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H E: BW fHRSNAREAL ST Y, WML FEEE (blood brain barrier, BBB) 4 M7 IR /R 9K 5 2R %
/N (Alzheimer’s disease, AD) #E8, FRFANE'E 293 T & (human embryonic kidney 293T, HEK 293T) 41 g #1444 (exosome,
Exo) ' AS BT Rar (ginsenoside Rgi, Rgi) ¥ BBB &, N HZHIRIGTIRAUKIE. & /20 RAEEEO%. U)
FE . RUR ARG B AL Ah A, DUREE. Rt & 2 40 #ivE a4 (polydispersity index, PDD AP 4R R, 1EEUE
feaif ik FERE R MRefeal, Bkt RE. R REIREE R R IR R B, LAY ER TR, FIFIER
WAL 5 FLIE M # Exo-Rgt AWM L2 KA/ RN IME P 4008 (brain endothelial cell line 3, bEnd.3) &4k 4h
BBB f5#, il 5 5 P 2 HEBH (transendothelial electrical resistance, TEER). VR i51% & 5 % NS IE LU0 IR IF AR A 52 4
P, WH Exo-Rgi EEMA (IR, #E Rgi 4l GHBLAD . RAMBIRAMIMNBIE (FH) +IFE Rgi 41, KA HPLC ¥
DA RN 8] SR 25432 1 144 BBB AHIBLR VR Y, T EIS 83 . 8id AD BB/ RIAT N300, HRENEE. EAS R
SER PRI, PEAEARNIEIT SR, R BAELLANMA T ARGE & IR R AR, B SNSRI BN 2.9 X 10" 4Y/mL,
FAREHIE (91.811.5) nm, PDIN 0.21£0.01; G RIEBRERGFILERE T2 B HE 100 V. BKePEE 15 ms. ik
TUEL S ORI Rgy JRERVRE N 0.4 mg/mL, B TEGMEEEN 61.58%, RTESIERE: RINWE bEnd.3 4k
4F BBB #5%, TEER {Hf2ETE 300 Qcm? PA I, £ H 4 h j51k4 BBB #AYH T RECRIF AR IR 22, B TOLRIEL
REZNTEANRA [(41.3421.83) %ws (98.87£2.09) %, P<0.01], FF&RERIIAEER; AINETSLKE/R, 8hsL
IS Re IR (15.3%) BE R THIBA (3.3%) (P<<0.05); sh¥siih s, E&Wn 5 E AN 2301268 17,
RIS, RIAIEGR LB A8 (choline acetyltransferase, ChAT) & o7 MRB%TY Z BEAHAR3Z & (a7 nicotinic acetylcholine
receptor, o7 nAChR) HIEEAFKIL, BMEAIMIAR-1p (interleukin-1, IL-1B) IL-6 FIJEIASER T-a (tumor necrosis
factor-o, TNF-o) RAEFEFKF, HIRML TR Re HE HINMEH . G5ie  SNMETTEBEEF Re i BBB 3%,
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Abstract: Objective To screen the optimal purification and drug-loading processes of exosomes (Exo), construct an in vitro blood-
brain barrier (BBB) cell model and an Alzheimer’s disease (AD) mouse model, and investigate the efficiency of human embryonic
kidney 293T (HEK 293T) Exo-mediated ginsenoside Rgi (Rgi) across the BBB, so as to provide a basis for the treatment of brain
diseases. Methods Exosomes were purified using ultracentrifugation, tangential flow filtration, and dual-coupled harmonic oscillation
technology. The optimal purification method was selected based on concentration, particle size, and polydispersity index (PDI). On the
basis of single-factor screening of voltage, pulse duration, pulse number, and Rgi concentration, the electroporation process for
constructing Exo-Rg1 complexes was optimized using orthogonal design with drug encapsulation efficiency as the evaluation index.
An in vitro BBB model was established using brain endothelial cell line 3 (bEnd.3). Model integrity was verified by measuring
transendothelial electrical resistance (TEER), liquid level permeability, and sodium fluorescein permeability. The Exo-Rgi complex
group (experimental group), free Rg1 group (control group), exosome alone group, and empty exosome + free Rg1 group were set up.
The concentration of Rg1 penetrating the in vitro BBB model at different time points was detected by HPLC, and the permeability
efficiency was calculated. /n vivo therapeutic effects were evaluated through behavioral tests, histological observation, and detection
of protein and inflammatory factor levels in AD model mice. Results The optimal exosome purification process was dual-coupled
harmonic oscillation technology, yielding an exosome concentration of 2.9 x 10!! particles/mL, a particle size of (91.8 + 1.5) nm, and
a PDI of 0.21 + 0.01. The optimized electroporation conditions were voltage of 100 V, pulse duration of 15 ms, pulse number of four
times, and Rg1 concentration of 0.4 mg/mL. Under these conditions, the encapsulation efficiency of the complexes was 61.58%, which
was superior to that of the traditional ultrasonic method. The in vitro BBB model using bEnd.3 cells was successfully established, with
TEER values stably above 300 Q-cm? A significant liquid level difference was maintained in the in vitzro BBB model group after 4 h.
The sodium fluorescein permeability in the model group was significantly lower than that in the blank control group [(41.34 + 1.83)%
vs (98.87 + 2.09)%, P < 0.01], meeting the requirements for barrier function. In vitro penetration experiments showed that the
penetration efficiency of Rgi in the experimental group (15.3%) was significantly higher than that in the control group (3.3%) at 8 h
(P < 0.05). Animal experiments demonstrated that the complex significantly improved learning and memory abilities in model mice,
protected hippocampal neurons, upregulated the expression of choline acetyltransferase (ChAT) and a7 nicotinic acetylcholine receptor
(a7 nAChR) proteins, and reduced the levels of interleukin-1p (IL-1p), IL-6, and tumor necrosis factor-a (TNF-a), with effects superior
to those of the free Rgi group and the exosome-only group. Conclusion Exosomes can effectively enhance the efficiency of Rgi in
crossing the BBB, providing an experimental basis for improving the therapeutic effect of brain diseases.

