4 . ~ o[ Y, .
M4 F 8 B 20255 F70%  $ 23 H: 3969 ~ 3982 ¢ (R ) Ze it
SCIENCE CHINA PRESS

CrossMark

& click for updates

o vt i e LY SRR S ES s R WD IV

W', F—k2 EEL

L. B R YA Y A B SE I, ARl e, K 300071
2. MR Y2 A Y A T o S0 %, 224, KL 300350
* KA, E-mail: xuexue@nankai.edu.cn

2024-10-30 Yk, 2025-02-05 &[0, 2025-02-14 457, 2025-02-17 MIZEIR & %
FEZR AR 42 (82241058) . KT A AR -4 (22JCYBIC00980)FlI K iRk Tk 4 11 5 T FE(24ZXZSSS0015) %5 B

% M EREEAFEHER G A DEERZ B 2R FRE, PEESHES. FF. RERTARIEF
FHE L MBER AN, REAMEZ2TL”, TEFFRAMERZEFEERSEFERZNENFE XL
SR, A R IR AR RIRE T N T8 R T RFIE T e, 5T R meeT. st R,
SR MEAR R WRERA. ZTRFEERS, 272 DMFERE, FHEATRBGEE TR
BEARELNSZER Y, B EMTRMBE, EMmEE. REREE. TH. BEFBWEF ENFHFKE,
HRARMEA DRI E LR AT, TRETET AL BORAER, REF T LA E. A7 R AT 3
M. RFEMA, FHEUETRAGH, TRTURE LEME, LRT LD, SUHEHEE, #TF RT HLEA

CH AXEEZRTETRRBAETEMAN KRB EMERAE. MAKERRK. HERE{E. Sk
Fi e R R A B AR B R TR T R RO RL R, A BRI T B M T R T R

KW TRAE, TRARAT £, MR, SOk, R R
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S EEIR ZR G 0] ) — 18 R IR PR AP B B, 322 ol i gt
BN 4 fifd(brain microvascular endothelial cell,
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BMECZ [A]JE 1l 19 5 5% i AN e VTR e 2B () /N
AL 36 2 AR 28 e R A ] FET 4 e, R s i Ak
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Fasvh g T SR, SR, BBBRUFFAE MRS T
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F W (poly(lactic-co-glycolic acid), PLGA). Jgi{A,
BARTATAT LhZEE MU e e, (I R] s SR 20 XL
B B R A SR PR, R T e TR ARG
I A R L,

e M (chitosan, CS)J&H H 7R i L WEALTS 211
KIRZBEREBY), MIN-CBEEIEE AP D- 2 3L 4
VEREALHESY, JFiE -1, 4-B s sama, HALY
FIREARPELS . YA . SRR TEEEEE
WrEE b, WU T2 kRl RO, 5

10.1360/TB-2024-1164

SUIRE: Britg, 5r—3k, B ZE T e R AR 25 WL IR B IR YT R, Fl25E 4R, 2025, 70: 3969-3982
Chen C, Qi Y, Xue X. Application of chitosan-based nano-drugs in the treatment of brain diseases (in Chinese). Chin Sci Bull, 2025, 70: 3969-3982, doi:

© 2025 (PIERFE) Atk

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2024-1164&domain=pdf&date_stamp=2025-7-30
emailto:xuexue@nankai.edu.cn
https://doi.org/10.1360/TB-2024-1164
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/TB-2024-1164

M4 b B 2025588 FT0%E £23H

PLGA. JRFUIARSFYUREARM L, FeRME L2 P
SRR 3. C-3MIC-6f BRI AR
FEOFEAE, e B o R, POk T N HTE
RN fildn, Rf ks NS B R e R & )
— PR B A RS A A A IR KRR, BEAS WY
SR ZT AN A B AR R A L GE Ty, DTSR 1k . 2Rk
AR 7 RBE A YRR AR &, 8ok A SRS g Fl 48 Ak
I RMEAC I LA K BRI B A B THURRYT, 18
W T HHBT 25 s p e ) R R Ak T R
S T T B A T T B8 118 ML e S A7 7K B Jse T LA Rz
TR B A0 A Y. g AT
DL e RO AL T, ST O RRE R, R T
FeRMEAE A 1 2 v B S ),

