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Nanoparticle Drug Delivery Systems Based on Biominaralization
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Abstract: Biominaralization based nanoparticle drug delivery systems that have the advantages of simple
preparation, perfect biocompatibility, controlled drug release and easy to be modified have attracted a wide
attention in field of clinical applications. This paper systematically elaborated the construction principle and
classification of nanocarrier based on biomineralization, and the targeting strategy as well as stimulus response

strategy of the caririers are discussed. The outlook of the clinical application is also prospected.

Keywords: biomineralization; nanoparticle; drug delivery; calcium phosphate

0 51 B T 5 R AR R Gk A L i 5
LW TE S, BUR Y ANLA R T RN Y
AR, — RIVH B W AT CENIERI S| 5 24 W 1) TR B R S T M 24 0y i 125 38 308 1)
OB RERY Rl W B AR R A SRR 2R R, (R R AR R R R
AR BIUNE A2 IS WA AR BRI SRR AL IR S B B R, TR AR T AR AR
TR R NI BT R R EASE N TGN AR AR A AR BN RS E E FE f) pE 2
TR AN N AN ZURA P R AR O T RERS A= W) A A AR W AR TE AT HLBL R A 4 TR B
SEIYIA RE BRI IE RN, BRI A RN R RS g Ak B R ET
Wk H 4 :2017-07-20, W& R A1 .2017-09-11,
FE K F AR 4 (No.21625105) FLHT VLA [ A8 A2 5 4 (No. Y 17B010009) % B 55 H
MHAEEE RN, E-mail : rtang@zju.edu.cn




1938 Jd Hl fk

#o% 4R %33 %

YER, T2 RS A HL-JCHLAKR S5 40k 1 4 DL
7o Bk T B N B ESEAW A R,
EATA B TR 58 5% B 45 R A ML S i AR
RES, 5N T A A KBB4 42 1) 5 i
8 0 KA ) B AT O SR Y A R A R AR E A S (]
I, 40 KA W08 W) 1 A i PR PR A 22 i B R SN DR
PRI 5T, n] LA sl 0 7 T G 8 S A I B 5 2R L Y
PR B DI, 7 251 D28 1% i AT 2 sk
A BRI IRTS A SCHER T 2% T8 L 40
KBLR R R A REAL SR MG JF B T iy
PR ZR B A PREEAG R T 9 T

1 ETEYT LR EEE R

1.1 HEFEE

AW A Y S 3 R U A A LR 4 T
ML S 1 5 1 Ak i A B D3 2K F 38122 0
KAF SN SR B RE gl IR RS
HEZ (008G Bt 20 2 A | i TR R 2% 09 43 a4k
REE RSO YT AL E 2R 4 AR E S AL
Ko FEEHTT 20 IR AL RGBS T
2T WA T 1Y SO PR EE IR IR B U E T JC ALY B
W7 B 5 LR A WL TJC LS T 04 43R BT 4 o
mn A A% RN AR K | T B o A LS 0 4 A B T
Ab B AR TUARTREAE # FAE R BPE ST ARk 2 TR
N A AR B AR T 25 () FRPE U 350 45 5 T8 5% W) 11
0 TCALY) B O AL 45 SR AR I HBm] i
JIZ R N S E ] 1B s e a2 9 B R TR NG R A
ok B () K 23 a) b ) o 4 A T HIL & AR A A2 T A
WHTT B Ja WAL — P AR R £
WA B E Y 2R R
1.2 ETEYTUNAYEE
12,1 BERRES

A A A ) s 20 2 a5 T 1) 2 T Ao R
FAERE AT BT A 2B R 2 M RN A W T R A TR
T 7E 227 40 i 326 0 B EL AR T I %) o FH i e 0191 B 1R
B 20 KBRS 25 W s Ak B 2 0 i e AR
RN EZEH Gy, B 72T R H
W, 2B AT TR A B AT iR 55 2
AR pH BB | 7 IR PR R BE T A By B DT
Vg P #5207 00 245 40 ke 8 R 1 A7, 4t v 25 1 A
O ERIA T RO WU N T Ah B TR G B
fife 7= ) Ca il PO TE 1A P 3538 3 A 7E | DR I HL A 88
IR Y S8 IR0 He 2505 i L Tween80 FITER £

