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W E: B HI&BRBEDZEL S HAIYPRH &) 1714 H 28 % I8 B/ (HATYPRH modified podophyllotoxin-loaded
liposomes, T7-Pod-Lip), X AL TZHHATHA, FHYDIHEHAEMEES). B3k RAEE > #0ES] & T7-Pod-Lip. @it
Box-Behnken 1M M 7% (Box-Behnken design-response surface method, BBD-RSM) ffi %€ T7-Pod-Lip IR AL 75 J ifill &
T2, IS T 25 H T7-Pod-Lip FIIEAS . Kife. §BAL. RAMEER. Fesg MEHET5 52, 582N R Py I P Bz 4 il
(bEnd.3). KERMNKFREAME (C6) Xf T7-Pod-Lip M4 SMEELRE 7] R ARAMES ML BERE (blood brain barrier, BBB) ft/J, I
] FH i Pz J5 98 /N BR. %5 %% T7-Pod-Lip (& A SEHBE J1. £58R  T7-Pod-Lip WAL AL T2 EPC 34 mg. FH[EEY 6 mg. A
#% 1 mg. DSPE-PEGaoo0 2 mg. DSPE-PEG2000-HAIYPRH | mg. #8E TN 630 W; HFHki42 N (90.94+0.95) nm, H,
il (—4.83+0.61) mV, RAFBROEH RN (96.5610.44) %, HEEMELF. HAIYPRH &1 (8 i /A 7€ bEnd.3. C6 41
MR R BE ) G5, BRSNS BBB R GR; IR RIS SRR, HAIYPRH &40 I i T 4478 /N BRI P4 (7% s
E5 WM, WHRAERGRIMEEEmAE . 518 WM& IFA T7-Pod-Lip, JHIEZ HATYPRH 211 Pod-Lip AH
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Optimization of formulation process of HAIYPRH modified podophyllotoxin
liposomes and evaluation of brain targeting
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Abstract: Objective To prepare transferrin receptor-binding peptide HAITYPRH modified podophyllotoxin-loaded liposomes (T7-
Pod-Lip), optimize formulation process and preliminary evaluate the targeting capability. Methods T7-Pod-Lip was prepared by thin
film dispersion method. The optimum preparation process of T7-Pod-Lip was determined by Box-Behnken design-response surface
method, and the morphology, particle size, { potential, in vitro release and stability of the optimized T7-Pod-Lip were investigated. /n
vitro uptake and crossing blood brain barrier (BBB) capacities of T7-Pod-Lip by cerebral vascular endothelial cells (bEnd.3) and
cerebral glioma cells (C6) were investigated, and in vivo targeting ability of T7-Pod-Lip was investigated by glioma mice. Results
The optimal prescriptions of T7-Pod-Lip were EPC 34 mg, cholesterol 6 mg, podophyllotoxin 1 mg, DPE-PEG2000 2 mg, DSPE-
PEGa2000-HAITYPRH 1 mg, ultrasonic power 630 W. Its particle size was (90.94 + 0.95) nm, { potential was (—4.83 = 0.61) mV,
podophyllotoxin encapsulation rate was (96.56 + 0.44)%, and the stability was perfect. The uptake capacity of HAIYPRH modified
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liposomes in bEnd.3 and C6 cells was significantly enhanced, and the trans BBB capacity was significantly enhanced in vitro. In vivo

imaging results showed that the fluorescence signal of HAIYPRH modified liposomes in mouse brain was significantly enhanced,

indicating that it had ideal brain targeting ability. Conclusion T7-Pod-Lip is successfully prepared and optimized, and it is proved

that Pod-Lip modified by HAIYPRH has strong targeting effect, which provides a new method for the treatment of brain glioma.

Key words: podophyllotoxin; transferrin receptor-binding peptide; liposome; Box-Behnken design-response surface method; blood-

brain barrier; targeting effect; brain glioma

Ji2 R BFAH R (glioblastoma, GBM) A& 5 i UL«
R ) P S R, R AR T B TR DT 4
BTN, B AR ST RANRE
AR R 2 BT, FARVIBRME S5 50T M
7 S5 4 BRI HE R SO RURR YT Tk Bl
H T f71E M 5£ % (blood brain barrier, BBB) ™,
IT 25 LA RN, AT GBM X072
VI BBURAEARD) . Ry, AR GBI 8 2505k o e
Yk = R0 (R e, DRI AE VR 7 I R v T Rk
IEHHLUGE ™ ER R EE A, X8 FHH
BIERXS GBM Il ARTR T RORMXBE, A
R, JET R, R, Wl R —Fhad 4
ARANGIT YA R s RN s R, R
% GBM ImRiG T SR AMER — MR T7 17 .

