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Abstract: This study developed a f-asarone (5-As)-modified nano delivery system loaded with tanshinone IIA
(As-TSA-NPs) to enhance its therapeutic efficacy against cerebral ischemia-reperfusion injury (CIRI) via intranasal
administration. As-TSA-NPs were prepared using the double emulsion-solvent evaporation method and characterized

for morphology, particle size, zeta potential, drug loading capacity, and in vitro release behavior. Using coumarin 6
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as a fluorescent probe, the 16HBE cell model was employed to investigate the effect of f-As modification on
nanoparticle nasal mucosal permeability and inhibition of P-glycoprotein (P-gp) efflux. The therapeutic efficacy was
evaluated in vivo using a rat middle cerebral artery occlusion (MCAO) model by assessing neurological function
scores, cerebral infarction volume, and oxidative stress markers [superoxide dismutase (SOD), malondialdehyde
(MDA)]. Results demonstrated that As-TSA-NPs were spherical, with an average size of approximately 180 nm, a
zeta potential of about —33 mV, a drug loading capacity of approximately 3.5%, and exhibited favorable sustained
release properties. f-As modification significantly enhanced cellular uptake (1.8-fold higher than unmodified NPs)
and improved nasal mucosal permeability by inhibiting P-gp efflux. /n vivo studies confirmed that the As-TSA-
NPs group showed a 13.5% reduction in cerebral infarction volume, a 13.6% increase in SOD activity, a 21.5%
decrease in MDA levels, and significantly improved neurological function scores compared to the model group.
This study indicates that f-As-modified nanoparticles effectively enhance the nose-to-brain delivery efficiency of
TSA, providing a novel targeted delivery strategy for CIRI treatment. All animal procedures and manipulations in
this study were approved by the Animal Ethics Committee of Shanghai University of Traditional Chinese Medicine
(PZSHUTCM210226002) and conducted in accordance with its guidelines.
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i 5k 1 P #E VE 37455 (cerebral ischemia-reperfusion
injury, CIRT) 2 s L 14 i 26 rhye o7 v i 0 72 08 Bk A
Egiit, 32025 4, £ERFEL A 1000 7561 BHILT
Fii 25 v HR Rt P AR B R IR ) 0% R K
I PSR LA A V6 9 W L ) A 0 SRS, (B PR i A 5
RS 9ERE DRI 5 N 805 1 A8 A 240 T 1) 1 45
PR, v S Bk MR A, R RSOk R T
KW, H FT IR B = £ 5T CIRT R 225, 1L Gt A
A4, 75 0 # 22 £ 47 5] R I BF B (blood-brain barrier,
BBB) HIf71E % 3% 1K, Tt w4 & 45 2457 & DLk 3
BRI, HXEERINT 29 #EIRAIAR
SRS, e DLSE LA 0 0 R, R s AR %
4 (1) i B I 3 24 R 4 O RN SR CIRL G 97 Ji 391 1)
S g0,

FFZ0 1A (tanshinone TTA, TSA) 72 M 2 b4 Ht
HI ARV T i B 2R &1, BA PR  BUE A S
R A S R R T OB I A 2 B e 2 R P AT
W, TSA nJ J&@ it #7i] NADPH S Ak Bl 335 14 ook /b %
4 (reactive oxygen species, ROS) 2E i, A L 1 #8 4
e AL (superoxide dismutase, SOD) ik, & & I
B 2H 2R AR AT SR, TSA B PR L A 52 R
T H AR A KA (< 0.01 mg-mL™") AR 15 kAR 15
REME, DOARADD R FEAS 2 5% i ik o B BE ke
B 25 R BE, (R 25 WM DLiE i BBB, H 5 1K &
FIIA 45 & R BEIE 31 99.2%, X 7] fE & S B /E KR
K MG 7 B Bk ] %€ (middle cerebral artery occlusion,
MCAO) 8 | FETT AR B ZE R A, k4, BBB
P 2 L v 3 1 P 28 1 (P-glycoprotein, P-gp) ]
FZ A HE TSA, 3 — 5 FEAR I Py & AR, ey 58

