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R I I SO A PR R BRI 2R A A& (plasma exosomes, Pla-Exos), 150 000 xg, &5022.5 ho LA IE B
o ¥E B PEVE L TR 3L T Pla-Exos I 4BAL R, o i FH G 75 L 00 B 1) 77 2 1) 4% 4K B8 AR 3R /1A (plasma exosomes
carrying puerarin, Pue-Exos), LA 35 28 g4 b R F i 37 [T v25 07 126 d5e B0 b 75 O D0 8 JRAIE L PP At A2 58 VEFIAR SN BETBUG D
4i{t. [ Pla-Exos 1 Pue-Exos [ Fi 2 ¥ 7E 30~150 nm P ; 25 [ it G 0% EO b vk 45 R i 7, 4146 1) Pla-Exos FT Pue-Exos
B & AR EE A TSG101.CD63.CD81. 37 i #1557 W 42 414 )5 11 Pla-Exos Fl Pue-Exos 35 B A R 1 () X2 5 92 0 45
. Pue-Exos fill # [ AR AL 77 N0 & 1 h, B THH 39 W, 825 100 1. Hl %13 21 Pue-Exos A H 4T e e M A 4%
BAER, $28 7 SR R A I 5 55 B AR (P < 0.01). ABF R ACIL T A Be S8 sh A8 3 i & 25 3 &4t
e, {0 FE H it 5 : HBNV202307012103.
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Investigation of preparation process of puerarin-carrying plasma
exosomes and effect on permeability in an in vitro blood-brain
barrier model
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Abstract: Plasma exosomes (Pla-Exos) were extracted from rats by ultracentrifugation. The ultracentrifuga-
tion method extracted rat Pla-Exos at a speed of 150 000 xg for 2.5 h. Various purification methods including
ultracentrifugation, magnetic bead capture method, and ultrafiltration would be employed to purify Pla-Exos. The
Pue-Exos were prepared via sonication-assisted and co-incubation methods. The influence factors and levels of
the preparation of plasma exosomes carrying puerarin (Pue-Exos) were investigated by RSM plus CCD method
with encapsulation rate as an index. Then the characterization, the stability, and in vitro release of Pue-Exos were
determined. The particle sizes of exosomes purified by ultracentrifugation, ultrafiltration, or magnetic bead capture
method were all within the range of 30—150 nm. The Western blot results showed that purified Pla-Exos and Pue-
Exos contained marker proteins TSG101, CD63, and CD81. The TEM showed that purified Pla-Exos and Pue-Exos
exhibited well-defined double-layered membrane vesicle structures. The optimal prescription conditions for preparing
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Pue-Exos were finally determined as follows: 1 h ultrasound time, 39 W ultrasound power, mass ratio of 10: 1. The

prepared Pue-Exos exhibit good stability and sustained release, significantly enhancing the in vitro transpermeability

of puerarin across the blood-brain barrier (P < 0.01). This study was approved by the Experimental Animal Ethics
Review Committee of Hebei North University, and ethics approval number was HBNV202307012103.
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B R S B MU R R I IR AR Y,
T 7t 2 W) 55 A 2 ATl ki B B & L BOE AMPKY
PGCla/Nrf2 {5 5 i #% 38 5 H1 A A BE 1, 30 015 4ok
A4 [ W A0 ) NLRP3/Caspase-1/GSDMD 3 £ i 37 ff
U, X 2 M AEY S A AW, HERE S
[ IS 77 AE AL At v 285 27 KK I PR 2= VAR
) FEAR S 3% ik Mg B2 B (blood-brain barrier, BBB)
LR ITAER, BT AN RORTE B R R BAR S AR
PRI R I (HBOR I 73 1 S AN 25 M RE i BR ) 7 H K
HI AL . — et Feal il b 2 S5 i AR AL B L 3 5%
77 2RI B3 AR 3R A BEALE o A A R L,
MRZ W AL R R SRt T LK

