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WE BM AMREHEVDEAREEREA ((HDL) NEAWNERESLET (KD), R NRSLETNEHRFEEER
H (KD@rHDL) 358/ MEFRANE 1 BIEM R (AB) REJIFFEs /MR AN B RS ThRE. ik (MR KL
il % KD@rHDL Jf-3RAFFORIAR . Bl . fudhse, | RIEA, @R 7R (SPR) $0iF KD@rHDL %
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AL, HA AU E R B, CCK-8 525 W78, KD@rHDL B AT B IF A4 41k . /NI 5 40 il AP 7 M s2 36 % 1,
KD@rHDL ] A58 /M S 40X AB O FF WA . SPRAZEGR I, w5 AR HA REM A, T LME NN
RN AB A o B T EPS 45 5L 36, KD@rHDL 1] LAREIE NLRP3 5 IL-1p 363k, 2ot /)N o 40 Jfl 26 e R 745
51t KD@rHDL i i3 3 A1 /0N B 5 40 it 5 W AB fiE 1 31855 NLRP3 5 IL-18 K-, R X /R RIGF G (AD) HIIAYY
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KR BURSEBON, EAREEARERN, SLGET, PR, FAR-1p, NLRP3JUE/MA

FE4SES  Q819, R741

IR 2 400 5 N BATHRAE, P25 60%
HFBT IR R HEERE  (Alzheimer’ s disease, AD), &
BT T AL DA RE 1, 20054F, AD [EPRAL
ZUEE T D EPREIR TGN, PRI T IR
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2001 4EA3KAT 2 430 T iR A, JF M X — 507
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HITHEEZR 1, HDL b HAS U o 98 15 /N B it
ARIAR I MEI R0, F HEEAS S ABAEIE
LR, TS 5 /NS A0 BT AR Y I 58 B
AESs, W ADRZLREE Y CORRRRRIE, —Fp
HALZERWEHASEENEEN (reconstituted
high-density lipoprotein, rHDL), 7 ULl i Jal 54 #
ZRIEMNE I EE, W ol ADBIAL/ N Y
INHBEERG o A BRI T8I & A AL
(apolipoprotein A-I, ApoA-1) A48l Bl 1 3 5 5
-V AR AR, AR/ NS BT A LT AR F R A I
AR A

G ST SR BT 24 A 23 v OB ) TR M
g7, B TEIHRAEY) . HFEEAE R
%K. P PRIFLL R e i 4 AR R
FIIRAE AH GBI IR Y7 Th o R ' &
LT ] 2 A TS N B AT A U .
Ab, BRI T HEmRATL R A TETIRE . BU I EE
TR NBCEAE M S DR R, SGE T
A3 L R A T TN PR AT L CL4176 Hh Nz e i i E
WEAHSCHE A, % AR 53 1Y 85 1 L gtk A O 4
U SBT3 05 AD B/ N FRIA KN )
figo HAZOHLEIFE TS ME y THEFK  (interferon-
gamma, IFN-y), ¥ 5KH0EM LA, B 5m A2k
CLRGERE DG RGeS, e 1T AR MYIFHER,
I EINFIYI6E

ARWFFEAGEE T —FP rHDL 1 2% 4 26 S 1 B9 40 K
258, ZARZ A rHDL 5 AD 2O R FEEE 11 AP
(SRR Ve SEI SR I E AR T AR UL
FRDCHE,  HRFEIC AT A A B 2 A e —— e ot
Y S AR R R, BESER AT AR TS BRALRE . 7E
AD KA R R, /NG BT Ak T D) RE S AR
A, MUABTHBRAE ) 22401, O PERERRLLTEfR R 3R
RIS, InmIpR 2 5 5E i VT AT RS B A5
s S AR T T 50 I (a5 R Az R 3

