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Preliminary study of lipid bilayer-coated calcium phosphate
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Abstract: This study aims to prepare lipid bilayer-coated calcium phosphate core-shell nanoparticles
(LCAPNSs), which can dissolve in an acidic environment to improve the tumor cell toxicity of antitumor drug.
Paclitaxel (PTX) loaded lipid coated calcium phosphate nanoparticles (PTX-LCAPNs) were prepared by
thin-film dispersion method. The morphology, particle size and in vitro release behavior were characterized.
Meanwhile, the intracellular uptake, intracellular dissolution, cell toxicity of PTX-LCAPNs and intracellular
accumulation of PTX were evaluated in human HCC cell line (Huh-7). The results suggested that the mean
diameter of the spherical LCAPNs was 124.73+6.41 nm. The PTX-LCAPNs demonstrated little drug leakage
in simulated normal physiological conditions, while a rapid release was observed in simulated intracellular
condition in vitro. Moreover, the PTX-LCAPNs achieved 1.7 fold improvement in the intracellular PTX
concentration leading to 5-fold reduction in half maximal inhibitory concentration (ICs,) values of PTX
compared with calcium phosphate nanoparticles loaded with PTX (PTX-CAPNs), demonstrating a stronger
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cancer cell lethality.
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T AT R L 28 Jl oA I 2 24 A3 PR A st o o L R R K
B ZRA IR . BREWAKR K TS,
LA 1Y I HME 5 1 2400 P R D 25 0 TR AL 2R
(145 097 5 $22 e 2 P e 1 R 5 skt AR AR
KR, anEaE e R A, BT AR R B AL
PEANERE, VES a7 BB MR A, SRA . UTAR .
T 25 T IR 7 A — s (R 2 e 82 1270 ik N b 8 41
LG MBS, SEUMEHLS N AR ER
i, YR BEAS S, 0 IE 23 48 B it i ™ B 4
ik T, B BRI T IR IE ST R R, TR
R 2% 1% R G LAY = 2 PR o7 248

R4S (calcium phosphate, CAP) & —Ff KR

IRV R, B R A4 22 4 1t R AT [ A 1
CAP RKWmn] 5 Z M iMm A iEtemm s &,
A SAE G A WA R Z0EM, ke AR 258044 .
O SCHRTRIE s CAP KRR NPE R AT
A KN B bods 29 AR o BERR S 9 KRL (calcium
phosphate nanoparticles, CAPNs) {E A#E A MR, H
BB ML ERIAAKR, AR KM AMEAE
JR AR 5 4 W 4 B 15 B S B AT L AR A PR R S — &
HUM 55 o B EE B S CAP X RRAIUK™), 75 g i 1k 34
G AT DAPREURE 2, MR A B 25 VUK BE A B 42
fm, BEMIGEPTREIEN, (A CAP f£— @KL L
FEAE B I8 IR 2L 230 1 25400k 85 v) . b4, RE I
FRAS B AT BLUF I AE AR S, HR IR L, 3
YA UK A m, BRAK T 29997 3. Rk, £ CAP
AE AR, W] i ) 30 IA iR R 254
HER, P A, ZE AR A JE PRI [A]

BT BT T — Bk SRR EY 5 IR PR A4 S 1)
/5EENK KL (LCAPNs) 2063k 248, Ui
YIRIZEE (paclitaxel, PTX) NIRTIZGY), 4 T 0%
PTX [ g i~ PR 4G 1% /55 90K K (PTX-LCAPNs). —
J7 1, g5 AT DA AR AR 25, e i ) F
ISR ET MR, S — O T, BERRES G KORL  R VA f
PEAE 1S 259 S ILAE M A PR IR ORI, R 24 30 A,
AR R T 3E I 2H M B HL, B v 2 W AE AH i 1
B, RS ERE BRI IR b, AR
Fohf LCAPNs HEAT T 3RAE, PPN 7 4R i