ANUMEAE R B SRAFEAE G0 K 2 30 RE % A 250Hh 7
BB, BAROE VR R B I8 S S
R AN IAMA T2 G AT T NAR IR 2 BRI R, B &R
S B o> WA, ETEAR A R IR E EE M A F R, 1
ML R, I 3% A A (plasma exosomes, Pla-Exos) [ &
BHodE, gi#HmERERNEBRAEREER.
I 3% A A 35 3 i 5 e P AL o) 465 32 A A1 3 ) B85
0 32 % LB FH A TR PN B A i 5 I R R T 4
5l B P AR, DL RAE 20T B £ 1R AT 1R 5 T 4
9o UUPR A T L0 5 o 38 575 1 1 65 3 6 AL o1 0 7]
FA A A1 08 425 e 8 A 50005 B 1T G g o, 23 5 K I i) A
A # I FEY . Pla-Exos 7] LUK 254 B 88 3 N TRV,
M35 3k BBB K 24 4 366 32 3 R EB AL, 115 259 (1) 97
RO, BT RECDAS RSO PR AR, H T, Pla-Exos
WARIT PR A RGEHIHE KR TR R B,
Aiv i 1 Pla-Exos HIS 582 JR 1 L A2 W0 25 1 R 5 B
ZE 1% RE 1 NP IR 9T SR AR I SRR . Tk, A
Biff 5 1% £ LA Pla-Exos UK, A L 5 6 & 2308
MR 2% 1 3% 4 WA 4R (plasma exosomes carrying puerarin,
Pue-Exos). & LR 7L Pue-Exos il & 1.2, Jfdid A 4b
B4l BBB #58 WL 4% Pue-Exos (3% it ), NEE MR
AN IAAAS R 70 2R (R I A A 00 A S A

MRS 5k
PESS RN B S (SR A )
B (LIREO LR A ); COK-8 W

CA R RAEVRB AR A A, BCARA & (REEL
#]); Anti-CD63 P 1 (Affinity Biosciences 72 ); Anti-
TSG101 $i44 . Anti-CD81 (Abcam A 7); AT 1L
Bty br 10 1 2E BT % 1gG H&L (b 5t Ak A M H R TR
N 7]); ECM N i 15 9% 3 L C6 4 il % i 55 77 3 (Tcell &
w); N ik P B2 40 e (HUVECS) K B8 i i 5 988 40
JfL (C6) (Lifg A= iy B 2% 7t B 4H i 58 5 o0y ); SD KRR
W B W AR AE M AR A IR A ], VAT IE S SCXK ()
2019-0010, AHH 78 £8 ) b Ak Ty % B sh 046 B o & 2%
2t S HL LS HBNV202307012103.

88 3K30 B/ g K I 2 0 Bl (Sigma A A));
XPN-100 3 B 0oL (V158 & FEIRRFA Tl ); 7650 B it
M1 B EE (H 2/ F]); ZETASIZER Nanoseries 44K
W HLALAY (95 [ L 7R XA s A IR A &]); Infinite 200
PRO £ T e fg hr X (B K HI I Tecan 24 7]); FM0530 £
986 AL 22 KOt 1R & Gt (Protein Simple 22 7);
Lab Tech UV2100 % 4b 73 0606 FE it (AL 53R R R
FRAHD.

Pla-Exos $Z BRUR @i {t

SD KB IM A 40 B R bR Ak S 56 J7 15 08 %4k
300 =20 g7 A # 1) SD MEME K RHEATS200 . SeEe
A — WA & A R OK . KR BRBEAL A 3 4, 247 1L
AR . 22 SCERPHRIE, KRR 5 I8 3= 3 ik I«
MFETE 4 °C.2.5%10° xg [ ZAF T 20 15 min, FEFHIK .
B JEWUER L3R, W FEA LR AFAE-80 °CIIVKAR & H .

