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Abstract: Incidence of central nervous system (CNS) disorders such as Alzheimer’s disease, Parkinson’s disease, cerebral ischemia,
and glioblastoma is rising annually. These diseases are characterized by complex pathogenic mechanisms, deep lesion locations within
the CNS, and strict limitations imposed by the blood-brain barrier (BBB), resulting in low drug delivery efficiency and limited
therapeutic efficacy with conventional medications. Active components from traditional Chinese medicine (TCM) have attracted
significant attention due to their multi-target, multi-pathway neuroprotective potential. However, their clinical application remains
hindered by low bioavailability and poor BBB penetration. Based on TCM meridian theory and modern understanding of BBB transport
mechanisms, this review systematically summarizes various strategies for brain targeting, including nanocarrier-based delivery,
receptor-mediated active targeting, microenvironment-responsive drug release, nasal-to-brain pathways, and biomimetic delivery
systems, and evaluates their progress in diverse CNS disease models. It also analyzes key challenges in clinical translation, such as
carrier safety, disease heterogeneity, and the coordinated delivery of multiple active ingredients. In the future, integrating intelligent
diagnostic platforms, multi-mechanism synergistic delivery systems, and artificial intelligence-assisted design technologies holds
promise for accelerating the clinical development of TCM brain-targeted formulations, providing a viable pathway toward the creation
of highly effective CNS-targeted TCM therapeutics.
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Fig. 1 Theoretical basis for targeted delivery of active ingredients of traditional Chinese medicine to brain
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Table 2 Comparison of different brain-targeted drug delivery strategies
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Fig. 2 Strategies and mechanisms for brain-targeted drug delivery
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Fig. 3 Mechanism of traditional Chinese medicine components in targeting nervous system for AD treatment

INER R FEAN AR E 5 Feng 26515 FH I A ARk 45
AREBFHARLIEFEAEF R, WINETHER
BRI RIE R o- R A% R B I A s/ R iz 3)
Ihfg: Hu 28661+ TGN/SHp SURAEH R,
LR LR LA [ (1R P R AT AR, AR TR D
i BBB JREL & n itk BEWE PD A
R . SRR, BT S5 T A A
Y EIHEN PD I B SR T IR AL TR T 1A
Ning Z5O7@ X HLL MR TL, ks E—
Rl B & IR AE 20 F B 1) IDO/TDO XEE #1151,
AL A YITE MPTP 5 1 PD /) BRAR IR o i i 41|
LR JE 525 BT sh s sh bR A% 1 - Song Z5 16814
BT — RAITTIS M B A AT B I 6- A
SERERATAEY), Hh B9 8f 5 14a fEAR AR
DU RIEFRIM AR ER, JHA SSGERR Zh P 0

ITNERI . EIRBETCESE, Kl s ok 5
BT AR IR 2 R Y B AR A
REMEH AL P PERE 5 ST RCEALI PD VBTT T &

£i ko, 5 AD BEFUAIEL, PD RS EE BT
FCHE M E TR HUR e B R . R R B
JFi BBB 14T ABH R, M+ EEIHRm
WA, BORERZEA R — 2 RE N, T
AR IAR LR AR B [ Ik, U T IRy 22 e
ZOTiRe, ERSENRMEREA . BEETL SR
% ROS M 7R B N AR R A KI5 4 1
FIRE. &% PD XA ERE RN, ImIK A BT
FHARIR RS B, AL AN R s IA S ms, RIP
TS BT AR A ORA Dy 32 v 245 1
), WS E RR I S B A TS R STITT JR 2R
a .



+ 2934 F49EESH 2026588 %¥r34ak £ Drug Evaluation Research  Vol. 49 No.8  August 2026
3.3 BRI Jo LA P R B 25 avB3 R R A R Lk B 1 2 A

R I 5 2 5] K RE R e . M bEdrE . &AL
P JORE SN e AR T2 5 — R AR, T
W 2 B P SIS 5 5 4 48 OR3P R R TR T 1 5%
FRIOOV, AR, 2 ) 3 08 TR W Al B A T4
PP 24 e K I A5 44 [ Y T R0,

