5.33D
1 pg'mL~' CPPS-Lips ~ 107.84+3.119  17.14£1.799  22.00+1.78%
10 pg'mL~' CPPS-Lips ~ 103.46£3.179  19.18+1.08?  19.88+2.642
100 pg'mL~! CPPS-Lips 104.86£4.769 16.76£1.199  20.70+1.59%

T HIER X IRALILEL, DP<0.001; SR LLEE, 2P<0.05, P<0.01.
Note: Compared with normal control group, "P<0.001; compared with
model group, 2P<0.05, ¥P<0.01.

RO AHFaBIEE S L8R IEER T HRE
(xxs, n=3)
Tab. 9 Effects of Lf-CPPS-LCL on inflammatory factors

(x+s,n=3) pg'mL~!
2051 TNF-a IL-1B IL-6

1EH IR 16.28+5.79  12.84+2.47  7.17+1.85

(k| 126.61£9.17Y  30.07+6.63" 23.10+£0.87"

1 pg'mL' LECPPS-LCL  109.8122.22% 21.62+0.34? 17.73+0.68>

10 pg'mL~' Lf-CPPS-LCL  103.46%3.17% 20.72+4.43Y 20.33£1.40?
100 pg-mL~" Lf-CPPS-LCL 106.97+4.09% 20.30+0.71% 16.90+1.75%

T FIEW X R LA, VP<0.001; 5B AL, 2P<0.05, 9P<0.01.
Note: Compared with normal control group, YP<0.001; compared with
model group, 2P<0.05, ¥P<0.01.

3.7.7 R G g% B A R D R S 38 S TLR4 |
NF-kB . MyD88 MG IRy HIEH X EZ4HAH
I, BiBIZH TLR4, NF-kB. MyD88 )35k A ]
FEREYE I, B W22 5(P<0.05 B P< 0.01);
S 4, CPPS. CPPS-Lips Fil Lf-CPPS-LCL
R E £ FIHE4H TLR4, NF-«B. MyD88 fy7iky
ANFEFRREE D, ZRIEASE L(P<0.05 5
P<0.01), Z5FULIE 13, 10 fIE 14, F£ 11,

272023 4F 5 A4 40 H5 10 3

A

MyDss MR WS W A a—
NEKE  —— — —— —

xS SN ..

Practin T— — — — —

ZENIRA R4 1 pgml! 10 pgrmL 100 pg-mL?
CPPS CPPS CPPS
B 13 CPPS it TLR-4. NF-xB. MyD88 & & & i By #/7H
(xxs, n=3)
Fig. 13 Effects of CPPS on protein expression of TLR-4,
NF-xB and MyD88(x s, n=3)

% 10 CPPS # TLR4. NF-xB. MyD88 %& & %k ik # %7
(xxs, n=3)

Tab. 10 Effects of CPPS on protein expression of TLR4,
NF-«xB and MyD88(x s, n=3)

2153 TLR4/B-actin NF-«kB/B-actin MyD88/B-actin
1EH X RR 0.95+0.18 0.98+0.08 0.84+0.08
TR 1.50+0.39 1.41£0.279 1.07+0.119
1 pg'mL~' CPPS 1.1320.16Y  0.81£0.22% 0.72+0.10
10 pg'mL-! CPPS 0.98+0.38%9  0.76+0.23% 0.77+0.19%
100 pg'mL-' CPPS 1.28+0.30% 1.03+0.18% 0.73+£0.213

1 SIEH MR A, DP<0.05, 2P<0.01; SHIEIZ A, P<0.05,

9P<0.01,

Note: Compared with normal control group, P<0.05,
compared with model group, ¥P<0.05, ¥P<0.01.

MyDs3 ™ — — -— S =

NE-KB " sl oS S s s se— —

T e 8N e W T

2p<0.01;

B-actin
R > &
& \‘?’M@»Q@/@/O S S
N g Yo & & & &
> WY ‘5 %'\) R QQ' R Q\? Q,%
7 TS S OQ%\ SIS

14 CPPS-Lips f2 Lf-CPPS-LCL % TLR-4. NF-kB.
MyD88 B RIAWEE(Xts, n=3)

Fig. 14 Effects of CPPS-Lips and LF-CPPS-LCL on protein
expression of TLR-4, NF-kB and MyD88( X s, n=3)
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Tab. 11  Effects of CPPS-Lips and Lf-CPPS-LCL on protein
expression of TLR4, NF-kB and MyD88( x £, n=3)