Pla-Exos #2 BU 54tk SD K i ifi 32 F1 JE B 3o i
T8 R 2% 7 £h ¥ ) (phoshate-buffered saline, PBS) 3% &
124 (9 B9 HE 4T R BE, 76 4 °C L 1.5%10° xg I %14 F 55
30 min, 2 BR¥EA 584 70 B 0 4040 A0 20 MR .
18 FH 0.22 wm (1 58 FL 8 BB ok 98 13 W, K o R A 1 |
HERAA T B OE &M, 7£4°C.1.5x10° xg [ 54+
TE02.5he £ BIE, RIMUCUERD Ay o b g, {1 i
JE PBS H 2 UTE, JFH 3 Mk kAT aid . © &
B0 AE SR I A WA AR R N TR (1) PBS T,
£ 4 °C\1.5%10° xg [ 5648 T 550 2.5 h, BEAT SM il A4 4l
b, @ BRI B BRI N2 850 J5 I 2R, SR
JETE4°C T E 1 he BOAEREERDCVE, (8 el
Hg Bk _E 10 A 3h v e B R S, B AT SR A A4k i 0 A e A
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TR G FBUEVE: W MR I 100 kDa ¥ JE 5
o, INFA I PBS, 7 4 °C . 1.3x10* xg (461 T B L
15 min, # 5 4%, {FHMBAE 7 544k .

Pla-Exos i I8 i 44 K KL BE Wi A7 X 2 5T 41
J3 EN757%: (Western blot) J% 3% 5 HL 8% X 464k 5 Pla-Exos
HEAT Y58 o I YRR B A o BT A R g iR A0 AR
FI ) SD K B L 2% AR IR A2 K 7N . Western blot 2
169 Pla-Exos # TSG101 (1:10 000).CD63 (1:1 000)-
CD81 (1:10 000) £ 1K A K Vo #4 Pla-Exos ¥ ¥ ii%
B S O R N RN 1 = P 4 i R
F B i, E =R N ER B 5~10 mino. 764 W _E i 0
2% PRI A B VA W EAT 0 4 2 5 min, 38 3% 5 L B WL
£ SD KRR AMBATES -

Pla-Exos L B RN E R ZEFFEE
BCA VA E 3 P4l J7 VA A 1) 8 1 R sk B, AR 4
FEAR L), VPl 3 ARV EICR . @ Gt 3 A Al
JIIERER I 8] Je 2355, W AR 5 15347 %) He 2 #T

Pue-Exos | & X &R E

B R LN TS R R R
fiff B 20 pg-mL" S JE AR, 78 AN 6 BT 200~
600 nm Py 34T 45 9 K A6, e B AR 2R 0 A KR
Koo KEBEARILS mg 155 ML 2 A iE i, FH PP I 0 A O A
B, T 10 mL =, 73 AT i BT SV FE R 24446
810 F1 12 pg-mL" MR, 7E B R W UT I8¢ K A s 0 I
o bR il 2 o J T 0 B AR ER AT RS 2 R S | Rl
RRSLIG R AP . O RS BB IR E
98,1012 pg-mL" =R R, B H 8.10.12. 14 Al
16 SR FBOCEE, T H H N, 85 K 10 45
0% 81012 pg-mL™ VA VR IO BEAE, THET H R RS 2%
FE; @ [l S5t Bie B R K AN 810412 pg'mL!
158 MR 2RV, M ROG BEAE, T RIS @ A 1
S & R IRE N 10 pg-mL B R RIS, 195
I 6 1, I W % BEAH, T 55 AH X B 7 R 22 (RSD)
{5, Y VR E L .