P F18 % (podophyllotoxin) N/NEER} FL F1 JE 1
VI P A AR BE R ALAY s X GBM &5 2 Fi iR 1)
A W ANEE 0, SR, BT HOKE Mz
PIRI A BEAR, BRI 7 HAE IR R R f KRR
g it A0 L[] e 2L RS iR o A oK 25 Wi 1 AR 4
T fo B U 2540 07 T R T2 R A2, 1K A
KZGidkik BA UCE4PKIEYE . FRACEERIE R AN
e R B Re 103, RN T e ik BBB (1)
FHAS, fEit2g¥isid BBB, A U@t 41 ] FH i fom i
N 4EN S GBM 20 R 35 ek R 1 2 A
(transferrin receptor, TfR) IX—HpPEl4, 755 14
KB ESNHE R 4 F HAYPRH. HAYPRH (His-
Ala-Tle-Tyr-Pro-Arg-His, T7) &—M&H 7 NME%E
fRhes TR 45ammAR, 5 TR AIREFREM
71, BeWHRRIELE G, SURAMMBAAL, ThEV 21
it BBB AJigilsl,

R4 LA BRI T 5, 4% HATYPRH 2111
B %% YA F1 8 & 1 Ji§ B & ( HAIYPRH modified
podophyllotoxin-loaded liposomes, T7-Pod-Lip), 1
BEZ5Y)Es T BBB, $ e H L 1) /E F OE 58 n 245 72
GBM #iiu AR E, SRt SR I RE ). 9 T
WIPEIE IR, AHF 5K H Box-Behnken #it-
M 5 1] 7% ( Box-Behnken design-response surface

method, BBD-RSM) i i T7-Pod-Lip HI&EAL AL
HLE, FFHEE. bR, (AL, WM. &
EVE AR e AT SR, Nl — B RO ZAE
PRI AMETT GBM J5 THIHE AL 5256 22 it o
1 {5
1.1 Y&5

KQ3200E AYE i veas, B lis s A
PRAF]; JY92-2D AU PP A MR, T HT =
IR A IR A 7] ; BSA124S BUfE1KF, b
HERZRWRFEER AR AR ;s RES2CS BUjE 7%
KA, FHERAEMAES s Agress1100 Y S 30060
FHETEA, FIEMRFRF AT ARG PR A 7] 5 TiS Y2
BB RS, HAJBEEAT]; IVScope 8500 A/
IIERRG RS, R R ER A TR A
JEM-1200EX A% i B8 7 28 (TEMD, HAH T
PR 24t (JEOL).
1.2 Zam5iEs

JHEEE (Ht5 N1018A). EFHIIMENE (egg
phospholipids, EPC, #lt5 A0203A). DMEM ;5%
£ (5 MA0212), W H KEECEMHEARFRA
F) s A TR TR 2 0 TR I £ B - 5B 4 B 2000
(DSPE-PEGao0), #5 B51152, MgE T H Ak ik
Nott: WAEER, LS G2207397, R E 733 98%,
W ST g R hr T A B I A R A F] s DSPE-
PEGa000-HAIYPRH, #t5 RS0231817, WL F %
hitg AR A IR AR RE AR, #its 2277231,
e H T3 Gibeo AF]; HHEEHERMIL (P/S), #t
51210031, W HT3£E HyClone AR fad- i
(FBS), #it'5 23313822, MF At =AM EHTA R
AT FEER, 1S 442631, WHTEE Sigma-
Aldrich A#]; DAPI Jefa3, #it5 C1005, WHT
B R KB HR AR pH 7.4 FIBERR Eh 220
(PBS), #it5 1022Q021, W HIL R EERH AR
A DIR Beil, fit5 K2307324, FREDEH=95%,
KIELCEMRHARAF.
1.3 ‘A

/N BRU0G PY L% PR RZ 4 (bEnd.3) K BRI R
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SN (C6), WA FEE IR ( L) EWMHE AR M H
PRAF .

2 FEEHR

2.1 BERARIHIE

2.1.1 T7-Pod-Lip FREUETT & EPC. JH [ R
DSPE-PEGa000« DSPE-PEGa000-HAIYPRH., Y[ #
7, VNHECORIE MG IR B 2 50 mL 5]
JRF T, T 40 CKIB FRERREZA K, ZHRIE
A, N SmLPBS ¥, A KA. K15 BT
TN 75 I AR OB REAL R, AEDRTR S T BEAT R 5
AbFE 10 min, BRI E] 10's, (SIS HH 5 s.
e aid 0.22 pm LR, WIS, BI1S T7-Pod-
Lip-

2.1.2 ZFENEFAE (blank liposome, B-Lip) %
“2.1.17 TR 7 ik &P IR, AN R R A DSPE-
PEGa00-HAIYPRH, E[I75 B-Lip.

2.1.3 HAIYPRH &1 (1) 7 4 & & & I g o2 A&
(HATYPRH modified coumarin-loaded liposomes, T7-
Cou-Lip)  7E “2.1.17 BTN ik 2Ea b, # R
FBRIWF G R (0.1 mg) #HEATH|%, EIFF T7-Cou-
Lip-

214 FE R (coumarin-loaded liposomes,
Cou-Lip) % bR “2.1.37 Wi N ikl 08, A
1l DSPE-PEG2000-HAIYPRH, E[I75 Cou-Lip.

22 REASZRAENESRZEMEML

221 %A IO Aglient Cis (250 mm X
4.6 mm, 5pm) t; WA LHE-K (70 1 30);
RFAE 1.0 mL/min; AR 30 C; MK 292
nm; JEFEE 20 pl.