Chen S5 £ 7 #R£2 088 [[] RVG29 KB
B ROS Wi AR G AR E AR Tk B AR 2
TE/N SRR R B ks 2/ FRREE (MCAO/R) #RALH,
AL BEIR D FEAEARAR, 8 n] i e 12 N R 4
PO I8 A2 DL BB/ N SR A [l bt 46 M2 3R
RUEEAL, T G A I T DR « Zhang S50
KT PGP JKABMR IR IR K 73 G KL 67 i 4
AR, PGP K] 45 G im kgt i, & BhH
RAERA P NG ZGPREHE IR I8 B HUM N X, 853 PRI
FESEMAR . AL, Zhang SR04 B 45 T LR (A RE ]
H. ROS Wi R (RGN, FFRC & il R e gE, ER
B, MCAO AR o S 7 St 1 X 2 7 474 6 s v
P 5IhREEE . BREEIE AL, VLR IR
PR ) 5 5 A i S 1T, 45Tk (1) = LA 5207 10
Zhong A 78 R -G AR 5 AL EE AT I I miR-
203 FIE . i) MyD88 I8 #1428 JORE, A H 245 A7)
IR D RNA 42 R FE R G4 1 34 T
BrEE.

25 Loy M, B ILTE T IR R T A B P R
P Ho—, IR BRI 5 05 BRARRAE B 3 B T
KRG, W Zhang!4EHH PGP IKAS IR AR 7] 7
e kLA, SCELSE R Rk, A
MEET RIEAZCX s =, IR skl X R 5
fiE, tnvE ROSERYE pH [ A fish & 58, 41 Chenl”!)
ST ROS MRS HAA, AT SEILZM @ ]
BRI, WAOEFARRN. KX 2 Fhens o,
P — AN BERE MY JOREMS TR A, SCREAEHRIA BRI X
JEM R ROS MR Bed ik, B sk
O e 0K v - T ) B AR A
34 RBRIE

o B SR, IR R B R, R B AR
ZE N R AN RIS T A I R TR T A R 2 KBk 3
A0 T 250 B8 Hp 24 3 P 8 0 RS A 328 2% 28 i R
AL, FEFE 7k BBB SR bRk, A2 ATt A
o DME U0, SRk, ZRPER RIS IE RGAE TR
P AE RN B . Qi S R ) RGD 5Lk
WSS NE P A SL 8 2 PSR AZIE, AT [ A A2 e e

T JEUAE FIE 5 988 A 700 v 2 0 L S 5 47 98 AR
Zhu ZEBUEIHT ML DA 2 B Ry B H[E B2 4
NE AR BER AT, 1AM E B &SR
P, I BB ) i I 980 4 PR H R T R S e A R
B RGEK AT N R AT R0 9k AR w7
H, Shi 287N GMTS 5 Gintd. T @&RCAAE RV
THIAHEBEAZ IR 71 B R AZ S, 2 R G HL =i %40% BBB
RE 715 e R A M A e i, R 07 5 PR 40 e 7
To. NIRZ M 25 8, Li 060 T RGD &
T AR SE B K R BRI SR B OB, FeH ok B OB
AL R 24, 7 DI ) S 0 1 24 s R (1)
Ao AR, Chen SEUSHAL TR T —Flvml J5y i 4 1 4
KIGIEAR-IK BRI B LR, 124 R ATEA J5 98 i &)
JiR A7 AR RS 0T 988 T 2 B A S M CAR-IE Rt e/ /N
JRAHAR, 7E £ SRR AR IR /)N BRUBE L Hh A 230 BHL I
I8 52K o

gx b, MR R AR I T = AR B S B R
F%: BBB. Ii-fi8 5k (BTB) LA JE Pyl i E
28] A S A . IR R B 2 2
PR SRR BF— R AKHE RGD K 4y 7L I
BBB/BTB #i%; 5 —RfEhFLEE A ERCASLIN
R AR S s 2R = g0l NS B Res et
Y, RN IR ROAEE . 2SI R TR
YU AN BERTVENIRIT 259 (At Bl S0
WEE R 2 25N 25, TENThEEET (MAS 2
1 Regs) BA TR, SCIEARBIGIT I
BB . ARK, MR K I — 5 BE b I 4K
B, FHMEAREE T F R IR A 10 e
A T R A B 2 e R 2 AL gy, R IR
JFR IR I LT T
3.5 HibBERGZER

