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Influence of Dopamine on Physicochemical Properties of Calcium Phosphate Cement
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and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The aim of this study is to investigate effects of dopamine (DA) on physiochemical properties of
calcium phosphate cement (CPC) and in wvitro degradation of DA from CPC. DA was dissolved in Tris
(Hydroxymethyl) aminomethane-hydrochloric acid buffer solution and mixed the solution with CPC powders after
oxidized for 2 d in air. Orthogonal test was used to optimize the preparation of CPC with respect to the DA
concentration, ratio of liquid to solid and pH values. Compressive tests, Gilmore needle tests, X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR) were used to characterize the physiochemical properties of
CPC. Scanning electron microscope (SEM) and UV-Vis spectrophotometry were used to observe the micro-
morphology of CPC and in vitro degradation of DA from CPC, respectively. Compressive test and orthogonal
analysis indicated that the optimal combination CPC was DA concentration 40 mg-mL™, ratio of liquid to solid
0.3 mL-g™ and pH value 8.5, which had the highest compressive strength with significant difference (p<0.01)
compared with that of CPC-Blank. Setting time of the optimal combination CPC decreased slight but no
significant difference compared to that of CPC-Blank, which could satisfied with the clinical demands. XRD and
FTIR demonstrated that the addition of DA promoted the conversion of dicalcium phosphate dehydrate (DCPD).
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SEM found that there were more platy structure, lots of nubbly crystals and less porosity in optimal combination
CPC compared with CPC-Blank. Cumulative release of DA from CPC was 29.7% and the pH values of immersion

solution were safe for human body during in vitro degradation.

Key words: calcium phosphate cement; dopamine; compressive strength; orthogonal test; degradation

5 1R 5 1 7K Ul (CPC) 2 H — 8 22 o 1l 1 465 [
MRS WARE ARG AR B4 T ol A e A
AL R AWy R 7S B A R 1 5 TE LA B R
A SR R T S R RE N I N BEAE S S E AL
B AR RE B 1 A I PR B R e, H
ARER TR =R oE 8 A S5 00F
FRRIG LT A E IS CPC A L & ST 3
CPC WP IR | Chewa 557V AN [F] 22 BE Bk 40 K 45 il
B EAMA CPC Y, WLEEF] CPC T 5 2 AT
M1 MPa #2555 16 MPa,, #8152 A5 A BLIE i
BE B b A g 8] )5 AR IR 0 2 T 3% B CPC
MIHTHSR L, JF HR I X [ 1k A B e s B2 1 52
e 3 AR IAE HAOW 5 122 4k, Ginebra 55094 4-
HMA (4-Z 5K ¥ B 09411 A= ) A CPC h i 15 CPC
MIHTCHSR B 5 T 25%, Lin S5U%% 22 IR BIL R W)
FUEH A CPC Hr  Hr o B2 W] W 4t i, ok i S0
1E CPC [EAH T 75 b s A [ o 9 S A0 55 i 25 A [F)
5 W 5 LY CPC, & B B 5 Wi ) B 1Y) L
RGN, ZKALJS CPC $UE 58 B i 42

SRR R DA R R RE B0 R K, BT
08 3 A 0 AL 3 Y — o R R e R 2R A R A
oGy IR - S o 1 sl [l D g =
(mussel adhesive proteins, MAPs), FJ 7 ¥ 7K H 5&E [ 1
22 SRR R T R f A EAE ] R 225
BB LR ) MAPs 5T 2 & A R R4 o)
Mfp-5 (mytilus foot protein 5), H 2 H: /2 J¥ 51 f & A
T 30% 19 L-2 ELA 159% (9 #5 S RR 5k S 19 -2 B J2
M T MAPs ¢ 5k 2 B 14 8 19 OC B g 7314, 3k Ak L
A5 T3 114 125 25 )RR 27 22 T RE A (75 T DU AT 55
TN 4 J B AT B S5 A [ A4 RE R T Y RGBT, A LS
195 H RE A1 1Y 22 1 i (dopamine , DA)45 & 1 L-Z L 1Y
JLE B R AR IR M A AL B RER], Bk d e
i SIS BRI v XS B A 2 T ) e s el

DA fETE K W W Th v i SR R A TR R A 4R Ak -
SR, I AR T AT i fROR B ) Y
RZUMH)Z, W50 F 3R 2 T B 5 A4 RS B 7
XA AT 2 T AP0 D)4 R A 2 B A

[0 (R 205 g, S TR R R 3 1T 0 R 2k 2

RIFFEAE CPC HIMAAYI/NF DA, FI A
FE KT S AR S 1R I 1 7= 4 EL AT R R B8 T 1Rl
SEAEFRVE IR $E W CPC PR SR #F5E DA Xt
CPC PERBANBELE i fa] | KAk 7= #1520 S &% DA 1)
CPC RHME A

1 MR5XETE

1.1 RFIRALEE

2 H W IR AT (Cay(POL)o(OH),, HA) Fll - R — 55
(a-Cas(PO.),,-TCP) A [ 14 1] K 2% A= Wy #4 K} T A8 W
FE O 5 DY 7K il R 5 (Ca(NOs), - 4H,0) | B R 20— 8 (
(NH,),HPO,) Rk 2 55 (CaCO-) ¥ Sy 43 Hr 2, 1 [ 1B
mR AL Tl iR 2 0 | BTk R =%
FH 5 2 W 6 (Teis) A R 82 (HC) W 1 #1077 FE4E 1k
A RS F) KB R &85 (CaHPO, - 2H,0 , DCPD) A
AR SLEE A,

