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ABSTRACT: The work aims to add Cu in existing medical CoCrW alloy to prepare a new Cu-bearing CoCrW alloy by selected
laser melting (SLM) and test the biocompatibility. The new Cu-bearing CoCrW alloy prepared by SLM was used as the experi-
mental group and the Cu-free CoCrW alloy prepared by SLM was regarded as the control group. After the experimental materi-
als and periodontalliga-ment fibroblast were co-cultured, CCK-8 and Real Time Cellular Analysis (RTCA, cytotoxicity assay,
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Phalloidin cell staining and flow cytometry) were adopted to test the effects of materials on proliferation, apoptosis and adhesion

of cells so as to evaluate the biocompatibility of new Cu-bearing CoCrW alloy. The RGR of PDLF cells directly contacting the

new Cu-bearing CoCrW alloys after co-cultured was more than 99% and the cells were classified as zero-grade cytotoxicity. The

growth of PDLF cells indirectly contacting the new Cu-bearing CoCrW alloys after co-cultured was not affected by the new al-

loy. The apoptosis rate of PDLF was less than 1% after co-cultured with CoCrW-Cu alloy for 1 day and less than 5% after 3

days of co-culture. There was no significant difference between the experimental group and the control group and the apoptosis

rate of experimental group was lower than that of control group. Through the Phalloidin cell staining, the cell adhesion was

normal and there was no significant difference between the experimental group and the control group. The Cu-bearing

CoCrW-Cu alloy fabricated by SLM technology has good antibacterial performance and no cytotoxicity to cells, that is, good

cell compatibility.

KEY WORDS: CoCrW alloy; Cu; selected laser melting (SLM); biocompatibility; cytotoxicity
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FEFNOL TSR A A T Re/E A, B2 86 A
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A, BT AR SOK & 46 3 A 4 5 N JR I 4 il
(PDLF ) #EA73LR59%, WSS 4h 3 & 4% PDLF
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Cellular Analysis, RTCA ) -ZHAEREPENIE . H2EFFAK
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1.1 #elH&E

PR B A7 PR £ S ek I A 2k 1) 7E
CoCrW & 4 i3 Bl U 3% Cu #iK , i SLM
T 24118 CoCrW-Cu A4, 2) RASKEF AL
1% CoCrW-Cu &M A, i 8e A4S R, ik
17 3D #TEN, 3k45 CoCrW-Cu &4

ARSI FAH ] = Rl 3 & A bR A2 B 4
JERBEFERT, WFH ) 1) &4l 0 & i L A 4
( CoCrCu-alloy ), R AL 3R15 1) CoCrCu 5 42
MR Z BRI BB AR (SIM) Hil4. 2) 1R
il A & 4L A4 (CoCrCu-mix ), B CoCrw
BEMAT Cu MARIRE)G, it ikt s
AR (SLM) #il o 3) XFHA RS MR SLM H AR il £
() H RS TG 4 o REURE S 5 L BRI R R T
WA (410 mmx2 mm ), £ 150~2000# SiC WP4EHT %,
EBEFAGEF A, LW B K e T,
R &S EREERARKER, &H.

1.2 #MRRIEAH &

N = S 50 R B I A e T R R K TR B
PR 2 1 AR BRI AR F=1 cm?/1.25 mL M9brifE, 2
H7E D-MEM 15352 (Hyclone 24 /), [ ) #, Jf
HT CO, iR FE48 (371, Thermo Scientific A,
), BHEASN 3.7, 10d, BlEkEEASE,
WPk %% (Cole-Parmer AH], EHE ) WitZED,
W R PRI L UEBR R S, O R -

1.3 HAaESE

A SCAS A SR R R 4T 4E M B ( periodontalliga-
ment fibroblast, PDLFs, H [ &R} f 2k i 5256 % $
#E, WBH ), KA D-MEM 55353 (Hyclone A+, 2%
B ), 7€ 5% CO fHIRIGEFRFE h IG5 . WAL rhusim
10% /64 1% ( Gibeo A ], FEE) Al 1% 5 HR-
558 R (Hyclone A F], £ E ), [AIFFH 4 KA o

