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H =S KR R ENKIE S B S iRGD/TGN-PEG-PAMAM/ATO
B IR R AR TN B

MXHE Y, & w2, AR, R, 2 R FEm”
1. WHLEAEELRER, Wil T 315100
2. WLHERZG K220, Wil HisH 311400

W OE: BrY URRKS TN EIHS M6 MR BEZ (blood brain barrier, BBB) ¥E[H4H Ak TGN 1 R7#E k] 48 ik iRGD
e FE 0 2 SR JRE [ %25 5248 (iIRGD/TGN-PEG-PAMAM/ATO), B{EfRR =44k —ffl (arsenic trioxide, As:03, ATO) fEif
7 R R S R R e A Z e R 1% BBB MESE ), (EIL B EAF MR R E A . AR B IHREE (H-NMR).
ST R (TEM) SEREENELAER; AR EEETRIEE (CP). BHTEIES I AR = s R
s I O L B A R SR A 4 BT iIRGD~ TGN X 41 M B A R s MITT 7278 8290 K AR A0l i 3 1.5 1Y 1 4 il (HBMEC)
FIRRG R 598 UST 4l I EE 1 2 BBB BB bt 25 R G4 UST A KB &R B & T iRGD/TGN-PEG-PAMAM
WAk, HIESHEE, KNYA), IBHKE (24.87£0.84) nm, HAL (17.26+1.64) mV; iZ# /A% HBMEC 1 US7 4Hfif
YIRAR/NMAOEME; #2745 R iRGD/TGN-PEG-PAMAM/ATO M E %A (71.92+1.17) %, HRIMEREEKI ATO &8k
Ji RO PR RIGE Y, HERMAMA N EART ATO MR 4B 45 IR iRGD/TGN [HME M FIF UST 4ifLxf
W25 RS RSN BBB 1 UST 4 A K sin 4t R, iRGD/TGN-PEG-PAMAM/ATO 41 B ¥ 7 (#)# BBB i
UST7 4 KR . 4518 iIRGD/TGN-PEG-PAMAM/ATO i it Ji 98 #E ) 138 2] R 40 LA B Mk 15 BBB #11] US7 4iififu 2k
KRR, R TR IR T 54t 7B s .

kH#R): iRGD; TGN; MRME; ¥R R =% ff
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Preparation and in vitro evaluation of arsenic trioxide-loaded glioma targeting
drug delivery system iRGD/TGN-PEG-PAMAM/ATO

NI Wen-juan', MA Rui?, LU Yan-ping?, CHEN Xiao-jie?, CHENG Ying?, LI Fan-zhu?
1. Zhejiang Pharmaceutical College, Ningbo 315100, China
2. School of Pharmacy, Zhejiang Chinese Medical University, Hangzhou 311400, China

Abstract: Objective To construct a glioma targeting delivery system, PAMAM G5 were modified with the oligopeptide of blood
brain barrier (BBB) targeting TGN and tumor targeting oligopeptide iRGD to solve the problem of non-specificity in distribution and
difficulty in permeating BBB of ATO, in order to have better anti-glioma effect. Methods The physical and chemical properties of
nanocarriers were investigated by 'H-NMR and transmission electron microscopy (TEM); The encapsulation efficiency and in vitro
release were analyzed by inductively coupled plasma emission spectrum (ICP) and dialysis bag method; The effects of iRGD and TGN

on cellular uptake of the carriers were analyzed by laser confocal and flow cytometry. The cytotoxicity of nanocarriers on brain
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microvascular endothelial cells (HBMEC) and glioma cells (U87), the inhibition effect on U87 cells of drug delivery systems after
acrossing the BBB model in vitro were investigated by MTT method. Results The iRGD/TGN-PEG-PAMAM was synthesized
successfully. The TEM results showed that iIRGD/TGN-PEG-PAMAM was regular in shape and uniform in size. The particle size of
iRGD/TGN-PEG-PAMAM/ATO was (24.87 + 0.84) nm and the potential was (17.26 + 1.64) mV. The synthesized carrier had less
toxicity to HBMEC and U87 cells. The encapsulation efficiency of iRGD/TGN-PEG-PAMAM/ATO delivery system was (71.92 +
1.17)%. The in vitro release showed that ATO had a slow release trend after entrapment, and it was more favorable for ATO release
under acidic conditions. The cell uptake indicated that iRGD/TGN modification was more beneficial for U87 cell to uptake the drug
delivery system. The in vitro inhibition effect on U87 cells after acrossing the BBB model showed iRGD/TGN-PEG-PAMAM/ATO had
better inhibition effect on U87 cells. Conclusion The iRGD/TGN-PEG-PAMAM/ATO targeting drug delivery system has good

inhibition effect on U87 cells effect after acrossing the BBB model in vitro, which provides a new strategy for the treatment of glioma.

