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FERLRL I b B RAIT R R RS E Mo (RN B R pH IR#E, 43085 pH A 7.4 1, 24 h RiHBRE I
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Abstract: As an important drug carrier, liposome has the advantages of high biocompatibility and low
immunogenicity. It has been widely used in the field of drug delivery, especially the targeted treatment of
tumors. However, traditional liposomes are composed of flowing dynamic phospholipid membranes, which are
easy to fuse together, resulting in aggregation and drug leakage. In addition, the lower degree of polyethylene
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glycol (PEG) modification also limits the targeted delivery performance of the vector in vivo. In view of the
problems, a nanoparticle-targeted drug delivery system combining the inorganic carrier calcium phosphate with
liposomes was designed, namely lipid calcium phosphate (LCP). Using doxorubicin (DOX) as a model drug,
doxorubicin-loaded lipid calcium phosphate nanoparticles (DOX/LCP) were prepared by reverse microemulsion
method, and the preparation conditions were investigated. The structure and morphology of calcium phosphate
cores were observed by infrared spectroscopy, EDS spectroscopy, and transmission electron microscopy. The
particle size, encapsulation efficiency, drug loading, stability and release behavior in vitro of DOX/LCP were
investigated. Confocal microscopy and flow cytometry were used to qualitatively and quantitatively evaluate
the uptake of DOX in drug-resistant tumor cell line MCF-7/DOX by LCP, respectively, and the thiazolium
MTT colorimetric method was used to examine its cytotoxicity. LCP exhibited a typical core-shell structure
with good size uniformity and dispersibility. The particle size was in (48.6 +3.9) nm, the potential was in
(-121+£1.2) mV, and the encapsulation efficiency was above 80%. Moreover, it has a good stability in
simulated plasma. In vitro release of LCP had a significant pH dependence. When the pH of the environment
was 7.4, the cumulative release within 24 hours was less than 20%; as the pH of the release medium decreases,
the release rate of DOX/LCP was accelerated gradually. Accumulated release over 24 hours exceeded 90% in
the pH 4.5 medium. LCP significantly promoted the uptake and accumulation of DOX by drug-resistant cells,
and the inhibition rate of drug-resistant tumors was significantly increased in vitro. The half maximal inhibitory
concentrations (ICs,) of LCP/DOX and free DOX were 4.6 and 11.8 pg-mL ™, respectively, and there was a
significant difference between the two groups (P<0.05). In summary, the LCP prepared in this study had a
small particle size, high encapsulation efficiency and good stability. It had environmental responsiveness and
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potential inhibition of tumor drug resistance, which suggests a potential in the clinical application.
K ey words: calcium phosphate; nanoparticles; doxorubicin; antitumor
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B DA SE K A4 P9 R A I 1), 503 25 W B 70 2 R R Y

S AR, fE AT T E R LR 19 PEG &1k Rl
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FACSAria i :\4H i (£ BD 4 ]); CS120GXL
IR E 0L (H A Hitachi 2 H]).

H@EAMIRF U EEEE AR R (1,2-dioleoyl-sn-
glycero-3-phosphatidic acid, DOPA) . i i 3 51 3 fis
(1, 2-dioleoyl-sn-glycero-3-phosphocholine, DOPC) . —
e i T 1 I Pk 2. 1 ie— 36 20 % 2000 [1,2-diistearoyl-
sn-glycero-3-phosphoethanolamine- N-methoxy(polyeth
ylene glycol)-2000, DSPE-PEG 2K] (3 & Avanti Polar
Lipids A 7]); fECHER (folic acid, FA) IR 2 K
{b g (DSPE-PEG2K-FA) (A58t % [ 4); DY 3L
BE M (methyl thiazolyl tetrazolium, MTT). JIH [
¥ (2 [H Sigma /A ); RPMI 1640 1% 3% 5L A G 4 if i
((HE Gibco A l); LI HKAEHTK, FlE. &4
ik al; HAR R B2 il 38 o e, T B 1 25
SRR A .

