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摘要  CaCO3 . 

X

(heparin, HEP) CaCl2/Na2CO3 CaCO3 . , 

CaCO3 ; HEP CaCO3 . HEP

2.5 mg/mL , CaCO3 1.5 m . X

, HEP 5 20 mg/mL , 57.4% 64.9%. 

HEP/CaCO3 HEP 80% . 
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1   

1.1  

: CaCl2, Na2CO3( ), 

; (Mw 3 kDa, 

); (Fluorescein isothiocyanate, 

FITC, Sigma); .  

: (SEM-4700, ); 

X (XRD-6000, ); 

(FITR-NOX55, Bruker); 

(LGJ-12, ); 

(F-2500 FL, ).  

1.2   

( ) HEP CaCO3

. 25 mL , (0, 2, 6, 

10 mg·mL
1

)HEP 0.4 mol·L
1

 Na2CO3

5 mL, 1200 r·min
1

10 min; 10 
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mL 0.2 mol·L
1

CaCl2 , , 

30 min; 10 min

(2000 r·min
1

, 4 min), 2

CaCO3 . (scanning elec-

tron microscope, SEM) , X

(X-ray diffraction, XRD)

(Fourier transform infrared spectroscopy, FITR)

. XRD FITR

. 
[12]

:  

Fv = ( I110v + I112v + I114v ) / ( I110v + I112v + I114v 

+ I104c ) 100%,  

其中 I110v, I112v, I104c 和 I114v 分别代表 2θ 在

24.92°, 27.00°, 29.41°和 32.78°附近的 XRD谱线特征

衍射峰的相对强度.  

( ) HEP/CaCO3 HEP . 

Ruponen , HEP FITC
[13]

, 

( ) HEP

FITC-HEP /CaCO3 . 

FITC-HEP , 

HEP , 

HEP/CaCO3 HEP (encapsulation 

amount, EA) (encapsulation efficiency, EE).  

EA= HEP 总量上清中 HEP 含量, 

HEP HEP
EE=

HEP

总量 上清中 含量

含量
. 

2   

2.1  SEM  

1 (a), (b) (c), d HEP

0, 0.5, 1.5 2.5 mg·mL
1

CaCO3

. 1(a)

, 4~6 m ; 1(b)

, , 

3 m ; 1(c)

, , CaCO3

; 1(d)

CaCO3 , 1.5 m . 

, HEP CaCO3

, CaCO3

, . 

(e) 

(c) 

(a) 

(f) 

(d) 

(b) 

 

图 1  不同肝素浓度(a) 0 mg/mL; (b) 0.5 mg/mL; (c) 1.5 

mg/mL; (d) 2.5 mg/mL条件下 CaCO3的 SEM照片; (e) 2.5 

mg/mL, 冷冻干燥后重新悬浮; (f) (e)的放大图  

 

HEP 2.5 mg/mL CaCO3 , 

, SEM , 

1(e). 1(d)

, , 

, , 

. 1(f)

, , 

, CaCO3

.  

2.2  FTIR  

2 HEP 0, 1.5, 2.5 mg/mL

CaCO3 (

(a), (b), (c). 876 712 cm
1

, 

CaCO3 ; 

1.5 mg/mL , 712 cm
1

, 745 

cm
1

, CaCO3

; 2.5 

mg·mL
1

, 712 cm
1

, 745 cm
1

, , 
[14]

. , HEP
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图 2  不同肝素浓度(a) 0 mg/mL; (b) 1.5 mg/mL; (c) 2.5 

mg·mL1条件下 CaCO3的 FITR图谱 

2.3  XRD  

XRD 3 . 3(a) HEP

XRD , (012), 

(104), (110), (113), (202), (018) (116)

CaCO3 . 3(b) 5 

mg/mL HEP CaCO3 XRD , 

CaCO3 , 

CaCO3 (004), (110), (112), (114), 

(300), (118)
[15]

, 

. 1.2 , 

57.4%. , HEP

CaCO3 . , 

HEP 20 mg/mL

, XRD (104) , 

64.9%( ).  

2.4  HEP  

HEP FITC , 480 nm , 

513 nm , . 

FITC-HEP 520 nm , 

HEP , FITC

HEP ( 4(a)). ( 4(b)), 

1.2 HEP/CaCO3 HEP EA

EE. HEP 0.5, 1, 1.5, 2 mg·mL
1

, CaCO3

HEP EA 87.4, 160.6, 236.2, 

319.1 g, 87.3%, 80.26%, 78.71%, 

79.75%( 4(c)). HEP CaCO3

, HEP , 

HEP , 80% .  
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图 3  不同肝素浓度(a) 0 mg/mL; (b) 5 mg/mL)条件下

CaCO3的 XRD图谱 

3   

HEP , HEP

CaCO3 . SEM, FTIR

XRD : (1) HEP

, 0.5, 1.5 2.5 mg/mL HEP CaCO3

, 5 mg/mL

20 mg/mL HEP CaCO3

; (2) HEP , CaCO3

, HEP

CaCO3 ( 1~3).  

CaCO3 ABO3 , 

. , 

CaCO3 , 
[16] [17]

[17] [18,19] [20,21]

[22,23]
. Manoli Dalas 3

A, B, C

CaCO3 , A, B, C (chondroitin 

sulfate, CS) , 3.6 

m 1.5~4 m 3.3~5.3 m
[24]

. HEP
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, 

. , HEP CS
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图 4  (a) FITC-HEP的荧光图谱; (b) FITC-HEP标准曲线和

HEP/CaCO3微球中肝素的装载量与包封率(c)  

CaCO3

, 

, pH
[25,26]

. , , 

CaCO3 HEP (

1). : 

; HEP

. HEP

0.5 mg·mL
1 , ,

,  

CaCO3 , , 
[27]

 . HEP

, Ca
2+

, 

HEP/ , 

, CaCO3 HEP

, CaCO3

, , 

, 

CaCO3 .  

, HEP

, HEP

, III(antithrombin 

III) (heparin interacting protein)

4(platelet factor 4) , 

. , HEP HEP

(bio-availability). Luo

HEP , HEP

16.7%
[28]

; 

HEP 74.4%
[29]

. 

HEP/CaCO3 HEP 80% , 

HEP/CaCO3

, HEP

. , HEP (basic fibro-

blast growth factor) (bone morphogenetic 

proteins) (vascular endothelial 

growth factor)
[30]

. 

, ( )
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