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I3 BARERTT 3205 B R MR B AB M6 IR 51K (GAS,-Lip) & W AMERE o R ZAE M IR 514K £ 4 bEnd. 3 fisi 1fiL 5 4 52 41 g A1
GL261 fibi Jie 5 983 40 A S5t vt R A S 1) o, AR P 8 2B B (R B R . TE AR N A 25 ROTAN T, A LR S 2 B
JIK (glutathione, GSH) #& /i g #2170 Jig 3R 4%, =73 B R JBR 3 324 I A (GAS,-Lip/DOX) Xof Joi [ o 98 ¢ 3L L B i (1 410
TR, MBS SLIG I 3RAS 1 r 7 R R B W) S B A0 B 2R R vk (R385 SMUL202412013). 25 BTk, 1%
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Construction of a tri-branched gastrodin-modified lipid drug
delivery system and preliminary study on its anti-glioma efficacy

WU Jun-tong, LUO Zong-yuan, WU Shi-qiong, LIU Li-han’, LI Chong’

(School of Pharmaceutical Sciences, Southern Medical University, Guangzhou 510515, China)

Abstract: This study preliminarily explored the application of gastrodin (GAS) as a brain-targeting ligand for
the construction of a novel glucose transporter (glucose transporter type 1, GLUT1) mediated brain-targeted lipid
drug delivery system, aiming to achieve cascade-enhanced effects across the blood brain barrier and subsequent
tumor targeting. Gastrodin-modified liposomes were successfully prepared using the thin-film hydration method,
and their physicochemical properties, drug release characteristics, as well as in vitro and in vivo targeting abilities
were preliminarily evaluated. Particular attention was paid to the in vitro and in vivo performance of gastrodin-
modified liposomes prepared via a tri-branched conjugation strategy (GAS,-Lip). The gastrodin-modified liposomes
exhibited favorable targeting to bEnd.3 brain microvascular endothelial cells and GL261 glioma cells, as well as
significant accumulation at the lesion site in vivo. In both in vitro and in vivo pharmacodynamic evaluations, the
tri-branched gastrodin-modified doxorubicin-loaded liposomes (GAS,-Lip/DOX) demonstrated stronger inhibitory
effects against glioma compared with the classic glutathione (glutathione, GSH) modified brain-targeting liposomes,
and the relevant animal experiments were approved by the Animal Experiment Ethics Committee of Southern
Medical University (No: SMUL202412013). In conclusion, this strategy may provide a valuable approach for drug
delivery research targeting glioma therapy.
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Hioi J5 J5 988 2 R A R 28 R G A LI R R PR SR
JigRa, o PP S R PR () 40% ~60%™ . LR B IR
BT FE VLT RUIGR N, G B M e 5 2 it
AT AT SR, B o BF 41 9% B A 3 5 1 A2 28
FEVE S L I, BUE I R B R E S, BE AL
AL 15 AP i B# % (blood-brain barrier,
BBB) {F K i 11 R 28 B B, BRI T 2 $fbyr 254 it
NGS5 5 10 22 3G T 3 DR BB [ e B 1 A A T 7 A 1
AN RN, e [FR FT R TR S TS A R O
JR RIS, BRIk, i 2 24 ) 3k TR, TR B FH LT
249 BBB ¢ 1% R /7 1 [F] I, SIS 30 3G A i o 988 s A X 45
(R R RR, R T 508 T I 5 988 PRI 97 AR B B
=,

A %) B ¥ 12 B 1 (glucose transporter type 1,
GLUT]) A& I Jixi 52 P Py J2 4l i b i ik 14 e v 4 is
T AU, B A TR AR S I bR B s ik e, R
JEVIRE s R IS R | R IA R e E R AL 2 B AT
i 171 33 24 R GE AT A I B i — 1Y TR i s
IR 41 A A o R 0k GLUTL, 31X 2 i T Warburg 28 I
W GLUT1 SR4ERF H £ 1 8 A 1A Rk 1 7 ™1,
I, FIE B GLUTI A7 5 16 85 JI52 4 3 L ) 4 3 3 3 4 1)
24 FR G, T I B B A, S 324 420 1 T e R 1 v
R B,

