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# E: BE HREF R 2otk s HEA I 5 (blood-brain barrier, BBB) %Fi% 8 /1 (179 % f Z2ifl (grapefruit
exosome-like vesicles, GEVs) A &K (salidroside, Sal) 144 KKE (GEVs/Sal), 33 82 H AR 4 M vt i 4534755 16 FH o
Bk RAZEEOVEREIEEIRI GEVs, T AR IR o SR 75 DA % GEVs/Sal, PKITRLER
ER Wt HORAR AT RAE, HPLC iENE R A 2, KA Transwell i£%%2 BBB %% LRI A /1, KH MTT %, %
Bttt qRT-PCR 5 AR5 GEVs/Sal X324 PCI12 4Ry ER . 455R GEVs Kik CD81. CD9 KHiEMIREH,

TR IR A, H HPLC E7R GEVs 18 5 REAE £ 4l J7 TF (naringin, NAR), 2 55 7 24 & 35 15 [R]85 /F F s GEV's/Sal
MR AR TT U moevs © msa=10 @ 1, #ZjE. WEFE, KA Zeta WA 735104 (8.07£0.23) %. (91.081+2.65) %.

(173.943.8) nm. (-11.494+0.48) mV; MTT &R B/RAYIKETE 100 pmol/L LAY, GEVs/Sal Xt PC12 4103 A ¥ &5
PEER . H 50 pmol/L ] GEVs/Sal g% i 3 B A NERIZF/E % (oxygen glucose deprivation/reoxygenation, OGD/R) 5 51
PC12 ZUM¥S1; E—2B1EM PC12 SUAEE M EOMREIER NS T GEVs/DIO M ft; iBid#aAks BBB 1HEAYIEH
GEVs/Sal B8 %% id BBB, #t—#iiAk hCMEC/D3 41 fid ik P % 25 = A E iR VE /3 GEVs/DiO H1P94k; FITC-Dextran
BIRSLIR 45 J R GEVs/Sal J8/> OGD/R #iffi 5 BBB [FiliZ; Calcein-AM/PT Y st K £ Hi 44 T g% 22 K I GEVs/Sal
BAPAMET . kR R AL KR AN G BT AR M/EM . J8iT qRT-PCR 73 #1#% #, GEVs/Sal 7t I B k41
fofE-2 (Bcelllymphoma2, Bel-2) [IFEEFEIEL, KT Bel-2 #1155 X H I (Bcl-2-associated X protein, Bax) FPEE R K
X Z R -3 (cysteine containing cysteinyl aspartate-3, Caspase-3) WIZERRKIE, M REMHIMBIETHIER . sksh, %
PRI YR GEVs/Sal TR 55 BV2 dfL ] M2 ZUMAL, FHNSHRER. &t mRIbfl& sk gy itae
AR %% & GEVs/Sal, FEIEBH X OGD/R 51 & RIME& 0 B RIT AR RUR, A B2 b3 T
— P R IT SR
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Abstract: Objective To prepare inexpensive, safe and non-toxic grapefruit exosome-like vesicles (GEVs) loaded with salidroside

