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CAO Wan-xin', YANG Yi-hui', YANG Hong', ZHANG Sen', ZHANG Yi-zhi', XU Fang', LI Wan',
HAO Yue', LI Xiao-xue'?, ZHANG Xu', DU Guan-hua', WANG Jin-hua'

(1. Key Laboratory of Drug Target Research and Drug Screen, Institute of Materia Medica, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing 100050, China; 2. Shenyang Pharmaceutical University,
Shenyang 117004, China)

Abstract: The blood-brain barrier (BBB) plays a crucial role in maintaining the homeostasis of the brain's
internal environment, which poses challenges to the treatment of central nervous system diseases. Drug carriers can
aid in the delivery of therapeutic agents across the BBB to exert their pharmacological effects. The article reviewed
the pathways for drug delivery across the BBB, the intracerebral fate and the classification of drug carriers and
focuses on the functions and characteristics of liposomes, exosomes, apoptotic bodies, cell-penetrating peptides,
and cell-targeting peptides. The review will provide an outlook on the future and challenge of research in the field
of drug delivery across the BBB.
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Figure 1 The pathways through which drugs cross the blood-brain barrier include paracellular pathways, passive transmembrane diffusion

pathways, efflux pump mediated drug delivery pathways, and receptor/carrier/adsorptive/cell-mediated endocytosis pathways



- 3224 - 22224 Acta Pharmaceutica Sinica 2024, 59(12): 3222-3231

TRl B30 3 I TEC 4RI 5 00 ol I A R 6 2 L A A 1 4
7 s b R 2 AR 45 4 . Andreone ST 5T K
B, AH EG A1 JE PR 20 B, i P R 20 TR P S e 1E R e
%, X AT RE 5 LA A B 4T ) i o 2E 1A %

H BRI 9T $ 22 1) 0L 06 3¢ 5 B b A e K R 1 2 A
(transferrin receptor, T{R). Jik & 22 2R B =K
T 1/2 324 AR5 FE G 55 1 3244 (low-density lipoprotein
receptor, LDLR) X% F&£ i 25 (1 52 /R AH SC 85 1 172,
R P .CD98he. J8 &K 2 K 4 & W Fe iz R H -1
(glucose transporter type 1, GLUT-1). K 5% £, i 15 Bk, 52

A (nicotinic acetylcholine receptors, nAchR) %5,

SR, IX L8 52 AR A 2L 4 P A 3Rk, B TA) 52 1k e g
1,2 S8 o 1 FER R R A S A i IR 24 ) R R, 3
AR AP, TR 7E X 240 40 i vb v kL 45 T
BRYA YT E TR PUMAR R, /N BRH BT 0 LA 240 it ik /> 11
AR o APk IX — AN BB R A, Couch 252V
Wit 1 TIR/BACEL XUfs s VEfifk . A EE TR FT4K,
TfR/BACE1 XUKE 57 M PL ik 55 TR (45 & 55 A1 1 AR,
M B S B T TER Budk ) 40 A B 5% &, 2% 4
P E T, Giugliani SR 50 R I, 5 R 24K
SR PN 24 43 2% T RE 4 51 D BT AR IR 7 1] R
K 3R 52 M B 1) 2R 0 M B 2 W B0 R 7R e S
JIFRIHTAA D) T A 280 A AR AR I XS

Tylawsky 552 4 2048 7% (0, 52 T 25 18 22 Bl -4 K A
R R T A SHH Y HE REAN BSRE ¥/ B, 240K 0
L AT B i I A P9 R 40 SR T ) P-3E % 2 (P-selectin).
TEUT (radiotherapy, RT) 5 £F T, 1L I 57 41 g - P-
R R B I, A58 44 K BORL AT DLE i -3k 5% 3 A

caveolin-1 /5 FI &5 F s BLEs W e 512 (1 2).
132 HAENSHEREER 0L b R 4
£ 5 GLUT. K 2 2% 18 #% 32 £ [ 1 (large amino acid
transporter 1, LAT1)PHE TR AR LIZE D 1 LR IKR
HMIEEOLIREREFREEA 25, Hd, T
GLUT Xt D- 7 %) B A SLAR S 46 & — M, T K i %08
GLUTI.GLUT3.GLUT6.GLUT8GLUTI3 #: [, FI LA
V4 D-H %) 5 5 25 AR BRI T H IR 2 B AR UL 24 4 T
& By GLUT #8044 % 1o 1f Fo 7 )