2151 TLR4/B-actin NF-kB/-actin MyD88/B-actin

IEH X IR 0.98+0.01 0.61+0.08 1.09+0.08

R 1.58£0.092  0.81+0.08?  1.48+0.19V
1 pg'mL~! CPPS-Lips 1.22£027%)  0.59£0.03%  0.95+0.07%
10 ug'mL-' CPPS-Lips 1.19+0.28%  0.55£0.159  0.80+0.119
100 pg'mL~' CPPS-Lips ~ 1.04+£0.159  0.62+0.07®  1.02+0.14%
1 pg'mL'LE-CPPS-LCL  1.17£0.08%  0.51+0.06%  1.09+0.19%
10 pg'mL~' Lf-CPPS-LCL ~ 1.01£0.08%  0.49+0.05%  1.07+0.36%
100 ug'mL~' Lf-CPPS-LCL 0.85£0.38%  0.50+0.06%  0.94+0.36%

T HIEH XA LEL, VP<0.05, 2P<0.01; SHIRIALLE, 2P<0.05,
9P<0.01,

Note: Compared with normal control group, "P<0.05, 2P<0.01;
compared with model group, ¥P<0.05, YP<0.01.
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Jif& Lf-CPPS-LCL. 4#bJ5H/iiA DSPE-PEG2000
FE A% 38 G B DK 26 245 )5 1 Y8 I W A4 %o i ol £k
HWEEH, REIRE AN E %, 1 DSPE-
PEG2000 At 205 S#IEIE IR A MR,
1 R PR T 2 B TR . Ahmad 50V i L
b 77 DSPE-PEG2000 AS[RIEE/R & (2%, 5%
8% )X HLERAKR NAEAE R 52 mm, RIS L i
R 5%, TR TR T e o AR5 E
AR E WA B A R 25 R, Bk, B BER &

-1328 -

Chin J Mod Appl Pharm, 2023 May, Vol.40 No.10

R 5%, [HAESLE H AR W M DSPE-PEG2000-
COOH Hl& 5 Lf #A s X mgCR 52, Ak
Al DAk — DAL BR BAR R 5 LE B a5t
T o J B AR A A8 ) 42 g B4R 1) K247 K /N PDI
SR8 B R R MR A B R AR KIS &R . PDI
AR, R RG S EAS AT, AR A ) st
BE/INKLAR I R T A nT LB S B R 24 0 1 i 24 9k
FAYRI DO, ARWF5E R4 /9 LE-CPPS-LCL
(RRLAR /N HORAR I e A o 34 5) . AR5 2
Yy i i B R BT LR R E . RSN SE
Y50 i1, Lf-CPPS-LCL # kb CPPS ¥k, RILH L
R RERR . — 7 TR W] BE 2 R AR AE i 250 1
e, RN SRR —H
1 AT B2 T PEG KAELENR TR P B /K 1k
JZ R SBH L 2

FEEES,. BBB BRI, SR 0.4 nm HARRZ AL
B Transwell, ¥ HUVECs il C6 /0P F, ikt
f 2 FhAMAR EIR Y, 15 C6 43 AR SE T e 2 1
AJ DA i A LE R T HUVECS, 7E C6 Xf HUVECs
WVERTT, AR eI s 2 M B E R AR
PRI A0 37 N RS N K s Bl TUREE
KN FATEREE 4 h J5, LECPPS-LCL /5 H B
BREEERE S, BAW Lf M6, nTAEE
HUVEC/C6 4 3 i (1) Lf ZARZE S i S 515
EHT, R As A ZE ) BBB Wfias#, (H
EEAR N A DLIE A REE— 2058 . iGN BBB
PP AN R, S5 R A%, ik Lf-CPPS-
LCL ¥t AKN#LE BBB UfE ) . 4tk Bt
A RFE— D AEAR SR 5R

LPS fE—FP 4 b 1) N BE R 1T LL5 R 5 0E
N, AEDEGE TP RIS NS LPS B4
RIE, MK, A SR LR AE , T LA
LPS JEHAF AL 2 RAE YL Z —. TLR J&
— AT RAE R ) AR S IR 1, EEAE BV2
e O RS NN o £ R DA 2 1 A A A
ERUA, Horp TLR4 2SR RERZ —,
AT DL o 5 A EURZE 516 L NF-xB, J5 s il
PERIEBRH LN, MyD88 f& TLR4/NF-kB {55
B EZENELEA ST, DR S
G R 2R SR U314 ARBF5T 28, #F LPS
PEFH BV2 42 90 O, CPPS K
FIAT LA BV2 40 255 TRk, e —2b
W92 %30 TLR4 F1 NF-xB B335 02 R, Tt