KR 2 (gastrodin, GAS) f& M A% Gt 1 25 K bk 12
A RO g, BA B AR fh &R PR 1
R, W R & T 5 A DB ¥R 7 e RIR R 4 T
g0 T A A R R oo™, B GLUTI R Y RF =
P, A GLUTL /v S B8 1 i B b i s . Rk, A
SCERTT LA GAS Ay fivi I 1] e #4412 16 75 A5 o 4 2 1, 44
o B ) IR R 2 R 4, FRIE H 582 R
T8 (145 6B BE (glutathione, GSH) figi # A] Fe 42133k 47
RPN Ah LE AT 5T

MRS REE
MRS R R 2,3,4,6- 00 L I A 2k -

o-D-PH W 38 A R IR AL = (R W 3 B L W e 4- T IR
LRI HZ DU T SR 4087 (TBAB)2-(7- & A K Jf =
ZME)-N,N,N',N'- DU FF I iR 7N sl B R I (HATU) G 7K Bl
PR B L DY R 3 AR R 7S 60 B2 B (TCFH) (ELAXB.
EGL110.EGA836.GLU035.GK2516.FGL559.A2224343.
GPW438, |- ifg HE 15 = 24 L I 3 R A |]); R R ke
# & (doxorubicin hydrochloride, DOX). 1- B 3 Bk 1
(NMI). 5 R 3 2 (DIPEA). = 4 (TEA)HH 6
(coumarin 6, C6) (C18040321.C18031158.C18054266.
C16649572, g3 s AR I A PR A 7D); AR

TR R (11016593, b E RS A ) R A
PR 2N 7]); N,N- H 5 Bt i (DMIF) & FF 6t
(20250731 .EODHREEC.20250820, ‘Z[iif 5 1£.2%); =5
FE (20240302, b it il TRIA R A A)); S P
% If (egg phosphatidylcholine, EPC). DSPE-mPEG,,,,
(C30128.A19506, 34k Lt B2 25 B BR A A)); 1B
[ % (cholesterol, Chol, S1818226039, _F i 4= 4 k1
i 11 IR 2 7]); DSPE-PEG,,,,-NH,. DSPE-PEG,,-SH
(EH i = 25 A PR 2 &) %), it 4 1L (fetal bovine
serum, FBS). 0.25% fi# & 1 % -EDTA ¥ ¥ (012E-
0508A.20250313, 75 JM f< Bt 28 4= Py BHE B A BR 2
A]); DiR. DiD. DMEM #% 7% % (20250216 20250124
20250418, V1. 75 L5 A W) R i A A IR 24 7]); BAY-
876 [814507, MedChemExpress(MCE 7 [H)].

SEUGINEE WG EEAY (Zetasizer Nano ZS, JE[H,
UK); %620 9606 i (RF-6000, H 4%, Shimadzu); {3
BB (MFS3-N, AT & ARG R A
7]); i 40 M A (FACSCantoll, BD, USA); #0031 %
2 B BT (LSM 880 with Airyscan, f# [E | Zessi); /N5
PSR %A (IVIS Luminall, 3£ [, Caliper).

YHREES SR bEnd.3 0 f L Y R A0 M L GL261 J¢
GL261-Luc i fis J57 83 4 B e B Qi v 28 A an BHE A
FRAF . 3% T 5 10% 64 M35 ) DMEM $5 7% 3,
BT RN ) 41 M 5 FR AR TR R 7R (37 °CL 5% CO,),
1A Ik B 4 60%~80% I, i A 25 EDTA 1 0.25%
(wiv) JEEE ARGHE AR,

SLINENY  BALB/C/DME (MEME, 6~8 Ji %) e H
BT R R SIS R O o S E T IR R T R AR K
SEEG B VAL B2 0t o I [ By s ) S B ) i 5 5 0 gk
17, I sy SE B 355845 17 B 07 BERER 2 30 W) S s A
PRZE e (R 225 SMUL202412013).

RRZNEEEEC AR & AR SRAE 5B I A ) T
14 DSPE-PEG,,,,-GAS I & Nt 2 1 i, L&)
1 RIS 3 O O Rk, e A e A 1 v
WA A 2, B 2 E R BR R (aGAS). BE )5 ¥ Al 4k 2 &
FA0AT 2 744 3, 1 5 DSPE-PEG,,,-NH, LA i ik 5
B, B AR 4. &5 H K,CO,/MeOH 14 & it £
TR EA3 B H AR 5.