(Sal) bionanoparticles (GEVs/Sal) with strong blood-brain barrier (BBB) penetration capacity, and to investigate their anti-ischemic
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injury effects in vitro. Methods GEVs were extracted by differential centrifugation and ultrafiltration, and their characteristic
membrane proteins were detected by flow cytometry. GEVs/Sal were prepared by ultrasonic fragmentation, characterized by
nanoparticle tracking analysis for particle size, and HPLC for drug loading and encapsulation rates; Transwell method was used to
investigate the BBB penetration and protective ability; MTT method, immunofluorescence staining and qRT-PCR were used to
investigate the protective effect of GEVs/Sal on damaged PC12 cells. Results GEVs expressed CD81 and CD9 characteristic
membrane proteins, indicating that the vesicles were successfully extracted, and HPLC showed that GEVs contained the characteristic
component naringin (NAR), which may play a synergistic role with the traditional Chinese medicine; The optimal preparation
prescription ratio for GEVs/Sal was magvs - msa= 10 © 1, drug loading, encapsulation efficiency, particle size and zeta potential were
(8.07 £ 0.23)%, (91.08 + 2.65)%, (173.9 £ 3.8) nm, (—11.49 £ 0.48) mV, respectively; MTT assay result showed that concentration
within 100 pmol/L of GEVs/Sal had no significant cytotoxicity on PC12 cells, and 50 pmol/L of GEVs/Sal significantly improved the
viability of PC12 cells induced by oxygen glucose deprivation/reoxygenation (OGD/R); It was further demonstrated that PC12 cells
mediated the internalization of GEVs/DiO through clathrin and lipid raft interaction; It was demonstrated by constructing an in vitro
BBB model that GEVs/Sal could effectively cross the BBB, and it was further confirmed that hCMEC/D3 cells mediated the
internalization of GEVs/DiO through clathrin and macropinocytosis interaction; The results of FITC-Dextran leakage assay showed
that GEVs/Sal reduced the permeability of the BBB after OGD/R injury; Calcein AM/PI staining and mitochondrial function
investigation revealed that GEVs/Sal could inhibit cell apoptosis, improve mitochondrial membrane potential and restore cellular
energy metabolism processes. qRT-PCR analysis showed that GEVs/Sal increased the gene expression of B cell lymphoma-2 (Bcl-2),
decreased the gene expressions of Bcl-2 associated X protein (Bax) and cysteine containing cysteine aspartate-3 (Caspase-3), thereby
exerting an inhibitory effect on cell apoptosis. In addition, immunofluorescence staining showed that GEVs/Sal intervention could
induce polarization of BV2 cells towards M2 type and mediate anti-inflammatory effects. Conclusion GEVs/Sal, a highly efficient
drug-carrying and stable biomimetic nanomedicine delivery platform, has been successfully prepared and has been demonstrated to
have good neuroprotective effects against OGD/R-induced neuronal damage, suggesting a new therapeutic strategy for ischemic stroke.

Key words: salidroside; grapefruit exosome-like vesicles; ischemic stroke; biomimetic nanoparticles; reperfusion injury
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S 10.7%0. dbAh, BRI A5 o (ischemic
stroke, IS) (5 i Hpi (7] A 2 80% LA EBT. H Al
IR ERIT IS HIT7 32 BN MRS B S = 2H 21
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NIRRT FEN, A R REE AN, %
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UL Y 4 hCMEEC/D3 (iS5 CBP61734)
T R B TR R A TR A R /RN 2
il BV2 ({5 CC9007) W 3£ =44
1.2 @5

NAR (Jit5 B21594, FiEn$=98%) IWH L
HRIE AR AR AR Sal (k5 F300-01, i
= E=98%) W4 H B 5K /R A& R 2 22 /] s PE-CD81
mAPE (JIL'S C4015). APC-CD9 i Hifk (it
5 AC0089). fiEZ i (lipopolysaccharide, LPS, #it
5 ST1470) W H B E = RAEVRHEHRAE; I
A% (IS 10099-141). DMEM mifiiRg 7R3 (it
5 11965-092) FEZIRHE 1 (arginase-1, Arg-1) Bt
& (Htt*5 PA5-29645) 1§ H 3% [E Thermo Fisher
Scientific A F]; MEMEEE (L5 T818538) WH LifF
I MAEEH A R A 75 Calcein/PI 41 o 3% M 5 4
MR NEAR & Gt c2015M) H Ll =
RAEMFHEA R AT $ERANE S C131611),
FJE-B-FRRIRE (HIES C262790). FikigF] (LS
C196832) g H bigRirdr T R A A R A A
FITC-Hi 4 (35 S07621-5) I H e 5T MERE A4
IR B A5 R 28 7] 5 2 S R 57 AR Ik 7
(JC-1, #t5 BL711A).DiO $:fa7] (15 BL777A).
DAPI 447 (35 BL105A) 4 [ Biosharp 445}
AR AR 8 B B superoxide
dismutase, SOD) fillilfl& (k5 BCO175). &
e H BRI S8 A W 1 ( glutathione peroxidase, GSH-Px)
R R & CHt S BC0235 ) . A
( malondialdehyde , MDA ) #& Ml ik 7 & (it =5
BC0020). 7514 (reactive oxygen species, ROS)
R & (S CA1410) . =#EER IR (adenosine
triphosphate, ATP) MR & (k5 BC0300) I
AL ZEE R AR A A 2R 5 A AS I3
#Ff JC-1) (5 GC1796) 4 H Biosharp A 4F}
HERAA; DNRAEANE-1B (interleukin-1B,
IL-18) ELISA fl& (5 BS-E5263M1). /M
IL-6 ELISA {7 & (#it5 BS-E3923M1). /N8
IRFEIRT--0 (tumor necrosis factor-a, TNF-a) ELISA
RilE (L5 BS-E9347M1) W H /i 5UIL AWk}
AR AR Trizol % RNA #iZidi& (ks
B511311-0025) W H g4 TAY TR ERA
Al; qPCR R & (LS 13600ES). cDNA S i
A& (5 15662ES) 14 H _Fig S XAV RS %
WERAA; FHSH—EMEESE (inducible nitric