YRR —FhH S 7 2205, 72 SROME AT LLIE Ay 1 fL ey
(128 55 55 107 N B 4 2% THD R B BB S P Ak 1 BH 5 1
RAFREAEAER, MR SEN B A2 0 MV (ad-
sorptive-mediated transcytosis, AMT)ZEiEBBBIf i Ak
SERRUCL TR, SESROMA AT LU i BRI T b e 4
PR B RS R BB A 7). 52 SR ) B R
FIHF B e ) MAE e BRI A T NRV G
JRAL . B FUBAE, AR AT DM T R 4K
29 GE I BBB O AR B T I T R
R 28 K 245 40 7 il 350 0 o — A 28 JE R L TR T R
W M RREEAAE . SR PERG R QPR 3R
SEH RN, IR TS T AR OR T A R A [R) R S A 5
JiTa).

1 SERBE AT AR BoEia T h

1z HI

28 J SR TR e P e LR SRR R, AR
EheE . Bk T REERS, CEAEFEARLE
e e ERT, 2R R A AL v AR E e, 1%
G FARIGTT o AIT T SR8 53 28 vt M o988 1)
W, ABIF RN, FIRHEAEAR R 250 &
KRR A KGO A, BBBRYFELELBR K] T £ ik
RIS T 2GR A SR k3B K VR L. R, B9
Al 2EiEBBB HL AT LUK 254 R il . AR Hbash 3% 2 RSB URE
20 B 1) 7 12X 8 R TR (YR T R ALk EE .

RECET R —F W AEEENR 25, AT AR A0 P
(IDNABEREAL I T 3 AL A AAE T, SiiFR R a/]iT
HIEE, 7E R PELBE I PLGAZN K R (PLGA-chitosan na-
noparticle, PLGA-CS NP)AJ DL F 4R E K EFETTIA
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AR, i o 22 Je e A I i A A5 7 . PLGA-
CS NP3 AJ DL 38 A2 BEFIR- G5 LI SF, Xt i 28 g Jou e
TP S AR Il R4 - A S ol
(prolyl 4-hydroxylase subunit alpha 1, PAHA 1) i 9475
bR BT AR B I PR (R 28, se M-I A K
fskom o # AH FLAE A 2RPAHATL siRNA, B354
e R AN B . 3R RS L AR R O A A .
TECOM e R ANME D, oK s B 72 R K
Wikl (silibinin chitosan nanoparticle, SCNP)if i B4 il
caspase3 fllbaxfE A T- L ARk, 1755 M2 i JoJRi 40
JEFE T (). BeAh, FERBANE T K MR BR i T
HAY = R L 50 RS THCIR RO o i
M. UR AL BRARAT KPS b, i B A
SR AP E AR R AR 2 #2870 T A BB T T P B Ak
& B4R (Trigonelline chitosan nanoparticle, Trigo-
WSCS-NP), # M| Compz i B a1k, fieit
PCL2AIEA AN L 5 E K P FEF RBERACIR IR A9
TR SROME 2L 1) 0 A T 00 T R B e i 3% 22 G TR
SR, XA T A 2 AR R v JE L R
FHER BRI AN T — 512027 BTSRRI R 2R K
AT D) o 2 fi Jo e 4 At 6 B A S R AP VR G 2R
YIEMEACE Y T AW, 8T A A 78 R MK Bk
REASINHINF-«BIYZRIL, W/ FET 48 8 iRk, %
R AE P e A TR 3Rk, X COMR 28 5 e 4 it 2 21
AT . BRI R AR R

22 Ml il 28 Jie TR AT 25 ) iNDN A Je FE 16 259
siIRNASFIH 12 71 203 7¢ MG R B A b, SRS A
2%, FeI B = ) A MRV, S I SRR YT
PEULRAE VL. SR, H AT Se it 5 AR — Ly FR .
ZHF R AL TP IER SN B SE I RS BB B, IR
EEARTHIIM PR, 2597 Mg 2 21 %) A 330 5 1 R
R B AN A TR, EANFE 259 0 300 78 RpEAK
ORI e AR 7 MR 25 7 R MR e W, AR
IR REEA . 2O MIE RIS, Rfkgikzy
Y eit, DASESNH: w0 FH A% 4k.