Key words: exosome; ginsenoside Rgi; blood-brain barrier; drug delivery systems; bEnd.3 cells; dual-coupled harmonic oscillation

technology; choline acetyltransferase; alpha-7 nicotinic acetylcholine receptor; interleukin-1p; tumor necrosis factor-a
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FURIHUA S e HE e SN, /b | IS FE AR 22 4
Fa i, SEEE RN 25k 3R, LR R
AL B, 2RI CD63 S5t A/ T4 n 45
&, i ReEd M- M 41847 %% BBBIE1Y, Uk
DR THEAZE . sIRNA S5 [ 5346 18 R R 1, Ak
A — 1t B T2



« 4572

¢8 % 2026568 $57% B128 Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

EEXE R W, T Ak R — R TR
W TEALCEIAR T, SR BB IR B AR BT
Bk 5 N R AR, AR SR T SEI A Ak
OFE VG BTN G AN ARSIt i 27 N
I GRS B R S TR T T e, W]
SRAFRIREEH . IRE ARSI, ZH A KRR
T Nature Methods, #%EPr22FANINNRBAE G
4y B Sy 023, Wi T2, B
ZF FLIFE A Ik N v TR AE AR T TR i n] 18 FLIE,
SOV sh e 3, BRI . Bkihik
& TS H LRG0, Rk, Rkaifes
WA T2 FICEL, RHEsh oMb iARiL % RS R
HeAb ek, T, ARTRME 203T 4HH4MY
AT Rey iERE BBB Wik RS, X LLHEHEE
O VIR S SR A B IR HAR, g =
— VRSN AR R FRFFLIEEZ, i Lo(3%)
IEASRIG AL A H L Bk R S S B T
#; FIF bEnd.3 4Hu k4 @444 BBB BB AICI+
D-Y-FLBE ST AD /NRBERY, IOIEISIERCR, R
ZiRSYr R 077 BB S0 4% .
1 {XEE#HH
1.1 {435

AKTA flux YA € R4, g Cytiva 2
Ay Zeta View BYGUKFRFRER T4 (NTAD, 8
Particle Metrix /2 5] ; Optima XPN-100 %4 % g 71
EHH B AL, J2E Beckman Coulter A F]; Agilent
1260 2 5 G X, 22 [E Agilent A 7] ; Exodus
H-300 244 F S MNBARIRIU RS, YIS AR
HAERA A ; CKX-31 H{EE BH%i, HA Olympus
AT JEM-1400 B3 5 1 WA, HA JEOL &
A]; Morris KK E, ZRUEEADUIREFAIRA
Al ; ECM 830 B Hi 7 FLAX, & E BTX A Al Millicell
ERS-2 845 4 B2 L PHAY, 32 Millipore A ]
1.2 iK%

Rg: (#It'5 B21057, HPLC Jii &4 %1=98.0%).
2% AR G, RIR AR R A TR A T
DMEM &bt aedt . fad-iMig, E Gibeo AF];
Wil th ozl (PBS), pH7.4, bR ZEEFERA
FRA D R b £ DY £ (ethylene diamine
tetraacetic acid, EDTA), 3[E Sigma-Aldrich /2 #];
BCA EAEREIRA &, HEE A RKEMHAARA
F]; 8 000~250 000 & [1 Marker, BUMNERF T
WHIRAF; HRP frid Pt IgG. Calnexin,

CD63 Pifk, LigHERgEMRAREARAF; /D
Pt GFP B, LR EMAEMHARER A
CD81. CD9 Hifk, B sANERHEA R A
M, JER S RMUER A IR A s IR 2 94 %
B (choline acetyltransferase, ChAT), HiM4Ezz4
MEARGIR AT o7 IR ZBEIEGZ K (a7
nicotinic acetylcholine receptor, a7 nAChR), i FE
BAMREARAR: AR A8 E-1p
(interleukin-1B, IL-1B). IL-6. MR IR FEH F-a
(tumor necrosis factor-a, TNF-o) ELISA 7 & (it
SN ZC-37974. ZC-37988. ZC-39024), [-#§
AP R AT
1.3 RSz

/N BRI A P R 4 (bEnd.3), G i B AR
MEARBRAF; ANEE 293 W R4 (HEK
293T), FEEMRIEFRVESE; 60 X SPF Jifitt
C57BL/6) /IR, 6 JEiE, (20+2) g, T HBFra AL
SIVEFTERAT, SFALES SCXKCE 20220006,
SIS B W) 1R TR 5 i A S T R R ) DR R
(25+2) C. MABE (55+10) %. ASLIHSH]
7R W R 25 K BN WAm A B 25 03 kit SE583)
YAEFME FE A5 SDUTCM20250701003 .
2 FESHR
2.1 MRS

I VR YIRS . RGE G 1SRRG
FR 3 Bl iEX SN R EEAT AL
2101  EEEECNE OB 293T 4, BiRETE 10%
2 1375 (O b DMEM 559835, RR4i A
15 80%~90%H, USKEEAHAEEE % FiEW, LL300Xg
20 10 min, EFRAMEE S, LL10000X g &0 30
min EFRAIEE, BCEIERE THEBEEOE T, L
120 000X g &.0» 90 min, FF [iE, H] PBS HEUT
JE, FFRLL 120 000 X g B0 90 min, A 50 pL
PBS H 25 4MNEE, —80 CLR1E, %M.
2.1.2 VIl URE 293T difulsgE Ligw, &
3000X g B0 10 min A1 0.22 um JEAEJETBR AL, i%
FH 300 000 78 FA AHXS 731 BT 2 JBEAF, et 5 s
(transmembrane pressure, TMP) 10~30kPa (0.1~
0.3 bar). JEHE 5~10 mL/min, 4§ 10~20 %
J&, FH 3~5 REARFRGE e BRI, IRAG Al
SN, —80 CHRAE, &H.
2.1.3 XS IEEIRGHAR 1 Exodus (H-300)
AR alifh R G AT Ak, B 20 mL 4 ISR
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S JEHEAT 2000 X g+ 30 min A1 12 000X g+ 30 min ]
[P VN S b bl R O e T
0.22 pm FLAZHITALUE BT, 1268 M RGKE
VBN N B IR PP #EAT MR BB L, % J5 FH 50 L
PBS Xtk fr B AMR AT BE MR -
2.2 FIABEFLEAHIZINLAE (exosome, Exo) -
Rg: p=R=xv
PR EFEILE, FINMMES Rg RGN 2

mm B, WERESHCRRERE, Bkt Eo
fikphist 1], HEE S 100 000X g B0 1 h, 77 Lid,
PBS =2 Exo-Rg &Y.
2.3 SNIMARFD Exo-Rg 8 AMIRIRIED
230 WRESRARNGE  RAIGUOKBURLER R 73 Hr 4%
A (nanoparticle tracking analysis, NTA), ¥ #hihfk
1 Exo-Rgi H G WIFE i PBS Wik 238 BIKEE, 1%
BRI 25 °C, BAFERIE 3 K, ILRIRIE .
KIAR AT, FRARATEEILER 1, XUE G BRG AR
AL AN AR B B REAR AT i 2 S by I
HRREL, FFHZrHEEE (polydispersity index,
PDD), f#:iL 0 GEF <03 NH—), Bzt
TR —, i A.

xR 1 3 ML ERIIMNDER Exo-Rg £ &HEFRATLE

(X+s,n=3)
Table 1 Comparison of exosome and Exo-Rg: complex

indicators among three purification methods (X + s, n=3)

Ff i WREE/(A~mL ™)