=43 3 i #E [7] it /& DSPE-PEG,,,,,-GAS, i & B Q1
B IR 2 P, W 4= IR 5 R I I Jig R Oy 3 i 2
BB A K AR R, S0 E W T HEAT 4R A RO A
&Y 8, 1 = CBAE T I 2 8UT 25, 132k & )
9, ¥ X&) 9 5464 4 10-2 ££ TCFH.NMI f# 4, F 4
HAEREMED 1. {ETEA M T, &% 11 5 DSPE-
PEG,,,-SH [ B 153 216 &4 12, ¥4 &) 12 £ K,CO,/
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Scheme 1  Synthesis of compound 5. Reagents and conditions: (a) 4-Hydroxybenzyl alcohol, TBAB, K,CO,, CHCI,, 45 °C, 5 h; (b) Jones
reagent, acetone, 0 °C-rt, 4 h; (c) DSPE-PEG,,-NH,, HATU, DIPEA, DMF, rt, 24 h; (d) K,CO,, MeOH, 1t, 12 h

MeOH 14 & T~ i 2 Bt & i 45 2] H 45 72 9 13 (DSPE-
PEG,,,,-GAS,).

BLAA MBI AY AR B bl & R FRAE 157 FH v /K Ak 2
1] £ %% W AARAS 1 1 g P44, 4% 661261 8 JEE /K LUK 5 FR
H{ EPC.Chol.DSPE-mPEG2000, ] 547 Al FF % f 45 L
RGN R e, BT BB , f8 e 28 K AEE
37 °C80 rmin’ S Tk & 28 K B 2 HLIE A, B
TR I PBS W I 75 37 °CoK IR 56 T B R
SEHEAT KA, K KA LT I L i TRV R B e 22 0
B, SR 5 S SRR ACAE DR D 405 W IR SR E R
A7 2 mine SR HIAHE IR 775, K 8 7 DSPE-mPEG,,,
/% DSPE-PEG,,,,-GAS.DSPE-PEG,,,,-GAS,.DSPE-
PEG,,,-GSH. Ay R 15 2 THI A2 Ui ¥ 10 A4 25 5 — B, 4%
66:26: 6.4: 1.6 FE /K Lt A % #% B EPC. Chol. DSPE-
mPEG,,,~DSPE-PEG,,,-GAS, il & = 731 GAS, &1 )
B 44 [GAS,-Lip (1)]. BJ51%66:26:3:5 BE/R HUAE %
Fx L EPC. Chol. DSPE-mPEG,,,,» DSPE-PEG,,,-GAS/
GAS,/GSH il & &% B AE 15 (IR B #& [GAS-Lip.GAS;-
Lip (2) 1 GSH-Lip]. |k id 4%} s /5 H 50 mg-mL™
FR) i R B v L AT 7K Ak, A3 Y P 0 400 o 1 A4S
(405 W, 2 min) BIFREIEIE . BE HBAKIEN
4 h, BREAMKA BRI e, % 25 IE L 125 (wiw) £E 60 °C
N R I DOX KA (10 mg-mL™), # & 30 min, [%
23 I, I A TR IR AT R 250 & DOX, RI454 DOX
JiE J /A& Lip/DOX . GAS-Lip/DOX . GAS,-Lip/DOX (1)-
GAS,-Lip/DOX (2)-GSH-Lip/DOX. Fil & /K SCHEOLHi
FEASOR I S0 AR R R AR KN s zeta FEAT BEAT DU 5E o

Y% b3 5 vk & B 3 C6 IE KR (Lip/C6+ GAS-
Lip/C6 GAS,-Lip/C6. GSH-Lip/C6). DiD [ fi§ i 14
(Lip/DiD GAS-Lip/DiD . GAS,-Lip/DiD . GSH-Lip/DiD)
J% DiR ] i J§i ¥4 [Lip/DiR. GAS-Lip/DiR GAS,-Lip/
DiR (1).GAS,-Lip/DiR (2)~GSH-Lip/DiR], 24 5 Lt 3y

N1:200 (wiw).