133 IRMINSHBREER M8 N R 40 2 i i
I 6 ) 2 JE R Ak A B B T R, Y O R R IR A T
55 A7 F ) 4 B A T F A B R, e ot i
I3 N (8] 572 240 it 2 3 K K 22 1 LA £E+5 DA
R BH B BRE, B AMT 38 1% 195 i i 5 20
AR, 4 8 5 BE B A T DU B A E I AMT 4%
2 3o M0 7 B ) BB 77 o R BT B A ) e T R T
ERME BRI E R ik B R AR A IR
452 2= A1 W frig A Dy s T FL A PR Ji, SR 2R 1 T AN R
Y 27 3 JU AR P SE B2 AMIT B 1 i o e 326 1061271
1.34 HENSHREER 2RN FHIREERNX
BERRNRFIE AR B 50 o R T 80 4 B AE A4 P 52 B B
B, 5 L fh s 40 i iR A2 40 LL, 40 i A 5 0 B 7 1 FH
Bk 2 b S 2 VAR AR N I IE PRI 8] o 55 DL P 4 R 2
A A0 R R 2 R B AZ AT B, Yu RO
R [ A7 JE B 24 PR S 0 o 24 L 24 4 s R
ARG, A H AR WAL PD-L1 KL . 1% RSG5 T %,
H 1 U BIa] {8 PD-L1 & A 78 far J80 /N SR N 4 F7 K
E3~S5 RINFEKERIE . HAh, RRig R S HEng ik af

SHH-MB tumor %\ Caveolin-1 /

’ Ionizing radiation Astrocyte

Fivis nanoparticle % P-selectin

Endothelial /

Medulloblastoma’

’ 0.25 Gy XRT

Figure 2 P-selectin-targeted nanocarriers induce active crossing of the blood-brain barrier via caveolin-1-dependent transcytosis. Under

radiation therapy, the expression of P-selectin on endothelial cells increases, allowing nanoparticles to be transported across the endothelium

through endocytosis mediated by P-selectin and caveolin-1. RT: Radiotherapy; SHH-MB: SHH-medulloblastoma
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Table 1 Type of nanoparticles (NP)

Nanoparticle class Classification
Lipid-based NP

Polymeric NP

Liposomes, solid lipid NP, nanoemulsions
Dendrimers, lactic-co-glycolic acid NP,
polystyrene NP, poly (f-amino ester) NP,
polyanhydride NP, chitosan NP,

polycaprolactone NP

Inorganic NP Gold NP, carbon nanotubes NP, mesoporous
silica NP

Biological NP Exosomes, microvesicles, apoptotic bodies

Table 2 Type of cell transport peptides

Type Classification
Cell-penetrating  Angiopep-2, HIV-1, TAT, cyclic cell-penetrating
peptides

peptide, glucose transporter, SynB peptide,
penetratin

Cell-targeting Somatostatin mimicking peptide, arginine-glycine-
peptides aspartate peptide, gonadotropin releasing hormone

peptide
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Figure 3  Structural schematic diagram of liposomes, exosomes,

apoptotic bodies, and cell transport peptides
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Table 3 Strengths and weakness of drug carriers. CARPA: Complement activation-related pseudo-allergic reactions

Type Characteristic

Strength Weakness

Liposomes
of lipid bilayer surrounding water nucleus

Exosomes 30-150 nm; released by multivesicular body;

formed by the inward budding of the cell plasma low toxicity and low immunogenicity;
stability
High stability; biocompatibility; long

Apoptotic bodies >1 000 nm; formed by the outward budding of
the cell plasma during cellular apoptosis

