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Abstract: The blood-brain barrier limits the brain delivery of most drugs and affects the treatment of central
nervous system disorders. The transnasal drug delivery allows the drug to bypass the blood-brain barrier and reach
the brain directly through pathways such as the olfactory and trigeminal nerves, thus improving the therapeutic
efficacy of the drug while reducing drug degradation and avoiding hepatic first pass effect. With the rise of
nanotechnology, the combination of nanoformulations with transnasal routes of administration is expected to
achieve better brain targeting and treatment of brain diseases. On the basis of summarizing the characteristics of the
various nose-to-brain pathways, this review summarizes the researches on novel transnasal nanopreparations such
as exosomes and liquid crystals in recent years as well as new strategies to improve the efficiency of brain entry
including focused ultrasound-mediated techniques. We also review the recent studies on transnasal brain entry
nanopreparations in the treatment of various brain disorders and current research dilemmas, looking forward to the
prospect of their future clinical applications.
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Figure 1 Different pathways of nose-to-brain transport
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Mucosal adhesives

Figure 2 Classification of brain-targeting nanoformulations for transnasal delivery and strategies to improve brain entry efficiency.

PM&PN: Polymeric micelles & polymer nanoparticles; NLC&SLN: Nanostructured lipid carrier & solid lipid nanoparticles; MSN: Mesopo-

rous silica nanoparticles
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Table 1 Summary of brain-targeting nanoformulations for nasal administration
Nanocarrier Preparation method Structure Feature Ref.
Polymer Emulsification-diffusion, Compact colloidal system composed of Reduced mucociliary clearance, increased — [45,46]
nanoparticles solvent emulsion evaporation  polymers residence time, conjugated with ligands for
and nanoprecipitation targeted delivery
Polymeric Self-assembled, solvent Self-assembled from an amphiphilic block ~ Self assembly to manufacture, high [47.48]
micelles evaporation copolymer comprising a hydrophobic core hydrophobic drug loading, small size, easy
and a hydrophilic corona surface modification
Liposomes Ammonium sulfate gradient, Bilayer vesicles composed of Co-loading of hydrophilic and hydrophobic ~ [49]
thin film hydration phospholipids and other lipid excipients drugs, prevented enzymatic degradation
and mild toxicity
Nanoemulsions High pressure homogenization, Heterogeneous system consisting of oil and Facilitated the encapsulation of lipophilic [50]
phacoemulsification water phases, stabilized by emulsifiers drugs, strong adhesion
In situ gel Polymer desolvation, the film  Consisted of a solution that turns into a gel Drug release responsive to stimuli and pH, [51]
casting after stimulation prolonged residency in the nasal cavity
Solid lipid Solvent emulsion evaporation, Contained a lipophilic core composed of Non toxic to nasal mucosa, controlled [52]
nanoparticles  thin film ultrasonic dispersion  one solid lipid release properties, delivered peptides and
macromolecular drugs
Nanostructured High pressure homogenization, Contained a lipophilic core formed by a High encapsulation efficiency, improved [53]
lipid carrier solvent emulsion evaporation  mixture of one solid lipid (in bigger drug stability
quantity) with one liquid lipid
Exosomes Ultracentrifugation Cell-derived nanovesicles Cellular origin, low immunogenicity, [54]
delivered to specific recipient cells
Liquid crystals ~ Spontaneously form Lamellar, cubic, hexagonal crystalline Thermodynamically stable, extremely large  [55]
mesophases surface areas, incorporated numerous drugs
Nanocrystals Media milling and high- Drug particles surrounded by a layer of the High drug loading capacity, delivered [56]
pressure homogenization stabilizing agent hydrophobic actives, used solvent-free and
easily scalable techniques.
Mesoporous Sol gel method, hydrothermal ~ Honeycomb-like porous structure Highly porous, density and total surface [57]
silica reaction area being highly tunable
nanoparticles
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activator of transcription, Tat) ™ JE X %% 7% Ik (rabies
virus glycoprotein, RVG) ™ K& & &g v 5 1% 4 40 vk A
(borneol, Bo)™ . WAk, 53 O 48 %7 175 S s 3 M 11 1) 741
2RENARTE IR SR 5 2 8k BBB, JRUEL A figi =B 40 1f B Py 2
i 2% 3 0 524 5 R L IC AR R ELAE Y i AR AR
(R T /N TR i, T 8 18 7N 240 P R TG A, e oo i ek
FA 2 3k i oG 57 B gt N CNSPOL AT B2 v A i 0K, L4
R A2 AR5 2 AR 3 N AR R R B
TR A, T AR T 3835 4 11 KA, NEE B
ERG TR T J7 1. R2TIII G LT — LT
B AR T 1 20 L5 25 245 90 K 1) 7] B3 T S P A K
3.2 BT