T %2 BB AE B BEBE, SCH TSA oy R4 B ) 3 3%, 2R T
FL CIRTIAYT R B AZ L i

AR, B i 2 247 DR L BT 1 < 5 — i o % AR 3
8RR W FR B, A BRI S v] i it
NS 20 30 B L 4 O NPT, B = X & S5 ik e
BBB i3 32% 48 i SE i, A= W0 R FH S i Bk 4 24 4 v 3~
5F5R, filhn, Zhao FEPYRY E (19K - /RGD XUE i £
1 EAZ AR KL (DTX-Bo-RGD-NPs) £ #4452 J , ik
B2 T 98 R A (1) 24 4 B AR B RO R 2H 4R v 7.86 i,
JER AT R RAEGFA . X— R, Bt s
YK ARG 1 I T P [ 1 o i B 1) 2R o AR, B
Jis 25 2 AT T e S M8 b 2 K B e 2 R AT B B K
P-gp SMHESS B B PR 41222, B ik, 51N B I 55 R
7 Iy 80 o 2 P B PO DB g s ), o R A
2 RS RIHT T

B-40 3 Bk (B-asarone, B-As) #2715 R MY &
B, feah BRIV AH B Al 5 4 AT
Z Dy AR 2 B A A — D R R L 2 AR AL
fil: @ % KB EEE A (claudin-5.Z0-1) F£ik, 2
it BBB P B 4 g () 3 422, 386 0 5% 4 Fi o 12 080 1
@ ) P-gp #MHE T RE, 5k 2D 24 W M\ i 2H 23 ) 385 [ A%
iEPY: @) i 1 BOF Nrf2/ARE 13 5 38 B 4% 8 AL 7 3
Wi, RIEP ARy O, 5 R4 i B 7 R U,
B-As B BB T R RGO Z B 5 25 )5, i
HELZ IR R B I A 2 v 2.5 FF, HLR 3 B /)
B S50 14 H B G % P I E BB %8 (experimental allergic
encephalomyelitis, EAE) 5 8 f) Il JR P 73, B T 4
60%" . IX — &5 RAEIR, B-As A IE T £ 1 A5 P [F) 3 i
YKL ) - i e 18 R, A AR CIRIIG YT R I R 4G
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T 9 i oA AR E

FF I, AW LA MPEG-PLGA A # A, i1k 2%
18 JB6 25 ) 78 B-As 1B 1M 1) TSA 442K ki (As-TSA-NPs),
B ARSI LA BAR: O FIH p-As (15| 47 Re 48 5 )
KL BB E M, 0 BBB FR#1; @ i 40 P-
gp HMHEVE FHZE K TSA 8 i 45 23 (¥ 38 B ) 1) ; ) 13 [
TSA HIHLEAIEE S p-As FIFF AR Thfg, 48 s
CIRIJ B AR o WF F0 R FH 82 3L — V8 7R 4 R 25 1) 46 i oK
Wi, R G RAE LAV R K B 2547 R, 3@ 1 16HBE 41
A R SFAN p-As 15417 X6 240 i 45 B K. P-gp 41061 £ 9 2
BU o 37K B MCAO BB M A 28 3 RE B4 07 9
ik BE B AR AR L SEAL SR A [SOD A — 1% (malondial-
dehyde, MDA)] %5 2 4 5 36 E AR N 2520 ARHF 5T AL
N CIRT YA YT $E 4L 7 — o Y S — fiq 302 i 336 245 3R W, 4
N HCB A7 5 PARGUR B AR M 45 A R4t 7 525
A

MRS A%

HRERF FFS A (45 > 98%). 4 2%
AR E A S R A S
% . Tween 80 (XW0156872902. 80047318 10019318,
53219960 10018960+ 10016308 10014108 30189828,
] 24 4 H Ak 22 315 A IR & \l); MPEG (4F 1 it &
3 kDa, 14530, H A< H i NOF #k 302 4t); NHS-PEG (4
¥ Jfi & 3.5 kDa, CAS#: 122375-06-8, Jb UYL AR A
FR A F]); DL-TAAZ g (2% 99.5%, CAS#: 95-96-5, fif
22 PURAC A #); L& B8 (CAS#: 502-97-6, H [ f} 2
Wt BCHS AT WL 2 IR 7)), S BB 1 B-As (25 1
Y5, miz 238.2, 20140108, B H K 2% 24 2 B i B 3
% H); 75 5 %K -6 (coumarin-6). — H Z£ WA (DMSO).
YLK (20 FE > 97%) (442631.D8418.V4629,
Sigma-Aldrich 2 &]); DMEM 75 B 8% 7% 3 | JIf 4 175
(fetal bovine serum, FBS). 5 % & -5 % R W A W
(11965092 .16000044 . 15140122, 3 [H Gibco 2 7); SOD
A8 R 7 &5 MDA A 57 &2 (A001-1-1. A003-1-1,
AR TR 7 FT); MCAO R 28 F12,3,5- =K
H & 46 U % M (2, 3, S-triphenyltetrazolium chloride,
TTC) H 9 (2634A2. 17779, At 58 75 3K BH A TR 2
A]); BCA & (A & & & (P0012-3, i3 = RAEWY
HARFRAF]), iz LG (A2 75851G.UN1648,
3% [E Honeywell 22 &)