1.4 CCK-8 Haig 5 & il E

il 7E 2 0 A0 B 22 T 26 P e R e TR 2R UK 5
WRHGHERERBES (SW-CI-IFD, NGRS
HARAWRAF, ), SeHTE PBS( Hyclone 2
A, ) EVEWIR, EEVEERE 1 mL A JE A0

(PDLF ) LA 1x10* 41 /AL A0 2 B e Fh 21 B A
FEMIY 48 FLARIN . HEFh iR, 78 CO, fHIRKT R
HARIREE 1. 3.0 7 d, BEAEAEE]SE BOH R R
M, KR HICE PBS ot =k, I CCK-8 ik
7 & ( Beyotime 24 A, HE ) PEM HEEME L LA 250 pL
A 10% (v/v) CCK-8 By D-MEM, R J& #5515 35 Mk
A CO, [EIRIEFRAA I 4 h, FIAEHE LS, WA
FLAHIHL 100 pL 5373, IFER 205110 96 FLAR Y,
{5 FH 471X ( Infinite 200 PRO, HE ) I HWEE
JE(E (OD {H ). AHXFHE 3 ( relative growth rate,

RGR) ###C (1) 1158, MR 1 sk,
Hf RGR (AHACH TR, PRERHREA AT J4E

®1 ERBERES R

Tab.1 Grade standard of cytotoxic reaction

Level Level of reaction Reaction observation

Cell morphology is normal, ad-
herent growth is good, there are

0 No discrete particles in the cyto-
plasm; no cell lysis
Up to 20% of the cells are round,
1 Extremely loose and adherent, without cyto-
slight plasmic granules; occasionally cell
lysis
Up to 50% of the cells are round,
2 Mild no cytoplasmic granules; cytolysis
is clearly visible
0,
3 Moderate Up to 70% of cells are round or
dissolved
4 Severe The cell layer is almost com-

pletely destroyed

R2 HRBSUESRIFETITESER

Tab.2 Grade standard and evaluation result of cytoxicity

Level Relative appreciation rate/%  Evaluation results

0 =100 Qualified
1 75~99 Qualified
2 50~74 Overview
3 25~49 Failed
4 0~24 Failed

1.5 RTCA-ZHfaEMHNE

I TAL G CCK-8. MTT 4538 o il 2 [ & Bsf
T ) 200 B S R DAY 2035 0 1 S 07 3%, O AL Y
RTCA HIARRIRIR T2, 5 o 5 4 B A% S ot
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H L B A0 ARSI AR A JECHS , AR SR BhA L
et B SR AN T A R G B o A S i, RIS B S
T DA — i AR 40 2 75 7 AR AR A
TEHE S R 0.1 mL AT R B4 ( PDLF ) &
LA 5x10° 20 /4L 1) 25 5 2 R 21 96 FLHE F-#( E-Plate
View 96, ACEA Biosciences /A&, £E ) ¥, Kijg
P CO, THIR B 746 H 55 H o i 1] xCELLigence
DP % 4i( ACEA Biosciences /Al , 3% [ )4} [A] 7 5 min
BEHL 96 fLHL 7k ( E-Plate ) iy 4ufi45%% (CI1), 4
FL 48 B0 K/ N B T A A 50 L K/ L TR LA B4
M FEFLAR LR RO PR 5 /. RTCA Wil 24 h J5 85,
B FH M xCELLigence R4 B o W 545 LY
il D-MEM B350, B b BHR R . 4kakiml
WEI 72 h JEH . BRI TS, I RTCA )44
( ACEA Biosciences 2~ ), EHE ) ISR, @i
RTCA FRGi sl 125784k S 48 S 45 £l 0~72 h (]
PDLF 2 i) A= IR o

