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W E B STRMET T HINE R IR SRk (BExo) 5t MR 40 JL BV-2 3 - 094y 2 0 an B HT22 4145 09 %l o Fiik IR
Wistar X R & E 7 (66.83 g/kg) F 51 A 2 & R Exo( B NZN-Exo) , ] ik ] & 4 22 25 R fewb 35 5 38 (1.62 g/kg) T TSN A f2 &
% Exo( B? KB-Exo ,PLXT-Exo) , 5 #4745 , vA 1 pg/mL g % 4 (LPS) Rl BV-2 2 fies, 1 & 2 LPS kit wy Lz (Rl & K2
LPS 4oy LiFik) ., H# HT22 29 fe 5 % KB-Exo 48 (K 2 LPS 44 #9 L& & +KB-Exo) A 41 (Bf model 42, 2 LPS #4069 L&
#% +KB-Exo) \PLXT-Exo 28 (£ LPS #1i# %9 L& #& +PLXT-Exo) #» NZN-Exo 48 ( £ LPS # % #9 £ # & +NZN-Exo) , 48 & Exo 41 i &
KEI A 50 pg/mL, 35k 24 hJs , Al HT22 48 ie38 74 1 oL (R A CCK-8 i A= EAU i ) , 4 HT22 20 08 o oL, WLES HT22 2m i,
AR LEA A HT22 20 i F & 2o je A~ 1B (IL-1B) \IL-10 .4 B F kB(NF-kB) ¥ 7% 37 7L B F o (TNF-a) 4% , YA & TNF-at .NOD
B R G 2 M40 % & 8 3(NLRP3) Bk R % & B4 1 (Caspase-1) \B 28 ik & 55 2(Bcl-2) \Bcl-2 48 % X & & (Bax) 49 & & R ik
W, B5R AHFR R # & KB-Exo . PLXT-Exo . NZN-Exo, & Exo 3% 2L H 8 A R 6 “ARoR 7S B fe M QL "4 /2, 5
KB-Exo 2848+t , model 28 44 4m L3 74 % (CCK-8 ik A= EAU % ) . A IL-10 4% Fo Bel-2 & & & iA K35 B F BAK(P<<0.05) ; 2o e
P = 5 Fotm P IL-1B . TNF-o NF-kB 4% A & NLRP3 , TNF-a , Caspase-1 . Bax & & & i& K34 8 F 4 5 (P<<0.05) ; 2 f Ak A
MR, aa IR RE A= BRI AR R TG, = AL £, 55 model 4448 16, PLXT-Exo 28 \NZN-Exo 48 28 it k3% € & 4§ 4%
¥ R %18 5 (P<0.05); mietz ki B A T8, Gk 2 m Y. &g kT TSR d kR Exo ¥ i it 4 4] K g R Fe
R T, AR DR R e R S0 AY 2 U B HT22 4545
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Effects of peripheral blood-derived exosomes intervened by Naozhenning on injury of neuron induced by
microglia

GAO Li,ZHAO Le, WU Liya,ZHANG Weiyi, LI Nan, WEI Nannan, WANG Yonghui(College of Basic Medical
Science, Shanxi University of Chinese Medicine, Shanxi Jinzhong 030619, China)