Cell-penetrating  Oligopeptides consisting of hydrophobic and/or

peptides positively charged side chains

Cell-targeting Cell/tissue-specific binding activity

30-2 500 nm; spherical vesicle system consisting Amphipathy; biocompatibility;
degradable
Biocompatibility; payload flexibility;

circulation time; stealth capacity

immunogenicity

Rapid elimination from bloodstream;
CARPA

Rapid elimination from bloodstream;
complex purification process

Uneven size distribution; complex
composition

Potential for surface modification; low  Lack of cell specificity; poor internal

stability

Biocompatibility; reduce peripheral side Short half-life period

peptides effects and drug resistance
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CPPs HE N\ 4 ff 1) 348 1% 0. 455 R B 40 8t 1 P9 2 4
BB BN BT EEAS . pH KA R R
23 R 48 i 4% B CPPs 1 427, CPPs fERL ik B
B I 3 N1, CERURIREE N & B A1E k41
Jt, K 2 % CPPs #2& BHES Ik, ) 5 40 ff JEE 3% 1 1 B
BT AR R AR R A B, T 2 I B A S 0
1 F R4S S 1 2 N 21 7

CPPs 5 %k M4 BT e 12 1 5 A1 4 196 mT DA 4 1)
P o 2H S IR & 1 1) CPPs 1] F T pH BUR ML 25918 1%,
ik 2 0K B A2 1 (1) CPPs W] FH T B S B2 P 24 4 346 360
Angiopep-2 7] LASE & ik P B2 40 g ToU - i) LRP-1, i
52 AR A 5 ) M A P 2 ok ot 5 i [R] B AE pal fi J
BB, 5 angiopep-2 5 M5 HE-6-%6] %) Bl 5 R £5 45
IDC AT i 2 603 I i B 2 0, A7 ROR $E B AR ., R I
WD AN AN RN R AR Bk A, i fivg BE B 2 R K
PBS5-3 5 B A R AH O B M 4E B G R AR
HHETH . Yl H ZF % K SynB3 ik Al LL 5 MMP-2 U
K 45 & T O DI RE K, 5 542 BE AR K 5 4H R 25 P - ik
YK A, XoF R B i 2 I 98 A 4 1 4 FH e 5 7™
3.5 YHAmEREIRK

I B A ) JOA 2 i LA 2 R B G e A G TR
HIIK . 2545 40 B A im) IR AR IC T DAXG I 25 0 e B0 3 B
W R R, D 2 AR TG RE IR S AR I IR R A R ) E
£, I FRAR AN A B S, 9800 i 24 1 e A2, 540
i %7 375 KA (), 200 o 0 ) K 28 52 AR A 3 1 B 7 A FH o5
7 I fii 3 It o

A i R L 5 5 P 4 i 2L 1 JO 355 BE R LRP-1
LRP-2.LDLR.TfR.EGFR ) Z JIk 5 & B - H & - K
% R (arginine-glycine-aspartate, RGD) Ik - {2 M IR i
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RO R IR A K AR S

TR 7E UM% B 5 P9 Rz 41 A R G i Jgg 48 A w35 v
Rk, HAE I Y0 AR (0 2Rk /K P LU AE TE 4 LT
BT AR, HL TR IR 5 R 9 B 4 A
Ko DHUE, TR & 2 5 i i g A 5% 24 4 1) A 75 4
PR T7 K (HATYPRH) & — Fod it W B 1R B AR i it
13 BRI IR, 2 TR BRAE R MR [ BC A . 5 YR TE
R ALEAER, HEA 5 & B ML 23 AL
BE/NEEAR 517, R #E A B (tumor-targeting peptide, TPP)
AT DL A i 757 KB & T i 08 8 A2 I (paclitaxel,
PTX), it 7 B () TPP-CPP-PTX 48 47 % Je 93 240 i A %
SR FR R [ i 70, AT IR /D PTXCI 24 4 1 & A
4 HEERZE

HRX 2 R G A BOR TT ORI 25 L2 1)
—ANE KPR, 1w BE B A7 AE 5 80T 2 18 75 A RN
25 e LLIE N K 3B R HE AR . DR, TR BT B 2
Wi 3% R G0 o3 R ph R G  TR 9T TR BRI 9%
o TR A A R TN T 2 7 A RN A i
Tri) JUAC 555 247 P A0 A K] JH T A% A7 00 2 e L i 3 o T 3
FH T 2436 16 A