Key words: iRGD; TGN; glioma; targeting drug delivery system; arsenic trioxide
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T, RIS, PALAAF RS E L
i 2 IR VT i AR FARIEYT « R IT RIA
BT, HARFRUIBRECG T 2 B A6y v i i g
MEEFB, EMRMEEREEEK, SE®N
HATCH B AR, HRICFERIRAN IR 2,
BT AR R B A BE S 55 A V)RR, 5% B 10 A 2 J 9
A AE TR S5 K I T B R SRR

YKEEAR DA 15 53 AR ) RO A Fe s AL e
2R G80Kk T A IR PRER, b R B -
WK TF (PAMAM) R H B g5 34452 B
M T B2 RE s, HEARAATE, fE s,
KA KEAEMIRRER (. BE. &
BE5E) . AR BN ELF SR i 6,

NT PEmdie . HLUEIRA IR, FI{E
25 RA RSP ECAR, @i B AR 4 i 2 1
1) 52 AR S 1 A E A P SR 38 o 4 g e DA v 4
M. AL IR T . A o BAREK
2R J FOR AR U R = IR 24K, T RGD
(Arg-Gly-Asp) = JIKJ7 51 & HRE R fo ik, Hp
iRGD (CRGDK/RGPD/EC) HA 5k IR 121% e
F0, HAh TGN (TGNYKALHPHNG) &1 12
MNEERARMZIE, AR, RHEgRASE
BBB I{EH, RUF BRI, AR 506 A
A Mg e ¥ iRGD JIK L & BBB # ) [1) TGN Jik 3t
&1 T PAMAM 3 [H 6L 3T 8 2459 — Sk —
(arsenic trioxide, As;O3, ATO) U2l fyze—Fh A
HALF R R . ()2 BBB 535 XU RE O HE [ 328
2 %% (iRGD/TGN-PEG-PAMAM/ ATO).

1 #RIE{EE

Millipore Amicon Ultra-4 #JEE . HELEKAL,

2% [ Millipore A A5 7RI 2oL, 90 e 255 P A

AT MTN-2800D ZMKAL, Kid: BURESE B (X
#nHE]; DF-101S A ERIMARL I hidEds,
B SCRHEA B A R A 7] 5 Mercury Plus600 1% f 3
YR1X, Fit Bruker A ]; Nano-ZS90 4Nk E-H
B HTAL, TEE Malvern X #5H BR A F; HT7700
%S T S AE (TEM), H A Hitachi 2 A ;
Labconco EZ¥ % T8N, ZEFE Labconco AF;
SpectraMax M2 Fighn{¥, 3E[E Molecular Devices 2
F]; CO, K5 7746, 22 E Thermo /A #]; Guava Easycyte
AR, 1 E Merck Millipore A &]; #OGIHEE
FEREE, HA Olympus A A,

As:03, B 51 99.9%, JRMTEEIRAR A
%8 5 RERBEIZ-IERHIRK 7T (PAMAM G5, A K
5% B . RFER % OtER (FITC), *H
Sigma-Aldrich A w]; HEEE-R £ R - BRI L iz
LIRIE [ methoxy PEG succinimidyl carboxymethyl
ester, mPEG3000-NHS, X} 7Tl & (Mw) 3 000 ],
ISR Tk . i - 5 20 I - B 0 G W % 3% B R
(maleimide-PEG- NHS ester, MAL-PEG3500-NHS ),
et sl B H AR AR iRGD. TGN ik
(CRGDK/RGPD/EC. TGNYKALHPHNGC), i
FHRENAERAF]; B-MELRE, LM AE
BRA R 3-(4,5- FFBEmMEME-2)-2 5. — IR B P (MR
E (MTT). 4,6- - PKFE-2- KL (DAPD), H
Sigma /A F]; RPMI 1640 55351 0.25%/ 5 (i
fa4 i, 3£E Gibeo AR H-FEFREW, MM
VWUZEFAF s HRuF o Hra. A6 e i
Fe4ife (HBMEC). N i i J5i 98 U7 4t 32 e
WL H R 2 K 22 Bh P s ge i 7 Fh O e it
2 HESER
2.1 iRGD/TGN-PEG-PAMAM Y4 A&