Rt /am PDI

R B CEANAME  1.9X 1010 114.11£4.57 0.4410.05

I ENRELARAZEN 49X10'  104.97+1.39 0.35+£0.07

R A VB IR 2.9X10"  91.80+1.50 0.21+0.01
Es ¥ NCARTZIN

Exo-RgiE &) 2.1X10"  139.00+3.12 0.67+0.09

232 JEEUE BRI 3 Fhaif T4k
IHMIAARFE il 2 Exo-Rgr BEW 20 puL, 2 EK
T A L, &8 B 15 min 7247 fE AN BE S I B 7E
M b o ZKBE 3 IR, FFR 5Smin, JEANREFER. W
B 20 pL 2% M 45 1 7 v i 22 4 9 33047 67 2% 1 min,
PEARIR LV, T 10 min J5 B TIEH B B
(transmission electron microscope, TEM) M %24h
WMRTEA I, S50 WE 1 s, H2ERIR
MREIEAS, XURMEE ) 5e % B FHEme W, f&
AR VR PR T A R I

233 AREEERN KA Western blotting 73-#T 3
Fhalif I EAA ) SN [ Exo-Rg1 E&WEH,

1 BEBLEMELAINBE (A). TIEFEAELEISN
WAE (B). BHBEIERRHRARGELHISNLE (C) & Exo-
Rgi E464) (D) K TEM &

Fig. 1 TEM images of exosome isolated by
ultracentrifugation (A), exosome isolated by tangential flow
filtration (B), exosome isolated by dual-coupled harmonic

oscillation technology (C) and Exo-Rgi1 complex (D)

FIH BCA e &G, B 20 ng A EFE, 4 SDS-
PAGE HLJK. ¥ B, £ )5, I CD63 (1 11000,
CDS81 (1:1000), CD9 (1:1000). Calnexin (1 :
1 0000 4 FprEHBIEAGIBCHIF—Hi T 4 Ciggid
&, 200 r/min YEfE 15 min J5, I 40 (1 5000)
76 218 R34 T 50 t/min. 1h 9% &, X 200 r/min
Vel 15 min J5, #HT ECL AL KR5S, Image ]
ST AR . RS R 2 B, 3 Fhadifk
THEAAL I ANIMA LA K Exo-Rgr B &% bR &
¥ CD9. CD63. CD81 ¥ 5% B & FH %7, 1 P it
WA SR 75 G bn &) Calnexin ARAGIN S 4647, %0
AT IR LEFE R

24 GFRMBARNNE

2.4.1 %% Zorbax Eclipse XDB-Cis ik
(250 mmX 4.6 mm, 5 um); WENH N ZHE-0.1%H
R 7KW (22 2 78) AR E 1.0 mL/min; Kl
£ 203 nm; I 30 C.

2.4.2 WA PR B Rg MR AIEE, K
EHE, BT 10mL &iiF, i1 PBS I E S,
RIAS 5 3K B2 A 0.5 mg/mL (15 R i %980, i PBS
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24000 [ o SENES AN S S | CDO

26 000 -— - S R s s | CDSB1

65 000 — S R s s | CD63

110 000 " | Calnexin

A B C D E
AR OVEAAL ISR B-YI R A fb s i C-RUR A
BRG L ARAALIMNE; D-Exo-Rg &Y E-293T 4.
A-exosome isolated by ultracentrifugation; B-exosome isolated by
tangential flow filtration; C-exosome isolated by dual-coupled

harmonic oscillation technology; D-Exo-Rg; complex; E-293T cells.

2 Western blotting £EEHIREH (X+s,n=3)
Fig. 2 Identification of protein markers by Western
blotting (X £ s, n=3)

] BRI E A 0,300+ 0.100+ 0.050+ 0.010+ 0.005

0.001 mg/mL (1% J& S -

243 OIS B Exo-Rgi EEWIFE
CHLFG J5 B2 R AR Pl YD, £E 4 °C L 100 000 X g
PZAE RO 1 h, BURTER, BRI AE R

244 MECRFEL W “2.4.27 TURH &
0.500.0.300.0.100.0.050.0.010.0.005.0.001 mg/mL
T FR A VOE B, 1508 “2.4.17 T (il 4 1Rt
FEM e W T AR, DA HR T IR B B AR (X0,
TR ALK (V) ZeitlbrdE th 22, FEA7 2R,
BRLIEEETFEN Y=20 654 X+10.95, R2=
0.9993, 25K Rg 7£ 0.001~0.500 mg/mL £& %
KARE

2.4.5 FEEERLG WEC“2.4.27 TR HI4HT 0.100
mg/mL X FE A OE R, %I 2417 TN k2%
PRESRE 6 Ik, MEWEMIA . 11515 Rg) 1 RSD
N 1.34%, 25 RRINZAUIRE 5 B R UT

2.4.6 FarE kiR  FRI8 “2.4.37 TR A At
WA, A ATERIAE 0. 2. 4. 6. 8. 12, 24
h, %88 “2.4.17 WUN G AFERE, DI E EmAR,
TH515 Rgy WETH AR RSD N 1.64%, &5 3£ Atk
AVATRAE 24 h NERE M R 4TS

247 EEMEL M 2437 TN LIS 6
BRI, %R “2.4.17 TUT A% & EERE,
M T AR, THEAS Rey 70 20 RSD N 1.67%.
SRR RIZ L EE M RUT.

2.4.8 NFEECRRLE  BUAE Re B2 EHAMAA
B, 2BREOPRTE EER, BB,

H 3 NMREIREE (0.005. 0.1004 0.500 mg/mL)
(1) Rg X R SR, AN IR B PAT i 45 3 s
P “2.4.17 TUN g 2520, THEAK, .
e B VR BE S 3 IR SR 2 i 101.21%
100.52%- 103.74%, RSD {H7355 1.31%. 1.52%-
1.82%, Z5RFWZITIEINFE I R 4T .
2.4.9 QBEFEFHRAZRMME L W Exo-Rg
AR, 764 °C. 100 000X g A FE O 1
h, BU R, 3208 “2.4.17 TUT i 24t e,
FE R B AR IR . %A R R A E R
7%,

3 28 = (i 2400 7 — i 125 245 0 R )/ 245 )

Bz = (B AWIRE — B AR (B2 & —
e B 2510 B+ B )
25 BEZRIE
251 WREHIE HUUNIMARE S, PEHEK R ECR
3 R BKPRETELA 15 ms Ry U E N 0.2 mg/mL,
WE A A R R 26 (250 500 754 100, 125V)
AT LIS, BT TATEAE 3 I MER
FRMPAER, SR NK 2. FEE B BRI,
Rg MAEZEIME S, JRE A Re2 L
ORI g A, ST A AR,
REBABAYIGE, HOBEHEEIER 50, 75, 100
V i##47 JE B2 IEAS 5
2 TEFREEEN QI EBERNEM (X +s,n=3)
Table 2 Effects of different electroconversion voltages on

encapsulation efficiency and drug loading rate (X £s,n=3)