1.6 AR L8

FERERP A 22 A, AR A2 SR R R 2K, B
HREESET, JeHIE PBS EVEPIK, EkE
¥ 1 mL A JEE4RM (PDLE ) B LL 1x10% 4 it/
FLIR 2% B F A 2B A B 1Y) 48 FLATSURE SRR,
B —4 . RIS, 7 CO, [E I FRA0 h iE
B 1RM 3 K, ARSI, 43l A
( Gibco 28], EHE ) HALIENM, A PBS
T YA PRV, AR5 FITC BEBREE 1 V I T4
RFE 1 (51-66121E, BD AH], EE) ST,
Pr4an il # & T 1X Binding Buffer w1, 8 E K
1108 N 4HE/mL ., ¥ 100 pL ¥ (1x10° N4 )
3 5 mL B 3RE . SLIRAMA 5 uL FITC V 3ekt
(51-65874X, BD Aw), SEE ) Al 5 uL PI 4Lkt
(51-66211E, BD AH], EHE ), BRWKITIRS 41,
JHEZEWR T (25 C) #HFHE 15 min. WHETHE,
1 h P 44X ( FACSCanto 1T, BD 237,
FE ) KT o

1.7 YRR SR B iR S 22 40 B kG Bt

TERERD AN 2 A7, AR 2R R ZEVOK T,
HBaEEsad, MK PBS B, G
$ 1 mL AF R4 ( PDLF ) £ LL 1x10* 4/
FLBY 3 B R Ah BB AT RE L Y 48 FLAHZURE RN,
M SE R TE CO, fHIRIEFRA T E 4 h F1 24 h, 3|
KRS, Jeke R ST JCE PBS VR =K, P
4%Z RHEE (PFA) % (Sigma, £MH) AERT
FEEM 5 min, 2858 0.1%Triton X-100( Amresco,
) BRALFE 7~8 min. ZJ5 TG PBS #2452 nhik
FEMPIR, AP FF-RERK (Sigma, £E) 7F
FR N REOEY M 40 min, SRJ5MHH DAPT (£ ) Y
{4 5 min, PBS {EVE 2 K. YOLH)E, 196 EM

i (FM-600, HE ) T EHEWEL F-ILshE = g .
1.8 HiEAIE

RS g0 = APAT S, NI 4 S TPATREA

(n=4), B¥Ex A SPSS 13.0 for Windows( SPSS Inc.,

ZONER ) BAFHEAT 0T, AR Heds DL R R Oy 22 0 b
AT B E MR (P<0.05 278 B MR X ),

2 ZRSWH

2.1 CCK-8 Sl R

% 1 & PDLF 405 R A R SE 10 3 fi1 7
KIGHIZES . BT, AR R RE 2 55 5 KB
Jn, OD fEZMHE I, VLB AN FE A7, PP
LA 4 MPBHE OD (E A PEXT RRZAR L, JLT-T02
B, ANAFTEE TR 22 5 . PR S AL B &b R 22 1]
WAHFER FEWEES . Wk 3 FR, WRSHaE
SRR 20 I 3 58 R ( RGR {8 ) #7>99%, 1 KT 75%
B 1 A EEYE, R E] 0 A, DLIAARRT L
GG MR, B E SRS SRR
B, WA AR 4 A A R

35

3.0} H CoCrW
B CoCrCu-alloy
- [l CoCrCu-mix

OD (450 nm)
= = N
o W (=) W

1
n

1 3 7
Co-Culture time/d

Fl 1 i CCK-8 IETEM bR (P 450 nm)
rhl 45 49 PDLF 4l OD {i

Fig.1 OD value of PDLF cells determined in microplate
reader (wavelength of 450 nm) by CCK-8

(=]

* 3 PDLF fifaZERREHM R ERiEsEE
Tab.3 RGR of PDLF cells on different materials

Co-Culture RGR/%
time/d CoCrW  CoCrCu-alloy  CoCrCu-mix
1 100 111.3 122.6
100 108.5 105.1
7 100 101.6 99.1

2.2 RTCA SERT il i 2 B9 L 3

%l 2 & PDLF 4 i FAS [\ A R B2 W 8% 37
140 h J5 19 Cell Index ( CI ){E #H £k o M IZAP I B ( 5%
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1% PDLF %50 3| E-Plate f 24 h) #9440 i th £k
KT AN 1 2 i o 5% 7 ) %) JE S I B T, A%
LA A B, JGHH S A R A O & A
HULm O 22 5 . AR B (IR FRBY