oxide synthase, iNOS) Hifk (k5 W16030C) I H
1t BioLegend MR H AR A .
1.3 {43

CytoFLEX S M Z (/0 fr R jnt X 4u A (S
Beckman A @] ); Centrivap 25D IR 451X (£ [EH
LABCONCO A#)); e2695 T R0k ity (5
Waters A ) ); Axio Vert Al B3| B o Wi
(fE[E Zeiss A %]); EnVision £ IJREEFIRIX (EH
PerkinElmer /4] ); JEM-F200 FE 5 B85 (RIIT
WEFHPRHEARATD; 939SZ BURLEE AL
VSRR R A R AFD); MA-6000 % gRT-PCR 1%
(3 [# Thermo Fisher Scientific /4 7] ); ProteoAnalyzer
HLIKA G E R RHA R AFD.
2 HE
2.1 GEVs/Sal BY#IE 5K
2.1.1 GEVs Wit oriem st G, 2
BELL (2 000X g B0 20 min, 5 000X g &0 30
min, 15000Xg B0 1h) PAFBR KBk AL 4. Ui
£ FIERIRZTE 1X 105, 1X 104 JERSEREAlAL 3k
5UEW, B3 GEVs.
2.1.2 GEVs WIFHEBEEARME FHRAABAR
FAE GEVs R MFHEEE H . ¥ GEVs FERMA
mAESH, 2B PE-CD81. APC-CD9 i
A, R E A, UK EEEEIFE 10 min f5i@EL
TG AI 8 OB, AR R AR
2.1.3 GEVs ) NAR &=&llE KA HPLC 7
5E GEVs FHiEZH ) NAR & & . B 5 mg GEVs, 1l
NERFITK O, FIHARFRE, T 90 CKIB
n# 2 h, WEIFE 22 C, yEi, HEAT HPLC 40#r.
B4t DSHYPERSIL Cig i A (250 mm X 4.6
mm, 5um), MM ANLE (A) K (B), BHEEPE
t: 0~8min, 77% B; 8~15min, 77%~35% B;
15~20 min, 35%~30%B; 20~21 min, 30%~77%
B; 21~22min, 77%B. MK 280 nm; AFR
1 mL/min; ¥R 25 C; HEFEE 20 pL.
2.1.4 GEVs/Sal i+ X FAE  # Sal 5 GEVs iR
B, VKR FEBAEEY, ThEN120W,
TR TE] N 28 TF/5 s 2R, i Sal iN#kE| GEVs HEK
o, 37 CHAFFEEME 1 h DEELSMIHE
PL# )& (drugloading, DL). {i3} % (encapsulation
efficiency, EE). Kif2Hl Zeta A NH LT 0h5, XTI
HE I ] Sal 55 GEVs B & (msa & maevs) 3
T E 5, 19 BIAE B A L E SRR R A&
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GEVs/Sal.

/b GEVs 40K R, FBAKMRE 2 E
MR, T 200 HgAEA N L, =ENTE, B
2% BEESIR g, BT, TEIES B F L% GEVs 1)
B
2.1.5 GEVs/Sal f8f5llE  HUE & GEVs/Sal #
W 2 3X 104 IEE Y, 4 "C. 2500 r/min &L
5min, HUAEARGIEAT HPLC K6l (il %6 1F: DS
HYPERSIL Cjs i 4E (250 mmX 4.6 mm, 5 pum),
PLEE-ZK (15 0 85) AR AHBEAT 25 R e i o Al
Pk 275 nm; AEFLIE 1.0 mL/min; #3530 C;
BEFEE 10 uLo 115 GEVs/Sal ) DL. EE.