(nucleotide-binding domain leucine-rich repeat and

pyrin domain-containing receptor 3, NLRP3) & J4E
AN A T /IS JB 48 L 98 S 8L B A% L 4
E AD RS , AR UURR AT S0 /N 5T 240 Jfd v
() NLRP3 4 /MA, f23EBE R B 1 (cysteine
aspartic acid specific protease 1, caspase-1) 1%L Al
FH4+ % (interleukin, IL)-1B., IL-18 254 & K+ 1Y
PSR, T IR R 28 SR AR 2 T
W5 RIT, S NLRP3 1516 AT % AD RS/ INERU Y
P2 GNE TSGR RIIIRE . B, ARk

NLRP3 1 R Fili rtHDL 1 48 4 2 3% 11 PR 45/ )i S 4
JL R ARE SN I B R bR o RIS, ASBFFOR EAT B
Proe . BURMIE TR ARG ML & R T
rHDL A, 1576 500 4 43 1 )37 Ak /)N s o 4
PLAPREAERE %, DT DRI TR . — T TG
HXF ABIEBRAE ST, T3 — 5 I Has B S e I
N, PRE/NE BT MRS . AR M T2 00 25 R 3R
W, AN R0 AT G A AR 2 W /) e T 4
Ml RFERE, RANRIER FRET M,
KD@rHDL 1 —FHfe 5 AB 5 B 5 fe s 0 1 T gk
M5 AE AR IR RS, A AD 1 280 5T HUR s 4
HET B

1 M7

1.1 ZIHR

TN RE WS U BE IR (1, 2-dimyristoyl-sn-
glycero-3-phosphocholine, DMPC) 5 JH it
W H Sigma 72y A ; apoA-l & #l fK
(PVLDLFRELLNELLEALKQKLK) W4 [ 8 # 4= 4
FHEABRA T 3% BRI A sl FHA
FRATW; PBSIAHZEA/REVABRATR, ABZHK
W A 75 IREACEBR A F, BV2 4l [ b iERRm- 2k
YR A BR A s CCK-81FI & H AL 5t /R il A
Y& R AR A F; IL-1B $it & (ABclonal,
A22257) W A BRICE R w AR A R A A
NLRP3 #i{{& (Cell Signaling Technology, D4DS8T)
Wy A FE {5 b A Wik 0 A R 2 F] A -actin
(Proteintech, 60008-1-Ig) M4 H I —EAEYHA
AR ] A0 A R T AR
Bl [ PR ILRH A BR AR 200 H SRR B
AU ARG FRA
1.2 EWHE
121 B &L ET WS HEEREA
(KD@rHDL) 1l &

oK B K AR 75 il % KD@rHDL: FREL 3 mg
R, i 3 ml SO VA AR 21 1 g/L A9 A [ it
W . FRHL4 mg DMPC F 50 ml BB, A
10 ml 505 5 2.5 ml HH B0 A, A 120 pl 1g/L IR
ESAW, BT heR 728 A E A E 25 iEE 150 min,
RSN . FREL 0.8 mg 4 ZR B T 4 ml
0.01 mol/L PBS & (pH7.4), W iZ 4 LIEF R
TR B B i) (B R e v, i fit B RS e 7% 1,
40°C/KIA A 1 h, 200 W HRL #7515 min 15 2 {1
HAeLEF IR RIR ., FREC1 mg apoA-THL L iK%
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f#F 1 ml 0.01 mol/L PBS 75 %] 1 g/L /)£ IKIF K,
0.8 ml A B 2k & R FETT R iR, o
H of AT 2 4R 4 4% T 1 HDL, 4N
KD@rHDL, f#i /] 10 ku 4t sEE b2t . 4
T4 DIl ARic i KD@rHDL, 7§45 0 [ 584005 5
FEEAH A DIl (DMPC R 19 2%) ,  Hofth 45 3
[
122 MBS L ETHE®EIREA
(KD@rHDL) KA