Forp, BB MR R 3L 5 200 B BAT R AE YA
AP T LE 5 10 i BE Bt g b S S S AL YT
) SRAH 7 1) L HE 1Y N 25 M) B & P A AR A
SEZGWAE AR N TR IE RN 8] o 38 3k 4 A s A R i Jof
HEAT RS R 5L T AT )3 H AR WA Ak — IR T Ak A 40 oK B
T, I T A SEL [ B 5L A A A A 10 P 0 1 B ) e e A
T A B 24 9 356 35 5 00, AN A R TR T /N
IHAEAMYBR T 2536 3%, iE AL 45 2 5 4 o a) 38 iR, &R
HH T R BRI A I FH T 5

Bt 5 1 A A2 B ST SR N, RO R
PLEE 2 5 1 i B B A G PR A o 0T A PN R A PR AT B
15T 2H 57 43 A ml DLES Bl ARl 3 () RMIT 4 AP, a2 e
FIETR IR 25 vt SR A5 JEG o RS HERR YT 2 R 2
BRI 77 R, FE R 4 2 VB 1 5 A 2 A R
I3 M I 45 S A BT T R SIS T A 1) 24 P 0k R
gt R4 B B IR S I8 AL 15 = e i SRR
UE 2

FRUE S I i B B 25 i 0% R AT R IS T B
B, (HA G — S Ph iR . AT 2% AT A A 1 R Kk
WA I PR A TR HE o Il R T 7 0 B 22 4k, T 25 ) 4%
RGBT B EL 24 5 1) A e PE AN B3 1R AR A AN 2R

H AT A% 2 23030 AR BT 72 AN A5 B TE B0 95 3 i i
Ji B ) R, T AR /D B 9 N S ) 9 A AR A AL
il S AE o B o3 AT B ARG . BRI LG 5 B 24 4
Bk RA MBI K2 W R 4 245

A7 A 2 18] 52 28 B AH HAR AR 42 1 25 K80 ) %
(pharmacokinetics, PK) 15 284 J y: iy 1 iR 1% 06 1% R 48
PG A AR . BRIk, H AT B R = A] 5 ) 43 b 5 v T
2N BRI N AT N, AR R R I AT
B, JERT 25 1E B8 40 B o R TR0 S RN R AR AT I
CAVEAN 25030 T N 4 25 ) e e e g k. 5
LGN T 2IAS R, AN A S T /N 2 Eh T 4 i
H SRS I 25 WA, HOR/N B e s e, 4 B 4k
AT HORFAE AL P2 MR . A, A5 2800 B 428 1 i it 1
il = 12 e R FE A 1) — KBRS

5 I i 5 24 ) 368 3k A 45K 11 5 — K A2 1T i
PR A= . T35 AR REMEERZE, AR
) Fl ) 100 G 5 B A A Ak ) g 22 S A K™Y, BT 22 AE
I PR F B 70 R I R () 2534608 R G e AR 1AL
RAFEAFAR L BAEEWAE R L 57 P52 ) 20 R
ALk = 20 P TA) PR AE ELAE 5 o o ) A RS A
KM ZE, AUE F T FUY ol B R Y TR AR B
AUk Z Dy fe It M R, 23 200 % M A i 28 AL o 4k
FHRRZACY ) HAN K EL R 5 B (R, B0 A A ot o A 7Y
HI A fie 1 e e N S I i o e (R IR S, EE 2 AR P AR
RUIPEA 45 RICAFE A —BUR AT e, X AR HIFERS T 2%
I 57 B 25 )36 0% R R IR IR LA . A T SE A B
FTIEH B 2538328 FR G, T LT R T8 kG 1 L i J
e A AR T G A AR 87 T 4 e AL N S L B o ) 485 4
FThae, CMEPEAL 254815 R 50 A BRI 2 4k

YE& TRmk: & Wil 615710 SIS L A 5 R Ak 2 il
RN N AR & I = oo I o N e N G
F1 53 SCHRISCE 55 23 BT 4 47 518 SCRE R L 4 B I 4R 5
LEMERS; EeE LR AT RS USRS BT
s SNCIE=S R
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