PNV RS P S AR A L P R 0 1

MRERE

HR5IRF PTX FERZ (F&E>99%, KiEx
CHEMEARERAF); WKV 188 (Poloxamer 188,
Pluronic F68). 4 £ % B kil (Cremophor EL). JH
I 407 (Poloxamer 407, Pluronic F127) ({%[E BASF
AT, YIWERE ESO (fE[E Lipoid 2~ a]); i 5 B2 4N
(F Bia BRI RARAR); BAMiE (EE
Hyclone 24 #); DMEM %7772 (£ Gibico A #]); 5
MEEL % F} ¥ B (Rhodamine B isothiocyanate, RITC,
B T AR R AR, HEEE, Q-2 ) =
LA FEfEST  (3-aminopropyltriethoxysilane, APTES)
(255 B A H PR A A, 4K (MiliQ); Fluo-
3-LAAE RS (Fluo-3-acetoxymethyl ester, Fluo-3
AM), Hoechst 33342 (L2 RH A R A ),
MTT. DAPI (B = RAEMEARAA), HMHEA
thigali,

FEMEE  Agilent 1200 & RORAH RS (EE
Agilent A 7]); Zetasizer Nano ZS i E ¢ (JL[E Malvern
v A]); JEM-2100F BUE S 4% (H A JEOL A ]); CO,
R 7746 Binder 150L (#£[# Binder 24 #)); FV1000 !
BOCILRE RS (HA Olympus A #); BD FACS
Calibur 43R A {% (3% [E Becton Dickinson 2 7]);
Synergy H1 A= IhREEEAR{X (3£ BioTek A #); hefs
AR IR PSS HIERR R IKA KS 3000i
([ IKA A 7]); Allegra 64R =i A4 B 0 HL (£ 1E
Beckman Coulter A #]); ZLAMEIEX (IS5-FT-IR, 3%
Thermo A ).

MARAEEL A Huh-7 bk (- EREERE
YT 55T 8 10% a4 i DMEM 5%
FRWH, £E37°C\ 5% CO, IEAET IR E, & 1~2 RE
e — IREE TR -

HPLC ®ifE&MH (@ikfk Agilent Zorbax SB-
Cis (150 mm x 4.6 mm, 5 pum), BN RNK-21E
(45 :55), i 1.0 mL-min"', ¥R 30 °C, KK
227 nm, #FFEE 50 L.

CAPNs HIHI& FEEARHUHIEID I 188 (F68)
1.4 ¢ T 70 mL EBFI/KH, 40 Ch#did:, fFEm0
PSS, MR ANVET (2 mg-mL™") 10 mL,
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FE1hJE, AN 25 mol- L™ Ca(NOs), 4H,0 15 mL
A1 25 mol-L ™" Na,HPO, 10 mL, FFH& /K pH A 10,
RSB 24 h, EOWERDTE, UK ZEEAE B b,
FBOUCEEDTIE, 4 CHRAEDPL,

#H PTX &k Hl&

PTX-CAPNs | % H{ CAPNs 10 mg 7-#(T
1 mL /K, ¥ PTX 4 mg Fl+/\i% 4 mg In#HiE T
10% To7K 2. AT 90% T 48 2. 475 B R P B 1 1 40 g L7
WIS, K PTX ¥ I £ CAPNs K H,
WEOGHERE 24 h, EOWERDTE, UL pH 7.4 BERR Eh L%
W (phosphate buffer solution, PBS) & ¥, Bl 75
PTX-CAPNs, 4 ‘C{# 47

PTX-LCAPNs il £  FRH E80 15 mg. JIH [l ¥
1.5 mg TR+, SUNERIEM, 40 CHe &K
brEAVER, BRI EHE. L PTX-CAPNs )
PBS AW (M CAPNs RERE N 2.5 g L") 1 mL
F 45 °C/K4k 30 min, LA 1% IR 2 min. &
OB 22 AR BRI PTX, B3 PTX-LCAPNS,
4 CIRAT

PTX-LPs Hiil#&  7EAHESEE 26440 T, FRELESO
15 mg. HEEE 1.5 mg A1 PTX 0.3 mg T [ LI+
TR SR . BL 1 mL PBS MWKk, EN75f0 %
KEBERINB AR (liposomes loaded with PTX, PTX-
LPs), 4 ‘C R4