Chen Z5EUMF FEAESKE, 1|25 e w] @i #0% SIRT1
TEfaE N, 06 NF-B BEK, /N R 40 A
FRIME RIE, MRS R H W T 00 Rk
Y. Liu ZEBOET GWAS-eQTL-PheWAS 44>
#r, ikt NR1D1. THRA. NCOR2 %5 ffi S Jfg v £
B R, AR M R RS AR I B AL T T ) .
Duan Z£BU@E L F AR EEHLAL AT TBK e h
WL 45 R AEALGE (ALS) HIVE 7 25 3 8 A 5,
F56FE T Fostamatinib 1 Amlexanox {4 TBK1 #I
HIFIAE ALS 2 FAS R A i 28GR 1 FH o SNIAARTE
FIARIE 2 WAy T o LA R B AT 50820 Bi 583



FE49EESH 2026F 8 H

{;35;%4-14 ER Drug Evaluation Research

Vol. 49 No. 8 August 2026 * 2935 -

FIH RVG-Lamp2b A& i [H] 78 5 T 240 Mo 4 il A4 3
EEEFRE T 3, AR T ARG NE S .
Mao SEB4RZE T AN [F SR JIE AN AR LR B B 7 16 )T
RN . AR S, TR ANARTE BIE 259
PR T8 F7 R O AT 3R T D Re AR 4 7 T e I )
W] (1) L FH V8 7
4 HEERZE

W25 OB IR TT 2 R G 1 5 51 3R,
HZHA, Z@RANERR R SHERFEWRMNE
FIR P 4% = EE B4, {2 BBB 1)K SRBH & ™ 2
27 HIT R R AT . AL RBRMBAPKRE AR 324k
T BN PRI SRR Ak R s -
I % 55 22 0 A BB [ 1K SR 1) B BE Al 5 15T D
B, AR, g AR SRS, R
TP ZAIEE R Y BBB FERE TS5 A
BEWRIE, 76 AD. PD. Fgsiif o e o 988 25 % Aok
AR R P A SR . UL, AT R
R AREST M MInZ AR R et
MR RATEE . UL A= T2 B
RS FPER 2 o th RIS AL B 50 2
I RFEIR . Aok, @RS RS 5IA
N LR S hE AR, J+& hitEshe
JoT £ BRI R A AR T, 249 17 1 s 7 o B v s ik 2%
Gu ERBINA I, A GOAHE R 50 H KGR
e B A G S AR R BT R T & .

JUEE Tp 24 B BE 1) 1 R S T AL LS
EbE, (RS = WG R AR 3 KA O
M OPREM E S IR RS, 289k
BARBIAR N KAL) B 2R AN, VAR S i
S iR [, AMBME. PiAREE S R R
GiAFAER % TEE AR R ZE R, R il briE
R S8 I ISS-80); - QP B A M 5 AR 2 e i R 1Y)
WITBkER, AFRRGER . F—ERAFRRREN B
1) BBB REEMA R ERBE, BHH KNS
N AR BEIEIE RS, TR EIIATT
FWEET, @F L) % Lo T RS IE I BRI S5 RAFEAE
TH, AR P RS HE YRR [N
[1IEIE RS, )2 A I B SRR MR AL,
G R AT BN 5 N RS AFEZE S, E—
BEAR T I PR RECTIUIN 0 R PR L1587,

ETRAN T ER ST REFRR, Kkt
F I )R IR SN SRR T LA N L. G, M Cis
TR R G, BAITAMNRG . SRS

I L5, SEBUR I T R R R 5 97 R S DA 881,
HIR, G 2RI RSN, F 2o 5 i
7 BN TBORS G, DASEELZ AL P A 4
N, Bea, RGBT BORIEN A, AAEF]
PR B S ANK A 750 T AL A 7, Al
B 3D AEAT ENHA S B A BARAS (SR S
Tk, PAS S N TR e LR 27 ST A A i
IR ARG EIE RO S AR, BRI T
VEHERE, BRI MORR . IR B
RS2 AR IRE R X & 5 R G RR S
P, AR AROR IR, Fh 24 i 4 17 32 Wi PR A LT
NS

FBFRR AEENFARELEAZFR

SEE

[1] Guo Z H, Khattak S, Rauf M A, et al. Role of
nanomedicine-based therapeutics in the treatment of CNS
disorders [J]. Molecules, 2023, 28(3): 1283.

[2] ChenY X, Wei C X, Lyu Y Q, et al. Biomimetic drug-
delivery systems for the management of brain diseases [J].
Biomater Sci, 2020, 8(4): 1073-1088.

[3] LilJ, Long QY, Ding H, et al. Progress in the treatment of
central nervous system diseases based on nanosized
traditional Chinese medicine [J]. Adv Sci, 2024, 11(16):
2308677.