T PEG6000 A ¥ fin 511 il £ 745 B0 A i 0 48 oK R
Y E 0 | PR UAE A5 B 2SO OK B R 5 kL . 1% ik
A B BRSO T E BUBEFRES (ACP), XF HL4h &b
BEIRES (HAP), 1% 716 0 25 0 0k 78 2k 25 Mg
25 ) e TR e O TR A AR KA, Yu SE09FI
Ca(OH), J #5547 % T sl K SRR 5 T s 2h il 46 7
HAP 9K 2 10 Z AL Z T IF8 FH A 1% 25 (IBU)
ML 2T 26 [ (Hb) VR 0 B RUDR W 52 1% HAP 2 T A 1)
WTERE, R LSRR HAP Z iR HA R
25y /8 1 T Bk BE T RVREICRE T, A 24 ) AR 1 T
3% Th A R TSR
122 BkIERES

WRIR S & F AR b S i A e,
W) BB TGP A S 2 AR R A0 52 i
AR SRR IO B B2 B A o 2 i R A 2L
HIE M, TR 55 AN ST A Ak 380 3k 2 17 SR % B
Begois Yy | [WE AT R4 9 28 WA 250 B A=l
R f e s XF AR TE R RIVE T 5 5 HE AR A BT e
(R R 45 L AT pH U | 7T LA 3t i 40 i 9 5
F14) 5 Tt 1A I A A0 A1 350 1) 55 T 1 B R 5 TG ik % 24
PRI b I A A e R S i A K B AR (1 2
PIEAA  Wei S5O 33— 25 1% B BB TR 45 40 K BR |
T FH T ASE 1 % R 1 4 A RT3 4 TR o A A 4
KABURL 9 2125 T8 U R 5 vh 23 1ok, PR BB S A
RO 2 ] 25 2% (DOX) , HL7E M b P4 AR | 40 Jf 5
00 ke L2 ) R % AE A% 1L R AR AR R 1E N A0 A Y
AT 184 560 40 P | 2K BB RO
1.2.3  Ffbk

EYRBE ) BAEEEYIRN RS £
FRPEF AL T AL FRE P A ot 4522 Sl fh Bk 4 K b
TFAERB Z W OR 25 ik, ELA g
BUAAR R , il £ f7 20 PR AU S R i U H R B
A ) AT i P 8 T Ak 8 KL R 40 K 24 ) 45k
13BN T84 1) & e A AR Kb T 2 E AL a-
Fe,05,y-Fe,05 il Fes04, BAREATA B TR 3L A
—FE (ARG A RO R AR EATE RN B
FGETERE 135946 22 5 308k R ALk A KR T 6 24
YRR R AL TR 1Y °F- 5 . Cheng 552901 £
THLAZEH 2~4 nm W% Fey0, 4K T, 2L
AR Ty sE b 858 b 7EAK pH {E(<6) 45 1
T, FRERZIM T ALBMSE | Z9%WBH, Quinto
SEPITE 14 nm LRGN OK UKL 2 T B R IR - &
TBE(PEG) A5 31 68 5 7 49 oK JURE | 38 33 2% 7K R



R E]

DA AT AR R B2 IR R

1939

FRH B A T AT DA S 30 25 ) s 2 60 3, JF 45 PEG 1Y
Iy F R UUE 25T BAR s
124 w4

RED™ W 2R S ES 0 LIS EE R m A
Y, BT AR K AR AR ) b R B R
HUBRSR FE 5 3P | R0 i o1 R A8 DR K S5 VR H
Bk 29K 245 W) AR B 0N R e B R R L
FRK 25 3k 22— REGN KA R A P iR 2
BRI A A, AW E, 5 Bk,
FER AT FURE G KB R AR B AL UAR R+ A
F T 258 038030 e oh | Rk K b R 25 T 1 555 K P fik
3BT TR A0 A N AL ;B B R R BUAAR AT
A 2 H I PR R b A 1 22 SR