2.2.2 O MEAIERIGHI A R RREUR B R
i 1 mg T 10 mL SR, NS 5 H B 5 VR
Ja, EARZE 10 mL, I3 RHETFREEKEN0.10
mg/mL F0F I VTR o RS b IR HE o T VR s
TR E 37 180.0+ 160.0+ 120.0- 80.0+ 40.0- 20.0.
10.0. 5.0 pg/mL 1 FRF1X0] R G iAW

2.2.3 KIS & KSR IE T7-Pod-Lip 1
mL T 10 mL &, I — i & H R AT 8 A
A5 GEAIIE 100 W), EAHZE 10 mL, 0.45 um
TALUERE eI, SR DE, RIAS A R AT
224 PP RV B HI S KB EL B-Lip 1
mL, [A] “2.2.37 WUU7vERI&, RIAS B0 A
225 LRI nlEBUEE SRR
TS BV 20 pl, 421 “2.2.17 T

TR R I HPLC VA il 26 fF 0 At eI e, id
sOIEE, SRNE 1. RARFROEESEER
bf, TSR FIEILL B, BIEXS B O L
HRMELTI, RUATVELRIERL

%E%ﬁﬂ
M
A
1
A
||
J |
‘J 1
PR . J !K_
%Eﬁ%q
B |, |
N
|
| |
4444__mu4l4,4,ﬂ444j N
C i
—_——

t/min
E1 REFHEMNBMBE (A T7-Pod-Lip ik fmimiR
(B) KPAMEXTRIAR (C) B HPLC
Fig.1 HPLC diagrams of podophyllotoxin reference
solution (A), T7-Pod-Lip test solution (B) and negative

control solution (C)

22,6 LRMEXRRFLE O “2.2.27 RS S
WOERD, FEI “2.2.17 TUN GG AR R E FEid
o DRHABRAREIKRE AR (O, REAHER
WETHI R ALK (YD il bnyi M 2k, AT Stk Bl ),
B3 R FAFRREIA . Y=13.630 X+2.489, R*=
0.999, &K FHBEZRLE 5.0~180.0 ng/mL kM
KARRILT,

227 REEREERE HU “2.2.27 WU RASHRAE
SRR, EHR “2.2.17 TUT RS A SRR
6 IR, BN 45 B /R B BRI RSD
N 1.51%, FRIPLCES TR % B R U o

2.2.8 FasEMEiR  HX “2.2.3” K T7-Pod-Lip it
W, 2l TR NRE 0. 2. 4. 8. 12, 24
h, $%HR “2.2.17 TR i 4R HERE I e
Ko 25 BRI R R RGN RSD 4 1.67%, 4
FRPMOK SRR 24 h WRa e RIT.

229 EEMRE B T7-Pod-Lip6 17, 1% “2.2.3”
TR 7k & R A, %R “2.2.17 TRt
SRR E e . SREWH, RAFE TR
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EIRIE N 40 ug/mL, RSD N 1.67%, FWi%jikE
HHRIT,
2.2.10  NFEEIERIRLE RS E L T7-Pod-Lip 6
By, % 0.5mL, Zr il N SERFR UL 2 200 R A
W (40 pg/mL), % “2.2.37 Ty vk & Ak i i
IR “2.2.17 TUR g & EEAENE, THEIRE R
WA o 4 BRI U R A 1T S AR | Ui E
100.76%, RSD N 2.33%, XK BIZ 7 IENERE R 4T
2.3 BEHERANE

S EHTRR A2 & & KL T7-Pod-Lip
I mL, MR 9OmL R4, HdbTH AR G
FINER 100W), 1T 0.45 um FAFLIEME, .
Ja e AR 259 & &« K% WL T7-Pod-Lip 1 mL, 0.22
um FRFLIEMESEE, INHEE 9 mL AR FLIRS), o
0.45 um THALYEME, &FH. X ERE TR
1, WWHRASRSGE, N5 ZEdEHE R
{REE g

B = W/ Wi

W R G R AR SR, W LR R A E RS
24 ReFHK

KH BBD-RSM, £S5 Fif A 78 i R Al
06, e 3 AN FEEREMA R E . Y EEE/EPC R
®E (XD REAFR/MEEEMREL (X)) KBS
% (X3), LA T7-Pod-Lip fWE3 (YD AR {E ik
ITH%2, (X 22~44; X, 4~8; X3 500~700 W),
XA R AT 3807, I HfE 3 K.
IR 2 M HK . BBD-RSM IR 56 BT AN 45 51 036
1. B4R 1 Mg R, J8id Design Expert 13.0 3K
RS T Y VG TTRE: Y=9521+4.43 X,+1.45
X+4.71 5+1.21 XiX, —2.23 XX +3.05 XX —
16.28 Xi2—12.15 X2—7.55 X3*, R*=0.993 5, P<
0.05.