KA 5 WAL . ¥ KD@rHDL H] PBS #i #% i
0.05 g/L Ji5 fdf F h /R SR A28 v (67 AU 58 B2 A% 5
{7 H0.05 g/L KD@rHDL &7 10 pl % 7E 200 H ik
SCRPBE B, #E 10 min 5 I WOK 4R E IR, T
ISl 3% BEES IR, #E 2 min J5 FHR K40 &
W, FRE BT, T H S HT7700 & 5 H T 260
BEL KD@rHDL JEZS
123 M &L EHF N &% ER&EA
(KD@rHDL) AYf 554k 24 skl

i A A 78 RGO 8 B S RO R Sk
M4 2R TETF U . 8] 10 ku BEIE BSO8R BT
(1) KD@rHDL ¥ W 7250 o Wi A A 95% 7K il
5% HBE, 443+ 1R B I H 24 6.7 min, T i
0.2, 0.1, 0.05. 0.025. 0.012 5 g/L &R HEHIR
B, S AGE I AR S EAREINZ,, UE T EA
 KD@rHDL F9 75 9 I 0 G b 4 42 35 1 v B
IR AR Wi R= (ST —
TRERRELERT SR /SLET R, 82
# =KD@rHDL 1 3% 4> £k 3% 1f &/ (+HDL Jii &
+KD@rHDL A& R EH i) o
1.2.4 4% FE 5148

BV2 F1 bEnd. 3 4 fd >R FH % 10% Jfify 2 1L 75 /4
DMEM =550, HT22 4% FH & 10% JiG 4 1fiL
HHDMEM #55535L, T37°C. 5% CO, 5 F IR
Rigt . RN ik 80% i, i G 2R I 1k,
Fie 12 3 Wl TR LA
1.2.5 ZiEEEtEScL

BV2 Fl HT22 4 it 7 M 52 56 >k ] CCK-8 i it
1T 4b F X5 B4 K W 69 BV2 H1HT22 40 i DA
0.5% 10" /L 1) 25 BE e PP T 96 FL AR, F=7 4H A 10 1
Ji, B A S, 10, 25, 50, 100, 200 Al
400 mg/L KD@rHDL H) 8 fif 55 95 3, IR B A
XTHRZH St i . 299 ERI 24 hfs, LA CCK-8
W10 AL, AREEFE 2 he o, (B UE
462 nm P AR 2 £ FLAOE (A, AR A =T

BTG R AL 25 e
1.2.6 4L

TE 24 FLAR A A BE o, BOW A K Y
BV2 2l DL 4x10%/FL 1% 4 A 2 5 2 Fh 51 24 FLAR ,
BT 37°C. 5% COIGFHAM PRI ANET . K H B
BB SE ARSI, A E A I IR, AB4L,
AB+KD@rHDL 4, HHE 3 MR L. 25 FX R
ST SR, AR ARSI 5 2 me/L AR RAE
TKISE 25553, AB+KD@rHDL 2 B4 5 2 mg/L
AP BEMIF RN 4T KD@rHDL, MH 6 him, W
FREFRAL, HPBSTEVEAIM 2 K, i 4% ZHRH
P [ 5 20 B 10 min, [# %€ J5 ] DAPT % {2 10 min,
THVE2 Wa R R i mdt i M T3 o AER
RELHT FV3000 3062 £ BT T AR A X AR
(R W 1L
1.2.7  ABHUIAR KRR &

B AB1-42 % F 100ul N W OH N B
(hexafluoroisopropanol, HFIP) 1, HES KW T
HFIP, il DMSO ¥ fi#t AP1-42 ¢ K 5 mmol/L, 7K
T HE 10 min 155 APl-42 BAfk . B 20 pl Apl-42 B
A DMSO & # (5 mmol/L), JIIA 980 ul PBS ¥ i
Fi B3 100 pmol/L, 4°CHFE 24 h, RIS AB1-42 5
ZiK (APo).