2 SERBE R AT AR R IR R TR T
)2 H]

Bl /R PRI (Alzheimer’s  disease, AD)J&—Fli
bR . IR A M R T, H IR
TR TR ICIZ R AN HIBE T BRIA. 20194, 23KA
500077 NZ EIADRSZIR,  FT 212050474 A 5]
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Figure 1 (Color online) SCNPs increase the expression of bax and caspase3 pro-apoptosis genes, and induce the apoptosis of glioma cells

1.5242°). ADIIEIAFAE 2222 B-TE K B 4R 1 (amyloid
B-protein, AR)ZHMIRHZE RIEBEIHER | A AHOCHR
F tau 2 [ A9 o B i R Ab 5 010 41 B PN i 48 T 21 4 2
g LA 2 E AR IR, S AR AT AR
taudf [ IR (LK = ADIIE TEIRY T k.

P, R A G HAPMAERE ., AL
PE L I AR ISR 2 (AP SR E IR VA 23k
i, FERMEAT LITE 73+ /K  LiE i BBBIAE WG 4
Fiis B AL, ADHEBERR fhtaudE I R R
LR RE R G M ROST= A ) B (black
phosphorus, BP)# # FHITELjW ik fidi & L5, Stau
TEAEFN T B ¥ (methylthionine, MB)454, il 4
(BP-MBH] LA/ ROS 1™ A= Filtaudl (1A R 4E. Liu%s
NP3 1 A2 B R R 5 E B AN S Pluronic  F127f401%
o, il T — R IBUKEERE. K BP-MBYIKE SN
JKEERH, 193] T BP-MB@Gel(/412). BP-MB@Gel 1] £5
R tau & AR BRI SR A | WK SRR D R LA S
B RAE, RN AITIRE. X—F M T
IRYT HA 2 2 B AD R i 8 1) 245 138 16 R G At
T A SR

H2E [ (resveratrol, Res)j&—Ff s WA RIRZ 1,
HAYUAM ., PiR . PR SEReE, KRB RESs
AR PLADH 1 JRE R EAL R SR 1T, ResJ LA
WK, BIESBE A RE, SECLEA BRI
BCRFNBAR AR N A= 0GP . BG4 oK B0k (selenium na-
noparticles, SeNP)W] L2 mERest A WiFE 1, (H2IH
BBBiE s8R 552, BRI T ResteR N R BT, ¢

[24]

SROME HH T I PR AT 170 2 S 5 00 LA Y — SRR IR ) A R
T RGN K ok, 4 Res T LIIG5E 254 9 Fa E P RILA
%R, 38 32 INK/AK T/GSK 3B (55 S gk — M H AB
REMTausE ABEIR L, W EHW T AD/NRAY I RE
jjBS].

FERME B PLGA Y K UK 5 5T A BT I i 2%
F SR PEGIR AR, ATHE AR A AR SR 1 LA 2 i AD
. MR THREEAIPLGA-NPs, 5B ugiEimiE T T
B GKIA RL 27 355 BBBFIPY i 28 20 A R0, 1t
Hb, TR BT GRERAAIF R BT, (HICY VR
FIET, SRR F MBI BUAZE T, 51290k E
TRIREE 520t 1 7E RME AT 78 R RO, A AL
PR B T 5 SR 9K AR R TH AR EX AT A PR Y 58 4
ﬁ[”].

LWRHAPIEHENE, bR, Piaflk. &8
AR, FABAER B2 RO SR, 228

R R MR E YR B 22 DL A BBB A AERR ) 1722
B RIEADIRIT R R YL IR R B, LISeERBER
FMEHE H(bovine serum albumin, BSA)H £ HICS-
BSAHUAR IR 1 LB KX MBBBRERE S, I Hid
T A0 IM 128 A A A A FE BT TLR4-M APK/NF-kB
HE R PUR A R Y. BRI RN,
WA ZFPLR . Ui . PUIRBEE RS E IR 2k
YEHIB /NG 270 I AR, . AL R . SRR N =2
MBS, FTAFERELE 2RI, H TS RIE .
E%AD:}&%M&M]'

TR FIRAEADIRY T L 8 . A WFSE e
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Figure 2 (Color online) Schematic overview of the preparation of BP-MB@Gel and its application for improving AD pathology

[34]

AR 2 5 ADSR AR B B B A RIAKE, ATRER  bleE N —FhMIZ S 3R, FE4EFF2 i 1F % Sh e Fpf
B TR G p dn, ZBH IR ADIBERIE g g iR R RIDY. TR R AR I AR N
PN PE T ZREVGF (nerve growth factor induci- AR AR 1 158 % pVGFE, 1] LAFRRARZE 7P Flf
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GRAE, W TIEADE Y,