LCPRRIAEI &M SR v /K B s R A RL i
filfd: © WM—EEMH hE. 1 CEEFM Triton X-100
Fo— & LLNR -G 3 51 e AH; K DOX gt 600 ul
CaCl, (2.5 mol-L ™) /K¥& W+, A 20 mL il
A VER; @ # NaHPO, (12.5 mmol-L™!, pH 9.0)
600 uL A1 DOPA (20 mmol-L™") 200 uL fIA % —4
20 mL AR B WG G 4 AL B PRI IR 43 il 4
15 min TS —iE R, IREIEE R T gkl
30 min. fFEERRESUTVE R TE AN, A ZEE 40 mL
#FL, 10000 r-min " B0 20 min 73 B ULTE; @ KL
B ok T R o 25 )RR R TV PR R 5, R B R A N
OB e & Ui, BT 20 CokAF+H %M.

Ttk & Ra E KA TE LCP, KA i /e S A7 i
W% 15 20 mmol-L™* DOPC/HH [ % (20 mmol L™,
1:1) 100 pL. 20 mmol-L™* DSPE-PEG2K 10 pL
A1 20 mmol-L™* DSPE-PEG2K-FA 10 pL JLiE T &
PiriRS] . RN AR BREE G, A 5% % %)
AW 1 mL KA, BIF54H DOX i) LCP 4Kk
(DOX/LCP).

BHEMBAENNE K S RO %%
(HPLC) Iz DOX/LCP [#Zi& kR, @ik
fF: BN AR I BE—K—UKTEE IR (7R FALL 55 : 45 1 0.5),
TN 0.8 mL-min’t, MK 258 nm, HEFERE 20
ul. ES7hrdE 4 A=36061X-28202, RR°=0.9991.
¥ DOX/LCP FHZf#W (2 mmol-L™* EDTA £1 0.05%
Triton X-100) B%K, i 0.22 um AL g, K55
WL 0.1 mL NN ZJEMIEE 2 10 mL. R HPLC %
MENAR PR (my), W38N
¥R (EE) MEZ = (DL): EE% = (M / Mpox) X

100%, DL% = (my/ Mygta) % 100%, Hot mpox L2 &,
Myotal J9EARIA L 5

BAEMBRARE. zeta BALNE HLLCP 49K
KRR ES N AZ 6 ub N T4 E, 1 min j50) 252
RIBE, HARBT, BB TSI,
SR 5y ZR SCOGRLFE I e AN g LR AR, £ o) HiER
¥ (polydispersity index, PDI) [ zeta Hifiz .

ONBEHEMNE KA BIE %% DOX/
L CP YKL I A MR JBUVE 57 o i 2% X — 52 22 1) DOX/
LCP4KhL, A TALE S BT A (B 7 7
4 8000~12000 Da), Miumfl %5 E T 30 mL AN[A
pH B B, 7€ 37 °C. 100 r-min * ({46 fF 18
IR . 205 F 0.5, 2. 4. 8. 12 fll 24 h HUFE 0.2 mL,
I 78 AR [FAAAR 8 SR 5O I . HPLC V250 58 R i
B RIIREE, THE R o DURE SO [R]
MALFR . BBVREICE 73 2 P A AR 2 ) R ik th 2%

DOX HYMIMNBAIRER  Jyie UL 28 40 f st 4 24
LCP MFRIUE e, FL N 254k (MCF-7/DOX) 4iJifl
DA AR AL 1x10%/mL 50T 12 fLAR0H, BT A bk
B A G RE . 4B T MR E (L png-mL™) ¥
= DOX J¢ DOX/LCP 43 7$%5% 4 h. W kR 774k, &
e, BEE, IS 4,6- ZkHE-2- 2K L5 (4'6-
diamidino-2-phenylindole, DAPI) [#)$} F 7, JE% £
S UBRE T M U S% AH PR B U 0

N E B LR AE T #Z5 LCP Y AR UG I
MCF-7/DOX 4 it A4 i % 1x10%mL HFh7E 6 FLIR
W, BT RIS IR S B . 45 T A R B
(Lpg-mL™Y f37 5 DOX K DOX/LCP %3585 3% 4 h,
W e RE IR AL, SRR JHALS, N 500 uL R #h 2%
M (phosphate buffered saline, PBS) 1 A 24 4 g
W, A Ao B 4E B e e B . DOX BRI
S KA 485/595 nm.