[4] ChenL X, Zhen Y L, Wang X C, et al. Neurovascular glial
unit: A target of phytotherapy for cognitive impairments
[J]. Phytomedicine, 2023, 119: 155009.

[5] Chen Y, Peng F, Xing Z W, et al. Beneficial effects of
natural flavonoids on neuroinflammation [J]. Front
Immunol, 2022, 13: 1006434.

[6] SongF, MeiZ G, Zhang W L. Advances in polysaccharides
from traditional Chinese medicine for the treatment of
central nervous system disorders: A comprehensive review
[J]. Int J Biol Macromol, 2026, 337: 149416.

[71 Lu W J, Yao J, Zhu X, et al. Nanomedicines: Redefining
traditional medicine [J]. Biomed Pharmacother, 2021, 134:
111103.

[81 #fi, AlRKE, T SCHE, S5 5 e i T i 5 Ak
RAAFE MG RGBT Tt R [ hEP R,
2022, 47(22): 5965-5977.
Yang X, Zou L H, Ding WY, et al. Research progress on
liposome and nanomicelle targeted drug delivery system
across blood-brain barrier [J]. China J Chin Mater Med,
2022, 47(22): 5965-5977.

[9] ChenY, Tian H L, Zhang X D, et al. Copper-coordination



- 2936 F49EESH 2026588 %¥r34ak £ Drug Evaluation Research  Vol. 49 No.8  August 2026
driven  brain-targeting nanoassembly for  efficient [22] witE, %, F555%, %5, pH BUER/ B AEM 1 22
glioblastoma multiforme immunotherapy by cuproptosis- W JIE TR A 01 5« AL R X 155 P TP A 8 /) B 9
mediated tumor immune microenvironment reprogramming HIIEIER [J]. B2y, 2025, 56(20): 7368-7383.

[J]. J Nanobiotechnol, 2024, 22(1): 801. Gao J, Li W H, Li X F, et al. Preparation, characterization

[10] Liebner S, Dijkhuizen R M, Reiss Y, et al. Functional of pH-sensitive/folic acid-modified resveratrol liposomes
morphology of the blood-brain barrier in health and and its inhibitory effects on tumor of endometrial cancer-
disease [J]. Acta Neuropathol, 2018, 135(3): 311-336. bearing mice [J]. Chin Tradit Herb Drugs, 2025, 56(20):

[11] Chen M H, Liu X Z, Qu X W, et al. ApoE-modified 7368-7383.
liposomes encapsulating resveratrol and salidroside [23] Nsairat H, Khater D, Sayed U, et al. Liposomes: Structure,
alleviate manifestations of Alzheimer’s disease in APP/PS- composition, types, and clinical applications [J]. Heliyon,
1 mice [J]. Drug Dev Ind Pharm, 2023, 49(9): 559-571. 2022, 8(5): €09394.

[12] Liu T, Su K, Cai W Y, et al. Therapeutic potential of [24] LiFR,YuY, DuY M, etal. Borneol-modified schisandrin
puerarin against cerebral diseases: From bench to bedside B micelles cross the blood—brain barrier to treat
[J]. Eur J Pharmacol, 2023, 953: 175695. Alzheimer’s disease in aged mice [J]. ACS Chem

[13] Li R L, Lu F, Sun X, et al. Development and in vivo Neurosci, 2024, 15(3): 593-607.
evaluation of hydroxy-a-sanshool intranasal liposomes as [25] Desai A, Shah P, Jain S. Navigating into the paradigm of
a potential remedial treatment for Alzheimer’s disease [J]. lactoferrin  surface modified nanocarriers in the
Int J Nanomed, 2022, 17: 185-201. management of central nervous system disorders [J].

[14] Liu W, Liu L B, Li H, et al. Targeted pathophysiological Polym Bull, 2025, 82(13): 7565-7592.
treatment of ischemic stroke using nanoparticle-based drug [26] Wang J, Kong L, Guo R B, et al. Multifunctional icariin
delivery system [J]. J Nanobiotechnol, 2024, 22(1): 499. and tanshinone Ila co-delivery liposomes with potential

[15] Wu D, Zeng H, Tan J C, et al. Repurposing artemisinin- application for Alzheimer’s disease [J]. Drug Deliv, 2022,
based drugs from antimalarial to pan-therapeutic: 29(1): 1648-1662.