BIRKIEIGIT 259 . MR . PIREGY)
SRR TR AR T B B T 2R A TS
PE. M . RUETERMAIRSCR, BEMFEEE T ABSEDR
A W T auE AR . 2% T ADRYBERE, (A2
FURT ARSI K-F IS T —E BRI PRCR, TR R
TG P A R E R 2 AT AR BIE. 48 T Bl IR R
T2 NRBORILE], ARR T2 I REE R 2y
Yy, [RIFEEAS A B A T 1 BN, AT
AL, ik AR FitautE I REFZ IR T —
PREGAR 25, i PRI RS iR RO,

3 SERMR AT YN SRS AR P
(1982 H

F 4 AR 2% & 1 (Parkinson’s disease, PD)J& H B & i
AR T ADRIRP LR THER, BRI A E it
6005 AP, PDJ&E—Fi 5 b 2250 20 L T i 28 8 o
R filA% 25 11 (a-synuclein, a-Syn)ZR 8 (¥ B 5 A F 1
Gy P2 58 R I I R BRER G AE,  RBUAHEATHEA XS
FrizahiReg . SR, REAAE SRS HETPDIIA
7R W AR TR AR IR AR B 2 RGN 2 L (do-
pamine, DA)ZKS0fl 4 2 [0k 32 7K K 28 i 42 B E
ARCY. PDIARYT 25 A 25550 % BN ] T A4 W A
AN EACE 2. JETIE R AR 2 i ik R 50
AT SR e P ik M2 R D22 Jm R, Rt
TIEfR, PEHLRFER, K2tk R e i, L
) R A AT PN A,

2 H HL72 B B (carboxymethyl chitosan, CMCS)FY

@ . . TR
“DRRR o me s R

Chitosan (CS) Gl iumchloride (GTMAC) Qi it fiotan «Qcs)
2], coe
R .
I\/\/
>
NH, NH,
QCs @ Dopaminc (DA) NalO, (SP)
+ ol
37C
\\/\r/ u,c/N
NH,  NH, 1 PE°
Hydrogel Network
Gelatin (GT) ® Metronidazole (MT) Detoges ey

RS Z UM EAREL S, WRPEZREZ T
AR (CMCS-DA), Il aof 5 5 45 2542 o ik ) £
EL e /K00, i A7t SOBH R Ji S8 T A 45 14 v i
IKEERANE R EAR, BEfsiE 1T REE R 2 T R AT
4 285 ) R M kD S G P 22 T i O AR 4R S S
(F3(a))P7. FETFERMEAAARAAGE AT L) 336 1% £ L
TR BB &I, BILEP &) LIRS A
D & o S E AN O M /T P2
F(brain-derived neurotrophic factor, BDNF)X} g
MZITCRE . G MYER A B, SR Mo
HZ 20 i . JEph 2 on 20 M R SF P R 1Y FR
il A7 R BEEK 71 ZBDNFAH R A5 i 25 IV BDNF
HA TR AR A2 4 43T R 28 4 K RE 1 (13 (b) ).
R A BERR B2 B0E AIFTY 7201] LU o-Syn Z B R b KU
ZPDIE, TUEFTY720045¢ BB K Bk (FTY 720
chitosan nanoparticles, FCsNPs)i/l T FTY 7200044
R FH B A 2, A BT B A2 A PDE JEe O,
A, —SERIRY) BN ag A PE ) (green tea extract,
GTE). Ml =S E NPT RITE SR 2 O T A
FAEHOSL BT R, TR SR A U (chit-
osan gelatin green tea extract, CS-Gel-GTE)& & Wik B
HPUEANERE, CS-Gel-GTE & Wik i) 1F B, faf 2 i 1]
DIZERPCI2A BT 0 Nk, RILEDHRIROSIE AL . 3
Tl 2 R A Bl 8 R i - Syn 5 1 2R Y 77197,
ZUN . ZUMZ RN . MEEFRR T Bt
AL ST PD Y 245 1) 7 SO S K AR (56 T LA
PR AR . TR Gl R R S SO
BEGIRAE, FET I RMER AR 2T LBk 32 45 i il