1.2.8 TranswellZZ56

¥ bEnd. 3 40 i, DL 1x10%FL f % 1 % b T
Transwell /N%E (FL120.4 um,) 1) E%E, FEMA
600 pl 5 FEHE . B2 REEH—RIEFRIE, LR
S AEYIMIE REBURHZ . 53 RIUEHE, 1E24 1L
Mo A RBE F, B BV2 /NS R0 i el HT22 ¥
T 22 JCAI A L) 0.5 10°/FL 1) %5 B 2 F T 24 FL AR
Hr, IA500 pl g s dk, BT 37°C. 5% CO,
RS, B DItk (1gL) 5
KD@rHDL (1 g/L) #&FILL1 : 10078 E, =il
L B F 30 min, K 200 wl DIl-KD@rHDL LA
100 mg/LIREIMA L2, A 600 pl#Hrff o i
i DMEM 53735, F37°C. 5% CO, 554 hiF e
12h, WFELEHG, BUH Transwell /N, FPBSH
FER T EAMM2 K. TEANMEH 4% Z R PREE
I [ %2 10 min, [ % /5 H DAPI 44 (% 10 min, 5k
PR ZEEBE s ARl B o 7 AR
HrFV3000 FOGILRAE BB NS BV2 /NE B4l
Ji B HT22 15 5 4 28 0 41 i X} KD@rHDL ) $% H

F=1<
He ) o
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1.29 /NEEAEKD@rHDL i sL 5

B X B KA BV2 R T 6 FLAR, 53Rk
A IR 70%~80%. ki3RI R AL Ab B 24 h,
SEGArA . A EHNERA . BRZ 8 (lipopolysacch
aride, LPS) #& #Y4H . KD@rHDL 1§ 7| & 41 &
KD@rHDL Sl Ab i . BRas Xt iRgish, Havfl
A LA BE 1 mg/L 5 24 (lipopolysaccharide,
LPS) J:555%, KD@rHDL G H41 M KD@rHDL /5
7] B Ak B 21 43 550 A 10 mg/L A1 100 mg/L iy
KD@rHDL 355224 h, W,
1.2.10  FHHFRERlk

WA LA R AR, (R 1 5 A 2R
il 7] (Roche, cOmplete™) 1 8 i il 1) fil 751
(Sigma, PhosSTOP™) [ RIPA Zfif i 7 vk L 5853
U4 30 min, BT T-4°C. 12 000 r/min 515 F B0
15 min, W4E BWEW . RHE =K BCA HE MK
JEE R G R TR, AR S S S 4 R
FB G — A S —5, WEEREARES, 5
5xSDS FAEZZ IR G, A RS, #17 10%
SDS-ZR N s TR A BB e FEL UK 7324

HIKZE RS, RATRREEER T, MR AT
¥ E A5 2 PVDF JE (Millipore, 0.45 um) F.
BEENSERER , A 5% 4R I AR A9 TBST £ 4]
WS T RSN E 2 he BAZHE, K
35 DU R S E—BUAE 4°C T A2 B9 F i
e IEPTIL-1BPLAR (12 1 00075 BE) . ARIRHT
NLRP3HLfR (1:1000% %), LAKAENHNSHI R
U5 B-actin ik (1 : 5 000F5FE) o

WH, FITBSTHME6K, 5minik, %
PRARZE G —Pi. B, KRS AHMN Y HRP FRic L
it —#Hi (Proteintech, 1 : 10 000Fik) IR T
BEE 1 he WELHE, PR TBSTWIEPERRAR 3
Wo e, EFIHERBER A R B S B w
R0, 7 Tanon 5200 {22 &G RGO,
BRI I B A5l R, I8 Image JERAAXF
HAR A AT I BEEL 0, LA B-actin{E NS4 IL-
1B} NLRP3 HJRIAACF- A 72 75T
1211 Hdaaotr

A BE5E b BT A PR 1Y G Ak B Y G
GraphPad Prism 9 #E5E 18, e 9O E R iy fk
A3 A U Image J RS T o BE XA ) 22 A L
B, BRSO ETT 24l LR H B
B 200 A7 e S s 2 8] S A A 3 22
S, gk — 4 {di F Bonferroni /% 1IE £ #1755 K

55, DARAHH AR IR 5 2 M AF AR 25 57 . PRI AL (]
B CANER A ek . Goit i E MoK e N o=
0.05. MitHE IS n PE/INT 0.05 8, A AL 2
SHAGIEE L.