209 K i) ) 2R A 1 B F) 503 AT AR e L S N I 2K
B YRR TR RRLAT 2 5 1 24 40 228 ok 3 38 2 KNG 1) e
A SCBE B AL R R, ORI, 157 2608 %
BH 7t /NS RS B 100~200 nm ff) 44 K KL 7
DAAR 25 2y i3l o o b R 4 O o 5 86 A 7 Pl
fig, R AR ELAE L, BH S 5 9K 150025 2 A P
P, BBk, pH S B Ak 25 0 2 5 e 49 2K 7R AR N i
ROE o PRI 2P ) R AL, B fls 25 W i 14 R
RELIERZ K ZYAE T AE B BPRES, RN APk &
JIES TR T A AN R A5 4, )R A PR pHL A 5K
£ 4.60~6.50 2 [H]" . i o 2w BRAG M o RE AR — e AR
st = A S RPNy
3.3 ERIZIE (R EEFI AR AR R B

B v AR ) PR 28 5 N0 2950 23 T DA DA v o) 771 A
OB 03 32 WA AR 1) ) ok i ) 452 B T 7 7 T R T
15 175 A1 33 7] B R WAL A 3 1) 2 et P ) Ty e e ) 79 R
g3, AT LA )70 2 53 R RUZ b Bl R AE ik —
B e 4 K A RN T R R0 PR BE R g R) EL HE
FMENEVEFR RS PR B T R A&, AR L
N 0 A ) 750 D 82 P 3 A0 5 P o A0 2 T i 12 7 2

(17 SLN, & T PR K 109 49 K RL L2 BA 25 1 58 -5 Wy gl K ol
o T 20 PS80 B 70) U] 8 55 R BORE B A FH 38 0 ok 7
S Jl P9 45 B N T, AR FEATL AR Dy 585 W0 266 B 1 4 B 45
HINEE A, AL REE AL )45 B I 18], AT 25035 2454
PR, DL 6 R 20 B 70 L 458 52 SRR L SR T A IR A
R UEECT, H R T 7 SR BB GKRL | 5 T M R A& 1 N
KRL NI TR W B . BAR 3 #RE AN A 5 T
F2 1o N K IR0 PN i R 36 AHL o — 838 I 3 57 %o B
Z0T B ) YRS A 285 B 86 RS 7)) AR 1 — E R PR A1) 44
T AEEA
34 REEENSEA

FEBESN TSNS Z (focused ultrasound-
mediated intranasal, FUSIN) & — Fft 7 7Y {1 Fisi 350 26 26 ¢
R, EFMHERGABREMIMFFNS, HRERS
(focusedultrasound, FUS) 5 fil 2 (microbubbles, MBs,
— P P I R AH A5 AN, T B iR 25 ) B N 3 ik
ROERAR, ARG 1T R £ 1) R DX 3 55 R i, S BoHe
TRTT 2IP)A RO B R 5E 1R X IR . FUS F )
DA% 375 Sk K R P 7 U8 5 e D S PRI el 9 7k
A i TGRS HXTECR (1~10 pm), EATTHE
B o) 76 0L/ P, T HAER A 4T 10 i 87 B, 3 S8 A8 R )
FEIZHLZA (4 sk AiSe 4, 7= AR “T 2R A8, L ARRE 7T R
2 S 8050 A 1£ BBB LAAM L 8] FE 25 ] R 28 B 45 245 1)
IV IIBIE G B, BT 3 0 BBB B E M. AR A
N ZBORRE R iR A B gh A PR T AL A R AT TG
£ 1 (programmed cell death 1 ligand 1, PD-L1) $ii {4 ]
R (i g 70, F T M R g v o7 5y — Tt 9T
7R FUSIN ‘22 4 5 20 K AAVS-EGFP i % 22 K H
T 2 ()7 B, 046 PR R AL (B ) MR J2 K i X
BT, W 3 s . 3X SEHE 5 45 5 % B FUSIN
& — P AR A T 1 i 3 24 k16 07 2K, T DA i i e
YA I8 I 20 B 2 AR 0T A [R] i X ) 1 0
4 2B NS 2 RIS 7E I BRI R P Y 2 A