(b) Chitosan
microspheres-BDNF

PC12 cells Cell differentiation,

neuritic out-growth

Bl 3 (M%) 3 T8 BBE BT AR M AR 25 I FE A & AR A ETRYT R IO . (a) TR SRR R0 A JEE S 5 T T K B e,
Copyright © 2017, Elsevier. (b) fi#BDNF(15¢ B MERER R 1 2 40 i 43Tk A 28 A= K g 77100

Figure 3 (Color online) Application of nano-drugs based on chitosan and its derivatives in the treatment of Parkinson’s syndrome. (a) Preparation of
injectable hydrogel by cross-linking quaternized chitosan and gelatin®®”. Copyright © 2017, Elsevier. (b) The ability of chitosan microspheres loaded

with BDNF to promote nerve cell differentiation and axon growth[®!
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X, #E— A TERNZ LK | R RAE . &
HEPURALYERE . (K a-Syn®E K, MR ZEf#PD
.

4 SERNE BRI AEP ER M A XIGY

I I

i XU A UK T 0 0L A 0 Y A Bk S — KBk
PRIOH, 48 Rl XSRS R, it R 0 v XU o o WL, 24
3 BT T v XU 9 B 8 7% 2 AR 10 A i ke afn i 4 S 3K
AR ZERL, Mg R — R IR A AR, fdE
BBBIR . M4 TAET . AALNII . SRR AT FI#
oG AE OO et A v B LI A T AL SR 414
2 il D RS R P DR A AR TR Y R B 4 P ] PN ot b
BFEAR A THLIR MR TR AL, (B 23R )7 R 1
I IA] AR A, A i v U A 4~ 6 /NI IN R 71
T, FEARRE RS S Bl i P R SR R . PR,
S el it PR i o XURR R T 25 AT AR R AUE 5

B 58 PN R A P A 2 4 A= K K7 (ba-
sic fibroblast growth factor, bFGF )& il 288 35 K F-isb 1%
ZXESRERZ X, GENE I R X IRz 1 2 2
JRL A8 2 00, SR, s mT v R 2 T
B, RMIRRE T e AT EBBBRRE 1 L AR A

WINZEAERT R, SEUGRIGI TSR RAE. DRI,
bF GF 12 51|78 SRR I P 7T DLW M i 2 bF GFAY B,
TEH R R G 45 TOFGE-se M, ARUEHE 1 I8 A 5L,
IERE T M2 T AL ARG T . R Ak R i 22T
T IR TE T Hp U PRI A A 28 00 19 A7 305 LA,
HE— 358 T Rk 1O

ST R I ROS B hi, —2EROSH
N A K25 Az i A RS ARAE, FHROSHR I P AR
i 6 i 5 P 7 SR A0 5 B 36 A 2 DR P ) R IR B 3
(rapamycin, RAPA)RIfEdE/ MMt ik, FF H4ERF
BBBASEHME, /0 i FE T AR, 2 A 2 i 4
SALOON A, B IR o S A SR S IR B ]
SFF 7K BB e, T L 4 N F - B 3 % A1 4 /N 2 T 48 e P 4
Sl PEdEZ b T ¥ | R RN A IS B
(EH7. 2 BEFE-11-F-B-FLAF FR (acetyl-11-keto-B-bos-
wellic acid, AKBA)E N8V FLA Mg ) 32 205 1 Al
4%, JEIRTT B PR AR A A s e 2 . SR
M, ZACEYIKEEEZ . AR AR, PRI AGERI ]
B TEBRE Y, E RS T HY TR K AKBAT EE)
LB W e e T BE Y K ki (AKBA nanoparticles,
AKBA-NPs) ] DL 5 258 J 2 F A N33, 4k
Kalgl]. 5iFAKBAMI L, AKBA-NPsHAT H Ay

Balance Beam

et 'ru‘
y Cytoplasm B
/ IxBa —» IkBa
Wocs TA Gel -
P Suppress | !
883 iNOS ¥

-
-
-

Microglial
Polarization

P Degradation R A

Rota-rod

----- _CD2064

%%/ %%) Motor Function
Stroke Neuronal Recovery
Plasticity

Bl 4 (P92 OB () 538 3 T R T 72 SO TR S K B 1657 v XU L] )