FasE E 52 N & AR B 1 1 T o Ak o3l L T
PBS (pH7.4) % i F1 45 10% FBS (] DMEM £ 7% 3t o |
737 °C+ 100 rmin” 244 FH0FH 72 h, T 0.12.24,
4872 hfHi F b /R SO R FE AR W I 1 5% 4% g o
PIRLAR AR AL, DLVl A4 A A e 1

PRANBEI R I T2 0 % 224 R o A R A A1 B
R EAT VPAL . B Je 4 #UER 4 T i E A 3 500 Da )
TR TR 4K AT I A, K% B 500 uLiJmHa
JFAERETIENBENT RN . 53R R IE T4
A pH7.4 I 1% R 5 2% i i, 7 37 °C1E i M#:Tu
100 rmin ¥ 7E = IR G # TR G &, BN
AN B R 5 o B JS 43 0 AR AN [RIS [8] 25 (0.25.0.5
1.2.4.8.12.24.48 h) HUFE 1 mL 44, B4 055 &= 10
PBS. H4 & B[] fCH 090 44K F 22 Dh Be A 0N 7 2
Hefd, i+ 5 DOX 1 &=

B EARMEIHAE R R RSN R IEY 2 R
Ak F % BB K U116 bEnd. 3 40 i AT GL261 48 i i i &
F i -EDTA W H L), &0 3 B3, & 10% FBS
(") DMEM #% 7% 5 # & J5 , #0002 &€ 5 1) 24 FL 41 i
B FRph, i an R BN AL 1x10° AN 2R, RS
FLIRE T 37 °C.5% CO, 4l fu 35 F= 4 15 7% 24 ho
HIHBE IR, N C6 Aric 1 & Te 742 115 1) i 5 4k Lip/
C6.GSH-Lip/C6.GAS-Lip/C6.GAS,-Lip/C6, ] 5 4= 1%
TR COL T REIRE N2 ngmL" . Bl J5HCE T
S 1% IR A BLBEG I B 2 he BEJS F PBS IR VE 31X,
BRI A 4% 2 5 H IS i W I 52
30 min, PBSI2 %3 X ) NN DAPT W EAT 40 Hfd
Hgett, B 5 10 min 5 F PBS 3236 3 WK, 18 (8] & 5% 6
WIBE AR TR TGRS R . B K g M Rl T 6 FLAR
G2 B 5E IS, NN RER T AL 40 i, B0 5 RIS,
FE NN PBS & ¥, ¢ 5 F 200 uL /) PBS 2 41 fg, 4%
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Scheme 2 Synthesis of compound 13. Reagents and conditions: (a) tert-Butyl acrylate, NaOH, DMSO, 0 °C-rt, 12 h; (b) 4-Maleimidobu-
tyric acid, HATU, DIPEA, DMEF, rt; (c) TFA, DCM, rt; (d) TCFH, NMI, MeCN, rt; (¢) DSPE-PEG,,-SH, TEA, DMF, rt; (f) K,CO,, MeOH,
rt; (g) Boc-1-amino-3,6-dioxa-8-octanediamine, HATU, DIPEA, DMF, rt; (h) TFA, DCM, rt
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Je A5 FH O 34 A AN s 5L A 17 5% e i

YO EOL 5 52 B A T XA K1 bEnd 3
A GL261 40 i i 25 B -EDTA VM AL IS, B0 3¢
3%, F+45 10% FBS () DMEM X% 77 3% 5 2 )5, i 541
0% R, S 44 B o K0 O 4 L 3% 10° AN 48 i, 2 ol 2
6 FLAH A RS TR, H FLARE T 4 e 85 7746 (37 °C.5%
CO,) ¥ F# it % J5 . A\ GLUT1 #l #ll 5 (BAY876,
1 nmol-L™") 4k£E05 & 24 h &, ¥ C6 brid 1 % B AR 12 1
(11 i J5i 74 (Lip/C6+ GAS-Lip/C6.GAS,-Lip/C6) F 1 7
BRI S Co &R E N2 ug-mL™", SR I\ B FLHR i
H 2 he B JE N BRER T A AE L, B0 3 BIE R, B
APBSIE G, B07F 1iE, H PBS B840, #:45 f H
it A0 A e A FLAT R IR R G BRE