Ti Z TR AR 2 Fis, RIZAAL 52
B (P<0.01); M4k, RIVIIK P >0.05, £
HAEguh R MR AR (R =0.993 5,
Wi B IZ B 5 S PRk T R E R

fem

# 1 BBD-RSM iRt 54%
Table 1 Design and results of BBD-RSM

Fe Xi X X3/'W % | 5 X X X/W Y% | #5 X X2 X/W Y%
1 22(-1) 4(-1) 600(0) 6220 7 22 6 700(+1) 7383 | 13 33 6 600 91.86
2 44(+1) 4 600 68.55 8 44 6 700 7833 | 14 33 6 600  95.66
3 22 8 (+1) 600 62.60 9 330 4 500 7985 | 15 33 6 600 95.06
4 44 8 600 7378 | 10 33 8 500 6922 | 16 33 6 600 96.08
5 22 6(0) 500(-1) 5997 | 11 33 4 700 7234 | 17 33 6 600 9740
6 44 6 500 7339 | 12 33 8 700 84.77

®2 AESHER

Table 2 Analysis results of variance

HEFRKE CFHM O BAmE ¥y O FE P
FETY 2597.90 9 288.66 118.62 0.000 1
Xi 157.09 1 157.09  64.55 0.000 1
X 16.76 1 1676  6.89 0.0342
X 177.76 1 177.76 ~ 73.05 0.000 1
XXz 5.83 1 583 240 0.1655
XiXs 19.89 1 19.89  8.17 0.0244
XoXa 37.15 1 37.15 1527 0.0058

HEZE

HERK  CFHM HEE Bl F1H P1H
1115.75 1 111575 458.51 <0.000 1
621.67 1 621.67 255.47 <0.000 1
240.23 1 24023 98.72 <0.000 1

B 72 17.03 7 2.43

SAUTI 0.03 3 0.01 0.0026  0.9998

BRI 17.00 4 425

2614.93 16

JH it Design Expert 13.0 #5422 il i) = 4 i [ H]
BIFISEm A, e 1 AR, g AR R
XL ZE 2, w] DRI i 2 5 BEUE B R PPl 1X
LEIR 2R 2 (M A AR X Y RIS AR . MK 2 AT BA
i, BE XM X ERRNAE Y AR, 10
R 2 X FSZAN BN X1 5 Xos X1 5 X5 Z 18I
FHEAE S 00 H B P o B2 T AR A, SR3 HH BE U 1Y)

FHAE, T Xa 5 X 22 18] R W 57 1607 D AE A~ 2%

ZEAEErRE XS XN X5 X522 FHEE
TEH@T X5 X6 2RI EAER . #— PR =
ANRIZEN Y B2 MR, W LAAS H s Y A X >
o> Xz MR RIBUIE B AL J7 T 2564
X1=34.31, X,=6.21, X3=631.51W, Fill~F-15
FN 96.30%
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Fig.2 Response surfaces and contour graphs of effects of each factor X1, X2, Xz on ¥

GEA ARSI E R TUAL T BRI AN, A
SE NG AR IR AL AL 77 T2 8 EPC 34 mg. JHEEE 6
mg. YFI# % 1 mg. DSPE-PEGz0 2 mg. DSPE-
PEGa00-HAIYPRH 1 mg. #FE IR N 630W, 475
A SmL.

s B AT T2, il 3 ik T7-Pod-Lip.
I HPLC Al iR B fA b R B R 1 & v L
HAasF, 858 ExR, 3t T7-Pod-Lip £ & ¥ H
FBERNAHEDHN 96.78%. 96.84%. 96.05%, -
BIME N (96.56+0.44) %, STMEEZE (96.30%)
IFXTIRZE A (0.4320.16) %. %45 B ERATTT
kAL )5 T 2 R8T AT .

2.5 BERRIASRIE

251 WOWEE B TEM W% T7-Pod-Lip K
TERS , 405 F8 22— 5 VA B2 () I A g I 2104 Y,
2% WIS, iR, BT inE RN 120
kV 1) TEM bFWisEs, EENE 3 K. 4R mE
3 FiR, T7-Pod-Lip 2KEE, HEME, HAH
NEX > 2451, RifE2928 90 nm.

2.5.2 RifRA0 QAT WX T7-Pod-Lip 3& &, #3L
BT HOGHURPRLAR I 58 AR LA 0 5 I o3 4 1)
BifE R CHAL, “PATERAE 3 k. SR 4 Fiow,
T7-Pod-Lip FIPF¥IRIAEA (90.9440.95) nm, £5
B FEEL (polydispersity index, PDI) 24 0.21+0.01,
TR ZNGRARRAR A SR e s C AN (—4.83 £
0.61) mV, RIIZETIARLS b,