DL=W/(Wo+ W)

EE=W/Wo
Wo AT Sal KIfi&E; Wi A GEVs/Sal H % Sal [ & ;
W g AR 5

HY 500 uL GEVs/Sal, #E4/KMRE 10 55, T

R FA A B B RIAR AN Zeta FRAT, “FATISE 3 IRk
HUIA1E
2.1.6 GEVs/Sal Mf2E%% Ki&&E GEVs/Sal
AT 4 °C, EEENE 5d Rz f, MEEHIFIE
S5dNT 4 CHERMREM. FNIRZEHIFILE ML H
(AR E 1, ¥ GEVs/Sal 58 10%/i64 LiE ) DMEM
A IR AR A, LRI 5 d BifE.
2.1.7 GEVs/Sal ZWIRIMNEIAT NS BUE
i PBS 2P, TN ERER T pH 2 6.7, & H .
WEL 1.0 mL GEVs/Sal 1 Sal, 73BN AREHT4S
GEEAAMXT T ERN 3X10%), HMET 50 mL
PBS ¥ (pH 6.7) . =i FAWHEEE, 20 HE
0. 0.25. 0.5, 1. 2. 4. 6h HFUSCEEREHA 5 [ I b
FERFURT . HPLC M B 2iaE, 152
MBERBIE (D).

O = 7 [FIIRF [F) 55 300 454 O B8 A I P 26500 B/ 90 o
HZZWI
2.2 GEVs/Sal {FIMEZIRIPIERMAR
2.2.1 HBERIZF/E S (oxygen glucose deprivation/
reoxygenation, OGD/R) ZHAIFBIAIfEES. BG4k
AR PC12 4HAEERN T 96 FLIR, T RIGEEA K
JEFERFER. NN DMEM TR, BHVE
/INE (95% Nav 5% CO»), FRIE 37 CHEIFRFA KT
7t 6h Ja, HHONIEFEEIFRN, BRERRTE 24 h,
2.2.2 GEVs/Sal %f PC12 4Ji& /1 e ok
PCI12 #HffILL 1X105 4AN/mL EEMT 96 FLbk, L

100 uL, F 37 C. 5% CO, BiFf it so B AE &K
JE R BT . FAGEIMAN 100 pL A [FK E
(6.25. 12.50, 25.00. 50.00. 100.00 pmol/L) [
GEVs/Sal, XHAMAN S ARG FIEE, HRE
AR 2 A FL, R85 24 he REILIDAE
10% MTT (5 mg/mL) []5E4Ri7#% 100 uL, 37 C
BEEIFE 4he 7 WG, FFLIA 100 pL —HI
AR T2 10 min BAFS 73 VAR R 30 i A4, I
FEBRAXAE 490 nm KA E S FLIOLE (4D 1H,
TS /T

MHOTEFT=(A 25— A 20)/(A s—A 211
2.2.3 GEVs/Sal f OGD/R 4bFEf#) PC12 4HffiE /)
gz PC12 4HHLL 1X10° A/mL #:F0T 96
FUBR , I M BE A K J5 77 2345 977, 134T OGD/R 4k
. % “2.2.27 TR 7R 2 ARG 7T .
224 GEVs/Sal xf#i& udi IRy 1ERH
PCI12 40 LA 1X 105 AN/mL 32570 96 LA, &k
BEAEK G A AR B XTI FRAY4H . Sal 4
A GEVs/Sal 4, i HRZH H A 77, AR AL 2540
#47 OGD/R b, #5445 F 50 umol/L Sal B
GEVs/Sal +-7i, }%3% 24h. #¥ BiEW, (HHBA
(1) PBS ZEIPRERFRILAIE 2 k. # Calcein-AM
M PI SARBURE EIMASSL, 37 CEOLIFE 30
min. 38 8 B %6 BB W A AR, IEN
F Tmage J AR E1H4IME (ShEav)e) FIBE4H M
(L5 MEuEl, DAL & R R
2.2.5 PCI12 4 E GEVs/Sal FIFLHEIAFFE A
] B2 P A5 47 (5 mmol/L EhER SR 10
mmol/L H3E-B-FAMIFE . 5 mmol/L B KigF|) st
ALFE PCI2 0 30 min 5, 45T LA DiO %G H kR
1t H GEVs (GEVs/DiO) ACEEZIAD 4 h, 5% 4
#%EL GEVs/DIiO %2 Y08
2.2.6 GEVs/Sal [f1{&%F BBB FiEfE 1% % ¥
hCMEC/D3 4HjELA 1X 105 AN/mL #EMT 24 FLH
Transwell |5, B& R 5 e 40 M 1% 55 I 5 15 i H,
BEAE, A% HBHAE B 200 Q-cm?, F R = #F PC12
gL, Fraipuid GRS IR, AT L
E YN DIO-GEVs i & DiO. 5% 12h J&, i
PG EERRCE B GEVs/Sal 575 Dio H E=
HBAETE PCI2 i gh skt o, v
GEVs/Sal 7E{&4t BBB B2 i )15 4 18 3%