MRV A 2/% BHERA
25 17.03+1.15 14.524+0.86
50 34474271 25.61+1.47
75 52.97+1.42 34.6210.66
100 48.8311.84 32.81+£0.78
125 33.30+2.11 24.97+1.15

252 JkpbixEC BUIMUAMARRE S, Pl HIE R
75 V. BkdPEF I A 15 ms. Rg EWE N 02
mg/mL, WEAFRBKHRE (1. 2. 34 4. 500 i
ITHEFEALEZ, AR PATEAE 3 ) et H
RMBFLR, FRIFK 3. WEKTREEZ,
BB AN, KRB 5 e AR T
ANBREL, AT RE S R A A K e 1 eT 1 22 AL
TH ., IEKTFI R, 5 LE O RN, 4R8HEinx
BoOGEE— P IAERZROR, Bk, kb ok
3. 4y 5 PGHAT IEAS A .
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&3 PERAREX BHRFHGRPFN (X+s,n=3)
Table 3 Effects of different pulse numbers on encapsulation

efficiency and drug loading rate (X £ s,n=3)

ke B BHEE% BER/%
1 24.3343.06 19.54+1.99
2 39.67£4.16 28.36+2.28
3 51.67+2.08 34.060.92
4 55.37+4.54 35.60+1.87
5 55.31£3.21 35514181

253  JkpRETiE] HUAMAARE S, IR EIE R
75 V. BRI E N 3 Yk Rgy RN 0.2 mg/mL,
B AFBKAEA (5. 104 154 204 25 ms) #HTH
ZFALEG, FENKCPPATERAE 3 Ik, e B 2
WA, SRINEK 4. BEAE KRR SN, kR
SN S FEA, TR DR ] e kv g ) B i 45 4y
PERIR, RIS N 25 2 BE R i, BT
YL E B, A SBOAHEATRE, )
Jok RIS TR 104 15 20 ms #EAT EATR56
254 Rg JREWRE  HUUMMERE M (OMBE)R &
WP [ 52 N 0.2 mg/mL), FHEFEHEA 75V, ik
MIRECN 3 IR KRS 15 ms, EAE Re
JREWE (0.05. 0.10. 0.20. 0.40. 0.60 mg/mL)
AT LI, BT TPATHEAE 3k, WER
BRMIBAR, SRNE 5. EINBETREIRE RN
0.2 mg/mL I, Rgi FiEIKELE 0.10~0.40 mg/mL,
4 TEBOHEER AR ARNEN (X£s,n=3)
Table 4 Effects of different pulse durations on

encapsulation efficiency and drug loading rate (X = s, n=3)

ik i 18] /ms A3 /% WA E Y%

5 28.6713.66 22.2442.21
10 36.331+2.46 26.631+1.82
15 49.12+3.42 3291+1.53
20 44.071+2.45 31.05+1.17
25 35.631+3.30 26.24+1.32

*5 AR Ry REREMNGHEMBAHENEE (XLs,
n=3)

Table S Effects of different Rg1 concentrations on

encapsulation efficiency and drug loading rate (X £ s, n=3)

Rgi/(mg-mL™) L F/% BEERA
0.05 17.87+2.51 4.27%0.58
0.10 30.20+1.86 13.11£0.70
0.20 43.40+2.21 46.45+1.21
0.40 42.2342.66 29.68+1.25
0.60 28.534+3.97 45.9743.54

035 FRPE A R B I s TR R A
#] 0.6 mg/mL B, £ 382 T, WHEZ N R
I AN B A JE A A A R E e 4 T, BRAMIAA
RAEWOR TR RREN, SEEER &M T,
Rk, &5 R FTEIRFEAN 0.105 0.20 0.40 mg/mL
BEAT IEAT 1A o

2.6 EXRWMNL Exo-Re BIFIZELE

2.6.1 IERZRE T R R A e At R
fih b, JEECEFE I (AD. BKIPREL (B). BkyhiS
i) (C) K& Rg JREIKE (D) AHEHFEK, HAH
FRIEH 3 NAKCF, SR Lo(3Y) IERSR i 4 HIE 3
HKAFIEAZ RS, DML B2 FLIE AN A S Re
Mgia T2, Wi EERAMK i I 6.

&6 Lo(3Y) EXRWERKTE. HEFRRER (n=3)
Table 6 Lo(3%) orthogonal test factor level, test scheme and

results (n = 3)

RIS AV BAR Cms D/(mgmL™) HEHEE%

1 50(1) 3(1) 10(1)  0.10(1) 38.15
2 50(1) 4(2) 152) 02002 40.86
3 50(1) 5(3) 20(3)  0.40(3) 52.00
4 7502) 3(1) 152)  0.40(3) 50.49
5 752) 4@2) 203)  0.10(1) 45.59
6 752) 5(3) 10(1)  0.20(2) 50.81
7 1003) 3(1) 203)  020(2) 44.84
8 100(3) 4(2) 10(1)  0.40(3) 50.78
9 1003) 5@3) 15(2)  0.10(1) 54.43

Ki 43.67 4449 46.58 46.04
K> 48.96 45.74 48.58 45.50
K3 50.00 5240 47.48 51.09
R 6.33 791  2.00 5.59

FIBT, APl E LA, W EA g~
AR IR S RCGIRITVEDS), RS HON S
R 120 W, AR 30s (4 3 WikT, FK 10
s, [HFE 2s ABTIEIEHO, Yokl OMBERS Rg i
B N 11, BAEEAEIHE K RS 10
min, #HE 3 X, BEOLEBRN 37 CHEHIEKGHR
W, ME 1h.

2,62 EXRIRLER HE6.TEEAN, HNEB
Bk k%D FEZE D (R FIERE) XHEERE
RELW (F>3.55); HE®E A (BEEE) LR
F (F=330), [H&E C (kpFifla]) AL,

It AT LA S bR it AT % . R ZE 4 A ]
H1, 4 AR 2 152 m i 8 B>A>D>C,
Rkt ik B s ek, FLUOR LR H R R Ry i
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®7 EXAEERHBESN

Table 7 Analysis of variance for orthogonal experimental

results
TIERIE EHFEVITM AWE 7 FE FRFYE
A 84.72 2 4236 3.30 3.55
B 156.48 2 7824 6.11 3.55
C 24.85 2 1243 097 3.55
D 115.89 2 5795 4.53 3.55
R 230.43 18 1280 -

BIREE, Tt R g o S5 G RZE Sr iT h
A RTT ZE AT 2B T, A e L&l
A3B;CoD;, RIFHEEHLFE 100 Vo ki ok E s k. ik
M TR 15 ms f&& Rgy JREIR AL 0.40 mg/mL. HHT1%
TZHARBIEERZREF, SCRARMR T 24
HHHT 3 IKEGUFIRES, 4553 3 IRIGIF IR M A %
N 61.15%. 62.01%. 61.58%, FHZIHN 55.02%-

55.36%- 55.18%, HUEFZEFNE L2 Z - IME 7 500 9
61.58%. 55.19%. fEGE A ERAEZN 30.12%,
A OE R R Em TEAE, RENAERH
FAL L 2R T R A W R .