&3 T7-Pod-Lip A TEM [
Fig.3 TEM image of a T7-Pod-Lip

A
1 10 100 1000 10 000
it /mm
B
-200 -100 0 100 200
C HA7/mV

4 T7-Pod-Lip BURIEENT (A) R {HEAL (B)

Fig. 4 Particle size distribution (A) and { potential (B) of

T7-Pod-Lip
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2.6 RINERIER

I T 489528 S i AR AR AN AT 9o 53
FIEC 2 mL 5 R TR O R VA TR
(20.00 pg/mL)+ T7-Pod-Lip TiEHT4E (BREIHIXT 4
TFREAN 8000~14000) 1, JIA 20 mL FIREA
JR (BLE&H 10% FBS [ PBS K)o, Rk
FIMNFER S, T 37 °C, 100 v/min {&#EIRZ, 7>
BT 0.5, 20 4. 6. 12, 24, 48, 72h) HUFE I mL
BB, R ANTE 1 mL R T, N
NEARFU R AT, 1208 “2.2.17 TR itk 2Rt
AT 5E , V5 T7-Pod-Lip 75 75 e 1] s (0 25 0 B T i
FAARIE W A KT EARSME R A R B S s,
U T B R AR IO R P R, 72 h I, TR
F1 8 R IR AR AP TR N B A2 90.24%; 1T
T7-Pod-Lip Fa € SRR, 72 h B, T7-Pod-Lip [
AR N B2 210 43.49%, W T7-Pod-Lip 2
A— MR

RAMBERUE = 2R TR R 25 2

100 7
—#- T7-Pod-Lip

804 - RA#HER

60 1

40 -

BRI Y%

20 +

05 2 4 6 12 24 48 T2
t/h
El 5 T7-Pod-Lip fIREAFSRERMANL (X+s,n=3)
Fig. 5 Release curves of T7-Pod-Lip and podophyllotoxin
(X+s,n=3)
27 BERAREMER
271 ffEAREYE BN R PR LE A AR NI
Fift . AR LS I R AR A AR AR A 5
AR E . LT T 2SS RRA, BT
4 CRIHE, T 0. 4. 100 124 15d BE] AT EURE
AT AR, BRE LN E, BT a0t
HAaRE, BRE.
A Z =W/ Wo
&% =(EEo—EE/)/EEo
Wo 3 0d IFHEARS AT RFAF RS &, W4 CHEifr ed
I e BRI S BRI R R & &, EEo N 0 d IR BRI B 3t
R, EE N4 CHETE ¢ d W BR AR AR
fitif¢ 15 d J&, T7-Pod-Lip AN 6 BT

7N, T7-Pod-Lip WA HILI ALY, TEHTHE=2E
H13% 3 AT AN B RLAR LE V258 15 d WARHEUDN, i
AR R B EARA BE A, XRYIHAEAR
RN R B IARE

6 T7-Pod-Lip ;&GN
Fig. 6 Appearance of T7-Pod-Lip solution
#3 EEREMHRE (Xts,n=3)
Table 3 Storage stability test (X = s, n =3)

iy 1a/d R ER% Fift/nm BlRE%
0 96.74+0.30  90.32+1.30 0
4 9551032  93.53+0.43 1.27
10 93.854£0.66  95.85+0.47 2.98
12 92.854£0.29  98.52+0.27 4.02
15 89.91+£0.12  101.15+1.01 7.06

272 MiERaEtt K T7-Pod-Lip S5EARFAME
10% FBS ] PBS RS, T 37 °C, 100 r/min 5%
H, 29T 0. 2. 4. 6. 12, 24, 48h HURE, WsE
T7-Pod-Lip #i4% J PDIE A4, 42 H M idAee M
RN 4 Fion, #E 48 h N, T7-Pod-Lip Fife %
PDI {EAAI /N, RAM FE i) %% (1) T7-Pod-
Lip B A B ) i35 A2 € 1
#+ 4 T7-Pod-Lip HIMMBEREMLER (XLs,n=3)
Table 4 Results of serum stability of T7-Pod-Lip (X £ s,
n=3)

th  Riff/mm PDI th  Riff/mnm PDI

92.46+3.21 023200212 95.36+3.54 0.25+0.02
95344139 0.2720.03 24 94.28+2.93 0.24+0.01
93.26+1.47 0.2410.01 48 96.25+2.87 0.24+0.01
92.85+2.02 0.26+0.03

N B~ DD O

2.8 BERIAAIMRENEE /IR i BBB B 1E &

2.8.1 i35 ¥ bEnd.3 415 C6 i Sy 74
FHIES 10%FBS. 1% P/S ) DMEM 58 &R 77561,
T 37 C. 5% CO B =M G . Frdufumh G s
E 90% /LA, FEREEFR, A 0.25%0: 5 (1
THALAIAE 2 min, JON ST ILLIL, K4l
M B FE R 15 mL B0, 1500 r/min 250 (55
OFEAN 89em) 3min, W HIEWL, M)



- 8398 - F8 B 2024F 128 $55% B248  Chinese Traditional and Herbal Drugs 2024 December Vol. 55 No. 24