¥ ZFREL MAL-PEG3s00-NHS (Mw 3 500, 9.2
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umol), I EH iRGD (Mw 950.06, 9.2 pmol)
B TGN (Mw 1411.54, 9.2 umol) [¥] NaAc-HAc 2%
MR (0.1 mol/L, pH 6.0) 1, #WiE30s 5, 4k
iRGD-PEG-NHS & TGN-PEG-NHS; ¥ It 52 NN
A& 0.2 pmol PAMAM (] 0.05 mol/L #iib-NaOH
ZEMR (pH 9.2), fif iRGD (TGN) /MAL-PEG-NHS/
PAMAM HZAYRIELL A 45 145 0 1. MR
Jei, WM pH & 7.0, FEIIN 9.2 uL B-3idE 2
BE, ZRZE N1 h e, THEIIEE (B Mw 10 000)
4000 r/min &5.0» 20 min, K 2 502 T E ) PEG.
WA B VR AR S5 (=W 525 T pH 8.0 B IR Eh 2% ik
(PBS) "1, AN mPEG3000-NHS, {8 PAMAM
5 PEG B & MNP EL N 11 64. [V 48 h
JE B2 RSO PEG, W TIR15 3 (B (i fa [E 4
iRGD-PEG-PAMAM &% TGN-PEG-PAMAM .

F& B HL MAL-PEG3s00-NHS (Myw 3 500, 18.4
pmol), I A &4 iRGD(Myw 1 093.22,9.2 pmol)
f#) 0.1 mol/L NaAc-HAc ZZ 1P (pH 6.0) 1, i
Jit 30 s J5 4 % iRGD-PEG-NHS; 5 1 s SEOBIIN &
4 0.2 pmol PAMAM £ 0.05 mol/L #li#b-NaOH &+
W (pH9.2), XM 3h /i, JIAN TGN (9.2 umol)
{# iRGD/TGN/MAL-PEG-NHS/PAMAM #¢ &4 Jifi f)
BN 45:45:90 1 1. RNERE, TN
pHEZE 7.0, FFIMIN 9.2 uL B-5iIE 20 . k&N
1hJ5E, THEIEE 4000 r/min 250 20 min, 5
DEICIFE I PEG. TLC R B PEG, 2544 N (H
BE-G07 1 01, BUZRE M), B OWRYE R I
YT pH 8.0 i1 PBS 1, A I mPEGsg00-
NHS, 1§ PAMAM 5 PEG H#x 4 N5 i &
164, B 48 h JaFR LR M) PEG, A5T
i, 153 [ Ok E K iRGD/TGN-PEG-PAMAM .

22 N 5 ) iRGD-PEG-PAMAM. TGN-PEG-
PAMAM. iRGD/TGN-PEG-PAMAM ¥ [ a5 #a
4, H=R0 502 65.82%. 61.29%F1 54.87%.
2.2 iRGD/TGN-PEG-PAMAM HRYFRAE
2.2.1 'H-NMR PLEK (D0) AR, Ei
IR iRGD-PEG-PAMAM . TGN-PEG-PAMAM .,
iRGD/TGN-PEG-PAMAM 347 'TH-NMR 447, F4R
#5 iRGD. TGN. PEG Al PAMAM HEFIE i Wit
YR PEG (LREFE AT iRGD M TGN BB
E R WA 1, 83T e iRGD. TGN MAL-PEG-NHS.
PAMAM 2574 1] '"H-NMR E1E A W, 2.3, 2.5, 2.7
9 PAMAM MIHFAEIR T8, 6 3.60~3.66 58 g Al

iRGD

TGN

MAL-PEG-NHS

PAMAM G5

W

TGN-PEG | J.ll L

‘ “H | .lll Ll ,L.n.-}. “ i
~ “ j.lA._.lul b

iRGD-PEG

iRGD/TGN-PEG

iRGD/TGN-PEG-PAMAM

74 69 64 59 20 19 18 17
)
El1 iRGD. TGN, MAL-PEG-NHS. PAMAM G5. iRGD-
PEG. TGN-PEG. iRGD/TGN-PEG . iRGD/TGN-PEG-
PAMAM £ '"H-NMR [EJiZ
Fig. 1 'H-NMR of iRGD, TGN, MAL-PEG-NHS, PAMAM
G5, iRGD-PEG, TGN-PEG, iRGD/TGN-PEG and
iRGD/TGN-PEG-PAMAM