DAAS [] A 24 e P 403610 71) (S mmol/L #8504
M. 10 mmol/L HY2:-B-FRMIKE . 5 mmol/L R K& A D
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T 56 4k B2 hCMEC/D3 4 il 30 min J5, 4T
GEVs/DiO A:H4HfE 4 h, Il 41 i $EHL GEVs/DiO
(7 R o
2.2.7 GEVs/Sal J/k# BBB 2B F %% )
MRS BBB #EAY J5, #2 Transwell /N=E B T 24 fL
WA, 7 FERFR PCI2 4188 (3X10°/M/mL). fF
A B 1 i B FE 0 T = 34T OGD/R AL FE 3N Sal
A1 GEVs/Sal. 29/ 24h J5, T LE=FHIMA 0.5
mL FITC-Dextran (0.1 mg/mL, Ag/Agm = 485/538
nm), BTHFMANEE 2h. BOCIESLETE
tF 200 pL 55959, N 96 FLAR, A FH BEAR A &
AMH, IESHBEE (P,

Pazwxix v

t A L]

[AIN R E 3BT, A FITC-Dextran BB 6] (s); 4 N
ANEJERRTEIAR (em?); V9 F 2ilifhts [L1h bS5
2.2.8 GEVs/Sal X ZRRiATIREE %% KM JC-
1 5 CHREHE A GEVs/Sal X OGD/R AL (K] PC12
S it £ or A S LT (R AR A o K PCI12 4L 1X 103
AN/mL M T 96 FLAR, ARF4H M ik % G B f5 kAT
OGD/R AbFEH-45 25T Tl 24 ho PBS ¥4 2 K, A
JC-1 TAFM, 37 CHELHFHE 20 min. JC-1 ZZ1Pil
B0 2 IR JE O R IR A, T OO EMET P
SLRRAR AT AL, KA Tmage J A2 &4
PR . [FI, K ATP & Bl &
PC12 #4fiffish ATP & &, #8751 GEVs/Sal X £&kifA L)
REIRZI o

2.2.9 GEVs/Sal U304 040 i 24 H 5 %2
¥ qRT-PCR il GEVs/Sal %} OGD/R Ab¥EfH)
PC12 M T AH G EE R A ()52 0 o K PC12 2l
PL 2X 105 Ay /mL ## T 6 fLiR, 2 mL/AL, fF4ife
IR EEE S AT OGD/R ARFE 452511l 24 h. IR
AN, PBS Pii, KA Trizol &L RNA h$E5)
BRI RNA, mﬂﬂ}i%iﬁ?‘”JAlﬁ%iAﬁk
cDNA, qRT-PCR VLt HA0 bt =& E B ik
EL4H IR -2 (B cell lymphoma-2, Bcl-2) FEHFI T2
H Bel-2 #15¢ X 5 (Bcl-2-associated X protein,
Bax). FMEMR KL AR E A -3 (cysteine
containing cysteinyl aspartate-3, Caspase-3) )3l
Tkt . RNAAR: SYBR6uL, L/ TFiEsIm&
0.5 uL, cDNA ##i 1 uL, JIl RNase Free ddH.O &
10 L. HHEFEF: 95 CHUENE S min; 95 CAME
10s, 60 ‘CiE-k 20s, 72 ‘CHE{# 205, 40 PMEH.

Y it th Ze S BOR A AR BN S H. DL I -3- W 1R
MiZ & (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) NWZIE, KA 2744470 Ht mRNA
XRIEE, SIMFIINE 1.