RHAFMDEARRIFIF I RITC 1 mg, M
ANT/KZEE 1 mL % f#, B APTES 10 pL, =i
Pkt Y BI45 RITC-APTES. H{ CAPNs 10 mg %
BT 2 mL /K, 0 RITC-APTES 100 pL, T 40°C
THiRE 24 b, BOUWETTE, HFHKER, B RITC
Fric R 5 40 K kL (RITC labeled CAPNs, RITC-
CAPNs). % “PTX-LCAPNs [ 457, {EAH[H 5256
AT, LA RITC-CAPNs ] pH 7.4 PBS UK AL
MM, BIA5-3)9¢ G Ykl RITC Fric B NE o — i iR 45 4%/
FeA KL (RITC labeled LCAPNs, RITC-LCAPNS).
2% “PTX-LPs (il 45”7 , FRELE80 15 mg H1fiH [ iz
1.5 mg TREFR S, SO&E%E M, A RITC-
APTES 25 uL, 40 CHEfsZ R R 2B HLIEH, K
BIsIfIg IR . LA pH 7.4 PBS ¥ 1 mL T 45 ‘C/KAk
30 min, 1% IREHLEA 2 min, B GAKRE R L
G50 BEfAE, RIFF58 YRt RITC Fric (40K i o
(RITC labeled LPs, RITC-LPs).

IR0 zeta L  HU CAPNs M LCAPNs & &,
FHIK#BE, K Zetasizer Nano ZS L HL A7 I 5 3
SRR BIRLAR . RLAR /A F zeta HELAE

iBHTESE (TEM) F/K5 7 #8: CAPNs.LCAPNs
F 02 gL, FEUERERHMESM L, H 2% MR
gt BT A S N WKL &

ZI5MKiE (IR) LAKBr A/ /i, H Thermofisher-
Nicolet-IS5- 2L 4N 14X (IS5-FT-IR) X} CAPNs #E4T
LLAMGIG I RAE .

ESRYN ==l P BURZLP TR R Gl S 3 S A LN
SE M . B LPs\CAPNs & LCAPNs i& &, Fl/KFRE, 4>
B 1L 24 7 RS RIE AR

HAEMMNE K% EH PTX-CAPNs 3 PTX-
LCAPNs 1.0 mL, MIAHEE 2 mL, #75 30 min, &0
s s, DUV IINHRE 2 mL, A EAE 3
R, HIFLIEBR, DLRBIAHE A S 10 mL, HPLC Wl &
PTX & &, KA T AR EPORE AN 45
(drug loading capacity, DLC):

DLC= W,/ W,x 100%

Hr, We: RBARFEET PTX & & (mg); We
L PTX MPPKEMAM B E R (mg).

RINBEREMR K% PTX-CAPNs. PTX-
LCAPNs & PTX-LPs % 0.2 mL, 4350\ pH 7.4 5%
5.0 ff) PBS (% 0.2% Tween 80) 25574 7.8 mL AR
WA, T 37°C, 100 r-min”' 8%, 1. 2. 4. 8. 12,
24 F148 h HUFE, JEAEEIEE (B4 1 & 5000 Da)
B0, W EIEH R S %, SREL HPLC &Iz
PTX ¥, itH BRI,

MMREIRENSELS % Huh-7 Z0M03EFh T 12 LK
WIS A b, K597 24 h, 4 HILL RITC-LPs. RITC-
CAPNs il RITC-LCAPNs T 37°C. 5% CO, B B 1A &
TIEEME 40, FEWEW, LA PBS 7.4 Wk MA
4% % W EREEAM 15 min, FREBER, LA
PBS 7.4 ¥#%; M 5 ng-mL™" DAPI %8 & 10 min,
BrEgetail, UL PBS 7.4 Pk, BUHETEA, LL 90%
Hod A, BT IR B T g,

TR ¥ Huh-7 4000 LL 1x10° AN/4L
BER T 12 SUHRP, 5595 24 h J5, 20 HILL RITC-LPs.
RITC-CAPNs #1 RITC-LCAPNs - 37°C. 5% CO, %
BHERTNWEMMWA L, FEWER, LLPBS 7.4 ¥k,
JREFE A, &4 ET 0.5 mL PBS 7.4 1, DL
240 M SR 5 e