18§ HPLC &= AU B3 & 48 (SPD-20AD, H
I BN T, WO R AR A zeta B AL SE AL (NICOMP
71.8380, 3 [E Santa Barbara /A 7]); &5 2 0 HL (Centri-
fuge 5810R, 1% [E Eppendorf 2 7); §E ¥ 7% & X (Buchi

R-215, % P B A A)); & S 8 (JEM-1400, H A&
TN, M 548 (HEDA Class100). & K3 £
IR H X (Varioskan Flash), 3 [E 2228 K /R BHEA
F]; 2 Dhag ol E LR Y (Infinite® M 1000 PRO,
%t - Tecan 23 w]); £ i 3 9% 3% 3% 1 (Bruker Avance 111
600, i A1 & v A Al); 2 = R (MDSC 2910
V4.4E, 3 [ TA X 4% 2 7]); 5 A AR X (ImageX-
press Micro Confocal, £ [ Molecular Device A 7]); X
B 37 AR 5 ALY (68505, TR M i vk 1 A A B A FR
AF])s

S MAatk P Sprague-Dawley (SD) K,
A8 220~250 g, B biE R 25 K sh W b it .
B X S () Ab BRAN B AR 3@ i b v R 25 K 2230 )
16 B2 B4 i vE (PZSHUTCM210226002), 3% 7/
H i8S U7 #3317 16HBE 40 iy (b3 v B R} 2 B 4
L)

B-As-PEG-PLGA B9 & B Z & TP & ml
MPEG-PLGA #1 NHS-PEG-PLGA #: %% . # NHS-
PEG-PLGA FIZ FEAE 1 (1) p-As LL 9T 1 ¥ BE /R LR A,
& 1% p-As 18 i i) MPEG-PLGA % & %) (B-As-PEG-
PLGA), IR GWEZ R T RN 24 he 2 ZBEUTUE 24k
J&, 1% 600 MHz NMR % H 45 #4347 %058 .

TSA-NPs, As-loaded-TSA-NPs #1 As-TSA-NPs f{
Bl KA EE RZE S 4 TSA-NPsPY . il %
J5VEGN T : Ok % FREL 28 mg MPEG-PLGA W& 1E &4
1.4 mg TSA 1) 1 mL & G A, N 50 pL £ 5
T, HAE30s, IFE210 W, BEHIH . BHIAMA
20 mL 0.5% [P I ER BN W, 8 HE 30 min, 18 i % 2%
REBAVLIEEF, B3 TSA-NPs. As-loaded-TSA-NPs
1 As-TSA-NPs il % = I F iR 77k, H | As-loaded-
TSA-NPs fill & Bf — & BN 6.9 pg B-As; As-
TSA-NPs il % i #4 ¥ & As-MPEG-PLGA: MPEG-
PLGA (1:5.1:108%1:20, w/w).

TSA-NPs. As-loaded-TSA-NPs 1 As-TSA-NPs £
FRAE  JT ] 43 TSA-NPs. As-loaded-TSA-NPs fll As-
TSA-NPs £ 1%~2% (w/v, pH 7.0) B8R 1 Yt )5, i
ST N MEGCKR A . SR H NICOMP ZLS380
WO U RLFE AN 58 KL R R AR zeta FELAE, WL %%
HRIAR A L. SR HPLC I 52 TSA B AL % 4
i, RIW/AN () M Q) oAl HEEZE (encapsu-
lation efficiency, EE) fll %% 2 & (drug loading capacity,
DLC):

EE (%) = W,/ W x 100% (1)

DLC (%) =W,/ (W, + W,) x 100% ()

Hodr, w, R B AR gR BN 1) TSA =, W,
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KRB B & . W RG] 24 5L F2E a3 i) TSA
PSS

HPLCNE ff ] Kromasil 100-5 C18 (250 mm x
4.6 mm, 5 pm) A% FE, i 30 °C, JitiE N 1.0 mL-min™',
For 3 K 270 nm, FBAH N I BERIK (80:20, v/v).