5 3.00 AbfEIE S H2E PEG H -OCH,CH,O-
-O-CH,-CONH-{{##4iEl%, 6 1.9~2.1 N iRGD H 2
i FE 2L 1 H, N iRGD FIHFIEEE, §6.7 F15 6.9
FEA5 9 TGN By FA_E 11 Ha FH Hys A2 TGN [RRFEUEELN 17T,
7t iRGD ] 'TH-NMR B+ 0] LLE B 7E 5 1.95 AR
Y & 06, (B2 7E TGN MAL-PEG- NHS. PAMAM
Pl TGN-PEG H#R¥%& A, MifE iRGD-PEG. iRGD/
TGN-PEG LA X iRGD/TGN-PEG-PAMAM 14 1R/
[P, X ULH iIRGD [ Ihe G . oAbl & 45
AT B 3@, 15 92.3,2.5,2.7 X 3 %
5 PAMAM G5 [PRFIERR FU%, HA A L
FEARYERF2 0102, 75023 EAM— A28 504 A
Hil5H; 6 67816 6.9 /454 TGN FEy3F (1) Hy
A1 Hp, BL 6 2.3 £ A5 PIRFIE IR T8 N4, #4218 504
ASHE, W 56.7 K15 6.9 Hy F1 Hy 73514 4.38 4
H fil 447 4~ H, BIA PAMAM P86 4 A
TGN 4>, [FERTHHAFZH 10 /> iRGD, 32 4> PEG
W 4 T iRGD/TGN-PEG-PAMAM I

222 F¥KAE. Zeta AL HE  HUEE K
PAMAM. iRGD-PEG-PAMAM. TGN-PEG-PAMAM .
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iRGD/TGN-PEG-PAMAM i T84l /K, Eid gk
L B - FEUAL A3 BT G 58 -3 RiAT . FUAL A0 A o 5 34k
IRLAR AT Zeta BAATEE R IR 1, S5 REMEMH
PAMAM AL, £&1f/5H iRGD-PEG-PAMAM.
TGN-PEG-PAMAM. iRGD/TGN-PEG-PAMAM f{J#i
YA FrHG N, T Zeta AL R B, (AT OREF IE P
%1 PAMAM.iRGD-PEG-PAMAM. TGN-PEG-PAMAM.
iRGD/TGN-PEG-PAMAM HIRIfZH0 Zeta BBAL (X +5,n=3)
Table 1 Particle size and Zeta potential of PAMAM,
iRGD-PEG-PAMAM, TGN-PEG-PAMAM, and iRGD/TGN-
PEG-PAMAM (xts,n=3)

FE b Bifgmm  Zeta BAI/mV
PAMAM 5.841+0.26 25.57+1.37
iRGD-PEG-PAMAM 18.38+£1.38  23.17£2.90
TGN-PEG-PAMAM 21.794+1.70  23.83+£2.22
iRGD/TGN-PEG-PAMAM  24.871+0.84 17.26 =1.64

223 JEAME IUEE iRGD-PEG-PAMAM.
TGN-PEG-PAMAM. iRGD/TGN-PEG-PAMAM &
TRB4iKd, fE&FEMA R EKREN 4 mg/mL,
THIM _E, THJE7E TEM FWEEHAMIELS .

iRGD/TGN-PEG-PAMAM [ TEM K WK 2,

FORERTE . TR, K/N55) . BMRARAE 40 nm

Ez’i, AT 45 PEG 215 PAMAM [ 12
FEM B, e Zeta AL FTIR/DN, SEUS>T1H)
JEIIRAN, SR IR . AR R IR S
T, 3 HESMRAEA R EZR.
2.3 iRGD/TGN-PEG-PAMAM /K& 1R Y7 3¢
Fric

M EUE ® iRGD-PEG-PAMAM. TGN-PEG-
PAMAM. iRGD/TGN-PEG-PAMAM 7 5l 75 T840
KA, I 10 uL 545 0.82 mg FITC f¥) DMSO iféﬂﬁ
i % M LL FITC-PAMMA (12 @ 1) #H47. iRk

iRGD-PEG-PAMAM (A). TGN-PEG-PAMAM (B) #1 iRGD/TGN-PEG-PAMAM (C) #J TEM [& (bar =200 nm)
Flg. 2 TEM images of iRGD-PEG-PAMAM (A), TGN-PEG-PAMAM (B), and iRGD/TGN-PEG-PAMAM (C) (bar =200 nm)