ABSTRACT OBJECTIVE To study the effects of peripheral blood-derived exosomes (Exo) intervened by Naozhenning (NZN)
on injury of neuron cells HT22 induced by microglia BV-2 cells. METHODS Wistar rats were selected to prepare peripheral blood-
derived Exo intervened by NZN (66.83 g/kg) , referred to as NZN-Exo; peripheral blood-derived Exo intervened by normal saline
and piracetam (PLXT, 1.62 g/kg) were prepared using the same method, denoted as KB-Exo and PLXT-Exo respectively, and all
Exo were subsequently identified. Meanwhile, BV-2 cells were stimulated with 1 wg/mL lipopolysaccharide (LPS) to prepare LPS-
stimulated supernatant, and non-LPS-stimulated supernatant was prepared following the same protocol. HT22 cells were divided into
four groups: KB-Exo group (treated with non-LPS-stimulated supernatant+KB-Exo) , model group (treated with LPS-stimulated
supernatant+KB-Exo) , PLXT-Exo group (treated with LPS-stimulated supernatant+PLXT-Exo), and NZN-Exo group (treated with
LPS-stimulated supernatant+NZN-Exo) , with the concentration of the corresponding Exo in all groups being 50 wg/mL. After 24
hours of culture, the proliferation of HT22 cells was detected by the CCK-8 assay and EdU assay; the apoptosis of HT22 cells was
detected; the microstructure of HT22 cells was observed; the contents of interleukin-1@ (IL-18), IL-10, nuclear factor-xB (NF-
kB) , and tumor necrosis factor- o (TNF-a) in HT22 cells
AEETE EFRAAREIE ST H (No.82104972) ; 1L P4 FL Al were measured, as well as the expression levels of TNF-a,
BT H (No.202403021211146) 5 LL7G 2 S 258 L) BRI R NOD-like receptor thermal protein domain associated protein 3
(No.2024ZYYBOAL) 5 LLi P4 ¥ B= 25 05 1 AR 5 2 52350 H (No. (NLRP3), Caspase-1, B-cell lymphoma-2 (Bcl-2), and Bel-2-
2022BK019) 5 117G #v = 24 = B A 7 BE g B & 3130 3 H (No.
2023PY-YS-03) 5 111 P64 T o5 S50 = AT H (No.zyyyjs2024023)
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associated X protein (Bax). RESULTS KB-Exo, PLXT-Exo

and NZN-Exo were successfully prepared, and all Exo

PRI B HA R AR . E-mail :342014263@qq.com exhibited typical cup-shaped contours and membrane-enclosed
#BIEIEE 22 LS00, . W57 - th 22530 507K characteristics. Compared with KB-Exo group, model group
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by CCK-8 and EdU) , intracellular IL-10 levels, and Bcl-2 protein expression levels (P<<0.05) ; while the cell apoptosis rate,

intracellular levels of IL-1B, TNF-a, and NF-kB, as well as the expression levels of NLRP3, TNF-«, Caspase-1, and Bax

proteins were significantly increased (P<<0.05). Additionally, in the model group, the cells showed volume swelling, incomplete

cell membrane, nucleolar rupture, significant swelling and deformation of mitochondria, and severe vacuolization. Compared with

model group, the above quantitative indicators in the PLXT-Exo group and NZN-Exo group were significantly reversed (P<<0.05),

with large and round cell nuclei, intact nuclear membranes, and reduced mitochondrial vacuolization. CONCLUSIONS Peripheral

blood-derived Exo intervened by naozhenning can alleviate the injury of neuronal cells HT22 by inhibiting inflammatory responses

and cell apoptosis.
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TEZBRHINAZUE RS, NOD 52 (R FEE [ 45 44 3l A1
45 1 3(NOD-like receptor thermal protein domain asso-
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W ARGV =3 TBHRYT 25462

1 #F#y
1.1 FENUE

ARWE 5 B BB AL %8 ImageQuant LAS500 Y fk,
24 % AL (32 [F Alpha Innotech 23 /] ) , Megafuge S8R A%
I 55 1 B0 ML | Varioskan LUX 7Y 22 Tl fig 42 < B A AL
(2&E Thermo Fisher Scientific 23 ] ) , Ts2R #Y{#] & 2%
245 ( H A Nikon 24 #) ), HT7800 # i 5 i, - i e e
( H 7% Hitachi 24 7)) , DY Y-6C 4 it 3k A% B4 (AL 575
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I PG B (5 4201008, BiA% 0.4 )1 [ Z5 b i
24 ok BH 275 — 1) 24547 B 7 5 2 Exo JiG 4 1ML 3 (45
UR5020) 114 1 i FE (A9 7] s DMEM 2 i 5 77 5
(41t %5 12491-015) 1y [ 3 [# Gibeo 2 F] 5 LPS (it 5
L8880) W F b 51 23K 5 B A B A w5 CCK-8 4 fif 1
B -FE MR IR ) £ (415 BS350B) 1 [ At 5t 2= 28 Ff A
oA BRA 7] s EdU 4 s e A5 77 & . TUNEL 4H L
TR £ (HE 520510 MA0424-1 MA0223) 11 [ K
HERCHEYHARARA A IL-18 . TNF-a % H 1 B
(nuclear factor-kB, NF-«kB) . IL-10 Jiftf B¢ 5 28 W B i 56
(ELISA) i 5] & (45 43 Jill 4 JL1844 . JL10484 . E-EL-
R0012¢ . JLW20242) ¥ [ |16 VL3 AE W RHE A7 BRA
Al 3 DEEARIC Y CD9 ., CD81 /A& (A543 51 by P40240
HY-P74264) 1 [ 3% [El MedChemExpress 23 7 ; % B-JIL
Bl 1 (B-actin) 2 i FEHLIR (FIL5- AP0060) I [ 2 ifi f&
(b)) AR A B2 A 5 G T Vil - 3- ol i I S
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH) £
SR (5 GB11002-50) 1 [ GILFE4E R A= W RHL
A PR F] e lR TNF-a 22 e SR (445 300-01A) 1 A
3% [ PeproTech 2 A ; BRI K & (11 1 (Caspase-1)
I NLRP3 £ s di i (455351 2 232358 . AF9135) 11y
A VLT SRRV O A R R 5 G il B 20tk B0
2 (B-cell lymphoma-2, Bcl-2) £ 7 B Bt & (it 5
ab182858) 14 [ 9% [ Abcam 23wl 5 B Bel-2 #1256 X & 1
(Bcl-2-associated X protein, Bax) 5. 7% [ U & (it 5
50599-2-1g) 14 [ 2 [ Proteintech /A ] 3 Ll -4 9 S 2 BR
EHG I EB R ERRE H G H (SN
BA1055.BA1050) 14 F Rl A8 A4 ) TR BRA Al o
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1.3 5

