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Preparation and Properties Evaluation of Composite Calcium Carbonate Hollow Nanoparticles

ZHAO Jianhui, LEI Yu, LIU Jiang, JIANG Xiangyun, LIU Zhanjun*(College of Pharmacy, North China University of
Science and Technology, Tangshan 063210, China)

ABSTRACT: OBJECTIVE To prepare surface modified calcium carbonate nanoparticles with glycyrrhetinic acid/sodium
alginate and to evaluate its propertiecs. METHODS The hollow spherical calcium carbonate nanoparticles(CaCO3 Nps) were
prepared using soluble starch as organic templates. Glycyrrhetinic acid/sodium alginate copolymer(GA-ALG) was synthesized in
heterogeneous system. GA-ALG-CaCO3; Nps with shell-core structure were synthesized by using GA-ALG as shell and hollow
CaCOs nanoparticles as core. The particle size distribution and Zeta potential of nanoparticles were measured by Malvern
particle size analyzer, and the morphology of nanoparticles was characterized by SEM and TEM. The drug loading, entrapment
efficiency and in vitro release characteristics of nanoparticles loaded with doxorubicin hydrochloride(DOX) was evaluated by
fluorescence spectrophotometer. RESULTS The average size of GA-ALG-CaCOs Nps was (425.4431.1)nm, PDI was 0.289,
Zeta potential was (—=17.0+£0.3)mV, drug loading was (13.06+£0.51)%, encapsulation efficiency was (78.35+3.08)%. In vitro
release results showed that nanoparticles had a certain sustained release effect. The results of studies on liver-targeting showed
that the targeting efficiency of DOX/GA-ALG-CaCOs3; Nps was 68.2%, which was much higher than the DOX control group’s
24.2%. CONCLUSION As a new drug carrier, GA-ALG-CaCOs Nps has good pH responsiveness, can significantly increase
drug loading, and has obvious sustained release effect and a better liver-targeting capacity.

KEYWORDS: CaCOs; glycyrrhetinic acid; sodium alginate; nanoparticle
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2.1 CaCOs 75 KL 1) il 25 B RAE
2.1.1 CaCO; Z B AKFLHI % S EFED
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Na>COs F1 100 mL 0.25%RY JE M o il 451, )
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100 mL 0.25%HJTER W IA 0.4 mL CaCl, fi#
W, B TRA 10 CRIZUEFE 30 min, ARG
FANA 0.4 mL NaCOs &, 4k&k 10 CRIZIT
F¥ 10 min J5, KEREMER B ZE NI DRI
BB Al AR 2R B O ik AT RS . PR 28K I
BUR 3K, A 80 CUHLAR T4 24 h,

2.1.2  CaCOs; YKL ARIAE S Zeta BN HUE
CaCOs PIKbRZW, HEBTFKABOFHE—
EEEUE, H Malvern 7 {UN%E CaCO; 28
e GARL RE AR I Zeta HLO, TR 3 RECFH4(E.
fii% CaCOs 258 QKK A1 5], SEXRIAR H
(181.8423.7)nm, PDI }(0.36240.07); Zeta HL{ K
(-18.910.4)mV, CaCO; 4L FILE 1,
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Fig. 1 Particle size(A) and Zeta potential(B) picture of
CaCOs Nps
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Fig. 2 SEM diagram and TEM diagram of CaCO3 Nps
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Zhang VR B, 25 CEMETF, ¥ 470 g
(10 mmol) GA 5E 4 f# T 20 mL B JG/K VU SR I
(THF)H, A NN- 32 a3 i (DCC)
2.47 g BEFE 0.5 h, FEILA N-F2IELBE AR W e (NHS)
1.38 g it 1 ho 308, KFUEMGETHINE 50 mL 7
T HE 70%M 6K THE &, BEFE 24 ho K
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NHCH,CH,;NH,).
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TP R, TERIR TR 24 he KRN AR
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2.2.3 GA-ALG BYZFEAE
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YRR 4 e, FAIEUEEL 400~4 000 cm ! AT LT A1
FAE, Z5HRILE 3,
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Fig. 3 Infrared spectra of ALG and GA-ALG
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LRSI, M OEEETHIE 248 nm ARt
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R 15 R A (DI GA-ALG H GA [
FREE

Cl—CO)xM

SD(%)=" % 100% (1)