HBERSMAEE TRM ¥ 2 mmol-L™' Fluo-
3-LTRAEGE BRI S 20% F127 WS ARREIR
5], F Hank’s ~F1 £ AR 1000 £, 73 2155 i i
#1H) Fluo-3 AM TAEW. ¥ Huh-7 40H L 1x10° 4>/
BRI T BOL LR ER R, 559 24 h J5, IIA
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Hoechst 33342 43 200 puL, =¥ HE 20 min J5,
Y, HPBSIEYE2~3 K, IO EEECH K Fluo-3
AM TAEW 200 uL, T 37°C.5% CO, &1 N E 1 h,
FEME W, FPBSIEY2~3 KA, IIAZ H DMEM
Bropdt, BT LR RAME T WS HINA CAPNs
5 LCAPNs 200 pL, T 488 nm i & e KAk W g2,

MM PTXREME ¥ Huh-7 40 EEFN T 12
Ltk b, #53% 24 h, 3 AlLAEE PTX. PTX-LPs.
PTX-CAPNs ll PTX-LCAPNs (39 PTX Jii &k E A
0.25 pg'mL ") BEEWACK IR, HE 0.5.1 1 2 h,
F LM E W, LLPBS (pH 7.4) WLik, BrERE AW,
JRRGTH L4, DAl 200 pl B E 5, A
FEE 300 LM, B B0 5, B ETE R A HPLC
FIE PTX WREE, THE A 259 & UK FE

RSN SR HEAR T DL MTT 320558 0 i 71 1)
PRAMTURIEE . 4 Huh-7 ZHAELL 1x10% AS/FLEM T
96 FLAH, Kr3% 24 ho DLSE ARG IR M0 REIF 25 PTX.
PTX-LPs. PTX-CAPNs fl PTX-LCAPNs, fii PTX [{]
B BE R BN 0.25.1.25 F1 2.5 pg-mL™", £EXF AL
A SIS [E) 2590 2 B 11770 100 pL, RE4L X 4
ANEIL, AFEANAE 24 ho GRJE, REFLINHT SR
) MTT ¥ (5.0 g'L ") 10 pL, ¥ E 4 h; # % LG
i, BEFLINA DMSO 150 pL 38T 37 CIEIK TR
15 min PAVA R G S, T 490 nm ABS IR U
FEAH

FTEHIEHRESMETEN D MTT EE R T A
1A [#) 42 4P« LPs. CAPNs Al LCAPNs %% [ 440K ki ik
FE AR AN 70 i3 v PR AT I 7 IO PR v A R 1 R A
WE—F, DL E Huh-7 000, RN 2% <4k
PR v A I 7, FEAH RIS A T SEES, DA S Bk
Aot 401 1) e R 200 R 8 A D B2

KR LIS AR, Y £ Ko, WAL
WA IER AR, Goit J7 1% F XU ¢ #3565 3 41 K LA
EBAER T 2200, P<0.05 AR FEMEZER, P<0.01
M 2

&R
1 PRBIEWH&ESRIE
PTX-LCAPNs il &2 LK 1. £ CAPNs K]

Hl &R, B2 Ca(NOs),-4H,0 Fl Na,HPO, [ F5ERH
2, BFEER =T . Zetasizer Nano ZS $i &
HLAZI AT 25 CilllE, 45K W3 1. 7] . CAPNs
A LCAPNs [ORLAZ /N T 150 nm, L5047 %

L—-‘g:_:w —_— ﬁ'?.:“:‘
¢ o —m

o Py "l S
) ‘V‘-“'v" Alginic acid S e
"‘»"'*._ﬂ“" sodium salt ‘ w
PEG-PPG.PEG  (MEInate)
{Pluronic F68) Ca? PO,
o el PO .
Ca* Ca*{PO. Fused with
Ca’ POS lipid
A\ @ PTX
Figure 1 Schematic illustration of the synthesis of PTX-loaded

lipid bilayer-coated calcium phosphate core-shell nanoparticles

(PTX-LCAPNs). The calcium phosphate nanoparticles (CAPNs)
as the core of the drug delivery system was synthesized by

stirring pluronic F68 and alginate followed by adding Ca ** and
After CAPNs loading PTX, lipid bilayer
composed of E80 was then fused to PTX-loaded cores through

film-hydration method. PTX: Paclitaxel

PO4> in hot water.