EH T S I R AR R AL i, A FLAH BT H A 45 24 3% 4%

Table 2 Examples of surface modified nanoparticles for applications in intranasal delivery. HA: Hyaluronic acid; Tf: Transferrin

Surface modification Carrier Payload compound Size/nm Targeting effect Ref.
Lf LNPs PTX/HePc 364+5 C,.. T (233 times) [91]
AUC,, T (2.92 times)
Lf NEs HupA 16.74 +0.47 C,.. 1 (1.13 times) [92]
AUC,, T (1.98 times)
Bo/R8dAGR PNs Curcumin/cisplatin 156.25 £ 14.21 DiR in the brain tumor T (1.99 times) [93]
WGA PNs miR132 191 DiR in the brain T (1.64 times) [94]
AAL PNs BACE]1 siRNA/rapamycin 129.6 £22.6 Brain accumulation T (1.4 times) [95]
Tat PMs [C]-NAC 294+72 ["C]-NAC in CSF T (1.4 times) [87]
RVG29 EXO Curcumin 194.9 Cy7 in the brain T (2.23 times) [88]
HA PMs siRNA 105.7 Brain accumulation 1 (1.31 times) [96]
Tf PNs Clonidine 199.5 +1.36 C... T (141 times) [97]




-+ 3206 - 2% %4 Acta Pharmaceutica Sinica 2024, 59(12): 3199-3214

FUS Transducer

Imaging Probe
Water Balloon
—— Water Container

@!

x10°
4.00

3.00 T
o

2004 ©

1.00 4
1 e

0.03 +

0.02 4

EGFP copies/ng gDNA

0.01 9

0.00 -

FUSIN FUS-BBBD IN DI
24uL  24puL 24pl 124

<«— Delivered Method
<«— Delivered Dose

~————> Olfactory nerve pathway
———3 Trigeminal nerve pathway

Figure 3 Schematic and classic example of FUSIN. A: Schematic of the FUS system. Adapted from Ref. 105 with permission. Copyright
© 2020 Elsevier; B: Illustration of FUSIN of AAV5-hSyn-EGFP to the mouse brain; C: Comparisons of EGFP transgene concentrations

(copies per ng of gDNA) in the mouse brain for all treatment groups. Adapted from Ref. 44 with permission. Copyright © 2022 Elsevier

A LU RA 52 BBB £I3A KK, Lk 40 5 45 256 77 I BT
T3 RN AT RE o AR 77 A0 000 95 DU s e b gk ke 1 245 45
FNB B2 R BI5 B L S i IR B I TR 25
A=) AR < i 0 B2 g 45 B I, PRI UG 32 32 BT
DAL N AACHIE 70 16 2 2 P B A B, A28 5 N 0 499 K
70 2 FEAR P AE I PR ATHIE 7T, 22 SR FH /0N B I 1 5 9 A6 7Y
TFIE . W RATHIE FEI B rpoRX o 22 2R SRR AT PR < i
I TR I R L/ P WEE A SR . R 3P B T 2
20 3 NI 20 AR Sl ) EE O 00 463 T P ) 2 FH AT 9
4.1 PRGNS