AT 5T B FH 30 4 8 J&] i SPF 9% Wistar I K B,
340 H, R (250 +20) g, $4904 Tt 5t 28 R AR 5250 3h
WA R\, s A 7 V8 ATIES g SCXK (5%) 2021-
0011, KBV 3% F Ll 78 v B 2 K2 S50 45 3 bty SPF
KW B, A UOK S8, AR E (22 £3)°C AHXF
MR EE 40%~50% . A SR BT . AR S A 3l
YIS AT G s R B AR 20K, HE PP R 25K
FELI S REZE D1 oIt (R RS 2021DWO031) o

/N BN B 41 L BV-2 (185 TCM-C718) Il H 75 M
T B AE YRR A FRAA B 5 /INBUE S A 28 oo 4 i HT22 (4%
5 FH1027) 14 [ i 5 A AR R A BRA A
2 FHik
2.1 WETHERNHE

HRAJE AL J5 L AR B 8 AP R 503 P2
R T MR AT AR R R i
FIA 1055 /K290 30 min Ji5 K KBETT, 2 kN K i
40 min, 13 3§ 5 253 FRRINA 8 K, K K& 5 e
/INKREAE A0 min, 338 B UL 25 TR A, KR
PR 4 T R VAR B N 6.68 @/mL Y N RE T2 MR (AR 24
i)
2.2 ExoRy#l&E

B Wistar K FFEAL 7025 A4 (AEBEER K, n=20) |
AH 7 7 3H 20 CBH A % BE L 1,62 g/kg, n=10) | i 7% T° 41
(66.83 g/kg,n=10) , H kiR T 2 AL PG 2 20 O R
BRI 250, R B 38 52 SCRR 8] B, 25 VAL R RUE
SRR RER K, A RERE RS 29k, 5827 d. K
A5 1 h, 45 20K BUE FE Sk, 1A LL 3 500 r/min
B340 20 min, WCEE 2 MIE™, SR 5 R FH R 3 B8 000 20 5
FEHExo, ENFEAME MK U5 Exo. #LL ARG 325
2H Exo (Bl KB-Exo) . M4 P4 3H 2H Exo ( EJ) PLXT-Exo) . fifi
720 Exo( B NZN-Exo0) , 5K H BCA WX HAEA 7 2 vk
FEMRE , PR TR S50
2.3 ExoHI¥TE

Ht“2.27 3 F KB-Exo .PLXT-Exo .NZN-Exo ifi & , %
INFESR P 115 1 min, SR8 J5 FH U8 4RI 25 P73 5 TN R %L
A AR ZET0TE 1 min, DEACIR LVRIR , H IR T b
SR 2R 2 B L T W U SR 4% Exo TE ST RAE UL .
Ht KB-Exo . PLXT-Exo .NZN-Exo i & , % 44 K i 46
DA 5t Exo RiAa (CRERIRE i A 70 3 UK, BOT-344E) o
FHN B E R 34 Exo i i, AR 5 2% vh i (PBS) #i B¢
J& AT EARIC LA CD9 1 CD81, 37 °Cit i &
30 min; Jil A ¥ B9 PBS, L4 30 000 r/min #8 3% 250> 70
min, L VSR DA TRIRE I S5 (R o 0 5 5Bk LT
Ji5 FH PBS Hk , i A0 oK gt A A A 4 Exo R THITT
1A CD9 F1CD81 i PR
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24 YHEER SHES5%RY

