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Abstract: Cryptotanshinone (CPT), an active ingredient with the inhibitory effect on brain glioma cells, is
trapped with poor solubility and low tumor permeability. Therefore, it is urgent to design nano drug delivery systems
characterized with deep penetration and accurate targeting. In the present study, tLyp-1 modified liposomes loaded
with CPT (tLipo/CPT) was prepared by emulsion solvent evaporation method. Peptide tLyp-1 which targeting tumor
angiogenesis and neuropilin receptors (NRP) was modified on surface of CPT liposomes, with the aim of active
targeting brain glioma cells and further release CPT precisely. The size and polymer dispersity index (PDI) of
tLipo/CPT were (162.2 + 14.6) nm and 0.24 + 0.03. The optimal molar ratio of tLyp-1 modified on CPT liposomes
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was 0.5% determined by intracellular fluorescence parameters. The morphology displayed a smooth sphericity
structure as determined by transmission electron microscope. Efficiency of CPT encapsulated in tLipo/CPT was
detected by high performance liquid chromatography. The encapsulation efficiency of CPT was (70.06 + 7.22) %.
Liposomes modified with tLyp-1 peptide (tLipo) were internalized more than liposomes not modified with tLyp-1
(Lipo) by GL261 cells. Fluorescence intensity of tLipo in GL261 cells increased 40% than that of Lipo. Furthermore,
we proved that the intake of tLipo/CPT in GL261 cells was mediated by NRP-1 receptor. MTT analysis indicated
that tLipo/CPT significantly inhibit the proliferation of GL261 cells. The half maximal inhibitory concentration
(IC,,) was 5.70 pmol-L". In vitro blood-brain barrier (BBB) model experiment indicated that tLipo/CPT could
penetration across BBB. Moreover, in vivo fluorescence biodistribution study indicated tail vein injection of DiR
labeled tLipo after 0.5 h, DiR fluorescence could be observed in the brain of mice. Even after 24 h, DiR fluores-
cence still was observed in the brain. Our research certified that tLipo/CPT can penetrate the BBB and show effect
of anti-glioma by inhibiting the proliferation of GL261 cells. The animal experiment was carried out in accordance

with protocol evaluated and approved by the Ethics Committee of Nanjing University of Chinese Medicine.
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PEG,,,-tLyp-1 5 i DMPC [ B /K bL AT 040 % 22,
3 B 5 £E T 20 4% (1) tLipo/CPT .

R ZAM 4% BT 43 tLipo/CPT H PBS 15 i& 24 F#
eI, RSN TG LR ) B 2R ST oK ks B R
Y (Zetasizer Nano ZS90, Malvern) il i€ % 4% . PDI Al
zeta AV .

FASUE KAMGEE, B T35 5 B8 (trans-
mission electron microscope, TEM) T ¥ %% tLipo/CPT
A .

EE BV E >R A 200 AH 35 3% (HPLC) Wl 2
CPT W EE, it H I iE W AKX (1), Bk ik
N Thermo BDS HYPERSIL C18 (4.6 mm x 250 mm);
WM N K (A)-0.02% BEFR W (B); FEE M 35 °C;
for Y% A 270 nmyg 3EATBR FE YR 0~6 min, 61% A~
61% A; 6~20 min, 61% A~90% A; 20~20.5 min,
90% A~61% A; 20.5~25 min, 61% A~61% A; Vi 1% :
1 mL-min™; JZ2 475 ] 25 min.

CPTHYAL 3R 5
CPTHH A f:

REMER 54N & 1S 1 (Lipo/CPT kY
{RAFET 4 cCOKAE h, B 08 1 R 5E ki 42 A PDI, & 45
M5E 7K.

MR EE  HUHEF 45 (1 tLipo/CPT, #4 I “EE
I 5 TR i 0 e CPT & &, AL A7 /i tLipo/
CPT 3 /) CPT K &, ¥ tLipo/CPT i Y& ff 47 T 4 °C
N, 7 RJGECH I E H CPT & &, A7 7 K it I

EE/% = x 100% (1)

i CPT (&, THEMR 2, A (2).

s 0, JCAEJE MR B B Y 25

R = e b i e

tLipo/CPT % CPT RURIMEFLE R I % i i
[’ tLipo/CPT, BT 8 000 Da 7 T Fi & [FIEMTEE 1, B
LB pH 7.2~7.4 M1 pH 5.4 [f] PBS VA Y, =5 16/ Wy
PR#E, 43 5T 0.15 min.30 min45 min.1 h.2 h.4 h.
8 h 12 hFl 24 h B[] 5 W HURE TR BT, A I HURE 58 HE,
SF RIRN N SRR R E SRR O 5 o % T TR] A (R o
N HBER L, 4% B “EE (0 2 1 T €4 3% 75 v 50 € CPT
& &, T CPT I R BB 7 % Q,, 1A (3).