Zeta FAV SR BHORE R T A7 FEL I R S KN B bR A
AR o 8 A ORI P B AR E M L AR A 4 A e Z B
J1% . ME G5 R EoR, CAPNs [ zeta FELALAE Ny 7fH,
55 Seong ZEPNRRF UL B — 8. AW TR FE R &
EH UG E80 4% CAPNs, E80 S HiH . 45
7~, LCAPNs IR HBAIN -6 mV £, iEsL/E
JoRG 5Kk 2 5 AN KR P A0 7, 3R B AR F R T ) %
7 LCAPNGs.

EH LR (K 2A) 7R, CAPNs IEBRTE, Ki
£ 100 nm 247, [ 2B &o~, LCAPNs HA5 B & (4% /
Fe g, HABORE R /N 5 oRLFE I E 45 R —E.

2 IS5-FT-IR ZLAMtik ki, 4558w 3 o,
IS ISR BT T4 1093.44. 1031.73.4 962.30.
603.61 1 565.04 cm ™' Kb U5 2 PO, IR IR UG . 45 3
R, HI&KGKRHEH POS BT

AR RAR AR SEGRRL AR e P, S5 SR 2.
CAPNs 7£ 15 R RLAREK T 20 nm 245, 17 LCAPNs
FRLAR 8 A AR, R AR 7T LLJE R CAPNs

Table 1 The characterization of CAPNs and LCAPNSs in deionized water.  PI: Polydispersity index. n=3, X+s
Group Size/nm PI Potential/mV Drug loading capacity/%
CAPNs 103.21 +3.54 0.09 +0.02 —24.32 +0.09 11.58 £0.57
LCAPNs 124.73 £ 6.41 0.24 + 0.06 —6.51 £0.02 1.69 + 0.09
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Table 2 The diameter of LPs, CAPNs and LCAPNs in 1, 2, 7, 15 days. LPs: Liposomes. n=3, xz*s
Size/nm
Nanoparticles group
1d 2d 7d 15d
LPs 125.26 +5.98 123.58 +£5.01 127.74 £ 6.30 131.92 +7.48
CAPNs 103.21 +3.54 105.26 +1.45 115.84 +3.47 125.42 +4.63
LCAPNs 124.73 £ 6.41 126.01 +3.60 125.53 £+4.84 124.31 +£4.02
A o B . A FEREE (pH 7.4) T, PTX-CAPNs RIS, 48 h
-
. . BT 50% AiAq; T PTX-LCAPNs ] 2R i &
> : B KT PTX-CAPNs, 48 h BV T 20% /2 44,
t J% PTX-CAPNs (B HUELIEIE T 30% /547, %W
o Ji AL B G i — B> T R T R, — e R
% - o J Fyk/b 7 PTX-CAPNs FIl ik i g 41 40T () 25 40 it
1 500 nm ' . O 500 nm EFE (IZE] 4A), E pH 5.0 %’ﬁ:_l:, PTX-CAPNS jFD PTX-

Figure 2 Transmission electron micrographs (TEM) of CAPNs
(A) and LCAPNs (B)
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Figure 3 FT-IR spectra of CAPNs

ffe et . I ) LPs R A 21k, 15 KWK
T Sam A, (HERAREEER.

PL HPLC 3l '8, PTX-CAPNs MI# 25 & A
(11.58 £0.57) % (n=13); PTX-LCAPNs M5 &E N
(1.69£0.09) % (n=3)-

2 RINEMEII R

DL JE B 0VETF 9T CAPNs F1 LCAPNs &4k

BEIBAT N, SRR AR B pH BURB 255 . £
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o

s
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L1 3

@ =@ PTX-CAPNs
o
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Figure 4 The release profiles of PTX-LPs, PTX-CAPNs and PTX-LCAPNs in vitro.