RINmAm B SRS B EAE KR MCF-7/
DOX 40, LA4H %k 5x10%/mL 4550 7 96 FLiR T, B
F AR R TR R W R . S2EG 4y 340, EPIEES
DOX #1. DOX/LCP 41 f1% 4 LCP 4. A 100 pL
TR DOX HyREFRIE, [R5 B B 14 %t B L AN
THHEFI, FNKREEE 6 fL. 40 Ew MR %
PETRREFE 240G, FEFLINAN S mg-mL ™ MTT # 20 uL,
37 CHLEREFE Ah 5, WFH LiEW, LN DMSO
150 pL, BEGEF 20 min, {£45 BV 0 fE. LAEE
FRACK I 490 nm ALHIOGRE (A), 28T A XA
AMAT IR (SR): SR (%) = (Asample — Abiank) / (Acontrol —
Apian) 100%, ZH Agmpies Acontrol A1 Aviank 73531 A N2
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EMER,

R
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FIRFIEL (K, 1010 201, 30 1) P B & i
PEF . B 2R O e 5 VR A 2 TH VS M 7R %A [F] EL AR A
BI57, 43 ) 1) 6 2R Hh i 8 K TR S i LR
375 RE AR A A TR AV T HE VAR e B e s N K
FIfAFR . LA Triton X-100+1F CfE. k. KAN=
FHZ ) = JCAH B, B A L X 3o 3 i R VA T
PRI = e A B 1 ATR, B 2R 2 i IX Sk R Ry
W/O Tl L X 5k, 7 1M X 455 P B A V38 R AL, b
WP E Y, BE S0 ERETEIMG . &
T P10 3 T A 7 B 2 o RS D b 2 L1 2 ) R EL X
RN, AT DA H R T PR R 3L A ) S B A4
Ee5 9 K= 2 - 10 B AH B T AR K, B Triton X-100
SIECEAREL N 20 1, Il &5 315
2 PERBEERSS KRR &

TE A 78 T FL M R B AR A i Bk |, R I
R PL AR AR 1 1) 4% ol 7 1 P AR 2 B R A A%, R
SR FH VR Y 1 10l N 5 1N A 2 T S S T ok %) T AL
12, Hil&dfRmE 2 s,

Water
Pseudo-ternary phase diagram of Triton X-100-
hexanol/cyclohexane/water microemulsion system with Ky, value
of1:1(A),2:1(B)and3:1(C)
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Figure2 Schematic illustration of the synthesis of doxorubicin-
loaded lipid calcium phosphate nanoparticles (DOX/LCP).
DOPA: 1, 2-Dioleoyl-sn-glycero-3-phosphatidic acid; DOPC: 1,
2-Dioleoyl-sn-glycero-3-phosphocholing; PEG2K: Polyethylene
glycol-2000; FA: Folic acid

1ELCPHil & A2, [ 5@ HAh AR, H8Exk
G RATA S BEEL (CalP) % REAR A A 3 2 1 5wl
(F1). ZFEEY, 24 Ca/P<100 i Ri4E7E 100 nm LA
b B CalP BN, ks & AL, Ca/P> 200
R4 E] 50 nm LA R . EFKEEHE CalP 3 0
HHTFEK, 24 Ca/P> 300 B fLE % < 80%. ZE4 /it
SEG 25 B CalP 1% 4% 200 © 1 F Ak .

Table1l The effect of Ca/P ratios on preparation of DOX/LCP.
n=3, X+s. PDI: Polydispersity index; DL: Drug loading; EE:
Entrapment efficiency

CalPratio Size/nm PDI DL/% EE/%
20 2105+ 14.8 0.67+0.12 25 92.1

50 115.7 £10.3 0.48 + 0.09 31 89.4
100 62.5+54 0.23+0.04 34 87.5
200 48.6 + 3.9 0.16 + 0.03 35 82.6
300 452+14 0.18+0.02 35 75.2