M,
Q,/% = ﬁ‘xlOO% 3)

M, AN [ I 8] S5O0 A5 1R R TR/ 5 Hh CPT 1 & M:
tLipo/CPT H1 & 47 CPT ) L & .

tLipo/CPT Xt P 4 RE B (A SMETEHIHIER K
FH MTT 82 5 BF 5T tLipo/CPT X} GL261 4 i () 44 #h 1
FE A HAE F S oE 5L 2O i 9K B (half maximal
inhibitory concentration, IC;,).

tLipo/CPT 5 GL261 R EU R IBNEEH
8 DL C6 B AC CPT, #% M tLipo/CPT [ il 4% J7 il 4%
5 3| C6 b ic 1 2 m] Jig i1 44 (C6 labeled tLyp-1 modi-
fied liposomes, tLipo/C6) F1A i ik C6 A5 ic 1) fig J5i 44
(C6 labeded liposomes not modified with tLyp-1, Lipo/
C6), ¥ tLipo/C6 Fl Lipo/C6 5 GL261 41 fi fL ¥ & 4 h
J&i, FERAE BB WS tLipo/C6 Ml Lipo/C6 5 GL261
41 i 1 3 € A 1% B, JF A £ T e B AR {X (TECAN
Infinite 200 PRO) XJ 4l g P 48 X 1] tLipo/C6 Al Lipo/C6
9 TEHR AT B B .

GL261 fAAIEEL tLipo/CPT EUHEIRAZT  LUARFE
2H i PN A 57 5 mmol- L 2 S & 7R % . 10 mmol-L”!
F L -B- 2R < 5 mmol- L B 2K i ) 1 ¢ 4b 3 GL261
411 2 30 min J&, %5 T LA DIl % )6 4Rl bR ac 1) $E 17) i 5
& (Dil labeled tLyp-1 modified liposomes, tLipo/Dil) 4t
HEAH I 4 h, 0 5 41 M 4% B tLipo/Dil 1%¢ 6 # FE; AR
[ 94 B2 (1 0 25 tLyp-1 Ik ¥ 56 4 3 GL261 44 i 30 min
J& , % T tLipo/Dil A& #E4H i 4 h, I & 4H i £ X tLipo/
Dil )% G5 JE

tLipo/CPT #J {4 5 BBB 5 i& 6t 1 R #L # & &=
bEnd.3 4fi il (1x10° ) 4% # T 24 fL Transwell /) =
(Millipore 2 &), fL4% 0.4 um, H 1% 6.5 mm) #', fB R
B 46 4 P 3% 7R, D€ #5 JE FE BHAE (transendothelial
electrical resistance, TEER), £ TEER #2 i 200 Q -cm’,
TR E B GL261 4 (1x10°y), 15 77 22 40 i I B
We % b= g B ES FR W, 45 T tLipo/C6 il Lipo/C6, T

x 100%  (2)



RIS A5 T 2 AL 17 IR S ) S B EL AR B B0 I 2 S 5 5% - 3271 -

12 h 5 P 5E N % GL261 40 i i S8 K 5 3 . LA
AN TR (0 48 B P9 2 #5505 mmol- Lk BR STN E
10 mmol-L™" FF £ -B- PR AE < 5 mmol- L™ B 2K 8 FI 7l 5
Ak ¥ bEnd.3 41 Jitd 30 min J5, 45 T tLipo/Dil &b 2 4 il
4 h, Wl 7 4H A 48 X tLipo/Dil 147 6 5 B

tLipo/CPT HI{A BBB EiEREIE R L4 4t
k) DiR &R CPT, #[8 tLipo/CPT (il 5 7 v2: 1l £ 45 5
DiR 5 ic i #E [5] fig i 44 (DiR labeled tLyp-1 modified
liposomes, tLipo/DiR) FIAHK DiR Axic Il Jsi 44 (DiR
labeled liposomes not modified with tLyp-1, Lipo/DiR).
ANBRTE T AN ER I B, A RN bR A O 6 i 51
0.2 mg-kg', 73 FVES 5 0.5.1.2.4.6.8.12 124 h it
AT A AR, 8 5 B 956 20 A1 1% L (IVIS spec-
trum; A /A, 745 nm/800 nm). VES 5 8 h 5 it SUAE AL
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Size distribution (A), polymer dispersity index (PDI, B), and encapsulation efficiency (EE, C) of tLyp-1 modified liposomes