2.7 Rg;#J bEnd.3 4S8 5145 BBB ZHAf
R

2.7.1 Rgi ) bEnd.3 4HHFEPESELS ¥ bEnd.3 4H
JFHE 10%6 24 M5 . 1%XU11) DMEM #5953,

37 C. 5% CO, 5 FRF6IE 7R, BT, K
AL 1 X 10 AN 96 FLARHiEE 24 h,
Rgi HTERG A 3 5 7R A REH & 25+ 50+ 100+ 200
400, 450. 500. 550. 600 umol/L [KIFHEM, FH
CCK-8 LM MAFREE Re) 4b3E bEnd.3 4ii/iig 24 h
JEHI4EMAEIE %, G5 R WR 8 Fin. HxIRAIAH L,
Rgi 7F 25~550 umol/L ¥ A& Bordiffudg ik, 4fiqfF
TR >95%; MIREIE 600 umol/L I, 40 fA7iE
R HPRCE 94.88% (P<<0.05), Songmfpdit.

#* 8 Rgi Xt bEnd.3 ZBREKIFZMER (X+s,n=5)
Table 8 Cytotoxicity of Rg: on bEnd.3 cells (X £ 5, n=75)

Rgi/ AMAFE R/ Rgi/ AAFE R/
(umol-L™ % (umol-L™ %

0 (WFHE)  100.0040.40 400 105.60+3.91"
25 101.18+0.97 450 104.49£0.88"
50 102.27+1.09 500 106.21 £1.75"

100 103.21£0.83 550 102.42£0.70
200 103.82£0.50 600 94.88+1.32"

EX R R "P<0.05,
“P < 0.05 vs control group.

SERMSIEE 5 IR, SREH—H (RSD<5%).
(A1, Ry 22 4% R B2 3 [ D << 550 pmol/L, 16 4% 500
umol/L 1F 9 5 4L BBB SZU& (45 251K JE .

2.7.2 k4 BBB 4HMRSAYR . FEAR IR A SEEG
o, BOW B KRG bEnd.3 4D, TRESIREE 5X 10*
M f/mL, HX 0.3 mL #F T Transwell /N%E = (£L
£ 0.4 pm, JEME 4.67 cm®), FEM 1.2 mL 584
Bhavdk, PR 48h ¥, HiFR 5~8d IEHEUEHE.
2.7.3 &4 BBB U AIEGUE  #5 N B HLPH
(transendothelial electrical resistance, TEER) {8 %
Millicell ERS-2 HLPHACINE , 4 H kA [F A7 & &
S 3 WHCFME, [F2P0E 2 Transwell /)
E M, #%ARSPR TEER=GEHE — 2 A/ EH
BH) X 4.67 THE, SEER2s R WL 3, FRAZAAL 4y
M KRR SE, SRR L R B e Rk
PE, TE 4~6d 2B KES, &amlik
(300+15) Qcm?, T 7~8 d EAGEFFE, LW
AR R, HH B SRR, PR
EHE, H 4% BBB S B8 .

350 1
F 1
3
& 250 1
§ bEnd.3
g y na.
o
x 150 | LT
L b3
i
FH
50 A 2 = 3 T £3 T ¥ 1
0 3 6 9

t/d
3 &4 BBB R R [ERTE TEER ELWKIER (X+5,
n=3)

Fig.3 Changes of TEER values at different time points in
in vitro BBB model (X £ s, n=3)

BRSGE Ja T R 2 e ise, 45 R a4 fr
7N, R4 BBB B AN IR ZH CREFP NI /NE)
Transwell U5 S5 IR B VR 2 =0.5 cm, 4%
SE3EFE 4h J5, R4 BBB AL AT DL AT DR 5
ZERR, TN AL 22 O RN R4 B
MR, nTHT T NP,

MR 45 BBB £ Transwell /NEFEA
B 6 fLAR, UG /NE AT X, FH3 8
Flo E=IMAE 10 mg/L %Y RN PBS (pH7.4),
TFEMA25mLPBS. ¥ 2h 5, Wb FTE&
B 200 uL W5E 5 EHRAE . [FIII & 2R 50 o sk
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k4 BBBEIE I
B4 mmsRiE
Fig. 4 Liquid leakage test

(5 000.00. 2 500.00. 1250.00. 625.00. 312.50.
156.25 pg/L) RAZEARRIE S IR, 2 Hfilbr
L. ANTHRIBIER . R RNEIE ML
SiREIR, SEXRA/NE R R AFREE N,
BBB BLAYZH 5 ANE I R BN T A R
[(41.34+1.83) %vs (98.87+2.09) %, P<<0.01].

BIBER = F BRI/ L E RO
2.8 Exo-Rg FEi#i{F5 BBB fHAEIRAI LG

BT 277 DU N B SL I 5245 ], Rey 78
25~550 pmol/L Xf bEnd.3 I TC & E &1k, Hr,
500 umol/L B s A ALA7 1% Z6 B 2 T = 28 106.21%
(P<<0.05), KHIZIKE BA RUFH4ifiAHZ .
AP BBB LU0 25W09 FE Ab T %2 4y Bl HLRE
AR B &, %P 500 umol/L 1E NSLIRIK
s WE 4 A TSRS BBB U A 505,
Sl ASEEE A (Exo-Rgr HEY), Rg ZKE 500
umol/L)+ Xt B4 (Ui Rgr, 4K 500 umol/L)
25 50 HR A CRLAM AR ) AN (5380 + 3173 Rey
T 6 MEAL. BB ERIIE, 2L 200
ul MIARBUIMABER B2, NEMEBINA 1.2 mL
A 37 CHILILTE DMEM Bi9:3k. 23 5I7E 1.
2. 4. 6. 8h A R EFE 200 uL, HIA 600 uL H
B, JWHEIRA 1 min, 20 10 min (13 000 r/min),
WA O AR MU Ry MR, il 2614 )
“2.47 Tl RIRARITHE S R IE IS E .

AR IE] 5 Rgi Exo-Rgi HANBAR RSN KA
(ZFH) IS Rg MBS SR LE 5, AMBAA
Exo-Rg 21, 7E &0} [ SE S AR B m T Rg 4

30 1
e Shutk

£
5 207 - L&
@ . RE’J Exo-Rg;
810 o
o
§ —e SMME () +

0 RS Roy

0 2 4 6 8 10

t/h
4 Rg AR "P<0.01.
P <0.01 vs Rg; group.