2 & R

21 ABELEFNWSEERER (KD@rHDL)
HIFRAE

rHDL il % O A 25 SCiikfioE ), Hh 2k
SRUEFT LA Jy M B S RSN PR . 25 TS il
WAEICE SR 2% H R ) S A A e A U, 6
BT RIME LAY ApoA-TAHBUK (& 1a) . h/RSCHRE
2 H A AT 5 SR R il A% 9 HDL K 42
(14.4+024) nm (& 1b), CH i~ (-3.35+
0.40) mV (Kl 1c), EHHEE PRSI A
REE (K 1d), SUAIREESRM.. SLET
TR WSS, MR TR NESE, K
S IE T AP 73, {44 HPLC-ELSD
Dy R 4 AT U B I R 2 i S R,
Mg R won, HiZimh (6.03+0.19) % (&
le), BEEN (4224+1.30) % (K1), % I,
4 48 3 17 Bk L T 71 4R B cHDL b, ] & 15 F
KD@rHDL.
22 MHESLEENSEERER (KD@rHDL)
S5ABKFEM K

AU HDLAE NS, FIFHHDL 5 AB
Z A S5 A0 7 DA R /IS J5 20 B X HDIL ) 43 B
/NI AN A I AB. A 3Gl i SPR SE I 56 UE
T KD@rHDL 5 A F{R S ZERAKRY LR T, B R
KD@rHDL E.&1E 0 AB 5 /INEE B 4 A A i g
SPR 5L 45 B, KD@rHDL 5 AR BfAk K 55
A HY 25 A1 8 805 30 141 nmol/L 5 169 nmol/L
(Fl2a, b), VLA ApoA-1HL4LI K5 8 B & 153
) KD@rHDL FAT 454 AB 24 B SE BRI
23 AHELEENWSEERES (KD@rHDL)
R /N RGP B EAR

SPR SZE B64IF T KD@rHDL 5 AR B AT B4
SEMST . ARG BV2 /N BN R HEF T AP
T WESCE , TAMRA 286 hR1C 19 AB # H T il %
ABo, JF LA 2 mg/L By ¥k B 5o ok 5% 5 rHDL 3§
KD@rHDL —if 457 BV2 4l i 47 41 f S 56
TPED I IR LE LR, H A ABo 41AH H ,
rHDL Al KD@rHDL 4b #4 #B e 2 3400 1 /N 5 240
il ABFEHUR: (K 3a, b), H &AW ABELR.
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Fig.1 Characterization of KD@rHDL
(a) Preparation of KD@rHDL. (b) The size of KD@rHDL. (c) The Zeta potential of KD@rHDL. (d) The morphology observed by transmission
electron microscopy of KD@rHDL. (e) The drug loading capacity of KD@rHDL. (f) The encapsulation rate of KD@rHDL.
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Fig. 2 Affinity curve of KD@rHDL with A3
(a) Affinity of KD@rHDL for A monomers. (b) Affinity of KD@rHDL for A oligomers.

24 LHELEFNSZEEREER (KD@rHDL)
Eapliiab T e ey

g 4 Al KD@rHDL ) A= 940 25 M B Hoxof
rhX B 28 2R G 4 T VS AR R Hﬁ ﬂiﬁﬁf%m
BV2/INE A # v A 3Eml [, F— 2 F HT22
INERIGE S T R, A KD@rHDL X 28
TN A 40 M T . HT22 48 2 AD #F5¢ hi H
IR 2RO, DAL O B2 TT A B PR DT
Wreh oKk 250 2 etk B B2 . Z T AE SR
PP uAnif, 2O T AE AD GRS &