&40 % BBB 12 556 Rt 04 K B bEnd. 3
4 Hf FH JER VA AL, FH 85 9% 4R B 4% 5x10° A /AL 3% F
T 24 fL Transwell #% I = i (5L 200 pL), K= IMA
800 uL 5E 4570k . fEAMREFR4E (37 °C.5% CO,) %
I 7~10 K J5, i8I 15 S50 K A5 FH 240 A e BEL (S 0 )
#% L} HiFH (transendothelial electrical resistance, TEER)
KP4 BBB AL 2 S g L N L . fEREFE — E RS A,
IR N RS EERRAAR S, BN EIER0.5 em
) VR T e P55 22, TE % 8 — 5 B ()W 552 90 T 22 A A8 AL
4R T 25T B S AR 4K J TEER B & T 150 Q-em?’ i, %
Bk 4b BBB B £ ST R 2, AT T e SR80 .

¥ DiD Fric & EC AR &4 19 i Fi A& (Lip/DiD GSH-
Lip/DiD.GAS-Lip/DiD . GAS-Lip/DiD) FH 5 77 3 7 F%
Z DID AWK E N4 ng-mL" . SR 5 A5 R 2 R Th i 44 A
BBB #% %4 Transwell L& i _E % 5 i\ DiD A5 ic %% Bt
PRAE MR B MR B AR, TN B R AR RO E o X T8 2 sk
56, {4 FH 22 Th RSB AR 57 DID & Ehn itk i 28, SR 5 7
BF0.5.1.2.4.8 hEUH 100 uL F E 15773, JEHb 21k
FA, FrHL 100 uL 35 77 58 6 B N 300 pl FRE, 3R g
V], #E S 10 min, {8 H 2 DhREEEFR 4G E DID %8t 5%
5, MR PEARAE it 28 T HRE 5 DD B &, 4 b &
ZEEAR SN BBB AL IS I . X T 5E M sL e, 7E 5 & DiD
FRIC AR AR & 2 h 5 7F KR 7R 25, PBSIRVE3 K, N
N 4% 22 5 HR i 52 05 18] 52 30 min, PBS 2 ¥ 3K, I
DAPL AT 40 M A% Ge €, 1% & 10 min J5 A PBS 26
3%, BUR Transwell /N % B SR B IR g 8 T30 38 A L, &
Jr, KRR B T AT 2 B/ AT RO RAR

PPN B e VRN BN BRBENL S S A, R
fik %5 F DIR 715 9 0.5 mg-kg™ F & BE AR AE 1 19 15 57 4
[Lip/DiR . GSH-Lip/DiR . GAS-Lip/DiR+ GAS,-Lip/DiR
(1)~GAS,-Lip/DiR (2)], TE4: 245 J5 1,246 h i [A] £K
FH 7N B 03 R A8 R G0 R /I R 2 65 5 R e

S, L% & % DIR JIg B AE /N BRI A i 00 . 7
Y525 2 h A6 hilb A7 AL BE, Mg 43 B8 3 T 25 A0 ik 20
21, TR B A 5 A8 4 BT DIR AR Ic 1) 4% 4 AR R R AE
/N R 8 B At A 88 HH 1) 0 A A

GAS;,-Lip/DOX #71 ii BX BR B A RSN TN R &R
eMHER

25T SR MTT By il 4% 2% 24 i) 571
IR SN R S M . B GL261 40 PA 3x10° AN /AL I %5
FEE AT 96 FLIR, E 37 CCRE M T R IIT W . K E
2 i i ¥ Lip/DOX . GAS,-Lip/DOX . GSH-Lip/DOX K&
Ui 5 DOX FH 20 M 355 75 FE B FE A B . LI 100 uL
T 8 I 1 ) SR, o R AL DU o 100 pL TE 2 355 77 3,
W H 48 h g, FI MTT & ATl 2 « 45 3 H GraphPad
Prism 9 B LA THE P EHI IR E (1C,,)-