&5 4hihA. Exo-Rgiv Rgi BAMNME (2E)+i5 Ra
5 BBB IR AYEFE (X+5,1=6)

Fig.5 Permeability rates of exosome, Exo-Rg1, free Rgi,
and empty exosome combined with free Rg: in in vitro BBB
cell model (X +s,n=06)

(P<<0.01), Fhifk (ZHD +E Re 5ilFE R
MW RFEZR, H 4 4FEnd S HRE I A KT S 1

K.

FER =T % Rg X FEAB)/(EEVILE R
WX EEER)
29 ARG
29.1 WA EE LS K 60 R/NRBENL
Iy 6 M WTHRAL. B SMAZ . Rgi 4.
Exo-Rgi HFIZ RIRSF4, ERMATE 7d 5, Bt
MRS, HAR & IR AICL+D- 7L g AD
ANERAEAY, SEREECA AICT; (100 mg/kg) +D-2F
FLBE (200 mg/kg), B HEER R A ip 1K, &
JAHIRSE 4 i RIS, &4 500 iv 0.5 mL 4=
HERK. SMBR. J# B Rgi 1 Exo-Rgi, FIE 20
mg/kg, Big ZRIRF (3mgkg), FFEk4 .
2.9.2 Exo-Rgi % AD &8/ ERAT A 5 1) 5%
Morris 7KK B SLEG 0045 7€ A7 47 FH 2 (AR R S5,
R 7 do Morris KRR B 5256 TR KM 739 4 MR
R, FARIREAFBIREFRC. 56 4 REFLH
1 DMEAE 10 em WETEE L&, A0TKIE T
2 emAbe @ENMVENZR 1 d, 51 S/ N RAGER#CE &
58 30s, BEJEH% 60 s BE4T 5 d AL AAT S,
FEHEER 4K, dslEE R 5 7 REAT2H
WRELL, B a, WAL 60s A58 JEF
B UCHURT H A5 5 PR A5 B I 1)

6 A/NEE AT LIRSS R R 9 Fios, K56
F1R, BHNRBERRWILLE, ZRES S
X (P>0.05), FRa2/NIEL S MR R e
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*9 FENBRHEKEERE. TERRENER (X+s,n=10)
Table 9 Results of escape latency and spatial exploration ability of mice in each group (X + s, n=10)
1) billk=v) TR PRIYTAN [1)/s TG BRI

(mgmL™") 1d 2d 3d 4d 5d U BRI A/
payis - 58.671£0.99 5824+2.99 37.69+436 32.79+1.84 2093*+1.58 9.40*x1.35 3221%1.97
it - 59.48+0.63 58.52+1.48 59.70+0.09" 59.78+0.16™ 58.73+1.43" 3.05+0.82" 17.03+£1.77"
CARUAZEN 20 58.59+1.40 57.871+0.94 48.13+1.24% 43.46+1.84% 44.64+2.12% 4.71+£0.95% 19.93+1.14%
Rgi 20 57424135 58.32+1.13 43.70+1.88% 36.63+1.20% 32454+1.72% 595+1.10% 22.40%1.41%
Exo-Rgi 20 58.70+1.36 57.08+1.89 40.98+1.12% 322140.75% 28.27+1.75% 7.31£1.06" 26.29+1.18%
EZNSis 3 59.994+1.58 59.154+1.21 38.21+1.15% 32.14+1.12* 25314+1.35"% 9.15+0.82% 30.32+1.83"

Hxtatbss: "P<0.01; HSEAALLE: #P<0.05 #P<0.01; % 10[H.
**P <0.01 vs control group; *P < 0.05 *P <0.01 vs model group; Same as table 10.

S5HAFER N LHEER, LRILLEA 5
Mo 5 3~5 K, HXTIRAMLL, R4/ RJE B
PRI R IE K (P<0.01); H5RERAHAMLL, Rgi+ Exo-
Rgi M2 Z30RS5 2/ RO R AR B B 4 (P<
0.01), i, Exo-Rg 41456 M8 5 58 A &
57 RKREETFERE, 6 /NRBMIRRRKLE
R 9 o, SRR, BRA/NRET &
ZFFRIREUR B br B PRAS B I 1) 32 2 k> (P<<0.01);
SRR MEL, Rgiv Exo-Rg M ZZURFF4/N R
ZERRT- 6 UCEUR B A SR RS B I [R] 38 (2 2 3 hn (p<
0.05. 0.01), H Exo-Rg AMMEEMRE NEE.
2.9.3 Exo-Rg X} AD BN R CA3 X B4
B BN BRI 4 2 3R S B T AR, 4%

X iR

Rg.
6

AN
SLY RV,

Exo-Rg;

R HEEEE 24 h, B L8 (70%—>80%—>95%—
100%) Mit7K, —H2REW, A IHESY (5
FE 4 pm). VIR & HIRBUE . B O EK)E,
TIARFEGA 5 min, HRIKMBEL, 1%3hER LBE
34 30s, HUKIRWE . BG4t 3 min, BREE L
RELK . ZHZRER, PRI . s R
T, FRWE 6 Frx, HXITRAMEL, BAA
/N S ARIR R T BRHEA T, AR I 4 . Ge s
g, s ek AT, HBEHSIZREL LR
ERERAAMEE, Rgiv Exo-Rg M £ ZRURTF4L/N 4
A [ 46 R 5 BT edeats, e siniy sy, W&o
SERIREEEE A BTitas,  H Exo-Rgy 4B AU &
NEE.

LA

FZHNRIEDAERALAZRS (HE 28, X200)

Fig. 6 Histological morphology of hippocampus in each group of mice (HE staining, x 200)

2.9.4 Exo-Rgi % AD 15 84/NRiE HZH 2K a7 nAChR |
ChAT HFRIEMIFEM R BCA & AR alim &
N 5 P 2EL 2R r B B 1 ) B VR P o R i A I
AN I R BRAN- SR R I B bk, e 3

PVDF fi§ I, ¥ PVDF JE U\ A TBST Buffer #i%
(1) S%liflad-0s, AN E &, #RIK FRRE 2h 317
B, BIEIFAE 4 CTS—HREEdR, HiEs—
YU E 2h. UL B-tubulin NN ZEH, KA Imagel
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AT B I SR AT KRS i . a5 R 7 A
10 i, SxRRAIAHEL, BEARYZE /N BRI R 2L 4
o ChAT J% o7 nAChR & [ARIAYBERIL (P<
0.01); S5HMAML, Rgiv Exo-Rg &% RIRFTAH
Al FE/N RSk ChAT A o7 nAChR & [
[122157KF (P<<0.05. 0.01), H Exo-Rg; 2%} H
I F B E IR

2.9.5 Exo-Rg X AD FRI/NERIF DR 25 ¢ rh
SRAE R FACE R BUNRIG SRS, KRR

ChATh L e e | 68500

GTIACHR | iy L h e S G - G 10"