J1 e R 7 22 B0 HL(5567 , Instron , USA) ; X 4
LATHHL (XRD,x" Pert Pro,Philips, Netherlands) ; {4
SEM LA TS S BT (FTIR, 5700, Nicolet, USA); &
S HL - B U (JSM-T001F , Jeol , Japan) ; pH it
(PHS-3C, RS BB A5 A B F TR REAXAR T
), 2 SRR AR (HZQ-C, R B TR ORI & A7
BT, ), AT WS R (U V-2550,
Shimadzu, Japan),

1.2 #REE

(1) DA ¥R R B S A H IR R R 2 Lk i T
Tris-HCl 2 M (pH 7.4 .pH 8.0 Fl pH 8.5), At & A
W BE R 20,40 Fl1 60 mg-mL™ PV, 258 b 2 T A
£ 2d,

(2) CPC Wil % . & DCPDP, SR D AU iz
5 E K Je BC 52, [ AH A @-TCP (58wt% ) .DCPD
(25wt%) HA (8.5wt% ) Fil CaCOs(8.5wt%), W A0 N %
DA 1% Tris-HCl 2% M

WM 25T DA Y 4B 2R U S AR 45 5 bk
AL Herlinger %8 PWF 58 & B DA 2 v 7T DA 3 ik
pH (EIE Y Tk T AERRF 5T K BE R A L it R sl /Iy



%3

57 555 , 45 U5 e 8 5 7K 8 R 0 0 T 5 509

2 CPC LR SR EE . P A 5858 i 1F A2 3k
5, LABUR SR N5 46 05, 5 4 DA MR |
pH {E R [ F (L/P)X CPC Bt 58 BE (19 52 ) (% 1),
Pt
Fx1 EXRHBERKFER
Table 1 Orthogonal test table with various

factor levels

Levels
Factors
1 2 3
Dopamine concentration / (mg-mL™) 20 40 60
Ratio of liquid to solid / (mL-g™) 0.25 0.3 0.35
pH value 74 8 8.5
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1: 20 mg-mL™" DA pH 7.4 1/P=0.25, 2: 20 mg-mL™" DA pH 8.0
1/P=0.3, 3: 20 mg-mL" DA pH 8.5 L/P=0.35, 4: 40 mg-mL" DA
pH 7.4 1/P=0.35, 5: 40 mg-mL™ DA pH 8.0 L/P=0.25, 6: 40
mg-mL™ DA pH 8.5 L/P=0.3, 7: 60 mg-mL™ DA pH 7.4 L/P=
0.3,8: 60 mg-mL™" DA pH 8.0 L/P=0.35, 9: 60 mg-mL™" DA pH
8.5 L/P=0.25

1 AR CPC B B I (1=3)
Fig.1 Compressive strength of CPC by orthogonal test
(n=3)
24
224

Compressive strength / MPa

’ Control (pH 8.5 L/P=0.3) 40 mg-mL"' pH 8.5 L/P=0.3
K2 4l CPC S54RI DA Y CPC HUIE 58
(n=3) (**p<0.01)
Fig.2 Compressive strength of optimal combination CPC
and CPC without DA (n=3) (**p<0.01)
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Table 2 Range analysis of orthogonal test
Factor
Code Compressivestrength / MPa
A/ (mg-mL™) B/ (mL-g™) C
1 20 0.25 7.4 11.12
2 20 0.3 8 13.04
3 20 0.35 8.5 12.46
4 40 0.25 8 13.39
5 40 0.3 8.5 19.26
6 40 0.35 74 10.23
7 60 0.25 8.5 18.07
8 60 0.3 74 11.13
9 60 0.35 8 12.72
K, 36.62 42.58 32.48
K, 42.88 43.43 39.15
K 41.92 3541 49.79
ks 12.21 14.19 10.83
k> 14.29 14.48 13.05
ks 13.97 11.8 16.6
Range 2.08 2.68 5.77
Optimal level 40 0.3 8.5
Optimal combination Dopamine concentration 40 mg+mL™, ratio of liquid to solid 0.30 mL-g™, pH value 8.5
*A, B and C indicate dopamine concentration, ratio of liquid to solid and pH value, respectively. K;, K, and K;
represent the sum of compressive strength when one of dopamine concentration, ratio of liquid to solid and pH value as
single factor variable and other two factors as constant. k,, k, and k; represent the mean value of K,, K, and Kj,
respectively. Range is difference between the maximum value and the minimum value of &, k, and k.
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Fig.3  Setting time of optimal combination CPC and
CPC-Blank (n=3)
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Fig.4 XRD patterns of CPC powder, optimal combination
CPC and CPC-Blank after hydration for 24 h
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Fig.5 Schematic diagram of DA promoted the conversion of DCPD
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Fig.6  Cross-linking of dopamine in alkaline solution
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PO

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber / cm™

K8 4l CPC 57 H CPC £ZLAMA
Fig.8 FTIR spectra of optimal combination CPC and
CPC-Blank
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Fig.9 SEM images of CPC-Blank and optimal combination CPC after hydration for 24 h
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Fig.10 Cumulative release of dopamine from optimal
combination CPC with time (n=3)
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Fig.11 Change of pH value of PBS during immersion of
optimal combination CPC (n=3)
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