Pue-Exos [fIil & HU— & i IR FE MM IR R 5
BB IOIR A, A5 FH 8 P Jpk 240 e o 1 A AT 7S Ak
HELPL AR 15 s 181 8K 15 sy FF 42 1.5 min, 0K b &5
2 min N 1ANEW, EE 3. AL )R, AKE S
AR TR IR RS M, K 3R 15 I VR BV TRTE 37 °C 26 11 T ¢
B BRI ZG SN R b3 W 08 F G ER SR L)
5 AORBEAT 25 AN SN AR I 43 5

RN EREE KL H I A 8 22 K Pla-Exos
5E M E 1 1 & L e 2 (encapsulation efficiency,
EE) 52 md . [A 528 A D% 26 W, i &E 81001,
AR B 7 I IA] 20 9909 0.5.0.75.1.1.25 F1 1.5 h, BLyEAY

7 B I 18] %) EEY% (1) 5% 15 £ OR K755 & I 1] 1 h, J5t & L
TSIV BTN, PR D)% 0N 13,2639, 52 Al
65 W, 5 788 75 T R N6 EE% [ 540 £ 26 W (1) 75 1)
.1 h K& 8, Pla-Exos 5 # IR K MR EH A
5:1.7.5:1.10:1.12.5: 1 R 1551, W85 & Hu X EE% Y
g, RS A (1) 15 EE%, R AKX (2) i H R

=

EE% = (%) x 100% (N
Pue
Ji & b =(M“E)x 100% )
Pue

Forh, Mo - o N IR RS WM E AR R R &,
M, N R R, M, OISR B

M 7 Y THT 8 T 92 25 4% e AR A T S SR AIE S5 R
T B R R 3NN RIENALRE, KX
3N IR 2R 7E B DR 3R S 00 v ) e e M A L I I (LA D %
I 3K S0 Design-Expert 12, LLEE%
1 e B 4E, 511 Box-Behnken SZ56 . 188 i 5o 455 77 1)
AR H B AR T 4. R X Le 25 1F X Pue-Exos i
1T B A%, X3 IKE S ) EEY% kAT I g DGR IE
AR AT E R M.

Pue-Exos fa 52 M % 52 4 | £ I () Pue-Exos Fl
Pla-Exos 73 fll f# 77 7F 4. -20 F1-80 °C [\ 4 1F T, iEL: 7
KW, KGR AL AGIEAT 3 VORI &, DLW
23X 7 K N Pue-Exos 1 Pla-Exos i 4245 A0 15 100

Pue-Exos RIMNBETRUBE 48 4 8 245 5040 [F) (1 B9 AR
# \Pue-Exos I A& &, & T 37 °CH PBS ' (pH
N 7.4), #4100 r'min”, T 0.5.1.2.3.4.6.8.10.
12.24.36.48 #1172 h i & HU 1 mL, [FBS KA 1 mL 135
HA B, S8 IS A o oo BE I TR BE A, TE A
EARFE M S EM RBURSE, 4] 5 1R %= \Pue-Exos
[ H 2R

Pue-Exos #AE 0 #  Pue-Exos R AE M 5E 7% 5
Pla-Exos —#(.

Pue-Exos I ¥ 57 =15 1T 58 A E 52

BV O HUVECSs 1 Co 4 ik 17 3515 9%, LA
Fa g AR AU A B %R ) 44 4 BBB AR A . HUVECS 48
Ji = DA 1.6 10" well™ F) 20 i %% J8 4 F T~ 24 4L Tran-
swell /N= [ PET B L, B FLII 250 uL P 72 40 i &
Bk R, LA 1x10° well™ 40 g 25 B2 4% C6 41 o 33
FRLE Transwell 24 FLEBCH) T =, FSLINA 1 mL C6 &
FAREFRIE, DUAR 4 Tl 40 0 15 % S i ¥ . B8
HAN L (A& HUVECs) Al ZS (o6 B4, B 4 % o7
3N B sE kG, B IR ARORCE T A0 R BT 7R AR
H R BB R, 8 T O SR A P R A IR A