P-tubulin (A A — | 5.5 10"
P B AMNBMA Rgyr Exo-Rgr ZRIRST
7 FENRIEDEEL ChAT. o7 nAChR EBFRIE
Fig. 7 Protein expression of ChAT and a7 nAChR in
mouse hippocampal tissues of each group

Fz10 FHNREDAELSF ChAT. o7 nAChR EBHEXMFRIERKIEREF IL-1B. IL-6. TNF-0 KKF (X+s,n=5)
Table 10 Relative protein expression of ChAT and a7 nAChR and levels of inflammatory cytokines IL-1p, IL-6, and TNF-a

in mouse hippocampal tissue of each group (X £s,n=15)

13 T/ B AAERRILKCF HREF T K TF/(pgrmL™)
(mg-mL™") ChAT a7 nAChR IL-1B IL-6 TNF-a
Xt - 1.00+0.17 1.00+0.23 10.36+0.81 11.46+0.65 50.67+4.48
it - 0.38+0.13" 0.53+0.17" 60.21+1.64" 78.19+2.16* 168.31+3.47"
PARUAZLN 20 0.43+0.11% 0.61+0.21% 45234221 64.65+1.14" 151.21 £3.30"
Rgi 20 0.77+0.14* 0.75+0.16* 37.82+1.74% 41.38+1.61% 110.51 +2.61%
Exo-Rgi 20 0.89+0.07* 0.84+0.14* 2223 +2.17% 31.40+2.68% 80.63 +2.82%
ZHRIRFE 3 0.9540.08% 0.8940.25% 16.6941.03% 20.89+1.64% 64.96+2.72%

SE0.03 g, ZEBEEHLATENTEHVIE, LL3000
r/min B0 10 mino YEE SO B, T&RFLEL
119 FRRRCHIN 1%A 4513, RAE A&
A B 58 AR 8 o MM ELISA 77 S A 1t W
H, e &4 KH IL-18 IL-6 Al TNF-o
M, SERIE 10, SHIEAMLEL, BRI /N,
AR 4 IL-18 IL-6 A1 TNF-a & EE T
(P<0.01); SHEAAIEL, Rgi+ Exo-Rgy AL ZIR
FF4H IL-1B-1L-6 Ml TNF-a & 82 % FFF(P<0.01),
Hr Exo-Rgi A& & FREHCAHE.
3 e

AW TN ECRE B 00y DAL 5 XU A ik
BIRGHA 3 Mm%, 458 BRI A
BARGH ARG IR e v RAR RSy —, &
ER TR E LS . X R SHATRE
B E R ORI R s, 5
DR PARSES AL 8 i S K (=AU
NIE s DD RIS B RO HURAR 1, R A R T AR
Gyi& NG ANIMAR LSS . TG & TR G B
ARG S5 A R W EER, FEIR AN S A T SeE
HNIAA TR KA 3R, EEE G 1 AL 0 X B8 85 A 1) Al
W, SOBEE K R e s 5 T 13—
PEO618], Ik Ah, Western blotting B AIE 27w 3 Fpr vk

PEEL RSN R IS FHPERTE CD63. CD81. CD9 % F5
HEA, PAMERIEATMEE Calnexin, F XU
BB PEAR G ARTESE TSR RIS, R4 SN
AiRE, NGB SEIBE T AR A
YK SR VB IR B AR B T-AMis R 4lidh, fg vk
TG TERCRAG. PP — 1, AR
AN R ] SR TR R

H, 2F L E I I N o= R R AN A A B R RT3
FLIE, SEMZMIMREshREE, HixOSHE M m
IRRR GRS RN, ACHIF 7T 7 B IR 3R S
Fehih b, SR Lo(3Y) BRI, T 2= 4 REIR,
kR S PR L Gl R R B, R R
TR, WK TS . X4 R ER T H
2F LB B DGR ik o oE i o L
FE IS 26 5 5 2 s ] 52 0 25 3k N\ 8056 ——) 33
TRk R B AT R SR TR, (HE S E,
SN R E AR 5 S RN AR, R 2R
SEME s VIR IS 23 AN, 4 Rey &
WIETHA 0.4 mg/mL BF, M A py 302 [B]IA 225 4%
W RR S 4k 2 38 I 254 ot Bk FE AN THIiE S 25 L
B, FHAEHFTE.

B 0 58 F R PR L 2 AR B B R0k 61.58%, It
TAEGGH A 30.12%, 1E A 1E A5G 7E 2 S50
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FIRAG e, HEFLIEN T RN RS2 $
T A E NS EOTR B, IR 2iE s
AR ERZ] T2 T 535K, thah, &
W R I # 25 J5 Exo-Rgr EEWIHIFH4ki4% & PDI
HOw T, ZIR BT Il I AR R
DL “PERERON”, HS Rey i N FERUZ S EUES 5K
Ko OB EIE 61.58% M E R BN T
B2 BBB 2R (15.3%) RAKNZRL, 24T
TS, BARERRAAE— EREE LR T
R — AR . RS RET T2k,
FH “mEE K PDI” P

BBB L8 P R A R TR M o 40 A2 5
KL SRR, HR B, RS BR KT
K 2miE L, R 2 ik i i £ 2B
pR22241, Ui S Ry (B NSE/KMERT (gP~1.2),
LB BBB HINEFRXSUZ S50, B 5l sk i & iy
PRI AN AR Can P-REEE D IRIGEHE e R
W5t % H bEnd.3 4 A4 BBB %, TEER
WE S WS KRR NBIE LR, IERBA A
& ST BERE T RS

FE LI A R BoR, 8h LI (Exo-Rg H&
Y B HCRART AN, JRIR AT RE 2 Re A
JE R 531 2 5 BB B M B S R T P A R
Hl 554N 5 bEnd.3 1M 1P 6E IS A 20K,
HHIMNK Ay Frlgext R EEE A
CD63. CD81 %) JERZS MR RN, #Z Jahifs
4K J PDI Jh =i n A E RIS, W0 7 40>
R EEIZ X E 2628, (H Exo-Rgi 41 (15.3%) (i
BRI J TS Rgr A (3.3%), BRI
Y9 4.6 1%, SMBE (B +HIFE R 5318 Rg 4
T2, UEW Ray A2 sh AR A BB
RIS I, X — 3RS SN R R AR G A AR 3
YA, N TE PR R I 1R B A 1R )
FiARBAZ . SR1M, HPLC yEAXRERI = Ry B &,
TiEX 5 Rey A& DL E 7 3B 2 B AN R Es IS, 38
SRR AR RGE L . RSN OB R O bR
1CAMEAR (40 DiD-Exo-Rg1), 454 355K A BB
NTA-ZCERHEA, AIAAGIE BRSNS 25 i1 72 K
MM ArIZ, NAMNBAES S 2% IR L SR L5 B
ML HIEYE o

S 4E B EIR, AICL+D-2EFL S S 1)
AD AL/ BRI AN RS L I AR e A
BB RE 2R e R S SORER T+, 1 Exo-Rgy

FEYRe W35 40/ KR B b E R, B E
b G BRI R 0] 57 & 28 B R B E) CA3 IX
M TTHEY ZFL S B 450 % EH ChAT & a7
nAChR #HHEIE, BHE “ChAT— L BEIHIK —~a7
nAChR” E 58 DIRE; FECHE DA H 2 TNF-a.
IL-1B J% IL-6 25 4 E K F/K 7, HRCRIE T2 Re
M5 AN .