7.4 (A) and pH 5.0 (B) acid fluid at 37 C for48 h. n=3, x=*s

1
50

B

LCAPNs RO 2 80k, 12 h IR il i it
90%, 1M PTX-LPs 4 (R HOE % LK T PTX-CAPNs
A PTX-LCAPNs. 255K, 5858 15 o ARHH L,
PTX-CAPNs 1 PTX-LCAPNs H 77 PRigiR: 24 (1) 3% 1
(K 4B).

At FWP Y ERELY pH 5.0) T, &
JRIEATRE . IR B IR L, PTX-LPs 75/ 1%
A TR . SRR, fEIEH AR (pH
7.4) T, LCAPNs Z5Mifase, #kn] LUA 2otk 245
Wk 2 b e A 2 R A b, B R T I T DL
/1> CAPNGs [ 24 4 itk i3 o} 1F &5 2H 23 41 i 3 i R 453493,
FEARAN RSCRE, M N 24280 40 A AL A0 fir g B A A 455
1 (pH 5.0) BRI — @ MR, PUEREZ, f2m
JIev 988 24H L P ) 24 R B
3 RAHIRRIHARRIBERR

RITC-CAPNs. RITC-LPs #1 RITC-LCAPNs 4h#
MM E RN 4 h, 40REZE R WE S . B
IR AR IR, 3 AT E AR N 5t
SEPEA AR 72 5, LCAPNs 98 ik, SmET N
RITC-LCAPNSs i >RITC-LPs 1 >RITC-CAPNs 20 (/&

100

=

— 80

o

7

i} 60

:_:’ l
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=

= 40

Ei ~@-PTX-LPs
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o
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The release of PTX in simulated body fluid pH



© 982 - #j %23} Acta Pharmaceutica Sinica 2017, 52 (6): 977 —984

A DAPI RITC Merge

CAPNs

LCAPNs

—— Control
——LPS

— CAPNs

— LCAPNs

404

Count

Fluorescence intensity

0 |u 10 10
FL2-H

Figure 5 Confocal micrographs (A, scale bar: 20 pm), flow

10

LPs CAPNs  LCAPNs

cytometry charts (B) and intracellular fluorescence intensity
assay (C) of Huh-7 cells incubated with RITC-CAPNs, RITC-
LPs, RITC-LCAPNs for 4 h. The nuclei were stained with

DAPI (blue). n=3, ¥+s. ~P<0.01 vs CAPNs, LPs

5A). T A ACR I &5 SR ] 5B C frzr, LCAPNs
A RITC %652 55.77+1.32 =T CAPNs 41
14.33+£1.23 1 LPs 21 30.33+1.37, H 3 MACHEA K
W EHREH B2 5 . 0L E R A K N4 i
X &s Fn] 7 i, LCAPNSs 4111 i P 9% Y658 B Lk CAPNs
fm, IR R A EUE PR R R BOK - R E R 5
4b, LCAPNs ZHIHRELLL LPs 412, W REZ TR
% JE R, LCAPNs HIfEEELL LPs K, fff LCAPNs

a2 U T Pl R SIG 4E R W], LCAPNs Al

10 min
DAPI Fluo-3 Merge

N ..- .--
o ..- ..-

Figure 6 The intracellular calcium release profile of CAPNs and LCAPNS.
after the addition of CAPNs or LCAPNs with 10 min or 1 h.  The nuclei were stained with Hoechst 33342 (blue).

CAPNs 41T LLTE 45 B[R] 9 9 40 f 558X, {H LCAPNGs
BN T AR M R (R ORI R AR SIS K
i A A SRS W &5 SR 35 2% BH IR J5E S ] S 3 B e AR
14D 24 i 5 H 2
4 FERISREMEE TR