FET A AGMET, HERERHERLANE T
YKL F P B, IR Y R 25~300 °C.

TSA-NPs. As-loaded-TSA-NPs #1 As-TSA-NPs A
FEM 9K H451) TSA-NPs. As-loaded-TSA-NPs
AT As-TSA-NPs 9K ki il N 4 °C ) PBS 25 1, T3 5E
IFIE] A (040.54 142448 12 F124 h) HURE I 5 442 A1 R,
A7, WLEEILAE 4 °CHr i R4z S FEAE () F e 1

Coumarin 6-NPs.As-Coumarin 6-NPs F1 As-loaded-
Coumarin 6-NPsAJ#]%& 5 TSA-NPs.As-loaded-TSA-
NPs H1 As-TSA-NPs [ il £ 77 7% — 2, ¥R H 2 A -5
AR Ko 1 £ 1 FE TR TSA B 4t A coumarin 6, £4
BFEG Rl TSA-NPs. As-loaded-TSA-NPs 1 As-TSA-NPs.

Coumarin 6-NPs. As-Coumarin 6-NPs £1 As-
loaded-Coumarin 6-NPs B /MNFEUSEEE K 16HBE
i DL AR AL 1< 10° AN I %5 B2 42 B T 24 fLAR o, 597
24 hJ&, 1E37 °C N F HBSS V47 14 7 5% 772 41 M9 15 min,
10\ B HBSS #% ¥ f#) Coumarin 6-NPs. As-Coumarin 6-
NPs Fl As-loaded-Coumarin 6-NPs [ 44 K ¥ % & A~ [A]
BFIE] (0.5 124 h), ¥ 290K KL, 25 82 AN [ L0 5 v
B-As DUE EE A5 05 T IS TE) L 4 K RE IR B RLBE LA 4
il 771 %F 16HBE 40 f 5 BN K KL KT 5200 o 25 24 5, TE 10
SE IS 1] £, X 400 pl 1% Triton-X 100 Z2f# % T vk b 4b
TH 2 M, {6 F Varioskan Flash 4=y K 931 £ ) g 50 5
A 5E 100 uL 24 @ 7% coumarin 6 (13 &, [ B4 i
BCA 5 G & 20 pL 23 rh 4B B & R EE . DA
CEREUAR B E NTEAN R bR, RIZG900R S 540 i & Ak
FERILEAE (w/w, ng-mg"), 37~ B AL 94 B 41 i 2 3 R A
THMAYIREE .

As-NPs F1 As-loaded-NPs %t 16HBE £H fif1 15 EX P-
gp IR R-123 IR0 4 1 W F0 40 KOkE 2 1 A2 1 1
B-As 215 B A P-gp #IHI1EH, K B-As &1 1) AR 224
gk =5 52 FL6F 16HBE 41 JE $5% HX P-gp JIE ¥ R-123 [1)5%
Wi, K5 16HBE 4 LAEFL 1x10° AN 0 %8 B 32 ol T 24 £L
Brrh, #5977 24 h )5, 7637 °C'F H HBSS ~F i ¥4 i 33 77 41
Al 15 min, 3 2 HBSS “FAT ¥ ¥R G, SE40 4N R A A
[RIAG A 7 3 1) 46 000 25 AN TR VR T 1 As 1R 40 K il 7] 9%
A 15 minJ&, A R-123 %K, T-37 °CHFE 1 h; [IPEXS
HEZLIM A PBS % & 15 min J&, I R-123 %W, T37 °C
55 B 1 hy BH P X HE A N 4 B2 0K S O B 15 min
Jo, M R-123 W, T37°CH & 1 h. 45251 hJa,

4 °C PBS % 1E41 fa xf 259 6 X, FF F PBS ¥4 41 B vt
3. HU400 pL 1% Triton-X 100 Z AR T UK L 4b 3 40
Ji, 4# i Varioskan Flash 4= 3 43 2 2 g 52 504
52 100 uL 2R R-123 ¥R B, [A] i F BCA W77 &
D52 20 pL AR A0 R & IR EE . DLU“BR AR 207
PE 9 VA T A, B 245 909 B2 5 40 i 2 1 ok B 1) LA
(wiw, ng-mg™), F7R BV B 40 R B A T S A 1 2
MR .