WO R B B BV-2 4 i &, A 1 wg/mL LPS
A0 M 12 b, S Ak 22 55 37 12 h, B 6 RO
HT22 i i LA 5 A5 5 5 il 48 A 28 LPS HI 34 ) BV-
2N LW . OSBRI A HT22 4153 KB-Exo
2H (SR £5 LPS il I 35 W +KB-Exo) 72 (H model
41, % LPS Hl 3% 19 I 3% W +KB-Exo) . PLXT-Exo 4 ( £
LPS il 3% (% I 3% i +PLXT-Exo) Fl NZN-Exo 41 ( £ LPS
Y L R ANZN-Exo) , 25 41UAH N Exo FHE 4 50
pe/mL (R FEAR PG TS 0 25 i ) o
2.5 HT224iiaiEsEEE 140N
2.5.1 CCK-8:Am

B HT22 2 (412 A 4 X 10'4~/mL, R [A]) 4 Fh
T 96 fLA , #“2.47 T T ks R Sl 54 25 (LR 4
LPS H ) WO AR 100 wL, T A, HE g%
FLOR SR RN TN, R )5 B TR =5 1% 24
h; A CCK-8 ¥ AL T 4 h, K FHEEHRL T 450 nm I K
I A O B REAE, TS AN G B % 4N i B A R
(%) = (525620 653 A — A Z LG % 2 )/(KB-Exo
G A — T EASLOCH () X 100%, DL I B4l i
AKEH 6,
2.5.2  EdU K

F HT22 AR T 6 FLAR , % 2.47 300 R 7 ik |
G2, B 3E 24 h R CEGNIE , A 500 wL EdU T
YEWEIEE 1~2 h, ZBR TR A € WO & 20 min,
PRGN 3 VR, A B B 10 min, FRR PN 3
U3 A 500 WL Click 520 i (BEHEREC ) , =8 e Cig &
30 min, PEEANL 3 YK ; A Hoechst 33342 42 (0,7 % i
EGIFFE 10 min, PR ANME 3K, B T2 BT T igg
H LAY 0 (BAU FHYEAN M b2k ), T34 a1
Bl 20 MO 5 3R (% ) =EdU FH % 40 it 50/40 it 2%k X
100%., DL FEEHFEARKCH 6.
2.6 HT22 4R TR 4N

K TUNEL A, 45 HT22 40 70 T 6 FLR ,
FE“2.A47 R Jy A Ay 45 25 240, 53R 24 h R AR AN
Jit, LA 4% 22 5 R 2= 15 E 52 30 min, 75 0.3%Triton X-
100 %5 ¥ % H 9% A 10 min; T A TUNEL TAEWGE &, B
FREFF P E 60 min, SR A DAPLE (1 pg/mL)
EYEARICANMEAZ 24 10 min; SR FH 266 0 U B UL 2% 4 it 17
ToIEN, JFHA IR . AR BEPLEER 6 A HLET , X8 741 i
(e fo ) FNIE 5 AU (S 0) 43 R A T 8, IR an
JEPIT R, AU TR (% ) =P8 T 40 M0 (P8 T 4 i 25+
EH A% X 100%., Lh L ARRAAEARECH 6.,
2.7 HT22 BRI

KA -E g v LSS . K HT22 41 HFP F 6 L
M, 2,47 TN 5 ikisE i o dl 52525, 5555 24 h R e
ML, T4 °)C &4 F L 1 500 r/min 5.0 10 min, JlI A
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2.5%% I3 T T VR 1 o AL, AR U B K LR )
Qa5 R E S T R A MR A R IR
2.8 HT22ZABEH IL-1B . TNF-a NF-«B . IL- 10 I & £
i)

SF T ELISA K  FF HT22 4 35 T 96 LAk ,
F 2,47 IR JkaE AL A S 4 2 R 24 h R WUAR A
Jitd, FH Y4 4 JG 1 PBS PB4 2~ 3 WO E 8, R 4 it i
PRA T A0 W AR A A, T 4 °C 454 F A 1 000 r/min &0
15 min; W4E EIE T, $5 1R ELISA 357 & v B -5 5 A6
W 4% 20 40 Jfid 7 TL-18 . TNF-o \NF-kB . IL-10 By & &, LA
AN 6.
2.9 HT22 MR EFEATHXEARIEH®E