3 BEFREBAER SRR VIR LRI

K37 55 PR LSRR 5 N % S LCP TS, 45
R 3 . HERWL, SR, SEE, 7
BOPELE, B S BRI R4 Z) 30 nm A4 . RIHE
EWNRXUZ G, KA, Pkt A (48.6 +
3.9) nm, zeta {7 N (-12.1+1.2) mV. LCP ] zeta
HL 7 4 B LL G, /2t T DSPE-PEG2K [ 55 /K
RNEE L, R TG JE R o B A

Bl AA F 2R D IV T R A N A% I FTIR B3,
£ 560 M1 1030 cm * 4L IIE 2 T PO, 5l M,
X BRI G 35 BH BT 194 T A R 4% . 3400 1 1540
ot Kb R TG 43 i 2 EH PE A TR HLO BRI 45 R 3 A
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Figure3 Typica TEM morphology of calcium phosphate cores
(A) and LCP (B)
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Figure 4 Physicochemical characterization of calcium phos-

phate cores. A: FT-IR spectra of CaP cores; B: EDS spectrum

of synthesized CaP cores
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LCP f£ 37 C &AM T2 & TR MK (& 10%
Ji6 AP 3% (9 Tris ZZiik) M Tris &Pl 24 h 11
Hife A PDI A2 WL 5. AL, LCP o T 5 4F
M E e P, RifR A PDI JC R & ARk
5 BEBRBABE SR AD RSN A 1

DOX/LCP fEAIAE pH 24 N RSt 2 an &l 6
Fizn. 15 pH 9 7.4 /v i, DOX/LCP B i 2 LA

604
= 10% FBS
@ Tris buffer

504

Dy /nm

404

Time / h
Figure 5 Particle size-stability of LCP in 10% fetal bovine
serum (FBS) and Tris buffer
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Figure 6 Invitro release profiles of DOX from LCP in medium
with different pH values. n=3, X+s

HIRE R 26, 24 h BRI AR T 20%, i B AR 44
TEI T AELE — 8 IFRE M, BEE RSN pH AR 1
ik, DOX/LCP FEBUHE L Z#MR, pH 4.5 /i 1E
24 h 2R CE B 90%, Uil LCP B — &1 pH
U, T DATE Ji R S 35 R B R T2 )
6 A5 BRAER §5 4N KR B 4 A 4R BN
HLRED B EENRESER (B 7) K, MCF-7/
DOX 21 i 597 25 24 4ii & 3h g, (A TS 40 ok
SEAMATAELHIAZ Y, I 4 AR BT 25 5 B s 40
HURAN 30.7%, 15t B 25 40 B pk 5+ DOX A5 # fH #h
Het: . 15 DOX/LCP i & AH 7] B[] J5 7 4H i A% W %%
FIEGRIRNAG S, dIIREICRIE SR 72.6%, Ui
LCP 7] LAk 25 (2 2E i 24 48 i % DOX (4 U & A

A DAPI DOX Merge

Free DOX

DOX-LCP

s00{ B — Control 2
g —Free DOX 3
s DOX/LCP £
200
i
§ 150
2 100 \
!
5 \
50 \\‘\:‘
0
10! 1 10° Control ~ Free DOX DOX/LCP
DOX fluorescence
Figure 7 Cédlular uptake of DOX/LCP. A: Intracellular

localization of free DOX and DOX/LCP by confoca microscopy.
Scale bar indicates 10 um. B: Quantifying intracellular uptake
of DOX and DOX/LCP by flow cytometry analysis. Untreated
cellswere used as control.  C: The quantified mean fluorescence
intensity of DOX positive cells by flow cytometry analysis.
n=3, x+s. 'P<0.05 ~P<0.01 vscontrol group
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7 BEFREAER$SANAKNI /T T DOX BRI BhIE & 1%

M 8 FTLAE H, 2511 LCP 4K hiAs S B4 i 25
P, S AL R EER (P>0.05). BEE
FORBERI N, MG 2 LA Z R, 2 K
A 50 mg-L~tHE, 40MIfEE R AE 80% LA E. DOX/
LCP [t b8 75 14 LL 7 25 DOX ZH W] 345, 1Cq0 15
3N 4.6+0.3 1 11.8+0.7 pg-mL Y, FEMELBAH
BEMZER (P<0.05), Y] DOX/LCP sifiid DOX
T A 24 4 e e 38 e 4 e A o 4