YL 24 h, ABLALKIENT G EE O,
FITC, AURTHE, 1958 B E 4.
FITC i@ i i fR 7 52 5 PAMAM I ff) & JL {5k
£ 6 6.4~7.0 &b FITC B 75 B 14,5 7.0~8.0
Ab Ry MR R A g (1) 7 R S 0. ] 3 B, AE
5 6.4 K15 7.0~8.0 &b BLT FITC [FHFFFIE, itk
AL FITC MIIhpric. JEdigmaia—ik, %
FITC 45t 3 ANIRIE5 0 BRI F & (6 6.4 K40
5 PAMAM fE § 2.35 ALHFAEIER B F A it 5,
54977 PAMAM ZIR8IEE 12 4N FITC.
2.4 iRGD/TGN-PEG-PAMAM Ky 4AAR a1
Bt 04 K39 HBMEC #11 U7 2, 4351 )
JERIEE AT 0N B 35 FR R AT 3 B8 20 5l 4
A ESR (5X10* M /mL). B 100 pL FI4H =
WEFT 96 FLAR T, 37 CHiFE LR . % PAMAM.
iRGD-PEG-PAMAM. TGN-PEG-PAMAM #1 iRGD/
TGN-PEG-PAMAM 735 e il S AH [7] ik BE A B

B 2

&3 iRGD/TGN-PEG-PAMAM-FITC #J 'H-NMR
Fig. 3 'H-NMR of iRGD/TGN-PEG-PAMAM-FITC

SR ) Bk 96 FLAR HREFLIN 25 pL %254, R4
6 N AL, [FNFLLPBS 1R A, 557 48 h )5,
LI 31.5 uL MTT (5 mg/mL), #4kZER53% 4 h
JE &SR, FERE MTT BRI, BN 200
uL DMSO, TEIRY % FiEY 10 min 5 HEER
A 5E F 490 nm AEBIOEREE (4D 8, R AT
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AR R . LI EE 3 K.

MIAFTER=A walA wn
A g AR FRRFERE S A, A %S VARG 4 18

PAMAM . iRGD-PEG-PAMAM . TGN-PEG-
PAMAM #1 iRGD/TGN-PEG-PAMAM X} U87 i
HBMEC 20 2145 R WA 4, 4 5 1A a3 13
AWM . 8RR ESET 10 umol/L K,
iRGD/TGN-PEG-PAMAM 21 HBMEC 1 US87 4} 1]
FEEYE T 80% (PAMAM #14 41.00% .
14.40%), RFIX 3 FhEARLE BA B AA I 2 4
. PAMMA %} HBMEC 4iffif1 US7 4HAEf ICso
3 H1H 21.64. 7.46 pmol/L, 5 HBMEC 4HAuAH L,
U7 4 sk 5 44 B 11 B 9 UK
2.5 US7 #Aiax}t iRGD/TGN-PEG-PAMAM Ry ZM A
AN
251 gEfRdLEAr BOMEAEKIAR UsT 4HfELL
4 X 10*NFLEFD T ROGIL R PR IR /N =
RE9% 24 h J5 W 2R, PBS WEi 3 Ik, XAl
& FITC #ricH) iRGD-PEG-PAMAM. TGN-PEG-

EAPAMAM

1207 E=iRGD-PEG-PAMAM
E3TGN-PEG-PAMAM
100 [DiRGD/TGN-PEG-PAMAM
N
80
Ha
%
2 60
F
3
s 40
m
jus)
20
0
100-
== 8
80
RS I
s 60 == || =
g % <8 A
o~ = -
o0 — 3—
> 5
iplEa= = HE = SN =

0.001 0.010 0.100 1.000 10.000 25.000 50.000 100.000

C/(pmol-L™")
4 PAMAM. iRGD-PEG-PAMAM. TGN-PEG-PAMAM
#1 iRGD/TGN-PEG-PAMAM i U87 & HBMEC #fEHI %
 (n=6)
Fig. 4 Viabilities of HBMEC cells and U87 cells after being
treated with PAMAM, iRGD-PEG-PAMAM, TGN-PEG-
PAMAM, and iRGD/TGN-PEG-PAMAM (n = 6)