K H Western blot 7K K5 HT22 4 g4/ T 6 £L
M, 452,47 TR ks a1 S 45 25, 1555 24 h R Ik
Y, A 5 RIPA A3, T4 °C 4544 F LA 12 000
r/min 5.0 15 min, WAL, SR BCA ME KGN 2
FIHREE AR5 A EAREZE ol T 100 °C 2345 10 min, fiff
EARNEME, R E)E, LHESEEN (30 ng) 41
T bE B R A - R T M T e R S P UK 4 5 O W e B
PVDF R I+, i A Jt A 3t P41 30 mins AR YA B-actin |
GAPDH ,Bax ,Bcl-2 , Caspase-1, TNF-a . NLRP3 — 4 (#ii
B 4352 1:5000,1:5000,1:2000,1:2000,1:1 000,
1:1500,1:2000), % T4 °C &M FH 12~16 h; I H
[ —He I TBST Ytk 3 Uk, I AKH R, 4T (R B3
1:5000), 2 F ¥ E 2 h; F§ TBST ¥4 3 1K, ii% i ECL
RICHAEAZE RO PR S g, L B E RS
NS [ (B-actin 5 GAPDH ) Y 455 JK {1 LU Al Ferm 4%
HIER (IR K. DAL BRSO 3,
2.10 SFitFEHE

& H] GraphPad Prism - F1 SPSS 21.0 # 4t 17 #
RIS 3. THREFRD Y £ s 3R, 2N LK
KRR 2R T 255007, E— 20 P LR LSD-2 K 5
K56 K 1 =0.05,
3 #R
3.1 ExoWJETEHR

ST W B AR A5 R (1) SR, KB-Exo.
PLXT-Exo .NZN-Exo BB ] WIS [ Sy 2544 , i 5
TREIT 2 30T 5 Sy B TRL Py ROIR ™ A B R B 85 2
TiF 3 HOT- 2k 4243 5124 88.8..90.1 .92.2 nm, 4454 Exo [
Rl HER H AR CDI A CDS1 ) iA 50 B H4 4 , 7t
& CD9 1 B4 2 43 5l 2 (19.00+£0.94)% ., (14.60 =
1.03)% . (18.20 £ 1.09)% , Bt 44 CD81 114 BHM: % 73 1] hy
(9.034+0.23)% .(6.12+0.49)% . (10.53 +0.44) %, X4
7, A WESE L i 45 KB-Exo . PLXT-Exo . NZN-Exo, ]
AT IR 82555
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A. KB-Exo B. PLXT-Exo C. NZN-Exo

B 1 A[FEExoHiESEFEMER

3.2 NZN-Exo *t HT22 ZH il 1858 #9541

CCK-8 1M EdU S Z5 5 (£ 1) ik, 5 KB-Exo
ZHAH LE , model ZH 25 P b 5 G 00 7 240 Jf 2 7 23 1) (i 2
[ A% (P<<0.05) ; 5 model 414 Ht , PLXT-Exo 41 . NZN-
Exo £ 28 WAl 7 75 K60 D 4 200 B 346 3 2 25 3% T i (P<
0.05) . £ 24H HT22 241 38 58 175 150 1) S Fl 181 mT 9 415 4% S
FEp YN L T TR <
F1 HBHEHT22 HPEE AT EN A HpaE5E % b

B(x+s,n=6,%)

413 CCK-83 EdU

KB-Exo4l 134464411 74871146
model 41 7055+3.01° 32011225
PLXT-Exo#f 1002343.01° 56,691 1.46°
NIN-Exofl 110584633 63741465

a: 5KB-Exod L4, P<<0.05;b: Smodeldl Lb4:, P<<0.05,

3.3 NZN-Exo %t HT22 £ iU =89 8401

KB-Exo 20 .model 241 . PLXT-Exo 4 .NZN-Exo 21 41l
JL T 2R A4y Bk (2.03+0.97)% | (53.22+3.16)%
(21.87+8.06)% . (32.07+4.95)%., 5 KB-ExoZ1 I,
model ZH £ i 4 7% 1 25 7+ 55 (P<<0.05) ; 55 model ZH A
It , PLXT-Exo £l . NZN-Exo ZH 4 il i 7= 3 1 i 2 P A%
(P<<0.05) . #%2H HT22 4 it 4 T B0 1) 2 G &1 ml 49l
AR O AR E A5 R O T A 2.
3.4 NZN-Exo ¥t HT22 4R B iR ¥ r 2200