GAS,-Lip/DOX i i i Joit J83 1 A 24 28 Je 22 2 F
Prag s 7 H, 5 J5 A7 i B Jo 98 47 98 /0N B BE B 23 R
54 (saline.DOX.Lip/DOX.GAS,-Lip/DOX .GSH-Lip/
DOX), BF 4% 1% 5 mg kg™ DOX [ 7 & £ B & ik vE 5
Y, BIRGA VIR, B Z5 4R, Ry AR, R
AV 98 /0N B P A AT PR A Rk B AR Ak A8 /N B g
A R AGAXAE IR IT 5 0232519113015 % W 0 407 983 /0 B A
R AR KB . 7SR 23 K, A SO T 0 4T 9RE /0N R
G 2H 23RN = B, 43 AT Ki67 S AL Gy (B A 55
ARFE-HZ (hematoxylin and eosin, H&E) et {1l %
VB 9T AT i R T I . SR A, SR AN I SR 5 L %
U FLAR B A ZAD) P 3L 2 2 4 T ML AR A FE B SR T
W &5 2RI 2 Atk .

it 4 {8 ] GraphPad Prism 8.0 # {4 #E 4T
Guil 2z oy M. i J7 2 53 #t (one-way ANOVA) 47
ZHZ A, 2 AR Y LIPS+ R (x £ 5)
Fone P<0.05SHNNEFGIHEE L.

FER518

1 RKZNEEEAARRIE

1.1 DSPE-PEG,,,,-GAS FIZ5#IRHE DSPE-PEG, -
GAS 1= 5 4l Bl B0 i IR HL 25 AT I 1) )52 3 (matrix
assisted laser desorption ionization time-of-flight, MALDI-
TOF) KA 45 B 1AB Fiz~, & % I 7= %) DSPE-
PEG,,,,-GAS % T DSPE-PEG,,,,-NH, ] 53 T i & 5>
5 K412 300 Da, % B DSPE-PEG,,-GAS & B -
1.2 DSPE-PEG,,,,-GAS, MZEHRIE WK 2A~C
fif 7~ , '"H NMR §,;: 8.44~7.88 (6H, NH), 7.84~7.10
(7H, Ar-H), 6.98 (2H, =CH), 5.66~5.06 (12H, CH),
4.28~4.08 (12H, CH,), 3.50 (33H, OCH,CH,0), 3.18~
2.30 (14H, CH,), 2.00 (27H), 1.97 (s, 9H). &5 %K B
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DSPE-PEG,-NH,

B DSPE-PEG,4-GAS
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Figure 1  Synthesis of DSPE-PEG,,,-GAS. A: Matrix assisted
laser desorption ionization time of flight (MALDI-TOF) mass
spectrometry of DSPE-PEG,,,,-NH,; B: MALDI-TOF of DSPE-

PEG,,,,-GAS

2000

2000

Iy SR Bk 0 1% 19 = 4 B aGAS, & R Zh . 7E DSPE-
PEG,,-aGAS, ] '"H NMR &5 3 ot 7] DL 4R 3] = 73 &
aGAS, FFIEAL, 20178 6 9 3.50 /& PEG, 0, MIHFFE A,
2= 078 68 1.25 A & DSPE HIRFIEAL, 45 Bk W
DSPE-PEG,,,-aGAS, & il i 2 . DSPE-PEG,,-GAS,
£j DSPE-PEG,,,,-aGAS, ] '"H NMR 45 S X} b 27w, A
TE LS 6, 2.00 AR, 1 B £k R 4 It B, % W)
DSPE-PEG,,,-GAS, & B Y). MALDI-TOF FEAELE R
W& 2D~F it 7, & I 77 %) DSPE-PEG,,,-GAS, Af]
BT DSPE-PEG,,-SH )73 ¥ B K£) % 1 740 Da, #
T DSPE-PEG,,,,-aGAS, [f] 7 T Jii £ K 2] /b 505 Da,
F B DSPE-PEG,,,,-GAS & &%) -

2 FHEAMEIHAR BRI AYSRAE

2.1 FHERAEIFBERAENREREBM 4R WE LT
ANo JTi A & ECAAAS 1 I 5T A4 R A% S8 45 1) E 110 nm
e, RLAR o A I R AF Y — 1, PDLEUE /N T
0.3. FT A NRJGUAA ) zeta FLALAR 250 B {8, H 48 X0HE &8
T 10 mV.