Fi] /R PR IEEER IR (Alzheimer's disease, AD) /& WL
MIBAT VRSN 22—, IR T A RS2 A S A, IF 8
BRI R, S BT N A, B N
N EEFICIZ A R A MR R AE o 7 A2 X e o 1Y) 3 2 Ji
DR 5 Je B b B B 1 BE BRI Tau 2 (A AR BT
T 1K 114 3= 2 PR 5 6, 455 BBB X 24 40 N i (% PR ) K% 2454
A4 7 P FRO I A 201 A5 e B A A TR T K

Huang %517 K¢ 6] 78 5t + 40 i A7 2E A 41 s 4K
(mesenchymal stem cell-derived extracellular vesicles,
MSC-EVs) $# N /K#EEE (hydrogel, GEL) H, il % T & fig
IKEE MSC-EVs-GEL.  HH] EVs I BB (e it /K el
fife, T LAAE 25 24 B0 S I R S B AT E R ) EVs BT
IEK T MSC-EV's £ S Jf ) O B IR 1], (7] A R FH A0 s A<

F14) 2 T 2K 11 N85 5 11 2 T Mk 40 1 S5 M SE IR T 250t
Jod A7 PR A S PR I o Ay B ) e S 4 SR R A
BT MSC-EVs, MSC-EVs-GEL % 645 578 i 42
= 1 86%, [FIN R BULAE K 5, MSC-EVs KZ 5470
FLoE Ar, AEAE /NI 5T 40 rh o3 A R e, SRR T 25 AR
JEEALI AR . 2524 SR, MSC-EVs-GEL i 1d
BP0 1 O HE B 2 48 J0 R 1 % SXFAD AD 52
NI AZ A R, BOAIE 1 VR TT B R S BRI R T

Liu ZEU' P M % (black phosphorus, BP) & 25 4
R AN BT AL R, I R Tau 54 40 ) H IR
(methylene blue, MB), 3k 73 & % #1 £l BP-MB, # J5 4
HB N KB H 3R 15 3 oK &t Jiie BP-MB@Gel. BP-
MB@Gel & [ 1 J5, 24 P15 IR -5 A A2 IR 1 K
FUAE B v (045 B I T, ik v 5 M OR B SR A AT 4
I RETR . A4 P9 A 1) PR SRR IF BH 2549 = BEAE 5 AD
R O IR ¥ 5 R P R B BT R v SEEI T 2D AE
B AL R PR o0 AT . 2R3 S LR B 5 MB 4
H t, BP-MB@Gel 41 C,, 12 = 1.18 £, AUC,, 12 =
6.47 £, BP-MB@Gel 1] Jiii #L [7] 2 % (drug targeting
efficiency, DTE) i 54.79%, & -y B #1& % & 4t
(nose-to-brain direct transport percentage, DTP) 1A |
98.55%. Z4% 45 R i ”, BP-MB@Gel 41 5 3 #1111
Tau fR R WK E T BORLAA T RE IF R 1 A& 20E, 1T
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Table 3 Typical nose-to-brain nanopreparations for brain diseases therapy. DTI: Drug targeting index; DTP: Nose-to-brain direct transport

percentage; DTE: Drug targeting efficiency; EE: Entrapment efficiency; DL: Drug loading; PDI: Polydispersity index