A
120 I Control

I LCP
100

%0

60

40

Cell viability / %
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Figure 8 Cytotoxicity of LCP (A) and DOX/LCP (B) in MCF-7/
DOX cdls. n=6, X+s. 'P<0.05, “P<0.01 vs control group

g

AR SR AR AR R L ) 4 TR AR T 4R R Tl R 4
goKRL, Forb sORE L R R KV VA BB B Triton
X-100/ 1F CLEE /B O b 21 18 1) = 70 i A V& R 1) 4615
S, W SRS VAR IDOX R R B 8 23 il 23 B T
AT R WIO BB, W AHTR A I R Hp L 2 8]
G A M S R AR R UTE [N . DOPA & — 2 7K Sk il
NIRRT O AT BENR, 5 20 B A IR SR 4%
GRES . ERERE DI FEH, DOPA 4 T /K
JRE 3 4 A S I b AE, T Tl I Sk 0 43 AT FE L K
A 5 AR I A0 KR A S K ST 48, AT B —
ERE R R E AR R AR K . & LT TR,
T 78 5 W T B0 2 1 B IR S 4 oK A% T R 4 T A
fiirh. £ LCPHZLET, SMERNS (DOPC. H[H

fi . DSPE-PEG) ik #i /K H.AE FH LBl B2 45 40 K A%
DA AT 2H B, T R TR T R X AR TR L 4
T2 IR S 40 K

TEAHF T, LCP [RHLA% 52 117 4485 B B8 R LU A3 1)
MR, HA B LG KT 100 B A RE 1S B RS TR
50 nm L FH LCP #4455 O ek il —
B SR EL B (200 ¢ 1), Jh/K S 9 DOPA ]
DR T8 655 P A% 3 T 0 B A B 4 A, AT ARAIE
T R AT 1) 2 1 AL iy DOPA 78707 o5 et (Hid
(S T b 2 PR 22 1 I L Aer R T S EORL T 72 3 R
R, MmsZm 2y ast R, KA A AL
LCPE H HL AR (—12~-14 mV), X2 T DOPA
o ER A B IR 2 B AR AE N E RS R A N X A e
i PEREAE (DOPC). MHEEE K PEG &4 ¥ il id Bi
JKAH EAE R HEZIAE IR T 41 2

Jit 03 AR 7E 1 P9 A0 34 T 2 v 2 4 IR N R R 4 11
Ly A= R AT B AL N N Bt N s 3]
WLE TR0 B AT ) ' SRR o DRI A 43¢ g I A P T P e
B VAT I B T B DSPE-PEG2K #E47 2 & 1fii
DUAE K A p 3R i 1124 F e 2, 24l R AR R T 1)
PEG &1 BE /R Lk 5] 5%~8%, PEG < %
R KRR e A R A A ORI BRI B R
R W52, 2 PEG &4 R L4k S i, AR R
S BAE FE VLR DSPE-PEG 2R Ik R 1 5
HZ YR AT % LCP LA ERAT [ A
W%, BEfRIEIELT DOPA 545 B 1 2 [ {58 Z1 4% &
1 F e A L3R T, AR T G IR o i B A IR i)
YR, HRE PEG BB /R LA Fik 20%.
% FE I PEG AT LLRAIE LCP fEAR N 4t B A B m )
PR E M

JiE 5 DOX R METEM Zi bR AN A P9 B AR, FLaT g
o 20 M S 2R 1T F) P-gp B (A A P 2 mid i e )
T LCPry, RIS 24 AH 5 8 1 Rl 45 A A,
5 245 W A 240 i PN D 5 B 2 i B RE 3 3, AT K
MU (0 B R 25808120, LCP DA AR A S P A
75 2 20 PR ER B AT BB AR S, 7R R P A TR A/
VA A A B v R AR R RS, — T TH 23 TR v R R 1) L
PN B - AT AR P R AR VB A R AR R S —
77 THI e B9 7 AR 1)K B B PR R B8 LA B ) pH 2%
MAER, AR T AR I R AR pH R RE
1Mo 55 i B A Rl AT T DA e A P AR
ity A 20 A S SR A RO X LCP S R MR i 24
BIALE AT IR AR T
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