TSA-NP 1 As-TSA-NP 2 2447504 Z Nk M 55 E
FRBIERRNEAMR K24 R kEM SD KRB
93 4H: TSA-NP 41 . As-TSA-NP H AL B4 (n = 8).
T 5 E AT 2R 3 R & N 45 25 TSA-NP fll As-TSA-NP
(TSAFIH: 0.5 mg-kg") 5, fEf e — IR #i 1 h G AL
KR MCAO & BIP B AR AR R : i % SD K R &
2% I3 T B S BNV TR 5, /DN o0 5 B 0 I 2908 Bl A
AN SRR o 45 AL A0 O 2 A B kRN S4Bl K, S ST Ak
B kA N 4-0 JE b 4% 28 25 31 P ik, LA BH I K A 3l
ik A IR « MCAO 2 h Ji, HrBRrE& 2R, Yk &2 i, {8 5k
I DX 308 i K & I R R AT B .

AT RFEFES R Longa PF4 RGN KR A
FIZAT AT VPR, MATIREIE R, 1L N0 7 B
22 ThRE B AR (R 304 L I 22 1 JE e i), 328 145 o
FEM A D) REsR A (B4 W) 70 B B BUE ), 18 2 485
FEM A T RESRA (T BB 1) 2 AUARY), 188 343 st
H OR8N, BIRGE, e 4458 shPsET:, i N5 4.
Pk =y, 1 28 T RE B A b ™

PRABSEARFRME S DIREIT AL 5, AR AL
FEHL 3 K BRI AT i A% B0 U 5 5 T S A B 4 B
K BR 2 TR B R I I Ak AE, S SR 4 i 2H 2URE AR, 1 Rk
2 mm &R o R BT 2% TTC ¥ T
Yl F 37 °CHREEIE F 30 min &, IR\ 4% £ 5 i
[ 7 Y R R AT o A8 P PR 2 A 20 0 A6 AT X 3
ok S A RO B A ZE AR A (mm®). iR A (3)
THE R AE B 4 b (FEE2R):

B (%) =B AKX (/[EAKX (g + FEAKX

(2)] x 100% (3)

KSR BEATL 3% BUbR A R K Bl LA 7 RV E AT 5
. BARERAE: AR 8 X shi o B T — 4
5 (1~8). 3 AR dERE AL B 738, AR 48 7= A= 1 B B %K
N5, B S BENLHE T . SRS, I ECHE R TE T 3 462 130
Yoy ELE I ZH A (TTC 4, Fl 19 5 07304 7 B 2 .41
B (AL 4H: P 5E i 20 24 MDA & 5 F1 SOD 1% ). BEAL
SrECAE AR SRR AT T8 . VEAG 3 75 BE LA B A i 3
W o LA DL B AR MR 2 T REVE 2 45 R

fX 40 22 MDA #1 SOD B E  # & T REvE 7)o,
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W 42 5 R K BROF T 7 1 2H 23 MDA 7 & #11 SOD 7%
PEo KR VR FE BRI 5 AR BT, 0 T8 ) 9 fidi 4H 23 9 25 B
AL /N FARR BR . FRECZE BRI 21, #2109
(wiv) B EEBI I UK AE BEER K, s L S0 . 213k
W2 500 r-min” B0 10 min Ji7, WA FiBW. KA
SOD i 5l & Al MDA 7 &, Wl € 195 ¥ MDA &
H.SODHM MALEATE.

GitFESH W EL IR L, Fra SdES L
F-I418 + SD % 7R, K GraphPad Prism 9.0.0 #2E 2 Hr
A FRHHRE, P < 0.05 K8 2 3 HA G % s

%R

1 TSA-NPs, As-loaded-TSA-NPs #1 As-TSA-NPs £
KR RAE

1.1 B-As-PEG-PLGA W FR1E % 7* ¥ B-As-PEG-
PLGA ¥ fi# /£ DMSO-d, 1, H1 600 MHz 'H NMR Xf J
HEAT R AE (K 1). 24 NHS-PEG-PLGA & 3 14 1 i)
B-As LG, H IS AE T i 1) S0 A, 2 A 8% SRR AIE I
d,: 8.3 ppm, KW H A5x4 B-As-PEG-PLGA f{I) £ B »
1.2 TSA-NPs.As-loaded-TSA-NPs F1 As-TSA-NPs £
KRB BRI & H B F BB (transmission electron
microscope, TEM) K14 & 7~ , il %% ] TSA-NPs. As-
loaded-TSA-NPs Al As-TSA-NPs 3 Fift 4 K i I 25 5] 4,
KA (B2A). TSA-NPs.As-TSA-NPsFl As-loaded-
TSA-NPs [ Fi 42 4 5l 4 165.901 + 3.551.183.232 +