HRAL, SURFER AL OMERIEERT . PRI S D Re
SEZEHFESE, 2 HATAD THZ.L Bz —, 5
I T N[RIVR RS ) KD@rHDL (0~400 mg/L)
REFRZHAL 24 ho 253 NIR, 7E 0~400 mg/L (¥ BE
JLREIN, AERTEBV2 /MR T oA fE HT22 #
LA, AL BRLE 5% IR 2 2 8] A4 AT TG R
BHG i 2% (P>0.05) (K4a, b), £
KD@rHDL 7E1Z 4 BE T X /1N Jo 240 it Jc BH I 7 44
12 W] KD@rHDL 7 5 L 25 BRv B HAT R 4779
YA E



2026; 53 (6)

PRIKIE, % EHSTENR
p

BASELETILR KRR

=
=
EMFEER TR N AL EREKT 1763 -

(@

Ao

DAPI APBo

ABo+rHDL

ABo+KD@rHDL

Merge (b)

Relative fluoresoent intensity

06F |
0.4+
02}

SN
T
£

50 pm

Fig.3 Immunofluorescence and quantification of microglial phagocytosis of A3

Immunofluorescence (a) and quantification (b) of microglial phagocytosis of AB. The data are depicted as mean+SD, and statistical significance was

evaluated through 7 test. *P< 0.05, ns: not significant.
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Fig.4 Toxicity experiment of BV2 and HT22 with KD@rHDL
Toxicity experiment of BV2 (a) and HT22 (b) cells with KD@rHDL, The data are depicted as mean+SD, and statistical significance was evaluated

using one-way ANOVA. ns: not significant.

25 ABELKEFNWSEERES (KD@rHDL)
B REIE MR

K H Transwell 2 3% 5% 5 8 37 4 Dil 7 i (1)
KD@rHDL 5 5t 5z e 1 . 06 AR s
EKLER IR, WH 1205, TZEBV2/MRE 41
FHT22 i3 S il 25 70 48 L P 35 ] ke 0 21 BH 5 79 Dil

L e fs S, # W KD@rHDL fg % A 305 it
bEnd.3 20 ] B2 G B, I ik S o 4 AR R (&
5a), ERHT B, KD@rHDL A FZH 7E BV2 /)
2 J5 240 A HT22 96 B 28 T 41 B HH 1) 56 ' i S 4
WEE T AXRA (P<0.001) (KIS, ¢,
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Fig. 5 Transwell experiment of BV2 and HT22 with KD@rHDL
Transwell experiment of BV2 and HT22 cells with KD@rHDL (a) and quantitative analysis (b, ¢). The data are depicted as mean+SD, and statistical

significance was evaluated through ¢ test. ***P<0.001.

26 AHBELEEFNWSEEREER (KD@rHDL)
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B M BN R B 3IE T KD@rHDL A 5 25 F5 R
NLRP3 # i Kk K -, KW KD@rHDL fE 5
WA A ] NLRP3 S8 /IMA R TG A o i 57
KD@rHDL W] L4 fib 2 B AR 4 TL- 1B 19 28 1 B 58
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TE LPS 5 S M A A R AE B AU rpr 5548580 21 AH
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Fig. 6 The effect of KD@rHDL on the protein expression levels of pro—inflammatory factors
(a) Western blot of IL-1p and NLRP3 in LPS-induced primary microglia treated with KD@rHDL. LPS:1 mg/L; KD@rHDL-L: 1 mg/L LPS+10 mg/L
KD@rHDL; KD@rHDL-H: 1 mg/L LPS+100 mg/L KD@rHDL. B-Actin was used as a reference standard. (b, ¢) Quantification of IL-1f3 and NLRP3.