WEER AL & — MIRIEVEMDTEY), ERMEFMT
AT DA BRI AR TR B8 1o AERRTE MR A, 5
T-7] LLiBiE 1] LCAPNs i 5 5 P 12 10 ¥ fi# CAPNs.
AHFFRF Fluo-3 AM K 4H i P4 45 25 7 1 A5 100
Fluo-3 AM J& — Mgl JJE v] 1508 25 B8 1 iR e,
SRS WU 240 PN 5 5 IR EE o Fluo-3 AM % 375 441 it fist
HEONZH RS 4 A B P B RS B D) JE X Fluo-3, Fluo-3
WS AR TL TR dE R I, M5 NS & T4
A LA ARG e, SeH Fluo-3 AM % & 41
Jfl, FEhI CAPNs 8 LCAPNs, 7E# &K 488 nm,
RSP 525 nm SFAF T AR, SRIE 6. FEMA
HIFMEE 10 min A A7 BRI AT AL S B SR (058 o, Bl
K, EFE 1 h G, ROLH R, K CAPNs
HENYIBL )G 2 M TE R . 1 LCAPNs A1 B2 1E 10
min 52 1 h, HE @56k CAPNs 4158, RIFiZ
H Huh-7 20 85 88 7 B8 m, 2R Ry H 4
FRHL L CAPNs 44T . IX4e2k SR B], CAPNs 1L i
JR RS T DU R, A BB A MR, IS
2 B 15 B 5236 - RITC-LCAPNs 15 BUK V- %5 i ) 45
R
5 Huh-7 fHBEA PTX EFR

J# 8 PTX. PTX-LPs. PTX-CAPNs fl PTX-
LCAPNs 4 BIAE A0 0.5+ 1 12 h J5, 41A
PTX HIMREE WL 7. 4bFE 30 min J5, Huh-7 40X} 4
Bl E — 2 MERE, 5 PTX-LCAPNs A3 H &
FZHREAC S 2 h i, S PTX. PTX-LPs. PTX-
CAPNs 1 PTX-LCAPNs [Iflg N PTX IR EE 4> 51h

DAPI Fluo-3 Merge
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Figure 7 Intracellular accumulation of PTX in Huh-7 cells
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Figure 8 Cytotoxicity of free PTX, PTX-LPs, PTX-CAPNs, PTX-LCAPNs against Huh-7 cells during 24 h with the concentration
of PTX at 0.25, 1.25, 2.5 pg-mL™' (A). And cytotoxicity of LPs, CAPNs, LCAPNs against Huh-7 cells during 24 h with the highest

concentration of blank nanoparticles used in the antitumor activity in vitro (B).

n=4, X+s. ~P<0.01 vs PTX-LCAPNs group



© 984 - )2 24 Acta Pharmaceutica Sinica 2017, 52 (6): 977 —984

BRI, BERRES AR, 4k 2 PGB, TR
FRD ZiW A R, BN 2 RO R T E
I, LCAPNs FLA7 5 467 i 400 1) J 28 240 i 18 B ) 252K o

Huh-7 41 f%F LCAPNs HJ & KT CAPNs, 4
MR 2 LCAPNs SR TH 4% 1R X5 -2 5 i
AT B R R ARALA A, A 443 480 o 24 I ) 3% A 1 3
Bl Ak, LCAPNSs B4 f £5 B & v T LPs, 7] RS2 [A]
N LCAPNstL# T CAPNs, i 1 AR, {534
B 5 1 41 R

PTX-LCAPNs %t Huh-7 2 g 48 7 ()40 4145 F 4 —
5E 0 Bl Y LR B A o [RIBE 2614 R, PTX-LCAPNs
Et PTX. PTX-LPs Al PTX-CAPNs E.f5 5 = ) 40 g 1
BEAMH] 2, AT LAHEN LCAPNs 38 5t 38 i £ e fr 45 B B
DA 51 6 P 25 P FAD A 52, DT 64100 24 o 5 7 410 ) 6.
i PTX-LPs ZLA A PTX MK FE Lk PTX-CAPNs 41
(51, R T A AT A 3 B A ok 2, M SR R A R
PEZ AT PTX-CAPNs WUREZj AL PTX-LPs 1R,
AT 7= A2 A vy D PR PR U S 2 DR S o JBE MITT 34
TABMRIAT TR AN, SRR O
M FE PR, HERR T 2 A BRI EE X PTX-
LCAPNs [R470 /e % M S5 25 R 52 i

AR, MR T~ R S R/ 5 4K RLAE S Bt
i I8 24 W) SR AL B I R e 2 WA i R G L — B BN
RS SR, H AT Z s fwt 58 i i TP
BB, A AR aE— 0 2 SR Ak B A Y B R vE T, I
AR 2 28 ) Ve A AR SR

References

[1]  Ashley CE, Carnes EC, Epler KE, et al. Delivery of small

interfering RNA by peptide-targeted mesoporous silica

nanoparticle-supported lipid bilayers [J]. ACS Nano, 2012, 6:
2174-2188.