A TSA-NP

As-TSA-NP

5.2686

Amide H
A -
e
10 9 8

1514 13121110 9 8 7 6 5 4 3 2 1 0 -1
g B8 &
J/ppm

Figure 1 'H NMR spectrum of the prepared 5-As-PEG-PLGA

2.293 f1182.631 +3.102 nm. zeta H1{7 5 %1 4—-37.400 +
1.590.-33.220 £ 1.630 f1-30.230 = 4.340 mV. %[
TSA-NPs. As-TSA-NPs fll As-loaded-TSA-NPs [{] ¥i 1%
I7E 200 nm LA (& 2B), B-As & 1 23 /)N I 18 i 4%
K URE R RL A%, H IR 51 AL 44 oK UKL 1 T2 25 1 & 3%

AN [ B (8] 550 B G KRR A% A1 zeta HEAVE PR AR 44 0 ]
3AB iR, 24 h 4 PBS 1 4 K Ki ki 42 F zeta B AV 11
ARG 5T 10% R 20%, 3% B NPs B AT R 45 kL2
e P A HL A RS e . 22 A B X (differential
scanning calorimeter, DSC) fff 7T 45 R & W (K 30), 1&

As-loaded-TSA-NP

L] LA LU

B
100: b 100;
80 so%
60% 60?
40: 405
20% ] 203
ol ; ] 0 E

10 20 50 100 200 500 1K 10 20 50
Diam / nm -> Diam / nm ->

Figure 2

scale bar = 1 um; B: Size distribution

100 200 500 1K 10 20 50

TTIT

1T

100 200 500 IK
Diam / nm ->

Characterization of TSA-NP, As-TSA-NP and As-loaded-TSA-NP. A: Transmission electron microscope (TEM) photograph,
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220 °CH, TSA Ht H I 1 B 5 R IR B, SR BH TSA 71X
AN LT R AR T I AR, AR E A A As-
NP. As-loaded-NP. As-TSA-NP #I As-loaded-TSA-NP
[ DSC i1 26 7 B AN i FE 36 [ A X B8P AR, A H
AR TSA HEFFE B 5k () e FA g, 2 W IR J KR i 4 2%
BTG E M. As-TSA-NP Al As-loaded-TSA-
NP (1] DSC Hii £& 5 As-NP il As-loaded-NP [ il £ # bt
PR AR B RO R, W TSA R 3.

TSA-NP HI# 258 (3.420 + 0.060)%, .3 F Ny
(69.911 + 1.232)%, As-TSA-NP [ # 25 & N (3.571 =
0.040)%, fLEF % Hy (72.981 + 0.823)%, As-loaded-TSA-
NP ()% 25 8 N (3.822 + 0.071)%, f.3 F Hy (81.191 +
1.611)%.

2 KR B4R T T E BN B I BB E R A B R Ah
i

2.1 Coumarin 6-NP. As-Coumarin 6-NP F1 As-
loaded-Coumarin 6-NP BJ3R{E DL % 6 IR £ couma-
rin 6 N7 EEFT, #1145 2% coumarin 6 4K, T 00 82

ARG K KL AE 16HBE 4 i b (1) 38 U 0L« 40 Kok kiL
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Figure 3  Stability and thermal characterization of nanoparticles. A, B: Particle size and zeta potential of As-TSA-NP and As-loaded-TSA-
NP under 4 °C in PBS; C: DSC results of TSA, As-TSA-NP, As-NP, As-loaded-TSA-NP, and As-loaded-NP. DSC: Differential scanning

calorimeter

Table 1

Particle size, zeta potential, drug loading capacity and encapsulation efficiency of Coumarin 6-NP, As-Coumarin 6-NP, and

As-loaded-Coumarin 6-NP. n = 3. DLC: Drug loading capacity; EE: Encapsulation efficiency