Liu P81 — R4 i — S A i 91K 8K
Z, WAL AR RE LA B S48 (2 MR g | i
Kk 245 W T DAGE o 2140 BRG] & 1 S 0tk i 43 5 11
SR K VR e | 5T 4R 2450 Y 67 B R A,
6 REAT DU & 22 ¥ 3R AR BT PR AL (ROS) , AT i —
P RIRIT AU, Minko SFPIT I AU Ak Ak 44 K
i[RI DOX AT Bel-2 siRNA(Bel-2 & 1251 & 41
MBT 25 MR pesE M 2R A% 34 B 5 Bt 24 M 10 96 4
b fd DOX 4095 41 M 8OCR M 98

2 EB[E SR B

21 #WEhEBmEE

2y 4 A8 A 1) o B B 1) B 3L T R (9 EPR
(Enhanced permeability and retention)Z 0 , B} 1983 20
S PR B4 AR 0 3 A R RN B AR R T
TE S rb i I A8 R L S AT i S A Y ot 4
B R ST AR MR R 2 | I AE RE R) B BE (R 2 100~
800 nm), P IHORE A 75 35 1) 268 245 8 K J0RE 2 38 o 2
A8 1R 1) BRRAE R 2 Y gl R g A i S
iR (>200 nm) B, 55 TR YA UK Y B2 &R S
(RES) T4 K 10 15 > 5 W HE s A4 51 | 5 30K 76 1
TG R AL, SR AL R 2l AL Y s | OR
I F 9K 7E bR 007 1) B 4 BRI, S g Kok
T B RF7E 30~200 nm B, g4k 2408 3 EPR 2%
o7 356 3% 3] iR 2 SRR RCR B SR TR 25
BARM T AER S,

B2 AR BRI T i Tk Bk 5 400 7 %
Az VR F T B8 T A 1 5 ORGSR e 461 G 4
SR R 10 AR 25 5 4 B 19T 24 43 W i el AR
WAL RUE RV AR | 08 17 52 i e A 7 2 4 4k P 1Y)
YERES SRR AR R b A0 4k A i 4ok

..
1
-
d) e (f)
( ) Control ( 10)0 -e- Cisplatin 1 200] —& Control
120 {—@— 200 nm X -- 200 nm . —o— Cisplatin
£ 10p{—4—100mm S 80 100 nm E 1 000| —4—200mm
g _ (—*—50nm g 50 nm E ——100 nm
> 80 % g 800 —4—50 nm
2 £ £
R & S 600
=40 = =
2 2 § 400
20 '% =
0 = 200
0 1 2 3 4 0 3 100 15 20 25 0 2 4 6 8 10 12 14 16 18
Time /h Time /h Time /d
BT (amc) 50100 A1 200 nm 5 F ISR 0 Hs BB, (d) 7 RS- B 5% 3 i BT 1 10725
(e) % IRV S 60 L3 o P 0 7 43 i () 7R 1 < 7 e 0 B 2
Fig.1 (a~c) Transmission electron microscopy (TEM) of the particles (from left to right: 50, 100 and 200 nm), inset, high

resolution images (bar=100 nm); (d) Relative geometrical mean fluorescence intensity (GMFI) increases with time;
(e) Variation of percentage Pt dose in blood following the administration; (f) Growth curves of A549 tumors treated

by cisplatin and different biomineralized cisplatin®®
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Fig.2 (a) Scheme of the magnetic targeting; (b) Live infrared imaging of different group; (c) Fluorescence quantitative

analysis of mouse organ sites in different groups after 8 hours of injection
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Fig.3 (a) TEM of an interim stage, the coexistence of original hollow spheres, and transferred pin-like crystallites

(1 min of ultrasonic application); (b) TEM and SAED of the final stage (5 min ultrasonic application) of the

transformation; (c) Scheme of a suggested drug release system; (d) Curves of release kinetics of amylose from

the hollow nanospheres under different experimental conditions: (1) no ultrasonic application; (2) continuous

ultrasonic treatment (150 W); (3) 1 min treatment of ultrasound (150 W), the interval of duties was 1.5 min;

(4) continuous ultrasonic treatment (100 W); and (5) continuous ultrasonic treatment (50 W)
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