PAMAM #1 iRGD/TGN-PEG-PAMAM ¢ IfiL 3%} 3%
W (FITC MIZHEE )Y 10 pmol/L), 4 h JEW k%
W, A PBS 30 3 IR H 4% % 5 I E 15
min J53 %, PBS ¥t 3 S Phalloidin #¥ &
20 min, PBS ¥E¥E 3 K, S0 0.5 mL DAPI (0.2
pg/mL) W% H 20 min J55¢ %, PBSIEHE3 Ik, T
JEILTRAE BB N LSS BUAR B A 1

KA BOGIL R BB ISR UT 4 X iRGD-
PEG-PAMAM. TGN-PEG-PAMAM #1 iRGD/TGN-
PEG-PAMAM #EHUSEIR 45 LK 5. Lhrid)a i
AR RIS, 4 Phallodin Y (0 ) (1) 2 o B 22
BT, 4 DAPL YL )5 4N ior 20 &
Pt It 3 1 E 0 Bl E Y43 Hrv] WL, iRGD-PEG-
PAMAM. TGN-PEG-PAMAM Al iRGD/TGN-PEG-
PAMAM ¥JRERE UST 4%, TGN-PEG-PAMAM
) 52 )t 38 ¥ 99 T iRGD-PEG-PAMAM  } iRGD/
TGN-PEG-PAMAM.
252 AR BOCGECAEK AR U87 4HAu L
2X10° ANAFLEFR T 6 FLIR, 24 h J5 43 BN Z FITC
Fric ) iRGD-PEG-PAMAM. TGN-PEG-PAMAM Al
iRGD/TGN-PEG-PAMAM #AE#1 8L, 20 51F 0.5.
1.0, 4.0 h JEWER S HAM, UANEGEMAEEEFRRZH
YUBRAE B X R, 3 AN AR o T A5 2L 4 A
T A RCE &8 U87 4Hiix) iRGD-
PEG-PAMAM. TGN-PEG-PAMAM #l iRGD/TGN-
PEG-PAMAM $EHUE L, 4R WKl 6, 7E 0.5 h, U87
A A AR B 22T 1 h A1 4 h, U87 4H iy
B BB HCE A B [ RO, o iRGD-PEG-
PAMAM # iRGD/TGN-PEG-PAMAM Ab#i2H 2 [
THEZER (P>0.05). a4 s ss 5 3& 1
iRGD & m] LA 3 32 = UST7 41 Bt A4 () $ L 22
X5 20 e o S A R —F
2.6 iRGD/TGN-PEG-PAMAM/ATO H)€13f3:0E

S MFREL 20 mg ¥ K T4 iRGD-PEG-
PAMAM. TGN-PEG-PAMAM A iRGD/TGN-PEG-
PAMAM T 2 mL #8247k 4, I 2 mL ATO RER
(10 mg/mL), #HitFE (150 t/min) MNIEH (24 h).,
TARFART 2> F &N 3 000 ) Millipore #3250
B, EEIERR LR EL . UCEREIE S 1) N IR
ICP WI5E T g i e 2= B i i B, AR o~ =it
HAEE, AETHRET-80 CILRAF-

BER=Wo—W)/Wo
Wo KA Zitk, W iR
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FITC Phalloidin

iRGD-PEG-
PAMAM

TGN-PEG-
PAMAM

8l iRGD/TGN-PEG-
PAMAM

DAPI Merged

5 CLSM % FITC #xi2#Y iRGD-PEG-PAMAM. TGN-PEG-PAMAM #1 iRGD/TGN-PEG-PAMAM %5 4 h /5, FITC

FRICHIEATE UST AREAI 27

Fig. 5 Confocal images of U87 cells incubated with FITC modified iRGD-PEG-PAMAM-FITC, TGN-PEG-PAMAM-FITC,

and iRGD/TGN-PEG-PAMAM-FITC for 4 h

800

)

Xof HE
——TGN-PEG-PAM
—iRGD-PEG{PAM
——iRGD/TGN}PEG

600

m e -
= 400
200 —
0 Iy N
102 10* 10° 102 10* 10° 102 10* 10°
S5 e
6 SREICHRELIEMLZE FITC $7i28) iRGD-PEG-PAMAM. TGN-PEG-PAMAM #1 iRGD/TGN-PEG-PAMAM 432 U87