[2]1 Ye GF, Gupta A, DeLuca R, et al. Bilayer disruption and

liposome restructuring by a homologus series of small Arg-rich

synthetic peptides [J]. Colloids Surf B Biointerfaces, 2010,
76: 76—81.

[3] Marianecci C, Di Marzio L, Rinaldi F, et al. Niosomes from

80s to present: the state of the art [J]. Adv Colloid Interf
Sci, 2014, 205: 187-206.

[4] Yarosh DB.

Photodermatol Photoimmunol Photomed, 2001, 17: 203 —212.

Liposomes in investigative dermatology [J].

[5] Huang ZY, Sun YQ, Hu HY, et al. Techniques and methods

evaluation on pharmaceutical stability of liposomes [J]. Acta

[10]

[11]

[12]

[13]

[14]

[15]

[1e]

[17]

Pharm Sin (%522 244}), 2016, 51: 356-361.
Estanqueiro M, Amaral MH, Lobo JMS, et al. Evolution of
liposomal carriers intended to anticancer drug delivery: an
overview [J]. IntJ Curr Pharm Res, 2014, 6: 3—10.

Ginebra MP, Traykova T, Planell JA. Calcium phosphate
cements: competitive drug carriers for the musculoskeletal
system? [J]. Biomaterials, 2006, 27: 2171 -2177.
Li J, Chen YC, Tseng YC, et al. Biodegradable calcium
phosphate nanoparticle with lipid coating for systemic siRNA
delivery [J]. J Control Release, 2010, 142: 416 —421.
Seong DY, Kim YJ. Enhanced photodynamic therapy
efficacy of methylene blue-loaded calcium phosphate nanopar-
ticles [J]. J Photoch Photobio B, 2015, 146: 34 —43.
Luo T, Huang P, Gao G, et al. Mesoporous silica- coated gold
nanorods with embedded indocyanine green for dual mode
X-ray CT and NIR fluorescence imaging [J].

2011, 19: 17030—-17039.

Opt Express,
Liu JW, Jiang XM, Ashley C, et al. Electrostatically medi-
ated liposome fusion and lipid exchange with a nanoparticle-
supported bilayer for control of surface charge, drug contain-
ment, and delivery [J]. J Am Chem Soc, 2009, 131: 7567 —
7569.

Lomis N, Westfall S, Farahdel L, et al. Human serum
albumin nanoparticles for use in cancer drug delivery: process
optimization and in vitro characterization [J]. Nanomaterials,
2016, 6: 116—132.

Li FF, Zhang XX, Guo SY, et al. Preliminary study on pH-
sensitive lipid bilayer-coated mesoporous silica nanoparticles
as a novel drug carrier for antitumor drug [J]. Acta Pharm
Sin (Zj 2454k, 2013, 48: 291-297.
Chen X, Zhang XX, Li FF, et al. Antitumor efficacy of
irinotecan-loaded galactosyl modified lipid bilayer-coated
mesoporous silica nanoparticles against hepatocellular carci-
noma cells [J]. Acta Pharm Sin (Zj%22%k), 2014, 49: 718—
725.

In vitro anti-tumor effect

Acta Pharm Sin ( 24§

Zhou YM, Wu XP, Zeng Li, et al.
of methotrexate modified by peptide [J].
22247, 2012, 47: 452—458.

Zhang L, Feng Q, Wang JL, et al. Microfluidic synthesis of
hybrid nanoparticles with controlled lipid layers: understanding
flexibility-regulated cell-nanoparticle interaction [J]. ACS
Nano, 2015, 9: 9912-9921.

Sun JS, Zhang L, Wang JL, et al. Tunable rigidity of (poly-
meric core)-(lipid shell) nanoparticles for regulated cellular

uptake [J]. Adv Mater, 2015, 27: 1402 —1407.