AR R, R R 2 AN e
FEMrh, BT 37 C. 5% COy B3R LA 55
282 RS MEERARRRIGE ) (A
TR NIRRT N I 250k 5 42 2 i
X} AN [ B B A 4B fE 17 5 bEnd.3 40 f8/C6 41 i
DL IX 104 AN/FLIN 2 FEEERD T 48 FLARH 3G 7R 7
43 & FLH I B-Lip. 7 2 & 5. & . Cou-Lip Al
T7-Cou-Lip, f#&fLE&EERMWLIREN 2 umol/L,
S E A 2h, DA B-Lip fE X0, &R IE 3
MEIL. WELS NG, 7% B3, FH PBS ¥k 3 K.
YR 4% 2% K HEERE E 10 min, BT 3 K
PBS Wik, BEAFLHENIN 200 uL DAPI 4eklE47#%
Yetty, Yetafia) Ay 15 min. BEJEHET 3 ¥k PBS ¥
Uk BRI AR AN LA 2 R I e B R A T 5
ISR RIS . Co AuALER R iR D TR .

g5 B4 7 fT7~ . 76 bEnd.3 4 A i 4445 Y

A

B-Lip

Cou-Lip

T7-Cou-Lip

Nuclei HEER Merge

75 bEnd.3 48faF1 Co 4RBAXT A [E]hE B A IR BLRE IHY
EUPh (Xts,n=3)
Table 5 Quantitative analysis of uptake fluorescence of
different liposomes by bEnd.3 and C6 ells (X £ 5, n=3)

i R/ WIS
ZH 5
(umol-L™")  bEnd.3 4 C6 41 i
B-Lip - 0 0
HEEER 2 33.331+11.68 18.144+7.24
Cou-Lip 2 186.33+13.01° 128.16+17.01"
T7-Cou-Lip 2 29533+ 18.15% 169.65+8.41*
HlitE& T RANK: "P<0.05; 5 Cou-Lip ALhf: #P<0.05.

“P < 0.05 vs free coumarin group; *P < 0.05 vs Cou-Lip group.

RE 55, B-Lip 4% A MR F HR50k, ib?%
HURHABFET RTINS, T7-Cou-Lip HEF
FROGIREME T Cou-Lip 4H. £ C6 ?HEIE@XTHEI
JRAARSRELRE %8, B-Lip XA WA G R
2, WEEGRAFERIOLREHL+H5ES,
T7-Cou-Lip HFF 5 27 R EEL Cou-Lip 4H 2 21
9. fHF Image J AT 7 HR S S8 iR ik
174574341, 18 F Graphpad-prism 8.0.2 4% i 25
#FE &, Cou-Lip 5 T7-Cou-Lip MR E 4T )T
ZHT, R (R 5) KIL, bEnd.3 U1 C6 4y
H IR 2 R IR T 358 B-Lip<lif B &F o & <
Cou-Lip<<T7-Cou-Lip-

2.83 WL WL NE A B BBB B )
bEnd.3 4HARAERRH A A BL 2 X 10* AN/FLI) % B
i%?%? Transwell /NE /) L=, K4l E 37 CF
1 H . £F bEnd.3 4015 Transwell =5 E/E )5,

B
100 pm

Nuclei HER Merge

7 RAZRRIEUE bEnd.3 48R (A) A C6 4 (B) XA [EIRE BAHIIRELEES)
Fig. 7 Uptake of different liposomes by bEnd.3 cells (A) and C6 cells (B) was observed by fluorescence microscopy

¥ C6 ZHAuLA 2>< 10* AN/FLI % FEFE R 2] Transwell
INERIRE D, 5 bEnd.3 g KRB AR
&, ¥ &H B- Llp\ /)5?1%‘%54%'5 Cou-Lip 1 T7-Cou-
Lip fI# £ DMEM 15 7R3E U5 N2 Transwell /)= [
g, 115 Cou LR NTEAL 2 pmol/L. 37 C
WE 2h 5, FF2eEigRdt, H PBS v 3 . @il
PG AN PR AT 7 b - 45 R 8 B
1E C6 Aliffi, W% & % Cou-Lip 1 T7-Cou-Lip
Hyal a5, Horf T7-Cou-Lip 5% 6 35 B &
=T Cou-Lip i & H &, K HAIYPRH &1
1458 7 Cou-Lip % 3L BBB fIAE /7. 18 Image J &
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Fig. 8 Ability of different liposomes to cross BBB by fluorescence microscopy

FEXSEL 8 s H DGR AT e it b, A
Graphpad-prism 8.0.2 3 {4 % 5 7 2. 2 . Cou-Lip 5
T7-Cou-Lip ZOCITHE AT T Z 0, 458 (R 6)
RIL, T7-Cou-Lip $5 U B & e 17 25 7 s 410
Cou-Lip 4 (P<<0.05).

2.8.4 Ui UH A E G BT AR B BRI B K
bEnd.3 4HB/C6 Al LA 6 X 10° A~/mL [ % FEHefh
6 FLER IR, 735 A %L B-Lip- i &
FHEE. Cou-Lip fl T7-Cou-Lip, i &fL&EHM
ZIKFEN 2 umol/L, W F BFIE] 2h, DL B-Lip {E %t
W, SOHERRE3ANEL. WESRE, FFLL

6 AT EIBEFRMAEE BBB HRLESHENIH
(X£ts,n=3)
Table 6 Quantitative analysis of fluorescence signals of

different liposomes to across BBB (X £ s,n=3)

ZH 5 W /(umol-L™) PO
B-Lip - 0
HEEDR 2 33.33+11.68
Cou-Lip 2 186.33+£13.01
T7-Cou-Lip 2 295.33+£18.15™

HisE G RMALE: "P<0.05; 5 Cou-Lip 4lLkE: *P<0.05.