Figure 4 (Color online) Mechanism diagram of chitosan injectable hydrogel loaded with tannic acid in treating stroke
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P R TIIAR. AE - A W R I SR A SR TR R AR
i v 20 Jik P ZE B sh s A v 5 B I AKB A L,
AKBA-NPEAT F 2429 1E . AKBA-NPsif
AT LA I 3 A2 21 40 A 56 PR -2 R 1L 21 2R n 4EU - 1
Fik, DIMFEMENF-«BAIS-EE A MERIL, AR
PR AP IR BT, IAh, Bl TR 2R B4R
FH 56 50 SR 40 K R bt ] DA TICE E F IR R R
%, AR 2258606, R S 2R3
JEH[B]-

LE LTI, —SRIZE RN T . MR 2 T
RANFERBEGK M, BT LU E R S ARRCE, i
PRI Al PR i P X BBB Y SE 48« IR AESE T AL
VG P 5 0 AR, ekt b KUK UG 32 3h 3 BE
BER, AT B A 2 A .

5 SeRBE AT A aID PRI 5 16

[

A5 AR5 43 (traumatic  brain injury, TBI)J&ik
sz B Ah i BR s R AN Eh REBUE Rl & R ST
Py, HAMWEZ . B IR . BukES .
T 22 50, e E e A fa ) LA
D 3 10 D i VA 05 2 O B A SRR LR . R R
SE . AEREI T MR SRR A A s, T U
MRS IRERERETCTS A, TBIASHE N AT I . ki
AR X ADEE B 2R B XU, e 1
JRUOSU - H i T TBIAYT M 78 45 v 7e 12238 2% 41
PRl R A >, SR, T AT A 2 0 e
T A L ) A7 35 SRR, BRI 1k S 7 VR R AR YT
WOR. TR, T e R K AT DE K TBI
TR IV RN = B A A0 P £ 54,

B 7T 5 T4 (bone  marrow mesenchymal
stem cells, BMSC))Z )5k ik Refdi L n] V5 Z s
B R )5 18 R B4R BMSCAMI Y Z i
PR R 227 5% IR T DA P TR P 28 T A 4
ARk, el 4 00 18 5 RN R AR AR B AR
FIROL FETBIRANIERSAE AT T, AUAR i RG2S AE
W2 IRERV R E il B EE AR, Ji%
NG B, RFIBMSCsE &7t BB 2L S 48k i
IRYTHE = TBIR BRI T 6e, HAR P 8C R W] i
e T LA BMSCs e M AL S RBAHIRYT. 7eH
W5 2 £l S BE A BM S Cs 4 it = 4k 45 4 iy A K IR IR,
BMSCsBETEMN Jr) BRI R T oAb 2 4up, Jf

HIEF AL R, WmifEiE T TBIK Bl 6E
MBS (815(a)). BT RN 2L 2RI TT LA BN
4 A Bz 200 i TG - 1/TF Ny FA B Py o 22 - 4 g
WMA, BAEHE T TBIR RATRIZ A | IS A T
T B S A AL I T (1515 (b)~6(b))** .

ZEIGEC K LA AT et — T B4 7T R i e M P T
AR, BIRRZE IR T3 (NT3) S7e RS
PR SR R T PR R S L R S ST INT 3 A K
WERERE, A7 1 HOBR S Py ISR 2 T Al sh 51, (Rl
AW G I 1 B A0 0 XCOE 11588, B S 24550l
BASFINRERNMETT, B BEE Z A ML, i
LN AR R BRI HIZI e, ARE TR G i S
AR T B, B WbHRLRE 1 G e HE R R A K%
FACHIP LS ZXMER, BN O R T U ) —
ZRBIITAA BB AR, A SO kA5 0535 97 SR g
(AR SR m T 5 | R T 22 A DA 9T S IR ER . IeAh,
Hr BDNF LS 72 MK BRI, A ] USE R H A 52
B, EArHOE TR R INEFHE . BGETBIR B3
AEREAT S 2 A /e FIO). TBIR 22 & R 8K PR 657
(serpin protease inhibitor, Serp)tl S5 L fjfi BLA: Bt
&, AFER AT RAE S, TRAP P 2 4. K Serp ek )5
SME- I JFUK BRI AR b 8 B 4 i T Serp ) R I FIES:
SEVE, A BT PR A SN, (R R 1
S A AR P T AR, 22 0 T I A e R
TRAPPERL, IO s A 248 52 5 D Re R A2 Stk 1
WSS IR YT N ik AR,