Pharmacological promise and therapeutic challenges [J]. [27] KongL,Li X T,NiY N, et al. Transferrin-modified osthole
Drug Des Dev Ther, 2025, 19: 9199-9226. PEGylated liposomes travel the blood-brain barrier and

[16] Cao H, Li X J, Wang F, et al. Phytochemical-mediated mitigate Alzheimer’s disease-related pathology in
glioma targeted treatment: Drug resistance and novel APP/PS-1 mice [J]. Int J Nanomed, 2020, 15: 2841-2858.
delivery systems [J]. Curr Med Chem, 2020, 27(4): 599- [28] Xiang Y, Long Y, Yang Q Y, et al. Pharmacokinetics,
629. pharmacodynamics and toxicity of Baicalin liposome on

[17] Ma Z Y, Liu X L, Xie X Y, et al. Vinpocetine-mediated cerebral ischemia reperfusion injury rats via intranasal
multidimensional active targeted delivery across the administration [J]. Brain Res, 2020, 1726: 146503.
blood-brain barrier [J]. J Control Release, 2025, 382: [29] QiN, Zhang S Q, Zhou X T, et al. Combined integrin avf3
113768. and lactoferrin receptor targeted docetaxel liposomes

[18] Zhang M R, Chen H Q, Zhang W L, et al. Biomimetic enhance the brain targeting effect and anti-glioma effect
remodeling of microglial riboflavin  metabolism [J]. J Nanobiotechnol, 2021, 19(1): 446.
ameliorates cognitive impairment by modulating [30] Li X T, Tang W, Xie H J, et al. The efficacy of RGD
neuroinflammation [J]. Adv Sci, 2023, 10(12): 2300180. modified liposomes loaded with vinorelbine plus

[19] Ismail M, Wang Y B, Li Y D, et al. Stimuli-responsive tetrandrine in treating resistant brain glioma [J]. J
polymeric nanocarriers accelerate on-demand drug release Liposome Res, 2019, 29(1): 21-34.
to combat glioblastoma [J]. Biomacromolecules, 2024, [31] Zhu Y, Liang J M, Gao C F, et al. Multifunctional
25(10): 6250-6282. ginsenoside Rgs-based liposomes for glioma targeting

[20] Chen N, Wen J, Wang Z L, et al. Multiple regulation and therapy [J]. J Control Release, 2021, 330: 641-657.
targeting effects of borneol in the neurovascular unit in [32] GuYJ,LuoHY,Zhul, etal. In vitro and in vivo assessment
neurodegenerative diseases [J]. Basic Clin Pharmacol of diosmetin-loaded lactoferrin-modified liposomes for
Toxicol, 2022, 130(1): 5-19. brain delivery in intracerebral hemorrhage therapy [J]. Drug

[21] LiDC, Zhong X K, Zeng Z P, et al. Application of targeted Deliv Transl Res, 2025, 15(10): 3664-3678.
drug delivery system in Chinese medicine [J]. J Control [33] Cui H, Liu Y C, Yu, et al. Panax notoginseng saponins

Release, 2009, 138(2): 103-112.

and acetylsalicylic acid co-delivered liposomes for



FE49EESH 2026F 8 H

4¥38at A Drug Evaluation Research

Vol. 49 No. 8 August 2026 * 2937

[34]

(35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

targeted treatment of ischemic stroke [J]. Int J Pharm,
2024, 667: 124782.

Liu WY, YuY, Zang J, et al. Menthol-modified quercetin
liposomes with brain-targeting function for the treatment
of senescent Alzheimer’s disease [J]. ACS Chem Neurosci,
2024, 15(11): 2283-2295.
Bonacucina G, Cespi M, Mencarelli G, et al
Thermosensitive self-assembling block copolymers as
drug delivery systems [J]. Polymers, 2011, 3(2): 779-811.
Wang Y N, Ma X T, Wang X Y, et al. Traditional Chinese
medicine borneol-based polymeric micelles intracerebral
drug delivery system for precisely pathogenesis-adaptive
treatment of ischemic stroke [J]. Adv Sci, 2025, 12(9):
2410889.

Yu S W, Xu X L, Feng J F, et al. Chitosan and chitosan
coating nanoparticles for the treatment of brain disease [J].
Int J Pharm, 2019, 560: 282-293.

Cai G R, Yan P, Zhang L L, et al. Metal-organic
framework-based  hierarchically porous materials:
Synthesis and applications [J]. Chem Rev, 2021, 121(20):
12278-12326.

Zhang X J, Malhotra S, Molina M, et al. Micro- and
nanogels with labile
biomedical applications [J]. Chem Soc Rev, 2015, 44(7):
1948-1973.