Delivery systems and

Overcoming intranasal-

Disease characterization brain delivery bottlenccks Targeting effect Therapeutic effect Ref.
Alzheimer's disease MSC-EVs-GEL Increased drug retention DiD in the brain T Enhanced the spatial learning and  [107]
Size: 120 nm time; reduced mucociliary ~ (1.86 times) memory function, alleviated
Zeta: =41 mV clearance neuronal damage and promoted
neurogenesis
BP-MB@Gel Increased drug retention DTE: 54.79% Protected cells from oxidative [108]
Size: 291 nm time; reduced mucociliary ~ DTP: 98.55% damage, ameliorated
Zeta: =26.34 mV clearance Cow T (1.18 times) mitochondrial dysfunction,
AUC, 1 (6.47 times)  inhibited Tau accumulation and
reduced neuronal apoptosis
Parkinson's disease DA-NCPs Reduced enzymatic DA in the brain T Attenuated motor alterationsina  [109]
Size: 81 + 4.0 nm degradation; improved (6 times) 6-OHDA-induced animal model
PDI: 0.124 bioavailability of PD
EE (%): 69.7+ 7.2
MAG-NCs@Gel Increased drug retention DTE: 809.98% Normalized ROS and adenosine [110]
Size: 81.57 + 1.48 nm time; reduced mucociliary  DTP: 87.65% triphosphate (ATP) in the
PDI: 0.11 £0.02 clearance AUC, 1 (3.38 times)  mitochondria of dopaminergic
C... T (3.99 times) neurons
Epilepsy LTG-PNPs Increased drug retention AUC,_ T (15.8 times) Reduced frequency and delayed [111]
Size: 170.0 £ 2.8 nm time; improved Co T (1.37 times) onset of epileptic seizures
Zeta: —16.60 +2.96 mV bioavailability DTI: 984.17%
EE (%): 71.3 £ 2.0 DTP: 92.03%
BSA-LDHs-PHT Improved bioavailability Cy5.5 in the brain T Improved the latency of seizures [112]
Size: 146.5+ 3.2 nm (2 times) in the pentylenetetrazole-induced
Zeta: =16.6 + 0.1 mV mouse models
DL (%): 34.86
Gliomas HA/DP7-C/siRNA Reduced enzymatic CyS5 in the brain 1 Prolonged the survival time and [96]

Size: 105.7 nm

Zeta: —24.6 mV

NTMZ (NE)

Size: 220-260 nm
Zeta: —46.60 +2.79 mV

degradation; promoted
mucosal penetration
Increased drug retention
time; improved
bioavailability

Cerebral ischemia/ Bo-TSA-NP Promoted mucosal
reperfusion injury  Size: 160 nm penetration
Zeta: =36 mV

Depression

EE (%): 70%

DL (%): 3.6%
BDNF-Quercetin nanogels
Size: 76.34 + 2.34 nm
Zeta: =14.48 £ 0.90 mV

Increased drug retention
time; reduced mucociliary
clearance

(1.31 times)

C,.. 1 (2.8 times)

16 HBE cell uptake T
(1.63 times)

C 1 (2.33 times)

max

decreased the tumor volume

Promoted a reduction in vascular
proliferation and lymphocytic
infiltration

Improved the preventive effect
on a rat model of CIRI, decreased
cerebral infarction areas

Reversed despair behavior in
stress-induced mice

[113]

[114]

[115]

XS FIAE T, AD /s SRR RSB Y 5 1 B 24 1

T He iz

REWDANAKTURLIE BASRE [0 2 A 2 77 W (DA

1eAZ A SN B
4.2 MHEHRR

I 4= #% 9% (Parkinson's disease, PD) J& X X T Fil /K
TR ER T BB R LA 2R AT R I IR 2
RINFR LR RE L2 3R R EAR B AT E. H
FE AR N 2 T e 8 BT SR AR R 4t % 4505 B
18 BN B AN R 0T IR R )0 VR T
77 %, A S 24 B8 23 TR D9 o ) R R T L 3R v B
9 R 32 R b S AT 8 S N 1) 499 K i) 75 24 PD
TBITIRAL TR R

Garcia-Pardo "4 £ E i (dopamine, DA) 1 %

nanoscale coordination polymers, DA-NCPs). DA-NCPs
PR 2N K G5 K A R T i Ao 220 0 o A A L A D R . A
P 43 A i 7 45 SR 7R, DA-NCPs MCAT (I i 2 43 A7 21 J&
Bl 28 2H 23 2 BER AR TE R 2 h N, TEAG M BUIR A v W 5%
B DA KR ZE I, Ll 6. RIILREH
Rt 22 BN AL, 245 2000 e 45 RAR W, 2 6-F k2 18
ff (6-hydroxyDA, 6-OHDA) % 5 [f) PD &l ¥ 15 A |
DA-NCPs A&7 J0H K DA 36 1% 1) 2 i SOR f0d i, 2
& Rk B Fb S MR 5 1K) 6-OHDA 45 £ K B (1 Jie %
1A