loaded with cryptotanshinone (tLipo/CPT) in different prescriptions (1 = 3, x = s)
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Figure 2 Preparation and characteristic analysis of tLipo/CPT. A: DSPE-PEG,-tLyp-1 synthesized was analyzed by matrix-assisted laser
desorption ionization time of flight mass spectrometer (MALDI-TOF MS); B: Fluorescence intensity of tLipo/C6 contain different molar
ratio of DSPE-PEG,,-tLyp-1 after incubated with GL261 cells for 4 h was determined by flow cytometry; C: Quantification of intracellular
fluorescence intensity of C6 after incubated with tLipo/C6 contain different molar ratio of DSPE-PEG,-tLyp-1 (n =3, x 5. "P < 0.05); D:
The size distribution and morphology of tLipo/CPT were detected by Malvern particle size analyzer (dynamic light scattering, DLS) and
transmission electron microscope (TEM) respectively; E, F: PDI (E) and zeta potential (F) of tLipo/CPT kept at 4 °C on the 1* day to 7" day

were monitored by DLS (n =3, x £5)

Table 1 Size, PDI, and zeta potential of different molar ratio
tLyp-1 modified Lipo/CPT detected by DLS (n = 3, x = s). Lipo/
CPT: Liposomes not modified with tLyp-1 loaded with CPT

Name Size/nm PDI Zeta potential/mV
Lipo/CPT 156.1+145  0.14+0.03 -02+3.7
0.5% tLipo/CPT 156.4+7.1 0.14 £ 0.05 -1.6£0.8
1% tLipo/CPT  188.6+16.5  0.21 +0.05 -1.7+2.4
3% tLipo/CPT ~ 192.2+1.2 0.21 £ 0.08 -29+0.5
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Figure3 Cumulative release of CPT from tLipo/CPT in phosphate-
buffered saline (PBS, pH 7.2 - 7.4 and pH 5.4) was detected by
high performance liquid chromatography (HPLC) at different

points of time (7 =3, x £ 5)
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Figure 4 Cytotoxicity of different preparations on GL261 cells.

GL261 cells were treated with free CPT, tLipo, Lipo/CPT, and tLipo/

CPT for 24 h and the viability was detected by MTT (n =4, x £ 5)
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Figure 5 GL261 show more intake after modified with tLyp-1 on the surface of Lipo. A: Co-localization of tLipo/C6 and Lipo/C6 in

GL261 cells after incubated for 4 h was observed and analyzed by Confocal Laser Scanning Microscopy (CLSM); B: The intracellular fluo-

rescence intensity of tLipo/C6 and Lipo/C6 after incubated with GL261 for 4 h was determined (n = 3, x £ 5. "P < 0.05, "P < 0.01). Scale

bar: 50 pm. C6: Coumarin 6; DAPI: 4',6-Diamidino-2-phenylindole
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Figure 6 Endocytosis of tLipo/CPT is mediated by clathrin-mediated endocytosis and neuropilin receptor 1 (NRP-1). A: GL261 cells were

pre-incubated with chlorpromazine, methyl-/-cyclodextrin (M-£-CD), and amiloride and the fluorescence intensity of Dil in GL261 cells

was detected after incubated with tLipo/Dil for 4 h; B: GL261 cells were pre-treated with different concentration of free tLyp-1 peptide and

intracellular Dil fluorescence intensity was quantified after 4 h (n = 3, x £ 5. P < 0.05, "P < 0.01); C: Co-localization of tLipo/Dil and

GL261 cells was observed after pre-treated with different concentration of free tLyp-1 peptide for 4 h. Scale bar: 100 um
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Figure 7

o

tLipo/CPT penetration across the blood-brain barrier (BBB) in vitro. A: Scheme of in vitro BBB model; B: Fluorescence intensity

of C6 in GL261 cells cultivated in outside chamber after 12 h (n = 3, x + 5); C: bEnd.3 cells were pre-incubated with chlorpromazine, M-j-

CD, and amiloride, and the fluorescence intensity of Dil in GL261 cells was detected after incubated with tLipo/Dil for 4 h (n =3, x £ 5)
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Figure 8 A: In vivo fluorescence imaging of BALB/c mice at timed intervals after intravenous injection of tLipo/DiR and Lipo/DiR; B: Ex

vivo images of brain and other tissues at 24 h after injection; C: Brains were dissected 8 h after intravenous injection of tLipo/DiR and Lipo/

DiR. Cell nucleus (blue fluorescence) was labeled with 4’,6-diamidino-2-phenylindole (DAPI) after preparing into 15 um freezing micro-

tome section and distribution of DiR (red fluorescence) was observed; D: Quantification of DiR in different mouse tissues after 24 h (n = 3,

x+s. "P<0.01). Scale bar: 100 pm
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