ST B SR 45 R (18] 2) 7R, KB-Exo 414
AR5, A I e 3 R n] L, 2ok A 5L R A 5
FE , PS5 B 1T DL 5 model 2 41 i AR BB A , L3 440 i
I, MRS S, A A A ™ AR S R
B S ek i AR TR, A Ak ™ T U 2 R 9 D BT K
PLXT-Exo ZH 4l A% T ], A M 5 3 A% A 58, i
SERBRZ AT I, SRR SR IER | 25 1Ak I8 /) s NZN-Exo
R IR N I A St 2 = ] TR S % a2 N B A E
25 WA IS EE SR
3.5 NZN-Exo %f HT22 ZH B # IL-18 . TNF-a . NF-kB
IL-10 & = HI RN

5 KB-Exo ZH A k. , model 21 4l fifd 77 TL-1B . TNF-a .
NF-«B 7 2 1 i 2 Ih iy IL-10 & 5 38 B 2 Pk (P<
0.05) ; 5 model 0 #A L. , PLXT-Exo 21 . NZN-Exo Zf 4f Jitd
HIL-1B . TNF-o \NF-«kB 7 5 45 i FRE AL, IL-10 & 3
HBETE(P<0.05), 4R NFE2,
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R 3 0004

K 10 000

A. KB-Exo 4l
PE PN NN 1<) 0 N UY  AFAR LN T N7y 1
2 FRAHT22 AREBHEHEHIE

B. model 4

R2 BAHT22 A IL-18 . TNF-a NF-kB . IL-10 &
Bt (x+s,n=6,ng/mL)

4 IL-1p TNF-a NF-«B IL-10

KB-Exol 45323£13.16 33318998 135224383 31141657
model 41 949.54174.89° 5817612218 293281734 1430 £2.60*
PLXT-Exol 7812021518 442471646 198.23£9.01° NP
NIN-Exo#f 872.50£40.56" 435,00+ 17.79° NINESIT 24531237

a: 5KB-Exof [L#, P<<0.05;b: Smodeld Lb4E , P<<0.05,
3.6 NZN-Exo X &REFAT1BEE B RIEHIZN
5 KB-Exo 414 . , model 4141 fifd 1 NLRP3 , TNF-at ,
Caspase-1 . Bax &5 [ 3% i5 7K V- 3 Bk 3 F+ & (P<<0.05) ,
Bel-2 2 [ K3k /K- 1 3 AR (P<<0.05) ; 5 model ZH AH
ke , PLXT-Exo ZH . NZN-Exo 41 4fl il ' NLRP3 , TNF-« .
Caspase-1 . Bax £ [ 3% i5 7K V- 1 Gk 35 B Ik (P<<0.05) ,
Bel-2 8 [ 3R IR 7K 7 2 35 Tt 15 (P<0.05) o 45 R L&
3. &3,

R3 HRAHTR2AMREFNEATHEXEARIEKEL

B(x+s,n=3)
Eibl NLRP3/GAPDH ~ TNF-o/GAPDH  Caspase-1/GAPDH ~ Bax/B-actin ~ Bel-2/B-actin
KB-Exo4l 1.94£0.25 0.780.86 0.99+0.03 2351024 2814078
model 4 5.05£0.10° 316023 1.81£0.03 4781015 124£0.09°
PLXT-Exofl 2831023 2141004 15240200 217+0.16"  220£030°
NZN-Exo4l 245005 2491008 1.5920.14° 2344015 243£026°

a: 5KB-Exo4l L4, P<<0.05;b: 5model4 Eh 4%, P<0.05,
4 g
IV 7 7 %) T T RICR 1 I SE 4% 2 AR AR Ik
MK, A TR 7 I 0375 | L A Sk Sk JOUBR SR HIR L Pt
AR DI SRR Ty A b BEIE P 5 4
FHE TG MRS 5 505 FHS DI EAE L ; 12— A
FATFRIMAZARN T & s RE ARZE AT 2 A [t Ak
PR LK 5 iy e 7 ARG 2% 5 1 24 G R [R) A 400 1M AR AR
R LR AR
TENRFRGIR RS P SEH , 224 Exo H £ 32 BIHFSE
FHORUE . ExofE N AR TS, 7T %854 BBB, B A

T2 2025 4F5 36 45 19 1

C. PLXT-Exo 4 D. NZN-Exo 41

L e—— — —

.