Tan 25"V 1 ¥ 5 AR By - 94 K & & (magnolol-
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nanocrystals, MAG-NCs) 53R A EREER S E &
I E B AL, Wit T RSO KB (MAG-NCs@Gel)
St £k B3 BH 1) % 1) MAG-NCs@Gel 15 265 ¥ 75 i £
L s A B T 0 o 28 1) 29K R 45 7 1 B 2 4 &, DTE 1y
1% 809.98%, DTP =ik 87.65%, FHHE T A Ik i A il 751, Fisi
#AUC B4 N2y 3.38 £ . 243445 L ilE FH MAG-NCs@Gel
AR 2 L i B A 28 0 2R R Ak mh ()3 1R S0 FD = B IR i
IR A, M I8 i 2 b 4 Ty e B A5 - 24038 PD /)y B
BTN, T ANE N IE % A= AR
43 W

IR A — b ER R0 B J2 M 3o 9 B 5 R e 42
RGBT, WA BIEIT I, AT i@ 25 4 i L
RAEUL, I AR AR (IR B RR Y ULA ) ik
PUIIR 25 B A YR B S5 ) A, T S 4
IR LG 245 A AL T — Fhge i i i e B, AT
BIT IR R AE RS T

Shah 25" 3o FL AL VA 71 28 R & T B L3
—M& (lamotrigine, LTG) [ PLGA 4}>K i (LTG-PNPs),
259 LTG 1 #0419 B8 38 T8, M1 4 5 i 42 o0 i Wy
AL, A0 2 o P Aot 20 368 U 4 U PR R T, A 2t o A1 it
WRAEINR . LRGN T HE R RERY, & B
A2, HAHIBALM L, LTG-PNPs 41 Jisi 9 LTG #1 2 5
%, i) AUC MR T 25 LTG $2 = 15.8 fi%, DTI
15 984.17%, DTP ik 92.03%. 24 R 24 0T 58 ) 2% Bl
LTG-PNPs fig & 35 4& 18 5 i & AF I 8], £ 52 X #8240
3.6 1%

Zhang 2 3E i I pTiE K GE I & T RERR %
J& (phenytoin, PHT) (1) & % 46 ¥ 44 K ki (phenytoin
loaded layered double hydroxide nanoparticles, BSA-
LDHs-PHT), FH T #8650 KA o AR50 25 W0k T8 S8 56
# W] BSA-LDHs-PHT Re % th ik H 47 2L B il 2454, iX
T SR R RS MR R T B ORE . RN
Yo A S5 R B, B IE 45 2 15 min J5, BSA-LDHs-
Cy5.5 41K % e 50 T J& BSA-Cy5.5 A2 4% . it
NI R0 2R 1) JiR B D LDH 40 K R ) 208 A0 4 J2 AT LR
AL o 52 B IR AR, DT B 5 25 DR TR,
/U IO 0N, [ R 245 0 T R S ek PR TR B P 40 i A i
i B B NN RO . 2238045 AR T 45 24 30 min
J& , /N B AR B BSA-LDHs-PHT 25 98 i & 1F 18 K 30
(Z3PNd5 3 J5 5 — VWU IR ELliE B 4n 29 K T
245 .
4.4 MERRIE

o220 2 S50 R A PPN i AL B SR A TR 2 —, R
FBET: 3 o ESUE T TR I Jo 4 e 1) Jie Jo 5k 24 i 9
(glioblastoma, GBM) & 5 F WL ) # £8 J1 Jofd 99 , it 57

PAEHLAZ g4 g ME" . HiT, GBM K& IR T
7 BAFEFAR AITFIRT o TR, 48 NIk |
TR AN g 2 — PR B B PP 22 i o v 7 I AR AR AR SR
W&, 92T .