“P < 0.05 vs free coumarin group; *P < 0.05 vs Cou-Lip group.

T, 0.25%MEE ABFH L4002 min, IO SE 4RI
FAFHALE, UEEAIE 15 mL B0, 1000
r/min &0 (B0 N 6ecm) 3min, HE EIHR,
BIN 350 uL PBS 2], i, AR . bEnd.3
YA CO 4 AT - 2H T o A Pt s L it 4 an ]
9-A. B fii7~. 18 FlowJo A5 B E AT 45t
{§H Graphpad-prism 8.0.2 A%} iF B 2 & % . Cou-
Lip 5 T7-Cou-Lip $&IE AT T £ 501, 4iF (K
7) &K¥, bEnd.3 4RI C6 4iffiH T7-Cou-Lip %
B 50 5 B {55 T Cou-Lip Sif & E & (P<0.05),
SRR BHESRE . R, &
HATYPRH &I i AR BE% 35 0 bEnd.3 41 LX) 24
VIFE e 71, AH15 IR i #A % bEnd.3 4H AN Co 4
I P A 1 A 3

2.8.5 = AH e S0 e RE T PR 5 8 BBB R
bEnd.3 4P B AE KRS L 6 X 105 ANFLAI %
Ki 75T Transwell /NE EE= A, E40i7E 37 CF
1 E . 15 bEnd.3 4015 Transwell =5 &/E )5,
# Co 4HHLLL 6X10° NAFLIIE FERF E] Transwell
INERITES. £ bEnd.3 A4 KRB AR E
J&» F& A B-Lips i % & % . Cou-Lip 1 T7-Cou-
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Fig. 9 Fluorescence uptake of different liposomes by
bEnd.3 cells (A) and C6 cells (B) was examined by flow

cytometry

r— bl |
10° 10!

%7 bEnd.3 ZBAEFN Co MRS TR RIF AR
BUSH (Xts,n=3)
Table 7 Quantitative analysis of uptake fluorescence of
different liposomes by bEnd.3 and C6 ells (X £ 5, n=3)

g5 5 (K 8) K, T7-Cou-Lip Hi & E 5T Cou-
Lip 5 EHF G R (P<0.05), 5% 6B MBiss R —
;. UL RRIALIT HATYPRH &40, ARFkREE
WS IR = 25 )5k BBB RE T

' B-Lip

IFEELR

Cou-Lip

/n \  T7-Cou-Lip

A

10° 10! 102 10° 10*
FL1-H
10 SRS E RS RS SiE BBB &
Fig. 10 Ability of different liposomes to cross BBB was

measured by flow cytometry
*8 T EERAER BBB HISLESHEL S
(Xxs,n=3)
Table 8 Quantitative analysis of fluorescence signals of

different liposomes to across BBB (X £ s, n=23)

2H ) W RE/(umol-L") PR
B-Lip — 14.25+10.25
HEEDR 2 215.67+27.43
Cou-Lip 2 383.67+£9.07°
T7-Cou-Lip 2 690.00 13,08

il R/ PR
(umol-L™")  bEnd.3 4 fif1 C6 41 i
B-Lip - 20.24+20.25  50.20+16.08
WEEDTER 2 202.33+49.22  407.38+61.33
Cou-Lip 2 539.00+51.74" 645.16+103.36"
T7-Cou-Lip 2 707.33+28.85" 799.40+90.36"

HifsE G RAHE: *P<0.05; 5 Cou-Lip 4lLb#:: #P<0.05.

“P < 0.05 vs free coumarin group; *P < 0.05 vs Cou-Lip group.

Lip 1 DMEM £5 37 3£ N3 Transwell /N K]
FER, SREERNZIRE NI 2 pmol/L. 37
CWHE 2hJa, AT, HREAER “2.84”
IR . SRR BBB #8713 X B 28
W& 10 . {8 H FlowJo #RAE & 0 $ & HEAT
4iit, R Graphpad-prism 8.0.2 BA4-XHiF & & 5
% Cou-Lip 55 T7-Cou-Lip BRHUE k4T 7 2 5047,

EisEF g M. "P<0.05; 5 Cou-Lip 41tkE: *P<0.05.