G ATAE BB AR I AU A B ] e B SHL O A LT AR T S 3 1 ) 5 ) - 1537 -

BERPPAN 7R Mk B B AR A RS R, i H
18] B 5 8 0 %€ HUVECs 1 C6 41 i i A KR 2 &
A A TSI 2 JaHEAT 4 hiB IR S2 96 RS Py B A B9t
(trans endothelial electrical resistance, TEER) S 46 i/f —
VAL R ) 52 3 . 7E Transwell /N =E 1) L E & 5L
HOIN 300 L 9 HUVECs & #5775, T = &L+
A 1.5 mL Cé 4H i F B 77 58, 145 L= A F %= 2 (Al
W ZEIEF] 0.5 em. EANIRT FRF PR IR 4 h, W
4 h 5 BB % . A Millicell ERS-2 B BH O 44
4 BBB A5 #4347 TEER #i) »  W 5% Transwell /)N % A
[ 8 973, IR0 N IE B A ) D-Hanks 22 135 DA AR £
PR — 8. W HEAR I B 43 0l 2 BN R R U
T A o /)N 3R A K SR 3 . AE 3 AR IR (R B
BELAEL, AR 22 2K (3) V1530 S o Hi BELAE :

PR B (Q-cm?) = (LI LI = - = A 4L
M EAE) x PET IR (cm?) (3)

Hrp, PET IR THIAR 4 0.33 em?.

M 2 . Pue-Exos % C6.HUVECs 4H Jifl 7 3 % (1]
oM AR TR A K ) Co 4t i LA 8x10° well !
B ERERNT 96 FLARES 7% 24 ho 43 BIKEAS [R5 2 B 1
M % (Pue-Exos (12.5.25.37.5 #1150 pg-mL™") JIAFL
o, k49 24 he A8 CCK-8 R & b4 R, 4541
BN 10 pL CCK-8 457, B T4l 774 h i & 2 he £
1S, A FEEARA T 450 nm AT SE & FLR G BEAE (4).
HUVECs 4l i 5020 2x10* well, H A& 7 VEM A

Pue-Exos Xt BBB i i#5 £ % %2 H{ 25 ug-mL" [
Pue-Exos ¥ ¥R 55 HE 2 075 100 pL 20 5l b=
W RN ETCE T ARG R P TR 9. 4h)E, il
RS AR T ETERETE. B TE
HEBENERESTESYVIHMANERR ST EN TR
KAPAE LRS-

G AR IR 45 B D x + s KR, il it Graph-
Pad.Prism 9.5 #1447 #0484k BRI St 11 5 2 A, 0 %
H SIS HEAT DR 2R 5 25 4 B, AL 22 R EAT R,
P<0.0564i%%ER P<001 4l % EREE.

Z#R

1 Pla-Exos {2EUR &t

1.1 #{Lf5 Pla-Exos RAESHT 8k 4 Kk 2 HiL A7 AX
XiF 3 Fir a4k 77 i BU Pla-Exos AT RLAR 0. 45 R
IR AN R RLAR S TE 30~ 150 nm P, KA A HY B0
7£60~110 nm &b (& 1). Western blot =4Il TSG101 .
CD63.CDS81, 3 Fi i {4 8 & ik . @iLiE S H it
TS AT, BUR TR A [R5 VE SR B AlAK i A1 s 4 1)
BA RIFMNZ IR L, E KRB AN IR

15 9R KA 4 R — 2 (K2).