YHAA7E 0.5, 1. 4 h BIREUER

Fig. 6 Flow cytometry profiles of U87 cells incubated with FITC modified iRGD-PEG-PAMAM, TGN-PEG-PAMAM, and

iRGD/TGN-PEG-PAMAM at 0.5, 1,and 4 h

21t ICP Wl f it %, iRGD-PEG-PAMAM/
ATO. TGN-PEG-PAMAM/ATO #1 iRGD/TGN-PEG-
PAMAM/ATO [FAL3 #5510 (67.68+£0.40) %.
(69.27+0.34) %, (71.92+1.17) %.
2.7 iRGD/TGN-PEG-PAMAM/ATO &4 HUIt
RERYIIE

AT 48 vk % 52 0% 25 & 48 iRGD/TGN-PEG-
PAMAM/ATO ¥ ¥4 4 B J8CR 7 - B iRGD/TGN-

PEG-PAMAM/ATO 743 7##T 1 mL pH 7.4 A1 pH 5.0
(1) PBS B B, TN TR BT . ¥
WH KB R RENTIEE T 100 mL 1A F pH
PBS B/ i, 37 CHEIE/KBIRYG (75 t/min).
Iy HIFETE R IA] A (0.250 0.54 1. 24 3+ 4. 6+ 12
24, 36+ 48h) HUFE 1 mL, [ABHMINE FRKZ
HREBAN 0T . A &I ] s A RE R 420t 0.45 pm flfL
JEFE S T ICP BEAT I RE « MR E CL4 2 37 AR AE il 28
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BT RETH YRR, IHEIR A KT 241
FRBBE ().

n=1
O=(VCit Y. CiVo)lm
i=1

m HBENTE A ATO [, Co 93 n AN R SR IO B 12
YIREE, v AREROY R IARRL, © a i NI ) AR IR
HIZGPIRIE, Vo JBUREIATR

%25 24 iRGD/TGN-PEG-PAMAM/ATO fj{4
AMRE RS 55K A pH N 7.4 5.0 1) PBS 22K
RIS J5T, W 5 FE TSI ] 55 ATO (1) 9 7)),
7£ pH 7.4, 12 h Z T iRGD/TGN-PEG-PAMAM/ATO
254 O N (64.36+2.83) %, TM{E pH 5.0 fF5A:
T, 12h ZHiH QR (73.81£1.06) %. F4NIFH
ATO 7£ 4 h IE H HEARETIGE 4, 4 iRGD/TGN-
PEG-PAMAM .35 H 28— P2 B B2 (ka3 .
7f 48 h I HBEIAF] 70%LL L, HAME pH 5.0
I, ATO BJICEH: pH 7.4 22, Hili%i62 R G R
i ATO BA pH maSPERE, AFI T ATO 7Efi
JETR AT A BORE . AT REIR i BRLE A i
pH 7 5.0 FIBRYEA B I 2 s ATO 2547 [m) BT
R8T H PAMAM & A4 b i ikl 5|
& pH BEAA T 53 B AT n 3ok S e B 1 K A, 51k
PAMAM 541 B4 fifk 33k T 3 24549 (R0 R TSt

100

80

60

0/%

40
- ATO pH 5.0

-8 ATO pH 7.4
-+ iRGD/TGN-PEG-PAMAM/ATO pH 5.0
-+ iRGD/TGN-PEG-PAMAM/ATO pH 7.4

20

0 I 1l0 I 2IO l 3IO ' 4IO I 5l0
t/h
E7 ATO REZEHRGE pH 5.0, 7.4 £HTRIEINER
HiZk (n=3)
Fig. 7 In vitro release profiles of ATO and drug delivery
system at pH 5.0 and 7.4 (n =3)

2.8 {&5h iS5 BBB-HiH U87 4HARAE K SLG

S5 R T IR % R4 BBB A LIS B 0.5 mL
XFEUAE K B HBMEC 40 A LA 2.0 X 10° AN/mL $:5H
T 12 L transwell B IEHKE BH AT 12 mm, FL4% 3 pm,
ELRMA 1,12 cm?, EEETAFD. T 37 CH#
FaLs R, bR AR, 4 i 52 5 20 A F BEL K T 200

Q-cm? 77 [ HEAT 5 S50 5

¥ UST 4 LA 2.5 X 104 AN/FLEFM T 12 FLiRF
9% 24 h, BRI R BBB BAMLH A E T C
Befh Us7 AuiEny 12 FLAR L, 43 AN ATO.
iRGD-PEG-PAMAM/ATO. TGN-PEG-PAMAM/ATO
A1 iRGD/TGN-PEG-PAMAM/ATO (P ATO ¥ it
50 umol/L), 4 h Ja Rk %, UST 44k 4Lis 3% 48
h, MTT L€ H it S 4G