®1 5455
Table 1 Primer sequences
SEHH] FP3 (5°-3))
Bcl-2 F: CGGGAGAACAGGGTATGA
R: CAGAGACAGCCAGGAGAA
Bax F: AGGGTTTCATTCCAGGATCGAGC

R: AGGCGGTGAGGACTCCAGCC

Caspase-3 F: CCTGAAATGGGCTTGTGT
R: TGTCTCAATACCGCAGTC
GAPDH F: GATTCTTGCCATCAACGACC

R: GTGCAGGATGCATTGCTGAC

2.2.10 GEVs/Sal $iidfb MEH %  RH
DCFH-DA 7540 fEFRE x40 ROS /K FiEAT 4
. PC12 4 LL 1X 105 AN/mL BT 96 FLIK,
RGEEfE, HET OGD/R ALBE 45257 24 he
Fr B FRIE, PBS JEVELIM, MAE 10 umol/L
DCFH-DA [ EMiFE; 753, 37 CE#EHFE 20 min
J&, FEIE DMEM PRk 3 Wk, w6 RmME
T, AN, K PCI2 1Ll 2 X 105 >/mL 7
F 6 fLIR T, SRR, FRRA & B
T2y MDA 7KF- A1 GSH-Px 3514, SOD i1
2.2.11 GEVs/Sal iR FEE ¥ PC12 41 b
2X 103 /mL M T 6 FLAR T, Frdif s 2N EE 5
4T OGD/R ALBEIFL5 245110 24 ho Y8k BIGTR,
P 77 v B I € TNF-o IL-18 A1 IL-6 7KF-
2.2.12  GEVs/Sal 75 /N 5t 240 M i A6 A FH 2% 42
K G2 G I /N SR A AR A bR 54 Arg-1
HIINOS #ik. BV2 4l T 24 fLikhIGEERS IR )5
IINE LPS (1 pg/mL) [FE5FRFALHE 24 h LLF 3
RIE. L2540 240 J5, H PBS P iiEo40M,
F 4%% REHBEERE E40E, M E 10 min. Pk
A 3 Y% (5 min/¥%), H Triton X-100 7E =i Fi&
1 10 min; F 5%2F I35 8 A RAE =R N H A
MO T 30 min, KFOEIEFRICH) Arg-1 F1iINOS $i
I 40, 4 CEA; F DAPT L2
M, 7631 E 2 BB T MR+ Arg-1.INOS
(52 eom g, L &4 Arg-1 AT iINOS [ iEK .
23 FitESH

BHELLX +sFox, H Microsoft Excel 2019
GraphPad Prism 6.0 /&% SPSS 21.0 #fF#E4T4804)
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Bro XFF 2 AR L, KA R ANOVA K156
9 4 5000 1) B A5 IR FH B ST AR AR Student’s ¢ 4656
K H Image J B4 25 it 47 @ &1
3 #R
3.1 GEVs FUFRELER

R ZEE B OATEEE A1) GEVs kiR

117.7nm. CD81+ CD9 s&/MAA IR IR 227,
SR A, fmAMBEAKEN GEVs
CD81. CD9 #ypHMEFRE (B 1-A), £ GEVs £
WTZNAT, ¥ T INBARIFER A . [,

HPLC #:i13] GEVs 5 NAR S [ 57 AH 5] £ 57 i 7]
Hig, Wi GEVs & A RHENELA 5> NAR (B 1-B).

A 100+ L i 100 I e
] GEVs [C]1 GEVs
804 80
I 4 H 604
= 60 = 60
40 40
20 20
0 ; . . : 0 el > - .
10° 10* 10° 10° 10? 10° 10* 10° 106
CD81-PE CD9-APC
B A
NAR
ﬂ GEVs
)
/\nd A 3 A
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A-RAMPAFAE GEVs FH; B-HPLC %5 GEVs 11 NAR 43 -

A-flow cytometry analysis of protein expression on surface of GEVs; B-HPLC detection of GEVs containing characteristic component NAR.

1 GEVs RIELER
Fig. 1 Characterization results of GEVs
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2 AN[E GEVs. Sal fRRILE3T GEVs/Sal HZhE . GBI, KIZF Zeta BAIKIFME (X +s,n=3)
Table 2 Effect of different GEVs, Sal feeding ratios on GEVs/Sal loading, encapsulation rate, particle size and Zeta

potential (X £ s, n=3)