The data are shown as mean+SD, and statistical significance was evaluated using one-way ANOVA. *P< (.05, ****P< 0.000 1, ns: not significant.
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Kinsenoside—-loaded Recombinant High—density Lipoprotein Enhances Beta—
amyloid Phagocytosis Capacity and Reduces Inflammatory Levels of Microglia”

CHEN Lu-Yao", MU Yan”, HUA Qian""
(VCollege of Life Sciences, Beijing University of Chinese Medicine, Beijing 102400, China;
DCollege of Traditional Chinese Medicine, Beijing University of Chinese Medicine, Beijing 102400, China)
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Abstract Objective This study aims to construct a reconstituted high-density lipoprotein (rHDL) delivery
system loaded with kinsenoside (KD@rHDL), and to systematically evaluate its function in enhancing the
phagocytosis of amyloid B-protein (AB) by microglia and improving the inflammatory state of microglia, as well
as to preliminarily explore its potential application value in the treatment of Alzheimer’s disease (AD).
Methods KD@rHDL was prepared by the film hydration method combined with probe sonication and co-
incubation. Its morphology was observed by transmission electron microscopy, and the particle size and Zeta
potential were measured by dynamic light scattering. The encapsulation efficiency and drug loading were
determined by high-performance liquid chromatography. The affinity between KD@rHDL and AP was analyzed
by surface plasmon resonance (SPR) to assess its feasibility as a medium for A} clearance. At the cellular level,
after treating mouse microglial cells (BV-2 cells) with KD@rHDL and adding fluorescently labeled AP, the
phagocytic efficiency of microglia for Ap was detected by confocal microscopy. Meanwhile, the CCK-8 method
was used to evaluate the effect of KD@rHDL on cell viability to determine its safety. The trans-barrier transport

ability of KD@rHDL was detected by Transwell assay. The expression levels of NLRP3 inflammasome and
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downstream inflammatory factor IL-1p in LPS-induced microglia were detected by Western blot to evaluate the
regulatory effect of KD@rHDL on the inflammatory state of cells. Results Characterization results showed that
the successfully prepared KD@rHDL presented a typical discoid structure under transmission electron
microscopy, with a uniform particle size distribution, an average particle size of approximately (14.4+0.24) nm,
and a suitable negative Zeta potential, demonstrating good colloidal stability. The drug content determination
results indicated that the encapsulation efficiency of KD@rHDL for kinsenoside was (42.2441.30)%, and the drug
loading was (6.03+0.19)%, indicating a good drug loading capacity. The CCK-8 assay results showed that in the
set concentration range, the survival rates of BV2 and HT22 cells in the KD@rHDL treatment group were all
above 90%, with no significant difference from the control group, indicating good cell safety of the formulation.
The results of the AP phagocytosis experiment indicated that, compared with the AP oligomers (ABo) group alone,
the fluorescence signal intensity within microglia in the KD@rHDL treatment group was significantly enhanced,
and a large amount of fluorescence-labeled AB was observed to accumulate intracellularly under a fluorescence
microscope. The SPR assay results showed that tHDL had a strong affinity for AP, with an affinity constant
reaching the nanomolar level. Transwell assay results indicated that KD@rHDL could effectively cross the bEnd.3
cell monolayer barrier and be taken up by BV2 and HT22 cells. Western blot assay results showed that high-dose
KD@rHDL treatment could significantly reduce the expression level of NLRP3 protein in LPS-induced microglia
and simultaneously down-regulate the maturation and secretion of IL-1B, indicating that KD@rHDL can
effectively inhibit the activation of the NLRP3 inflammasome pathway and improve the neuroinflammatory state
mediated by microglia. Conclusion This study successfully constructed a reconstituted high-density lipoprotein
delivery system loaded with kinsenoside (KD@rHDL). This nano-delivery system not only significantly enhances
the phagocytic clearance ability of microglia towards AP, but also effectively inhibits the NLRP3/IL-1p-mediated
inflammatory pathway, improving the inflammatory state of microglia. The above results indicate that KD@rHDL
has a synergistic effect in promoting AP clearance and alleviating neuroinflammation, demonstrating potential
therapeutic value for AD and providing new ideas and experimental basis for the development of subsequent AD

treatment strategies.

Key words Alzheimer’s disease, recombinant high-density lipoprotein, kinsenoside, amyloid B-protein, IL-1p,
NLRP3
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