Caspase-1 - - ” 45 kDa

GAPDH ‘ — — — 37 kDa

KB-ExoZl  model4] PLXT-Exo#l NZN-Exo#l

3 BRAHT2R2MAEPREMEATHEEEARENE
KB

RAR /N G AR RRUE PR B | 3B 2 R R SR
Exo ZF % BBB 114 32 BLAIL il 75 T I3 1 440 5 i ot ¢
N2 A 3z AR 2 R A EAE o Yuan S5 90F 5845 H L &)
FE L5 200 L Exo W B bk E24 400 10 ) BB AH G At 1. 40
TR 285 3 1 5 ML A P B 4 L e K Ak A P 4
APk CHUBEAE R Z AN AR, 251 ) 28 BBB #E A
PN . Qi & HIFST F WA , Exo i AE T i 5 N 010 PN B
Y I Toll B A7 14 4 22 ] 1) e S5 3 3 I 1) 1 P 2
BBB #E AN o T I, AT R F N 7 T FA M i
U5 Exo , M58 HOGH i S il 22 o0 40 MY HT22 R 9E S0 1Y)
OO o HA P AT RS R IR R , B A —
PR R/ W R BT LU (R (R UEWERR AR 0T B, el
ZeOCPR T TRV, HaA ] 45 A 200 Jo P-4ty [l B g it e
SR F N IL-10 (4 5300 , B S A B ™, BCAS T 5 6 4%
HA TSN i Sk 5 Exo 1 A BHAEXT IR

il A 475 P 3 ol 2 P i AP B AR R 2 R G
P05, P8 SEAE S22 PR R 28 2R G0 AT 1) SR ie I 2L
il J PR S A3 43 250 R G A 28 S RE R N

China Pharmacy 2025 Vol. 36 No. 19 + 2397 -



451403 )5, A2 5 2L 2 %) 48 L 25 B 4N TNF-o IL-18

NLRP3 25 5 0E K, 30 #2870 P NF-kB S RAE(5 5 18

6 R AR 22 TR 22 S E R 1, 1 — 2P UK SAE

IO, ST 5 | AL et 2 70 2 R R 5 122403 5 3 mT e i 4 21

P14 7N G2 J5 44 AR 2 T M Jo A PR TG A, B8 R R a4 PR 7

YEH T4, Caspase-1 42 R IE /IMA [ S BN 43

T, 25 JRAE ROV Y B R 5 2 NLRPS AT/ IMAR

T 5, Al e i Caspase-1 15 1t , i — 204 ) S S K

B AR, IL-10 J&—Fr 8 5~ , Hoal fifi] S AE N,

X Z TSR YER", J351, Bax Fl Bel-2 £ [ & 4%

A0 M R T FE T O VR T S fR] A0  U T

HERRM

ABFFEEE R B , LPS JI I BV-2 4 A 7Y LTk
A ECHT22 4 i b & AE A ¥ IL-18 . TNF-a \NF-kB 7%
2 AMINLRP3 , TNF-a . Caspase-1 . Bax £ [1 3¢ 5 K- A K
AR R TR I T R R R AR A (CCK-8 YA Rl EdU 46
) IL-10 3548 A1 Bel-2 3 H AR IA AR AR, AR ik
I AR SERE A A X AR S HT22 i &
A2 T RRE SRR T BT A T Moo . et ik
i T T TSR AR IR Exo fE IS , 1 3RsE & o3 e brdy
STESUETIEY L SN A S 0 3 S WS % A 2N
LBDE Bl NI R e 8 . XS s i T+
LA A ik 8 Exo W] 41 il HT22 28 i 1) 42 5E S o7 AP
T, JEEEE 2T .

25 Bk RS 7 T BN A IR IR Exo AT 4 ]
SERE SO AN LA T , DA% /N I 240 35 e o 28 e 20
M HT22 454403 . ASBHEFER F BV-2 41l /HT22 4l g 245 7%
RGBT ST , (BRI T 1k 58 42 5 BLAA
N BBB i [t 20 i B 25 52 AR Bl Jim 25 4l 5 sh s
RS UERN 2 T T BN R IR Exo IR NITARL
S 3k
[1] SHIGH,LIUL,CAO Y Y,et al. Inhibition of neutrophil

extracellular trap formation ameliorates neuroinflamma-
tion and neuronal apoptosis via STING-dependent IREla/
ASKI1/INK signaling pathway in mice with traumatic
brain injury[J]. J Neuroinflammation,2023,20(1) :222.