/NF-HE RNA (siRNA) A& — Bl 78 19 2 D5 T BR B
A, W HTEIT Z R4 RGe500, (B HIE A e )
BT % i 55 PN e o Yang 557 F 3% BB R (hyaluronic
acid, HA) B2 — F0 R T T sl B 20 2% i o 1 Bt 1 Ik
(cholesterol-modified antimicrobial peptide DP7, DP7-
C), TH K 1 5 4k 9K IR HA/DP7-C i#:1% siRNA.
IG5 RN, HHATE A B A4 25 BRI, A0
ISR, A M A A, £ i 45 24 )5 BN i i
SN AARAFIE PR ME RS, HA R CD44 [ 4H H.
VB FH 3G 0 7 8 38 6 HA/DP7-C/siRNA 1 RS, %
SR NAREMHA A 1.31 1%, LAk, HA/DP7-C/siRNA
Af DL STER VEGE LK #0151 38 1 4 5 % il sk i85 5
iR 240 L O T, S 5 gD T M R A AR I A K A R N B
A3 T [

Michels S S D IF R 1 — M H TALIT 259 1 5
W % (temozolomide, TMZ) F i 24 #h i 7 49 2K FL 771
(TMZ-loaded nanoemulsion, NTMZ), Hfi& & & x4
25 () FRAERE M, B0 HE R B8 1) TMZ WK & i (1 49 K R
PR, I ELRT DA T o) 57 5 S fl X3 5% B I TR) % SE
KAGWRETA N SE mBiE . AWt R W], il & 4y
2, NTMZ 15 5 & 009 P2 B0y, 20 B 45 25 4L TMZ 1)
2.8 £, T 3FE N ARAE I B B ) BEAIR o 245 25 S 56 1iE
NTMZ & 3 ] 7 s
45 Hit

25 54 225 ok R ) 290 DK o) 7 ok 3 i 8 T PR
Hij SR o T LT VR T AR T, At A A 8 T
AR BT . N B L/ E VR 45495 (cerebral isch-
emia/reperfusion injury, CIRT) /& A& 7 6l Ifil ¥4 o 25 o 5
S PR i I P VR T I R SR I i A v
HIBRAEIR YT 75, HA Hofh A7 20 B A7 . Wang
GUNIE R T UK R AR P 2 1A 949 K B5UKE (borneol
modified tanshinone IIA nanoparticles, Bo-TSA-NPs),
— T B UK B B P2 A 99K KL, LEEL T DAAS
777 U2 1 Bo ) NPs 28 5545 24 J5 W i #E 1) 1 g, R0
Bo b 2 AE M 4 B AT 504 PR I A 1) RICRE, il R i 2L 24
P, R v R AR A A B A Bl 1, 9/ i AR TR
N, B 3 K B CIRIE Y B R 2 D RE VP40« FARAE
e — g E AE i O A, H R 25 e T RORH
PR o Xu SRR T A VR A R 2 TR DR T R
BYAARBEIRE, of 18 A2 5 AN AT TR0 SR 35 ) K B R
PUAARAE o FEAE HI ML 45 IE B 7T g 55 PI3K-Akt A1
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BDNF-TrkB 15 5 il i [ 17 A K. Bk, 7R E &
SR SR ML P4 A 9 S5 00 YR T THD B AT 48 S 2 K A
FI A SR IE >

5 ZENKAKHFINESHR

5.1 %533 BBB H LI iR E)

7 BRI MIR AL, B ER AN A
2578 O AT A R B S . B e ML R =
A T A AT AR 2 LR N KN, 485 T BBB X
2 ik NIN I BELAS, AT $ m 7 29 A R
e KPR FE M B AR A 8 B Y[R 48 B 24 ] DL kE
o B 0 AN 22 IR S5 AR ) 24 7 1B W T SR AR U R
RUHE Bl o TERCIERE b, 9 K 1l 770 AT R 4 a2 2 i 2T
BB, W2 YIBE A AR B, E SRR K
Fii, 77 1E 25 P AR o o S A 95, B 0 M S0 3 (VR T
BE# H AT A8 K 34 SR T R AR e, AR T
FEAF IR A R . RIS, FUS $5 AR AR s (1 )37 B AT
DAASE &89 2K 1) 750 325 28045 7 10 o 30 X sk i A 4 i, A 2 gk
— 5 1 v 0 e R AN 5 A AR R AT MR IR T R
52 HBHERNRSERS]