A 30 301
B B
~ 204 ~ 204
2z 2z
% %
5 8
] 104 < 104
0 T T 1 0 T T 1
0 1 2 3 4 0 1 2 3 4
lg(d/nm) lg(d/nm)
B 30 301
B 30 B
%’ ? 204
% %
g g
E 104 E 10
0 T T 1 0 T T 1
0 1 2 3 4 0 1 2 3 4
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C 304 301
B X
= 204 201
z z
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Figure 1 Particle size distribution of purified plasma exosomes

(Pla-Exos). A: Ultracentrifugation; B: Magnetic bead capture
method; C: Ultrafiltration

Figure 2 Purified Pla-Exos labeled protein and TEM image of
Exos purified by different methods. A: Purified Pla-Exos labeled
protein (a: Ultracentrifugation; b: Magnetic bead capture method,
c: Ultrafiltration); B: Ultracentrifugation; C: Magnetic bead capture
method; D: Ultrafiltration (x 30 000). TEM: Transmission electron

microscopy

1.2 Pla-Exos (B XN EREFFER HEil
BCA R 5l &1 3R 45 10 B 1 b o il 2k, A 4 il 28 5 #2500
Y=0.8402 X +0.110 4, R*=0.999 0, 7£ SD K i IfiL 2 #h
WA B AL R, of G &R 5 R B RN, O S O
EAAL AN IR B B AR B 2 (P < 0.001), f BR 4 3K
EE AR BAE (P<0.01). AT A&HEEE—
T Al A B AR 1) S F 1, LOBE T e AT IHE Al I ) A0 BT R
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FRCAR T THI ) 26 5 o B R AR IRV 0T BU e o Tl 3 00V, R
AR FE (P <0.001), B EJE D (P < 0.01); #8385 R A
FCAFIIN [B] #R A frise /b (P < 0.001) (] 3).

2 Pue-Exos | & XRIE

21 BIRFZIIDAXEWSHAFERL FHE
A5 e H6FE THAE 200~600 nm Py BEAT A K, B
R 2% bR A T AE 250 nm Ab A B KR . DU &
WIE (C) NREALTR, WO AR (4) A AL bR 2 il br ifE
Hi2k, 155 Y =0.069 8 X - 0.021 8, R* = 0.999 6 {1 kRt
M2k, B HR 2 bR UE S VATRE 2~ 12 pg-mL i & IR FETE
W, MR R R, O %5 LR g0: % R v i
FEFEHIH A RSD 458 1.12%10.67%+ 1.29% (n = 5),
H IE]) RSD 43511 8 1.13%-2.49%- 1.11% (n = 5), F 1L
NG R AT, @ [ ST B IR R 4y
%) A 99.88% (RSD = 0.47%, n = 3). 99.82% (RSD =
0.29%, n = 3).100.16% (RSD = 0.23%, n = 3), RSD 1
) < 3%, fF& TiEFRE R, R\ Z I ERE TR
@) HE MK W I RSD = 0.24% (n = 5), & W
KIEE G R

2.2 Pue-ExosHll&ERHREERERXE OWaEH
V)50 0, 3 PR S - [ 5 e S Th R MR, BEE I B
IR 18] 38 0 EEY% 2 30 24 5t 14 n & o2, 7£ 5% 5 I 18] N
1 h v}, EE%IA Bl 5 K @ i 75 Ty 38 0060, 35 28 1) 52 -
8 5 68 75 Th R B3N, EE%Se T = Ja PR . fERE I
39 WIS, EE%ik 2] i K, @) it & o (3 #1152
We) ;[ 72 8 S T 2 AN I IE], EE% [RFE 26 7t = 7 B
fi%, FEF R LN 1011, BE%IA #l ik (K 3).