*P < 0.05 vs free coumarin group; “P < 0.05 vs Cou-Lip group.
2.9 {RAEEEIMESELG
29.1 BAREST RRAHBENLER 3 R =R/
B, ip B2 B 2 AN BRI /)N B J R L ] 5 72 N LA E
FAX b, WEE IR SOIRZIN I VI K B, e rii
55 FH AR B AT B AL, AR BT 5 248  3 uL C6
Yife (2X 105D BES, RESEA .
29.2 PRGSO IRET DIR A B IR
RARIZ58, HITTEER “2.17 UK, FHEARR
() IR BAARALE /N BRI AR N 23 A o 252/l iv AR
FEE K. %% DiR. DiR-Lip. HAIYPRH-DiR-Lip.
KFER UG RGAEAFIR A A (0. 64 124 24,
48 1) WP/NRRIFATIEAR AR 0. i 11 PR, A
FHERIK A A R 25 645 5, i DIR A2
12 h Wi EE&, 1 DiR-Lip A1 HATYPRH-DiR-Lip
R IR R 75 5. f£48h N,
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Fig. 11 Real-time imaging observation of mice
& & I [B] (1) 41 F2 , DiR-Lip Al HATYPRH-DiR-Lip 2
()5 't ik JE #A AN I RE FE 9 %, {5 HAIYPRH-
DiR-Lip ZHHI5%% 58 KT DiR-Lip 41, XL
it HATYPRH &1fiJ5, 71 X2 m e 2
A
3 T

GBM J& — i TE HX 48 2 Gt PN R Az 1 S
B, TR, GBM MiRYT —H 2 — MR AP
PERURE, CHOEEILS BBB Z A EAEH T,
V9T MR SN R 30T, BBB AR AR M B R, BH AR
T A SN, AR [F B R 254
EN, FBT GBM JRIT IAMENST 5T A 30
F 85 3 A 3 I PURE M, (H 2 B T HOKVE MR 22
AIVE F 5 3 DS R BBB BRI TN A, S
HENRZELZR r ) 52 PRk FE 2 2 FRAIS, R BURITRUR
AED), HATYPRH E N — Rl B R A AR5 A K,
5 7f BBB Al GBM 4iiffy F¥id FERIEN TR HIR
FRA), XA TR SR AR R, A
ISRV AT ROR R0, 28 FRTIR, AREFFTR
FR &M HATYPRH [ 5 46,28 92 11 28 R il Bk
—FRER IR, FHLAE R GBM HIEIT BUR -

AW 72K Fil BBD-RSM % T7-Pod-Lip F)4b 75 ik
1T, A EIRELATT T.2: EPC 34 mg. JH[H
B 6 mg. " F1# % 1 mg. DSPE-PEGa000 2 mg. DSPE-

PEG2000-HAIYPRH 1 mg. #7515 630 W, %18
AT TE M RIMR A, REARFR A
Ny (96.56+£0.44) %, Fia (PEZHY 2020
WOG TR AR PR, Ak, s fifiede e S
MR EE L Rk T7-Pod-Lip BA RIFHIfEE
. BT RAFJTRAS ARSI, kil %
J6 B WL EE bEnd.3 41 BN C6 At i il 71 R B L
fEOL. H, EFERASENNEERIERAR
BREP A A #1)570%) bEnd.3 A1 C6 4B HL B
Jo VAV HAR AL [r) 121231,

BBB % i L P 4B B Rk, 55 Ce 4
i 2 T 33) v IR R B 1 3244 (transferrin receptor,
TR D, 7EJ& K R 12 1 TR R 57 1 T 14
HATYPRH 7] DA I 3244 5 Be Ao B4 7 10 A A
YER, 23t G Rk 5k BBB, M T S 20 A 2 1) 5
X2 H AT S gk Se ] DU 5E = 29 e WA &
(g 2 — 24, KEFFL SRR W], T7-Cou-Lip fE
bEnd.3 A1 C6 A A 72 G 3R E W il 1R
ZfEMH) Cou-Lips [FI, A71E5 BBB Siia 4 R 2
7~ HATYPRH &1 )lg 5t 144+ BBB iZi&ERE/1m T
KRB Pt LA g SRR AR MR i kR i A1
HAIYPRH ] j& i 52 44 Py 7 Bl i) 42 23 24 4 15 bk
BBB, SEHLEZEL AR .

N T WSS [FIC 7 1 3 A s SR A4S P 7R SN 3
i, AHICEDEF AR RGeS/ B S B
70 DSPE-PEGaooo i » G ARZR I B 121K
BEbE, XN T B BUAA BRI SE K, kT 1M
IR B RS (reticuloendothelial system, RES) X fig
AR BRI A B, AT S IR AR LE A4 Y (R IE 3A
[ [E]25-261,  H £ HAIYPRH 1&4fif5, HeBAG N T
TERAH R TR R, S T 298 Esh B fER

i bpng, ALY % 1 T7-Pod-Lip, Jf
ik BBD-RSM i€ 1 AR s A7 TE, 4
o UuE L A 90% A Lo 12 BB s AL AR T #1145 B IR o
RAREN, H 15d WEETE RIF. a4 sh ek
BBB {877 A AR ISR R S5 RS 50, SRR AR
HAIYPRH BUGfE AR M, RIS 1R
P BBB MIRE S FERGLH AR o0 A, Rk T 259
ANBEA BB R ] 7R, O f BT R e
T B SRR T B8 1 ARl
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