K C1. COo 4358 TS GA-ALG. ALG
GA MW (umol-L™"), C N GA-ALG ¥k &
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232 GA-ALG-CaCOj; Nps [{JHi12 2 Zeta L7 H)
& GA-ALG-CaCOs NPs, FHEB T/K/H0HF
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GA-ALG I % T 250 CaCOs, JHEN
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Fig. 4 Particle size(A) and Zeta potential(B) of GA-ALG-
CaCOs3 NPs
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Fig.5 SEM diagram and TEM diagram of GA-ALG-CaCOs
NPs
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Fig. 6 Particle size(A) and Zeta potential(A) of DOX/GA-
ALG-CaCOs NPs
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Fig. 7 TEM diagram of DOX/GA-ALG-CaCO3 NPs
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P, 452588 DOX 8 mg-kg ! /N« 4824 )55 il
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THW, —80 CLRAERFM: SR 5 20UMEINL 1 Ab B8, fif
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10 min, 5 HREHBEENBIE O, TPk
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MRYETE 5 Ik S 25 2R TR AUCo- s
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JHF SRR ) 42
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Hrb, (AUC)t R7R o5 82 e J — 4 5
FIZ5 I # 28 FTAR, (AUC)s s [l — #1571 78 /N B
A PN L ) 2 B 2R TR R o
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&1 NREFHHGES 8.0 mgkg! DOX A J5 £ 1 % F A& LR F Bl 25 H1 i B (n=3)
Tab. 1 DOX concentrations in plasma and tissues of mice after i.v. administration of DOX solution at dose of 8.0 mg-kg™
(n=3)

DOX ¥

t/h
If%% /ug-mL! D/ugg! fing-g! Mt/ng-g! fili/ng-g! B /ug-g!
0.25 0.21+0.12 14.67£2.55 29.7247.28 10.10+£2.33 17.49+5.94 35.68+5.34
1 - 12.92+2.08 28.33+6.11 8.36+2.09 14.27+£3.70 25.9+4 .43
3 - 13.22+4.71 23.08+5.50 7.26+2.02 11.27+£3.22 15.07+3.33
6 - 11.71+£2.86 14.454+5.99 5.88+2.44 8.10+2.44 10.51+3.70
12 - 10.86+1.49 11.14+4.96 4.22+1.87 6.38+1.86 8.14+1.24
24 - 8.21+1.24 7.86+4.19 3.79+1.02 3.99+0.92 6.99+0.91

#=2 /MR EF#KES 8.0 mgkg! DOX/GA-ALG-CaCOs Nps ¥ /& /5 15 M1 % K 4 4 4 % i 25 1 vk (n=3)
Tab. 2 DOX concentrations in plasma and tissues of mice after i.v. administration of DOX/GA-ALG-CaCOs3 Nps at dose of
8.0 mg-kg'(n=3)

DOX
t/h
1.3 /ug-mL! L/pgg™ fF/ug-g! i /ug-g! fiti/ug-g! ¥ /ug-g!
0.25 24.11+5.46 5.24+2.62 58.79+8.11 14.40+2.95 6.33+1.80 30.35+3.12
1 10.76+2.93 4.77+£1.91 49.49+6.77 12.96+2.38 2.02+0.94 21.94+3.64
3 3.68+1.04 3.79+1.44 42.98+6.32 9.9443.02 1.274+0.71 13.09+2.43
6 1.88+0.61 1.91+1.17 40.80+5.99 7.69+£2.61 0.284+0.24 7.41£2.29
12 0.24+0.13 1.15+£0.99 36.54£5.14 4.74+1.33 - 5.32+1.68
24 - 0.34+0.28 27.66+6.11 1.79+1.00 - 1.99+0.90

A MG IR G, RS TV I TP is B o T
DOX/GA-ALG-CaCOs; NPs #H HH & ZE K T 7 IfiL K
A B A TE] o 7RO JIE T DOX/GA-ALG-CaCOs
NPs 41 DOX #¢ & 5 DOX Xf R4 4H bt DOX ¥ J& B
WA, RO RS R, FEJHFE DOX/GA-
ALG-CaCO; NPs #H DOX ¥ 5 DOX %} & 4H 4H
LU 7 [R]— ) [R5 P e 3 A vy LT R B AR, 10
B DOX/GA-ALG-CaCO; NPs fig i & H2 & 25 ) 7
JFRE R 045, 7T W GA-ALG-CaCO; NPs EA T4l
mfER

*3 MREHTFE DOX #IF|EA 24 h WA EKE
Te(%)F1 48 % & B & Re

Tab. 3 Targeting efficiency and Relative targeting efficiency
of different DOX formulations in different tissues under
periods of 24 h

M 3 ] LUE ] B A ) DOX/GA-ALG-
CaCOs NPs TEFHERY 310 i 2 8d i, MAE A2
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=T DOX R 24.2%, Vil DOX/GA-ALG-
CaCO; NPs 9 iF#E [ 4 R 47
3 iTig

ARSI IR 4525 5 CaCOs By R PR AT GBS T
ANFMREERY Ca® 252 MATE K A G2 & LR A 9 AR
fb, WFSIA COFJa, NFEMGINTER 25
CaCOs Mgl e, B MAFME5]R CaCOs
ZimHE, IFHERN CREA T B S R AR T
AR, FEBANRE M RMT, SRS L85
PIERIR . AT BERRANAZE CaCOs MY BT RE &
TAEPPERBEE T, BRI TS H T

AUC (0ry/mg-L*h Te/% Re
ma DOX/GA- DOX/GA-  DOX/GA- F AR R B 2 W] 9 e 1T 2 IR IR, T

DOX ALG-CaCO; DOX  ALG- ALG- N .. et et .
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