Li X, Huang J, Zhou Y M, et al. ROS-responsive nanogels

crosslinks-from synthesis to

for brain targeted delivery of icariin in the treatment of
Parkinson’s disease [J]. Int J Pharm, 2026, 687: 126361.
Niu H C, Bu H, Zhao J, et al. Metal-organic frameworks-
based nanoplatforms for the theranostic applications of
neurological diseases [J]. Small, 2023, 19(23): 2206575.
Zhang D X, Wang G D, Ma N Y, et al. Biomedical
applications of cell membrane-based biomimetic nano-
delivery system [J]. Adv Ther, 2024, 7(2): 2300304.

GuJ L, Yan C, Yin S, et al. Erythrocyte membrane-coated
nanocarriers modified by TGN for Alzheimer’s disease [J].
J Control Release, 2024, 366: 448-459.

Zhao X, Ge P Y, Lei S H, et al. An exosome-based
therapeutic strategy targeting neuroinflammation in
Alzheimer’s disease with berberine and palmatine [J].
Drug Des Dev Ther, 2023, 17: 2401-2420.

Vashist R, Sangave S D, Alexander A. Surface active
ligands for enhanced brain targeting of nanoparticles [M].
Singapore: Springer, 2024: 241-262.

Guo X S, Cheng Y, Zhao X T, et al. Advances in redox-
responsive  drug tumor
microenvironment [J]. J Nanobiotechnol, 2018, 16(1): 74.

R, FRifZE, skilEse, . SRR G pH

delivery  systems  of

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[58]

[56]

[57]

[58]

BRI o At o S ELAR A B FLBR R FE PR PR (D). R
24,2025, 56(1): 52-67.

Zhao XY, Chen Y'Y, Zhang H L, et al. Preparation of pH
sensitive liposomes co-loaded with curcumin and cisplatin
and evaluation of their anti-breast cancer activity in vitro
[1]. Chin Tradit Herb Drugs, 2025, 56(1): 52-67.

Zhang L, Li W B, Xu Z, et al. Promoting transcellular
traversal of the blood-brain barrier by simultaneously
improving cellular uptake and accelerating lysosomal
escape [J]. Nanoscale, 2025, 17(11): 6780-6792.

Irshad S, Siddiqui B, ur Rehman A, et al. Recent trends and
development in targeted delivery of therapeutics through
enzyme responsive intelligent nanoplatform [J]. Int J
Polym Mater Polym Biomater, 2022, 71(6): 403-413.
Kapalatiya H, Madav Y, Tambe V S, et al. Enzyme-
responsive smart nanocarriers for targeted chemotherapy:
An overview [J]. Drug Deliv Transl Res, 2022, 12(6):
1293-1305.

Mu J, Lin J, Huang P, et al. Development of endogenous
enzyme-responsive nanomaterials for theranostics [J].
Chem Soc Rev, 2018, 47(15): 5554-5573.

Chen WY, Li R T, Zhu S Q, et al. Nasal timosaponin BII
dually sensitive in situ hydrogels for the prevention of
Alzheimer’s disease induced by lipopolysaccharides [J].
Int J Pharm, 2020, 578: 119115.

Li Q, Tang Z Y, Zhang Y Y, et al. Application of low-
intensity ultrasound by opening blood-brain barrier for
enhanced brain-targeted drug delivery [J]. Int J Pharm,
2023, 642: 123191.

Ruan S Y, Li J Q, Ruan H, et al. Microneedle-mediated
nose-to-brain drug delivery for improved Alzheimer’s
disease treatment [J]. J Control Release, 2024, 366: 712-
731.

Duyckaerts C, Delatour B, Potier M C. Classification and
basic Acta
Neuropathol, 2009, 118(1): 5-36.

Lai G G, Wu H, Yang K X, et al. Potential applications of

pathology of Alzheimer disease [J].

natural components of traditional Chinese medicine
delivery via nanoparticle drug delivery systems in the
treatment of Alzheimer’s disease [J]. Int J Nanomed, 2025,
20: 7781-7810.

Lan J S, Zeng R F, Jiang X Y, et al. Design, synthesis and
evaluation of novel ferulic acid derivatives as multi-target-
directed ligands for the treatment of Alzheimer’s disease
[J]. Bioorg Chem, 2020, 94: 103413.