P E AR F 255 2023 47 5 5 40 B4 10 1



X HE 1 MyDS88 F kIR F M,

X

Lf-CPPS-LCL W] A (4 il 5 4 PR3-, AL
Al fig 5184 TLR/MyD88/NF-«B 1l A 5 .

i LRk, AW LI E T LE-CPPS-

LCL Wttt , H#E T CPPS-Lips 5 Lf-CPPS-
LCL %# BBB AYfEH, *F Lf-CPPS-LCL il %
SEVE AL T THIPRGT, AR — PR
K CPPS KA Z WA 25 %0 o3 B HE [ i Jot
R, DLz R 7R BBB &1 BE 71 A1
A PN A ) A A BIF 9 SRR S B0 L A

REFERENCES

(1]

DOROTHEE G. Neuroinflammation in neurodegeneration:
Role in pathophysiology, therapeutic opportunities and clinical
perspectives[J]. J Neural Transm(Vienna), 2018, 125(5):
749-750.

HUANG Y Y, ZHANG Y, KANG L P, et al. Research
progress on chemical constituents and their pharmacological
activities of plant from Codonopsis[J]. Chin Tradit Herb
Drugs(H & 24), 2018, 49(1): 239-250.

MENG Y, XU Y J, ZHANG B H, et al. Study on the
anti-inflammatory activity and mechanism of different
components from Codonopsis radix polysaccharides[J]. China
Pharm(H'[E 25 37), 2020, 31(11): 1348-1352.

MANCINI S, BALDUCCI C, MICOTTI E, et al
Multifunctional liposomes delay phenotype progression and
prevent memory impairment in a presymptomatic stage mouse
model of Alzheimer disease[J]. J Control Release, 2017(258):
121-129.

YU W Y, MA J Q, FANG J, et al. Preparation of PEGylated
graphene oxide nanoparticles loaded with oridonin and its
inhibitory effects on human colon cancer[J]. Chin Tradit Herb
Drugs("F524), 2017, 48(19): 3954-3960.

WEI M Y, XU X D, LIN Y J, et al. Preparation and

P E AR F 255 2023 4F 5 5 40 5 10 1

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

characterization of superparamagnetic iron oxide loaded of
PEGylated liposomes[J]. Chin J Hosp Pharm(" [# & f 227 2%
), 2019, 39(16): 1614-1619.

XU Y L

characterization  and

Study on isolation, purification, structure

anti-inflammatory  activity  of
polysaccharide from Codonopsis tangshen Oliv[D]. Wuhan:
Hubei University of Chinese Medicine, 2018.

REN J, ZHANG D S, HOU W S, et al. Preparation and
characterization of curcumin long-circulating liposomes[J]. J
Hebei Univ Sci Technol(F[JLEMHE K2#244k), 2018, 39(6):
532-539.

AHMAD I, AKHTER S, ANWAR M, et al. Supercritical
anti-solvent technique assisted synthesis of thymoquinone
liposomes for radioprotection: Formulation optimization,
in-vitro and in-vivo studies[J]. Int J Pharm, 2017, 523(1):
398-409.

WSS, BUNE, BReDm, S5 =L RUR P IR By A K
FRAERFE]. W2 EEEEZ, 2021, 32(3): 610-613.

DONG Y Y, YU C H, YU B, et al. Study on the preparation
and in vitro properties of tubeimoside A long-circulating
liposomes[J]. Chin J Mod Appl Pharm( E AN FH252%),
2020, 37(7): 832-836.

HE J H, WEI J, LI D M, et al. Effect of gecko extract on
neuroinflammation in rats with reserpine-induced depression
via TLR4/NF-«kB pathway[J]. Chin J Exp Tradit Med
Formulae(H' [E 5256077 7% 44 ), 2021, 27(9): 56-62.

SHAN J L, CHENG H Y, WEN L, et al. Advances in research
of TLR/MyD88/NF-xB in different
diseases[J]. Chin Pharmacol Bull(H [E 2 #2438 4)), 2019,
35(4): 451-455.

WANG L, YAO L, JINY W, et al. Activation effect of human
TLR4 signaling pathway by polysaccharide from Phellinus
igniarius[J]. Chin J Mod Appl Pharm(* EI¥LALR FI22),
2019, 36(10): 1178-1182.

signaling pathway

IR E M 2022-04-17
(RXCTi: B

Chin J Mod Appl Pharm, 2023 May, Vol.40 No.10

-1329.