>

23 M EER AR RELS  FIH Design
Expert 12 5 AFHEAT 3 &K 3K F 1 £ e & ik v — 10
SAUE, #E et ab 7 S 8. B 7 Th A (A
Jo e L P FH B A 0 LR 1, SRS e HE A A A
F 2. GRER, Sk 2 I AR R % KR
R X R s R, AT Y= 2893 +
138X, - 1.28 X, - 1.08 X, +0.012 5 XX, + 0.075 0 X X, -
0.027 5 X,X, - 4.99 X,* - 7.72 X,» - 3.67 X;* (R* = 0.997 5),
T ESHTWNERI Fin. B REBN R =0.997 5,
Ui IR RO e e 4t S e i 87 A (K AR Ak, AT DL 4k 45
{5 FH G ASE B Sk 43 B R0 00 S 58 2% @ i Design-
Expert 12 54 B3 AN R 25 %6 BB Y 1M 37 T Pl A 45 1
L (E4). dE oMb 25 0 S bRk o, B A4
HIAR AL T (A) BB E = 1 h, (B) #EA IR =39 W,
(C) Fi - EL = 1011, I EE% 4 29.16%. 4 BBD i &
[ B3 I b 5 2% 1 & i % Pue-Exos, 3 X H & iR i
] EE% %) 1] 30.24%.29.46%+29.19%, “T-%J  (29.63
0.55)%. RSD/NT 3%. EEY%%% $ 5 $ 246 R 1500 )
2.4 Pue-Exos RIEDHT L4 B i AL ORI, 2%
% J5 i) Pue-Exos #1712 Lt Pla-Exos 8§ K, Fi42 A5 1E 30~

Table 1 Factors and levels code

Single factor
Level A B C

Incubation time/h Ultrasonic power/W Mass ratio
1 0.75 26 7.5
2 1 39 10
3 1.25 52 12.5
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Figure 3 Efficiency evaluation of purifying exosomes and single-factor investigation of drug loading. A: Pla-Exos purification recovery

determination and economics examination (a: Ultracentrifugation; b: Magnetic bead capture method; c: Ultrafiltration). n = 3, x+ 5. P <

0.01, ™"P < 0.001; B: Effect of incubation time on encapsulation rate; C: Effect of ultrasonic power on encapsulation rate; D: Effect of mass

ratio on encapsulation rate. EE: Encapsulation efficiency
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Table 2 Plan and results of Box-Behnken trials

Number ,A - _B ¢ - EE%
Incubation time/h  Ultrasonic power/W Mass ratio
1 1 39 10 28.79
2 0.75 26 10 16.21
3 0.75 39 12.5 17.43
4 1.25 52 10 16.27
5 1 39 10 29.1
6 1.25 39 12.5 20.87
7 1.25 26 10 18.43
8 1 52 12.5 15
9 1 26 7.5 20.03
10 1 39 10 29.15
11 1 39 10 28.45
12 1.25 39 7.5 22.96
13 1 52 7.5 17.14
14 0.75 52 10 14
15 0.75 39 7.5 19.82
16 1 39 10 29.16
17 1 26 12.5 18

Table 3 Analysis results of variance

150 nm 2 N . Western blot ilf 52 Pla-Exos 5 Pue-Exos
i Fa € FIA TSG101.CD63 2 CD81 & A . fili Fil i& &
HL5E X+ Pue-Exos ¥ 1 &5 AT 20 T, 45 SRR #2405 1
A AT FAT 5 BE I XUZ RS ) (D 5).

2.5 Pue-ExosfREMER 7£4.-20M-80 CHIM I
N, 7 K P A KR RE E A ASCRE £ &, Pla-
Exos- Pue-Exos #1228 16 55 /N (B 6A W B), 37 1 $2 B
HH KR IR A1 b A AN E 24 i 10 1l A T 2 AR RS

2.6 Pue-Exos RSMNEMEE R il i 5 A (R I [A]
BIREA S B BBRERCR, 46| &R &K \Pue-Exos ]
L. BARER BRI B BCE R, £ 8 hitf &
FROBE IR T35 55%, HL7E 48 h i) R FURE il R 1 7 &2
80%. Pue-Exos [ 55 i 35 Bl 1 s 1A A0 22, 45 B AR
FOREBUE N2 AT AR, 0 % 72 hinf REUR R
8 1 0 22 80% (& 6C).