Li Y X, Qiang X M, Li Y, et al. Pterostilbene-O-
acetamidoalkylbenzylamines derivatives as novel dual
cholinesterase ~ with

inhibitors  of anti-p-amyloid



* 2938 -

F49EFESH 2026FE8 H

4¥stak . Drug Evaluation Research

Vol. 49 No. 8 August 2026

[59]

[60]

(61]

(62]

[63]

[64]

[65]

[66]

[67]

(68]

[69]

aggregation and antioxidant properties for the treatment of
Alzheimer’s disease [J]. Bioorg Med Chem Lett, 2016,
26(8): 2035-2039.

Luo L, Li Y, Qiang X M, et al. Multifunctional

thioxanthone derivatives with acetylcholinesterase,
monoamine oxidases and p-amyloid aggregation
inhibitory activities as potential agents against

Alzheimer’s disease [J]. Bioorg Med Chem, 2017, 25(6):
1997-2009.

LiY, Qiang X M, Luo L, et al. Synthesis and evaluation of
4-hydroxyl aurone derivatives as multifunctional agents
for the treatment of Alzheimer’s disease [J]. Bioorg Med
Chem, 2016, 24(10): 2342-2351.

Han Y, Chu X Y, Cui L, et al. Neuronal mitochondria-
targeted therapy for Alzheimer’s disease by systemic
delivery of resveratrol using dual-modified novel
biomimetic nanosystems [J]. Drug Deliv, 2020, 27(1):
502-518.

Qian W Q, Liu D Z, Liu J, et al. The mitochondria-targeted
micelle inhibits Alzheimer’s disease progression by
alleviating neuronal mitochondrial
neuroinflammation [J]. Small, 2025, 21(6): 2408581.

Lotharius J, Brundin P. Pathogenesis of Parkinson’s

dysfunction and

disease: Dopamine, vesicles and a-synuclein [J]. Nat Rev
Neurosci, 2002, 3(12): 932-942.

Del Tredici K, Braak H. Review: Sporadic Parkinson’s
disease: Development and distribution ofo-synuclein
pathology [J]. Neuropathology Appl Neurobio, 2016,
42(1): 33-50.

Feng Y, An R, Zhang Y J, et al. AHNAK-modified
microbubbles for the intracranial delivery of triptolide: in
vitro and in vivo investigations [J]. Int J Pharm, 2022, 629:
122351.

Hu J B, Tan X Y, Wang D W, et al. Retraction Note to: A
stepwise-targeting strategy for the treatment of cerebral
ischemic stroke [J]. J Nanobiotechnol, 2022, 20: 443.
Ning X L, Li Y Z, Huo C, et al. X-ray structure-guided
discovery of a potent, orally bioavailable, dual human
Indoleamine/Tryptophan 2, 3-Dioxygenase (hIDO/hTDO)
inhibitor that shows activity in a mouse model of
Parkinson’s disease [J]. ] Med Chem, 2021, 64(12): 8303-
8332.

Song Q, Yu G J, Li W, et al. 6-Benzyloxyphthalides as
selective and reversible monoamine oxidase B inhibitors
with antioxidant and anti-neuroinflammatory activities for
Parkinson’s disease treatment [J]. Bioorg Chem, 2022,
120: 105623.

Khatri N, Sumadhura B, Kumar S, et al. The complexity of

[70]

[71]

[72]

[73]

[74]

[78]

[76]

(7]

[78]

[79]

(80]

secondary cascade consequent to traumatic brain injury:
Pathobiology Curr
Neuropharmacol, 2021, 19(11): 1984-2011.

Jurcau A, Simion A. Neuroinflammation in cerebral

and potential treatments [J].

ischemia and ischemia/reperfusion injuries: From
pathophysiology to therapeutic strategies [J]. Int J Mol Sci,
2022,23(1): 14.

Chen D, Jiang H, Sun L, et al. Neuron-targeted ROS-
responsive liposomes for puerarin delivery remodel
ischemic microenvironment via microglial modulation and
neurovascular regeneration [J]. J Nanobiotechnol, 2025,
23(1): 677.

Zhang C, Ling C L, Pang L, et al. Direct macromolecular
drug delivery to cerebral ischemia area using neutrophil-
mediated nanoparticles [J]. Theranostics, 2017, 7(13):
3260-3275.

Zhang Y, Zhang H Y, Zhao F Q, et al. Mitochondrial-
targeted and ROS-responsive nanocarrier via nose-to-brain
pathway for ischemic stroke treatment [J]. Acta Pharm Sin
B, 2023, 13(12): 5107-5120.