Zr BTk, HETCA W SCERRIE T RE ) R T
YA NJBFAHE P9 R A . SR Sl A B R - 7 2k B 5
FME YR B AT DL 25 4 v 24 ) 2 R AR E
SHEMIGIT TBOH L, T e Rk 2] LI
FRO KA A ER], IS ae g T, 2
TBIEJE. AR ] RABSEit o by PR R e SR AN K 25 ) 7
4. i, Bt e LRI PR DAL R E AR bR
HYECASE S (pHZARAL . B AR AL S5 RO 48K 24
Yy, ARSI YI RS R, 4 mi6) T AR IF i Rl
YERL. TR, Z5&AWATENHOR, M MEILr s R
PR GY- AR G SR, AR R R O AR
PEATE AR TY, DT SE B PRk Tt 2.

6 LAGEERL

BBBAAAAE T LLFH 1A W Btk A KN, {HHfR
T RKEEGRTT I AIGER, DRI A 6]
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Table 1 Summary of the application of chitosan-based nano-drugs in the treatment of brain diseases
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Application of chitosan-based nano-drugs in the treatment of
brain diseases
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The blood-brain barrier (BBB), an exquisitely selective semipermeable interface, operates as a potent safeguard, vigilantly
shielding the central nervous system (CNS) from deleterious substances within the bloodstream. This intricate
physiological bulwark, constituted by brain capillary endothelial cells, astrocytes, pericytes, and a basal lamina, stringently
governs the molecular flux, thereby preserving the homeostasis of the CNS. However, paradoxically, this protective role of
the BBB has inadvertently metamorphosed into a substantial encumbrance within the purview of brain disease therapeutics.
The BBB curtails the ingress of numerous therapeutic agents, spanning from small molecule pharmaceuticals to large
biomolecular entities, into the brain, thereby gravely impeding the efficacy of treatment regimens for a broad spectrum of
neurological maladies, including gliomas, neurodegenerative afflictions (Alzheimer’s and Parkinson’s diseases), ischemic
stroke, and traumatic brain injury.

In recent epochs, nanotechnology has surfaced as a formidable arsenal in the quest to surmount the BBB conundrum.
Chitosan, a naturally sourced polysaccharide derived from chitin, has amassed considerable intrigue within the domain of
drug delivery, attributable to its exceptional biodegradability, biocompatibility, low immunogenicity, and mucoadhesive
attributes. This review undertakes an exhaustive exploration of the application of chitosan-based nanomedicines in the
amelioration of diverse brain disorders.

Chitosan-based nanocarriers proffer several distinctive merits in the realm of drug conveyance. Their diminutive size and
augmented surface area-to-volume ratio capacitate them to engage with the BBB in a more efficacious manner. Chemical
modifications of chitosan, such as phosphorylation, carboxymethylation, and quaternization, not only augment its
solubility but also endow it with supplementary advantageous characteristics, encompassing enhanced drug loading
capacity and regulated release kinetics. These nanocarriers can be further embellished with an array of ligands, including
peptides and antibodies, to actualize active targeting to specific brain regions or cellular entities.

In the context of glioma treatment, chitosan nanoparticles have been adroitly exploited to encapsulate and ferry
chemotherapeutic agents, augmenting their cytotoxic potency against cancer cells while concomitantly attenuating
systemic side effects. In the arena of neurodegenerative diseases, chitosan-based nanomedicines have evinced promise in
transporting drugs and genetic materials to modulate the pathophysiological processes associated with Alzheimer’s and
Parkinson’s diseases, such as amyloid-beta deposition and alpha-synuclein aggregation. For ischemic stroke and traumatic
brain injury, chitosan carriers have been enlisted to deliver neurotrophic factors and stem cells, thereby fostering tissue
repair, angiogenesis, and functional restitution.

Notwithstanding the remarkable strides accomplished hitherto, several hurdles still await resolution. The stability of
chitosan-based nanocarriers within the complex physiological milieu of the bloodstream mandates further refinement to
guarantee efficient drug delivery. The precise mechanistic underpinnings governing the translocation of chitosan
nanoparticles across the BBB and their interactions with brain cells remain only partially elucidated and necessitate in-
depth scrutiny. Additionally, the evolution of more refined and stimuli-responsive nanocarriers for controlled drug release
at the target locus represents an active area of research inquiry.

chitosan, chitosan derivatives, blood-brain barrier, nano-drugs, brain diseases
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