Group Size/nm Zeta potential/mV DLC/% EE/%
Coumarin-6-NP 182.391 £ 2.221 -36.490 + 1.100 0.072 +£0.002 99.463 +2.337
As-Coumarin-6-NP 179.922 + 1.951 -35.300 + 0.590 0.071 £ 0.002 97.705 £ 3.170
As-loaded-Coumarin-6-NP 187.262 + 3.290 -32.530+0.670 0.071 +0.001 98.648 £ 1.092

REL.
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Figure 4 Size distribution of Coumarin-6-NP, As-Coumarin-6-NP, and As-loaded-Coumarin-6-NP
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51:5ATLE FEMZ R (K 5B), [ ik As-PEG-
PLGA/MPEG-PLGA L4510y 1110 4T Ja 2R Wt 52 .
5C 45 R W, Bt A& 49 K K ik B2 19 38 i, As-Coumarin
6-NP [ 4 IUHE Bt Bl 2 39 00, A=A . As-
Coumarin-6-NP (145 H 5 i [a] 1 & A 0% (K15D), 1.2
14 h ¥ coumarin 6 5% 't W] 2 & T 0.5 h; 2 14 hif,
37°C R MEILE & T 4 °C.
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Coumarin 6-NP A1 bb, 75 R K ALAE, « 50 P9 8: L S e 1 = A0
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MR M EE/NEEAN SN EMRKER.
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Figure 5 [n vitro uptake of Coumarin 6-NP, As-Coumarin 6-NP and As-loaded-Coumarin 6-NP by 16HBE cells. A: Uptake of Coumarin 6-NP,
As-Coumarin 6-NP and As-loaded-Coumarin 6-NP by 16HBE cells at different; B: As-PEG-PLGA/MPEG-PLGA ratio; C: As-Coumarin-6-

NP concentration; D: Temperature on the uptake index of As-Coumarin-6-NP; E: Effects of different inhibitors on the uptake of different
nanoparticles. n =3, x £ 5. P <0.05, "P<0.01, P <0.001, " P < 0.000 1; *P < 0.05, *P < 0.01,**P < 0.000 1. UI: Uptake index
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Figure 6 Effects of the blank NP, As-NP and As-loaded-NP on
the 16HBE cells uptake of R-123 (low, middle and high indicates
nanoparticle concentration of 0.25, 0.5, and 1 pg-mL”, respec-
tively). n =3, x+s. "P<0.001, P <0.000 1;“P<0.05

Table 2 Neurological scores of different groups. n = 8, x % s.

"P<0.05,""P<0.01 vs model

Point
Group Average
0 1 2 3 4 5
Model 0 0 0 1 3 4 4.375+0.744
TSA-NP 0 0 1 3 4 0 3.375+0.744
As-TSA-NP 0 0 3 3 2 0 2.875+0.835"

TSA-NP 21 (1) fixi 18 56 AR B 73 0 4 (26.836 + 0.246)%
(24.425 + 0.613)%H1 (23.291 + 1.177)% . 54 74 44 4
EE, As-TSA-NP 411 fixi # JE AR #5232 R i (18] 7B), As-
TSA-NP £ 5 N 45 24 J vl B 55 250 3% MCAO K B il
WEFE . BE— W5 T A A2 ik 41 237 (1) MDA & &
1 SOD i % (B 7C. D), Bi A4 . TSA-NP Al As-TSA-
NP [f] MDA ¥ J& 43 51l 5.267 + 0.327.4.926 + 0.221 fll
4.131 = 0.128 nmol-mg” prot (n = 5). SOD ¥ J& /) 5
H2.858 +£0.103.3.080 = 0.167 F13.247 + 0.162 U-mg’
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Figure 7 Protective effects of As-TSA-NPs on a rat cerebral ischemia-reperfusion injury (CIRI) model after intranasal delivery. A: Photo-
graph of sectioned brain after the different treatments; B—D: Effects of As-TSA-NPs on the calculated brain infract size (B, n = 3), MDA (C)
and SOD (D) concentrations in rat brain tissues after CIRI (n = 5). x +s5. "P < 0.05, "P < 0.01. MDA: Malondialdehyde; SOD: Superoxide

dismutase
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B S EGA5 FI56AE . As-NPALFEA (1 pg'mL™") [FJR-123
EHEET AR S 231 (Bl6). EAEENL, i
SAB ML (As-TSA-NP) [ P-gp #1250 R B E L T4
PEALER L (As-loaded-TSA-NPs), 3 1] f-As i i FL A7 5
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