Source of variance Sum of square Degree of freedom Meansquare F P
Model 492.48 9.00 54.72 312.17 <0.000 1
A-Incubation time 15.32 1.00 15.32 87.39 <0.000 1
B-Ultrasonic power 13.16 1.00 13.16 75.07 <0.000 1
C-Mass ratio 9.35 1.00 9.35 53.36 0.000 2
AB 0.000 6 1.00 0.000 6 0.003 6 0.954 1
AC 0.0225 1.00 0.022'5 0.128 4 0.730 7
BC 0.003 0 1.00 0.003 0 0.017 3 0.899 2
A? 104.74 1.00 104.74 597.51 <0.000 1
B2 250.62 1.00 250.62 1429.73 <0.000 1
C? 56.79 1.00 56.79 323.97 <0.000 1
Residual 1.23 7.00 0.1753

Lack of fit 0.846 8 3.00 0.2823 2.97 0.160 2
Pure error 0.380 2 4.00 0.095 1

Cor total 493.71 16.00

B: Ultrasonic power / W

Figure 4 Response surface and contour diagrams

C: Quality ratio

C: Quality ratio
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Figure 5 The features of plasma exosomes carrying puerarin

(Pue-Exos). A: Particle size; B: Marker proteins (a: Exos marker
protein; b: Pue-Exos marker protein); C: Transmission electron

microscopy (x 30 000)

3 Pue-Exos [} FEE T 1 HIE 52

3.1 RSN FEREEMRERENL STEN GER
s R W %2 B Transwell | = 1 i) HUVECs 41 it &2 48
T, A A B NS, 20 M T SR B, T R B )
JEREER . 4 hiB TR 5 W %2 Transwell /NE EF
T 2, 45 BRI, 5 S 37 HUVECS 20 g A Y
Lt, JL 8% 2 HUVECs Al C6 41 A A5 Y475 ] 24 ¢ K T
0.5 cm [P 1 22, & W] H: 5% 9% HUVECs F1 C6 41 Jig 1) 15
RUAT DL 4 B P23 R 112 0 (7). TEER 825 h

Figure 7 Cell morphology observation and leakage test results.

A: Cell morphology of Huvces (x 100); B: Results of 4 h leakage
test
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Figure 6 The stability and in vitro release experiment of Pue-Exos. A: Stability examination of Pla-Exos; B: Stability examination of Pue-
Exos; C: Release curve in vitro. n = 3,x £ s
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Figure 8 BBB model TEER assay and cell viability analysis. A: TEER values of in vitro BBB models in co-culture group and single cell

group; B: Effect of different concentrations of Pue and Pue-Exos on C6 cell survival; C: Effect of different concentrations of Pue and Pue-Exos

on HUVECsS cell survival. BBB: Blood-brain barrier; TEER: Trans endothelial electrical resistance. n =3, x +s. "P < 0.01,

ok

P <0.001



G ATAE BB AR I AU A B ] e B SHL O A LT AR T S 3 1 ) 5 ) - 1541 -

M, {H /& Pue-Exos 7£ JJi K & 37.5 pg-mL" I, /735 %
HHr R B (P<0.01), FiEREAE S0 pg-mL " B, 7352
T8 % (P <0.001), HUVECs 41 Jffl [f] CCK-8 4% H &
BH, AN [R] J5R 23 B 6 40 it th 5 5 8 3 B2, {HL 2 Pue-
Exos 1E Jii & K FF 37.5 pg-mL™" i), 7735 R AH A F %
(P<0.01), i EIKFEAE 50 pg-mL' I, 7715 R N K%
(P<0.001) (K 8B.C).

3.3 Pue-ExosMXNFEEZETMHAIEER (A4 BBB
AIHh, Pue-Exos 71 4 h J5 f13Z i % 5 J50R} 2548 LA B
T+ (P<0.01) (K9).
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Figure 9 In vitro BBB model transmission efficiency. A: Pue
group; B: Pue-Exos group. Compared with Pue group, n = 3, x £ s.
“P<0.01
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