Zhong H G, Chen H, Gu C W. Sevoflurane post-treatment
upregulated miR-203 expression to attenuate cerebral
ischemia-reperfusion-induced
targeting MyD88 [J]. Inflammation, 2020, 43(2): 651-663.
Delgado-Martin B, Medina M A. Advances in the

knowledge of the molecular biology of glioblastoma and

neuroinflammation by

its impact in patient diagnosis, stratification, and treatment
[J]. Adv Sci, 2020, 7(9): 1902971.

Kang C L, Wang J W, Li R T, et al. Smart targeted delivery
systems for enhancing antitumor therapy of active
ingredients in traditional Chinese medicine [J]. Molecules,
2023, 28(16): 5955.

Shi S R, Fu W, Lin S Y, et al. Targeted and effective
glioblastoma therapy via aptamer-modified tetrahedral
framework nucleic acid-paclitaxel nanoconjugates that can
pass the blood brain barrier [J]. Nanomed Nanotechnol
Biol Med, 2019, 21: 102061.

Chen C, Jing W Q, Chen Y, et al. Intracavity generation of
glioma stem cell-specific CAR macrophages primes
locoregional immunity for postoperative glioblastoma
therapy [J]. Sci Transl Med, 2022, 14(656): eabn1128.
Chen Y, Xing Z W, Chen J R, et al. SIRT1 activation by
Ligustrazine ameliorates migraine via the paracrine
interaction of microglia and neurons [J]. Phytomedicine,
2024, 135: 1560609.

Liu X T, Liu Q M, Zhu H N, et al. Precision target
discovery for migraine: An integrated GWAS-eQTL-
PheWAS pipeline [J]. Molecules, 2025, 30(19): 3921.



L 49EESH 202648 A 4¥38at A Drug Evaluation Research Vol 49 No. 8  August 2026 + 2939 -
[81] Duan Q Q, Wang H, Su W M, et al. TBK1, a priori tized 308.

(82]

(83]

(84]

(85]

(86]

drug repurposing target for amyotrophic lateral sclerosis:

Evidence  from  druggable genome  Mendelian
randomization and pharmacological verification in vitro
[J]. BMC Med, 2024, 22(1): 96.

YuQY, Ye SY, Chen M X, et al. A novel function for
exosomes in depression [J]. Life Sci, 2025, 369: 123558.
Bi WT, MuX D, Li YF, et al. Delivery of neurotrophin-3
by RVG-Lamp2b-modified mesenchymal stem cell-
derived exosomes alleviates facial nerve injury [J]. Hum
Cell, 2024, 37(5): 1378-1393.

Mao W N, Liu X H, Chen C, et al. Roles for exosomes
from various cellular sources in spinal cord injury [J]. Mol
Neurobiol, 2025, 62(11): 14660-14682.

Zhang P S, Ran Y A, Han L, et al. Nanomaterial
technologies for precision diagnosis and treatment of brain
hemorrhage [J]. Biomaterials, 2025, 321: 123269.

Guo Y Y, Hu D S, Lian L, et al. Stem cell-derived
extracellular vesicles: A promising nano delivery platform

to the brain [J]. Stem Cell Rev Rep, 2023, 19(2): 285-

[87]

(88]

[89]

[90]

[91]

An L J, Zhang J W, Wang X B, et al. Nanocarriers based
therapy and diagnosis of brain diseases: Cross the blood-
brain barrier [J]. Sci Technol Adv Mater, 2025, 26(1):
2554048.

Tian H, Yao J X, Ba Q, et al. Cerebral biomimetic nano-
drug delivery A frontier
immunotherapy [J]. J Control Release, 2024, 376: 1039-
1067.

Wu Y S, Wan S L, Yang S, et al. Macrophage cell

membrane-based

systems: strategy  for

nanoparticles: A new promising
biomimetic platform for targeted delivery and treatment
[J]. J Nanobiotechnol, 2022, 20(1): 542.

LiuSY,Jin XY, Ge YY, et al. Advances in brain-targeted
delivery strategies and natural product-mediated
enhancement of blood-brain barrier permeability [J]. J
Nanobiotechnol, 2025, 23(1): 382.

Zhou C, Cai C P, Huang X T, et al. TarKG: A
comprehensive biomedical knowledge graph for target

discovery [J]. Bioinformatics, 2024, 40(10): btae598.
[Tttt 3R]