A4 BBB-IH] U87 2 A K Szt 45 3 W%
2, ATO-sol HAZALFE U7 (K& 144 BBB #i%,
B ATO-sol) B, U87 MI4ifuiitE (35.62%)
B AR T /e84 BBB Bt ATO-sol 4bEERS U87
ALIE 1 (79.65%), UiHH ATO-sol At LLiZ i 44k
BBB #5784 T S EEH] UST 40 A i M U R AE
5 ATO-sol 4b#ZHAHEL, iRGD/TGN-PEG-PAMAM/
ATO 4 (39.24%) HEEFEMZER (P<001). 5
iRGD #8120 EL, iRGD/TGN L1814l 5 TGN
B2 BBB Ja i U87 A KAEH AA
BEMZER (P<0.01), #—PIF TGN {2k ik
%5 BBB FI{EH .
%X 2 ATO-sol. iRGD-PEG-PAMAM/ATO. TGN-PEG-
PAMAM/ATO #1 iRGD/TGN-PEG-PAMAM/ATO 7 BBB
BRI UST 4HRRIEM (n=3)
Table 2 Toxicity of of ATO-sol, iRGD-PEG-PAMAM/ATO,
TGN-PEG-PAMAM/ATO and iRGD/TGN-PEG-PAMAM/

ATO on US87 cell viability after transporting across BBB
(n=3)

45 U7 A A7 %/%
ATO-sol B 140 35.62+1.27
iRGD-PEG-PAMAM/ATO 53.78+5.72
TGN-PEG-PAMAM/ATO 42.81+1.63
iRGD/TGN-PEG-PAMAM/ATO 39.2443.80*#
ATO-sol (BBB) 79.65+3.36

5 ATO-sol ZLL#:: *P<0.01; 5 iRGD-PEG-PAMAM/ATO 4Lt
. #P<0.01

*P < 0.01 vs ATO-sol group; P < 0.01 vs iRGD-PEG-PAMAM/
ATO group

2.9 ZEitFALIE

SKH SPSS 20.0 At AT Geit o, 24
PEECECR T 22450, 2R 1R) LR F BT AEAS ¢
R4, ALY 5 Fowo
3 e

T PAMAM G5 R[HEARKEMEE, mME
AR ML, 403 PEG JEE 051 LA 48 1A fik
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BRI A B LE W] SRS LA - A 2253 PEG 12
T ) & 2857 HBMEC LA K UST 4 i35 HA B/ )
Bk, HAh, SIEEAIMAELE, iR g x5k
PR IR . MERAR 4T B SR DA R B N SE A 45
BRI, iRGD-PEG-PAMAM Al iRGD/TGN-PEG-
PAMAM ZH7E U87 4 N 1% 6o B 3% KT
TGN-PEG-PAMAM 4 [5G, X Al Re & KA
iRGD 5 U87 MR AR 2k dh &, (22
XS 127 28 A PR B HL LA — 2 (R TR AR

PAMAM HA KR T FR & 1N
HAEMENEL, AT B D TE el i, &
BIDLAA T s . B IR AL 2 A 3 Rl 3
gE5 254, b PAMAM 2 TH K P F 3 4] 1) 1E B g
P 2 s 350 R R 55 7 R IR B AT B3R ). A
HNBTLEE R, ATO-sol 7E 2 /v rh, 4h i
SRR TR, 1 3 FlS L RGEMBEBE I —Fh
SRR . BEE pH I RPE, ATO #2525
PRI IG N X FPEERE AR R P IA BT T 1R T8
PEAEZ G MR v T B — e s . 1Eikshis
BBB #ii] U87 4 A=K si8eH, ATO-sol #ii] US7
gAML A KW AE A B B R %, T iRGD/TGN-PEG-
PAMAM/ATO F I B 47 (¥ #5 BBB il U7 42
AKAEH.

A Sz HE ) iIRGD/TGN-PEG-PAMAM/ATO
WA RGEAF R EMAEZE, 7R T ATO 7£ M5
BERIT R RE . B BBB ZREfE, B
PE T ATO {EK41E BBB ] U87 4 fiu A= K 1I1E
R, 30 B0 B2 52 98 AT YR 97 R AL 1 3 (R F T S o
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