MGEVs - Msal DL/% EE/% 4% /mm Zeta HLAL/mV
5:1 2.671£0.08 66.821+2.08 188.4+16.3 —-9.244+0.34
10 -1 8.07£0.23 91.08+2.65 173.9+3.8 -11.49+0.48
151 4.4440.11 65.361+1.59 196.0+5.6 —-9.65+0.26
A B
200 =
J -&- PBS
2.5-4 0/ HE yE
150 %‘H—_H ~B 10%/1A4F
=~ 204 g | ———0o—=
e @
= 1.5+ & 100
?;? 1ogﬂm
£ 104
X 50
05+
0 Y T g e Y T 0 T T T T 1

L 1
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RifE/nm

A-GEVs/Sal [{PRif2 S 45 B-GEVs/Sal 1E PBS & 10%[64- fLi5 ' 5 d IR E M-
A-particle size and morphology of GEVs/Sal; B-stability of GEVs/Sal in PBS and 10% fetal bovine serum for 5 d.

2 GEVs/Sal WRIEZER (x+s,n=3)
Fig.2 Characterization results of GEVs/Sal (X + s, n=3)
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3 GEVs/Sal & Sal FIZBMAL (X+s,n=3)
Fig.3 Cumulative release curves of GEVs/Sal and Sal

(X£ts,n=3)
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Fig. 4 In vitro cytotoxicity investigation of different
concentrations of GEVs/Sal (X +s,n=3)
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W
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Hxtpe4itbs: "P<0.05 "P<0.01.
*P<0.05 *"P<0.01 vscontrol group.

5 GEVs/Sal ¥} OGD/R AL32H) PC12 ZHAf5E IS0
(X+s,n=3)
Fig. 5 Effect of GEVs/Sal on viability of PC12 cells treated
with OGD/R (X £ s,n=3)

GEVs/Sal 6
—_— fizizd

MARIET /%

I'OO_Lun

WG A7 Sal GEVs/Sal

XA #P<0.001; SHIUAILEE: 7"P<0.001.
##P < 0.001 vs control group; **"P < 0.001 vs model group.

6 Calcein-AM/PI £ &4 GEVs/Sal 333215 PC12 4BRIRRIPIER (X10; X+s,n=3)
Fig. 6 Protective effect of GEVs/Sal on damaged PC12 cells detected by Calcein AM/PI dual fluorescence staining
(x10; X+s,n=3)
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7 PC12 Xt GEVs/DiO RIIRENE (X+s,n=3)
Fig. 7 Uptake of GEVs/TiO by PC12 cells (X +s,n=3)
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XtH#8  GEVs/DiO 2 B2 K =
£ B XK
2 B F
A
iy
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*P<<0.05 *"P<0.001.

A-schematic diagram of in vitro BBB model; B-fluorescence intensity of DiO in PC12 cells; C-fluorescence intensity of DiO in hCMEC/D3 cells;

"P<0.05 *P<0.001 vs control group.

B8 GEVs/Sal Hy{A5 BBB FIERENERLER (X+s,n=3)
Fig. 8 Results of in vitro BBB penetration ability assessment of GEVs/Sal (X £s,n=3)
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Fig. 9 FITC-Dextran permeability assay for improvement
of BBB permeability by GEVs/Sal (X +s,n=3)
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A-representative images of JC-1 fluorescence staining in PC12 cells (x 10); B-JC-1 aggregates (red)/JC-1 monomer (green) fluorescence ratio was analyzed

to indicate mitochondrial membrane potential; C-detection of ATP level in PC12 cells after different drug intervention by ELISA.

10 GEVs/Sal S EhATHEERMRIFER (X £s,n=3)
Fig. 10 Protective effects of GEVs/Sal on mitochondrial function (X £ s, n=3)
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Fig. 11 Bax, Bcl-2 and Caspase-3 mRNA expressions in cells of all groups (X + s, n=3)
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A, B-detection of ROS level in PC12 cells after different drug intervention using DCFH-DA probe (x 10); C-level of MDA; D-activity of GSH-Px; E-
activity of SOD.

12 GEVs/Sal BYE W NHBEN TN (X +s,n=3)
Fig. 12 Evaluation of antioxidant stress ability of GEVs/Sal (X +s,n=3)
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Fig. 13 Evaluation of anti-inflammatory ability of GEVs/Sal (X + s, n =3)
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A-representative images of fluorescent staining for iNOS and Arg-1 (x 10); B-fluorescence intensity of iNOS; C-fluorescence intensity of Arg-1.
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Fig. 14 Polarization regulation effect of GEVs/Sal on microglia (X +s,n=3)
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