AR T VIR R0 ke i 55 25 24507 X, &2 82 AT 4
KA FRR e — T HAHEZR, T 2% E
2R G i 1R Th R, X 8 A5 % 4G 20 s A AT e
IR T AT e RS TR AL, TR R 2 R TR
i, ¥ F &SNP HIFI R AR AR BEEXE
B, fEGAE—EIEGT, 7B 5 N R
FIH R AE LG A — RN . A BT PO i B AT B
TEBRAUE, 4682 7 259 0] B RS e TR) 12T, IR X 3
B ORI R AR I B B i AL, 2545 5 U 2
RAGIR, X N RBCR A3 T AR B BT A
7N 2K e 4 S N T i) ) A2 IS G, H e g B 35
A G0 K S R E S5 Jis PR T O B B )17, [ B i AR
LNP.NC%i# 25 240, =L FIME A, 2 — B3 m N
BRI A o 5 S g K 3 2 SR IS B & FUSIN, 15
R K M A SN 251 & &9, R Lk 9K
HARMI KR, &8 NMAEAERBE— DS
53 TllfbE = RGN A EE

RAGZ NP G FIAETEE Z A, 71— €%
JE R DA R V4 22 2 W 356 425 N I PR B £ 1) 3L, 1EL A 254
FER A1 FE R, AR IR 5 2% ) 2% R Al K
BT T AE A e . AN, BN T Y
DURRTE B s B RS IX 3, DA B 22 1) 24 4l 3 ML i/ = S
P 20 S 0 170 Bt 3 380 K, X A4 i) 77 75 2 — A S s o
B E RS I Ik, NIRRT Bk
IRASE, D O R T AE 2 ik B ORI, 7 AT
Z 2. [FIE L B AT (B 7T R AR 2 I

PRATH 7, B ARH FH (VG U7 2 sh P a B N 28 B s 45
P EAT T2 (R ARL A, B 7E R b 7 BB T A7 A B 2
22 50 BT LUK S A R B 0 R SR AL B R IR A —
ANE KPP, T Z AR m RS k. I
H 2 8O\ 409 K 1) 37 1R 27 6 5 VR A A R A AR
37, Rt A SRS 5 A A B PR B 3B K B AR R 2
SEK
6 MNESRE

BEE AR B R 2D R R, R 2 4 8Nk
290 K 1) 771) DR LBk ARR A 34 T SR IR T R . AR
SRR RGURGE T 2 5 ON YN K I 3 () 05 4 % B iE
HLHI, B w48 B NG 33 16 AR K 7 925, 35 289Kt 24 5
W6 S L AE AH S A B b (1 N, JRER T T E AT AT
5N MRS BR8N 9K 36 25 SR BT T B
B s, (BB ATY SR AFAE — 2 1] R, 0 PR 1) B 4T B
TH BRI 5 BN R A i B = 48 5 Nl 48 K o) 71
() &35 IO B VP AR A 25 ol 70 5 s 40 24 1) 22 A PEVP AR O
AN W B %o o 502 0 DX B A 5009 4T D 4D s o4 8L ) F
FLE o AN, 2B N 4R K i 7R (1) 48 5 kA B A5
KT o MRV LA b 0] A R A 12 2K ) R AR R B A B
L FIMET . DRI A R i 75 78 S 48 B N i 490 K 1 571 7 45
&R BV R R ARG 2 SN 5 =, i — B
FU 3K AT S A 1 R VA ) TR g 2 SR,
BT LNP (19 I1SG F /A 55, R 38 5 N i 250 1) 7 77
3, W FUSIN 2%, [FIB) B 1% 50 1 2 =R 2 RlE, 3R %R
25 Bh N il 40K 386 24 SR R R B 7 1) BB 28 80 N Jiki
YK IR T RN, A AR B — D R, I
%55 F AR 2 25 P SR 90 R I PR e 1

V& TRk Je MG 77 57 0 45 U3 90 BT UsC 4 21 1) STk, it B
B S T RIS O AR ROV A7 B SC T A8 OURH 58 2 5 s Al
XM 57 Bt i 3 SC T AS O, FRAEAT B HOR I SRE; SR
TR I FB 5 H R ST,

FIFRHZ: 18 A BAH R ENR A A, ANAEAE R 28 70 58
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