ZR bRTd, RN NS TLEIE, LR SRR
WARTTE AT R B8k BBB AC%, NI
TBIT IR SR AR

FBAR ALY FRARAEF SR

SEE

[1] Ballabh P, Braun A, Nedergaard M. The blood-brain
barrier: An overview structure, regulation, and clinical
implications [J]. Neurobiol Dis, 2004, 16(1): 1-13.

[2] ZhaoY H, Liu N W, Ke C C, et al. Combined treatment of
sodium ferulate, n-butylidenephthalide, and ADSCs

rehabilitates  neurovascular unit in rats  after
photothrombotic stroke [J]. J Cell Mol Med, 2019, 23(1):
126-142.

[8] E4ERI, B, BEtf, & ASEEHERPIEHTIT
IR [J]. MRACE 255244k, 2024, 37(6): 591-600.

[4] Wave, BERE, MK, 5 AS B RITRURKHE
BRI 25 B E R AU [0]. R E 2B AR, 2021,
37(12): 1638-1643.

[5] Yang S J, Wang J J, Cheng P, et al. Ginsenoside Rgi in
neurological diseases: From bench to bedside [J]. Acta
Pharmacol Sin, 2023, 44(5): 913-930.

[6] Wei W L, Li Z W, Li H, et al. Exploration of tissue
distribution of ginsenoside Rgi by LC-MS/MS and
nanospray desorption electrospray ionization mass
spectrometry [J]. J Pharm Biomed Anal, 2021, 198:
113999.

[7]1 LaiJJ, Chau Z L, Chen SY, et al. Exosome processing
and characterization approaches for research and
technology development [J]. Adv Sci, 2022, 9(15):
2103222.

[8] Doyle LM, Wang M Z. Overview of extracellular vesicles,
their origin, composition, purpose, and methods for
exosome isolation and analysis [J]. Cells, 2019, 8(7): 727.

[9] Kibria G, Ramos E K, Wan Y, et al. Exosomes as a drug
delivery system in cancer therapy: Potential and challenges
[J]. Mol Pharmaceutics, 2018, 15(9): 3625-3633.

[10] A, = TR & S0 B TREAL R AN e A4 e it J2 K
T siRNA @SROGEXERIAFF [D]. BE: ¥ E K%,
2024.



¢8 % 2026568 $57% B128 Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

* 4581 »

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Shao J T, Zaro J, Shen Y X. Advances in exosome-based
drug delivery and tumor targeting: From tissue distribution
to intracellular fate [J]. Int J Nanomed, 2020, 15: 9355-
9371.

Kim T, Hong J W, Lee L P. Efficient methods of isolation
and purification of extracellular vesicles [J].
Convergence, 2025, 12(1): 45.

ChenY C, Zhu Q F, Cheng L M, ef al. Exosome detection
via the ultrafast-isolation system: Exodus [J]. Nat Meth,
2021, 18(2): 212-218.

Auquiére M, Muccioli G G, des Rieux A. Methods and
challenges in purifying drug-loaded extracellular vesicles
[J]. J Extracell Vesicles, 2025, 14(6): €70097.

B, WA, w55 T RAEIRTT BE R BE L 2R
&1 i A1 B2V 99 K 6 25 R I W0 1 i S5 0E A [T].
TLIREEAAR: PR, 2024, 34(1): 79-84.

Shen J N, Ma Z T, Xu J Q, et al. Exosome isolation and
detection: From microfluidic chips to nanoplasmonic
biosensor [J]. ACS Appl Mater Interfaces, 2024, 16(18):
22776-22793.

Yang D B, Zhang W H, Zhang H Y, ef al. Progress,

opportunity, and perspective on exosome isolation-efforts

Nano

for efficient exosome-based theranostics [J]. Theranostics,
2020, 10(8): 3684-3707.

Chen P, Ruan A M, Zhou J, et al. Extraction and
identification of synovial tissue-derived exosomes by
different separation techniques [J]. J Orthop Surg Res,
2020, 15(1): 97.

Ahmed R, Sayegh N, Graciotti M, et al. Electroporation as
a method of choice to generate genetically modified
dendritic cell cancer vaccines [J]. Curr Opin Biotechnol,
2020, 65: 142-155.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Kamerkar S, LeBleu V S, Sugimoto H, ef al. Exosomes
facilitate therapeutic targeting of oncogenic KRAS in
pancreatic cancer [J]. Nature, 2017, 546(7659): 498-503.
TR, R, XKZE, S MBI R EIE R T
mstst e (1] P EEZ TIARE, 2023, 54(3): 295-
303.
e, FoE, EAE, F S RJEHT GAS6/Ax] 55
6 B o e L A ki, A B o fik e o AR o 222 453 407 1) 52
my [J]. e, 2024, 40(7): 581-586.
Morofuji Y, Nakagawa S. Drug development for central
nervous system diseases using in vitro blood-brain barrier
models and drug repositioning [J]. Curr Pharm Des, 2020,
26(13): 1466-1485.
Abbott N J, Patabendige A A K, Dolman D E M, et al.
Structure and function of the blood-brain barrier [J].
Neurobiol Dis, 2010, 37(1): 13-25.
EAORL, #k, ERE RSN G R BT T R
FEAEAGT R P ER [J]. TEEZHERHE, 2019,
17(14): 54-58.
Paba C, Dorigo V, Senigagliesi B, ef al. Lipid bilayer
fluidity and degree of order regulates small EV's adsorption
on model cell membrane [J]. J Colloid Interface Sci, 2023,
652(Pt B): 1937-1943.
Midekessa G, Godakumara K, Ord J, et al. Zeta potential
of extracellular vesicles: Toward understanding the
attributes that determine colloidal stability [J]. ACS
Omega, 2020, 5(27): 16701-16710.
Sakai-Kato K, Hidaka M, Un K, et al. Physicochemical
properties and in vitro intestinal permeability properties
and intestinal cell toxicity of silica particles, performed in
simulated gastrointestinal fluids [J]. Biochim Biophys Acta
BBA Gen Subj, 2014, 1840(3): 1171-1180.

[FrAEsmat  FRALRE]