(2] APIRS ABIERE MG . A RRAAL T /INBE BT 4 B AR I
SR L2 A PR R ). TR ERR R AR,
2023,53(6):775-788.

[3] WRE,BEEDT . NLRP3 RIAE /AL & 4 i 28 4 9 v
AT BE B (0] v [ S T 2 i A, 2024, 27 (1)
128-132.

[4] EEIRDITY, EARN, 5. S T 25 M35 % Erastin i75
5 HT22 4 fLBRAE T 152 e (], v [ A B2 25 45 B 2%k
2022,29(11):53-59.

[5] JIANG W, WU Y, PANG A L, et al. M1-type microglia-

derived exosomes contribute to blood-brain barrier da-

2398 - China Pharmacy 2025 Vol. 36 No. 19

[10]

(11]

[12]

[14]

[15]

[16]

[17]

[19]

mage[J]. Brain Res, 2024, 1835:148919.
Wil ek . AN BARTE X M 22 R GT P
HIBEFEHERE[T]. AR 2 SRR T 7 2% 75, 2024, 23
(3):86-92.
QU M K, LIN Q, HUANG L Y, et al. Dopamine-loaded
blood exosomes targeted to brain for better treatment of
Parkinson’ s disease[J]. J Control Release, 2018, 287:
156-166.
AN L P2 I 25 PR SR TR R TR D). R 2y
B 5l RZGFE, 1999, 10(2) :95-98.
B, RS, U GRSCIR TR M. 4 0. e
N PA: A, 20101 398-402.
JESRIR XN 2R AR . T IR 2 3 2 (1 i 7 1
KR T ik S0 B BIL ] 23 (7). Th A2, 2018,49(15)
3531-3540.
Frpad, FHEMG . = THEYT A MI 5 Sk 9 53 1T RO
ZX[J/OL]. Fh R QI SMRRE 72438, 2017, 3(5) : 292-
293[2025-05-01].https : //d.wanfangdata.com.cn/periodical/
ChVQZXIJpb2RpY 2FsQOhJMjAyNTA2M;jISFXpoc2pjc3-
drZHp6ejIwMTcwNTAwWOBoIM;|lsbjN3N3g%3D.
YUAN D F,ZHAO Y L,BANKS W A, et al. Macrophage
exosomes as natural nanocarriers for protein delivery to in-
flamed brain[J]. Biomaterials,2017,142:1-12.
QI Y, GUO L, JIANG Y B, et al. Brain delivery of
quercetin-loaded exosomes improved cognitive function
in AD mice by inhibiting phosphorylated tau-mediated
neurofibrillary tangles[J]. Drug Deliv, 2020, 27 (1) :
745-755.
A OO, L AE L IR P IR A AR A AT B
LA 2 P AR I 18 A0 R R LT A E A T
Lp-PLA2 KR [I]. I PRBFSE , 2025, 33(4) : 123-126.
KWON H S, KOH S H. Neuroinflammation in neurode-
generative disorders: the roles of microglia and astrocytes
[J]. Transl Neurodegener, 2020,9(1) : 42.
BARKHOUDARIAN G, HOVDA D A, GIZA C C. The
molecular pathophysiology of concussive brain injury[J].
Clin Phys Med,2011,30(1):33-48.
SONGY Y,LIZ W,HE T T, et al. M2 microglia-derived
exosomes protect the mouse brain from ischemia-
reperfusion injury via exosomal miR-124[J]. Theranos-
tics,2019,9(10):2910-2923.
KITAOKA S. Microglia regulate neuronal and behavioural
functions under physiological and pathological conditions
[1]. J Biochem,2023,173(3) : 153-157.
GITEGO N, AGIANIAN B, MAK O W, et al. Chemical
modulation of cytosolic BAX homodimer potentiates
BAX activation and apoptosis[J]. Nat Commun, 2023, 14:
8381.

(i H 491: 2025-05-03 & 1R1 H 491 : 2025-07-24)

(Dl - FEGETE)

thEZ 2025 4E55 36 245 194