22 BHABERANEBHERRAE MBI NER
7R, Lip/DOX # 25 & N (14.97 + 0.18)%, Bl #f %
(95.83 £ 1.06)%; GAS,-Lip/DOX (1) # 25 &K (16.08 +
0.18)%, fLH %A (96.49 + 1.10)%; GAS,-Lip/DOX (2)
WAEN (1524 £ 0.31)%, BE N (97.49 + 1.10)%:;
GSH-Lip/DOX #% 25 7 A (15.28 + 0.27)%, L H KK
(96.57 = 1.16)%. % W] GAS, 1 GSH H1& 1ffi o 5§ i Hig
J A B2 T R

23 EFWMEBIHEMBERELIRREEER @
3ATTRI, 72 h A & FC A U ) i S AR A% G B A
1, W1 TR Fe s YRR o W8 AN [N 8] R ORETBON BT AT
DOX IR E . 25 R un & 3B Fron, 25 218 i 11 i
TR B H B 4217 2218 (1) DOX BRI, A R A 58RI %2 .
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Figure 2 Characterization data of DSPE-PEG, -GAS,. A:

'H NMR of compound 11; B: 'H NMR of compound 12; C:
'H NMR of DSPE-PEG,,,-GAS,; D: MALDI-TOF of DSPE-
PEG,,-SH; E: MALDI-TOF of DSPE-PEG,,,-aGAS; F:
MALDI-TOF of DSPE-PEG,,-GAS,

2000

Table 1 Size, polydispersity index (PDI) and zeta potential of

different liposomes. n =3, x s

. . Zeta potential
Liposome Size/nm PDI
/mV

Lip 107.63+1.57 0.20+0.03 -12.92+0.13
GAS-Lip 9458 +1.56 023+0.02 -18.17+1.24
GAS,-Lip (1) 95.53+0.60 024+0.02 -17.85+0.17
GAS,-Lip (2) 95.07+1.07 0.17+0.01 -18.15+0.05
GSH-Lip 106.40 £1.06 0.23+0.02 -13.56+0.54
Lip/DOX 10596 £1.24 0.18+0.23 -13.64+0.03
GAS-Lip/DOX 9524+133 024+0.02 -1824+0.13
GAS,-Lip/DOX (1)  96.39+142 0.19+£0.01 -1832+0.29
GAS,-Lip/DOX (2)  97.35+1.13 0.19+£0.04 -18.46=0.15
GSH-Lip/DOX 112.87+1.03 025+0.02 -14.28+0.84
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Figure 3  Stability profiles of liposomes. A: Particle size stability
of the liposomes; B: In vitro DOX cumulative profiles of the lipo-
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Figure 4 Cellular uptake of different formulations by bEnd.3 cells and GL261 cells. A: Fluorescence microscopy images of bEnd.3 cells

uptake (Scale bar: 100 um); B: Fluorescence microscopy images of GL261 cells uptake (Scale bar: 100 pm); C: Flow cytometric quantifica-
tion of bEnd.3 cell uptake; D: Flow cytometric quantification of GL261 cell uptake. n=3,x+s. "P<0.01, ""P <0.001, P < 0.000 1
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Figure 6 The efficiency of liposomes with different ligand modi-
fications across in vitro BBB models. A: Schematic diagram of the
in vitro BBB model; B: Cumulative percolation of DiD in the
lower chamber; C: Z-axis scanning fluorescence imaging. n = 3,

x+s5. "P<0.01, P <0.000 1
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Figure 7 Fluorescence distribution for in vivo and ex vivo
imaging of mice (n = 3). A: In vivo imaging results of mice; B:
Ex vivo imaging results of mouse tissues; C: Fluorescence
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Figure 8 [n vitro evaluation of the efficacy of different drug-

loaded liposomes on GL261 cells. n =3
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Figure 9 In vivo anti-glioma effects of different drug-loaded liposomes. A: Bioluminescent images of GL261-luc glioma-bearing mice in

different groups; B: Semiquantitative bioluminescent signal intensity in the brain; C: Survival-time line chart of mice after administration of

different formulations; D: Body weight changes of tumor-bearing mice during treatment. n =5, x +5. "P < 0.05, "P < 0.01.
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Figure 10 Histological observation of glioma tissue sections. A: Ki67 immunohistochemistry of glioma (Scale bar: 50 um); B: H&E

staining of brain sections
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