5.0 |
451 Change point d
a0} v
35¢F Ch int |
ange poin
» L ]
£30 \: =\ W CoCrw 3 d
Hos5t ' ! [ CoCrW-alloy 3 d
5 ! ! B CoCrW-mix 3 d
020f ' ! M CoCrw 7d
15F \ ! Il CoCrW-alloy 7 d
’ ! ! M CoCrW-mix 7 d
1.0 ; ! [ CoCrW 10d
L ! !l CoCrW-alloy 10 d
0.5 1 ! [l CoCrW-mix 10 d
0 L 1 1 L L L 1
0 20 40 60 80 100 120 140
Time/h

K12 RTCA SEif il pris py 4541 C1{H
Fig.2 CI value of each group measured by RTCA in real time
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RLAF, 20 it 2R AT K Bl 2 355 35 o [ ) S8 i AN DB
T, 2541w 0B A5 AR B TS D0 R AR, 4% 2l
T 225 KR BAFIR L T, 44 PDLF 44
P RORDL RAF . =ZHAPRHRIIC R 5 22 5, A
FARHE B8 AP B0 180 7 B A 40 AR K SR A R A
S ARG TE , RS2 A A R

2.3 AT IR

WA GH MK PDLE 40000 1 K. 3 REYFH T
BN 3a s, 555555 1 R (18 3b), XFIEZH CoCrW
41 PDLF 4 FHPHT2% K 0.8%, K4l CoCrCu-
alloy #i PDLF AE-FIMT-F R 0.5%, LA
CoCrCu-mix 41 PDLF e F- T34 0.7 %, XA
2525 S A R] | S0 2 5 S 6 2 A] B4 3t X A A S A
M5 R R, HAR P ETREA B EET

CoCrW CoCrCu-alloy CoCrCu-mix
105*; 105—§ 105—§
104_; e 104_; S v 104_;
14 3 1 csQH@ < Q@ I
~ A - ~ . - a4
103 | 103-: o 103-:
] - Q@ ] 1T & ]
1024 107 ' 107
-I\HII| T TTTTIT T T TTTmmy T T \\II\Il T IIIIHIl T IIIIIH‘ T ;-IIIIIII T I\IIIIII T I\IIIH‘ T
10? 10° 104 10° 10? 10° 10¢ 10° 10? 10° 10* 10°
FITC-A FITC-A FITC-A
10° 10°3 10°4
P 104 - 104 P 104]
e B £
10°2 10° 10°
102 | 102 1 102;.
R ST S T i T
10? 10 104 10 10? 10 104 10° 10* 10° 10* 10°
FITC-A FITC-A FITC-A
a PDLFIHIHY 5345
12 140 3.0
11 | O CoCrW O CoCrW O CoCrW
10 | O CoCrCu-alloy 120 + O CoCrCu-alloy a5l O CoCrCu-alloy
ol 0O CoCrCu-mix O CoCrCu-mix - [ O CoCrCu-mix
o o 100 °
S 8t = S 20+t
= = < 2
g8 7T § 80r 8
8 6r 2 2 15F
&5t & 60f &
S 431 I S a0k g 1or
2r 20} 05
1 -
o o I —
Co-Culture time/day Co-Culture time/day Co-Culture time/day
b Q2 c Q3 d Q4

3 PDLF 4HMIf 534 (1K, 3K) K Q2. Q3. Q4 & WIAHAR M43 A Xf Lt
Fig.3 Flow cytometry was used to detect the distribution of cells in PDLF cells at

1 and 3 days and distribution of cells in Q2, Q3, Q4
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(P<0.05), 5555 3 K (K 3b), XYL CoCrW 4
PDLF 4T R A 5%, ¥4 CoCrCu-alloy
2 PDLF 40 V-0 TR K 4.2%, S5 41 CoCrCu-mix
¢l PDLF 4 P01 2.7%, X454 55
AT | S0 21 55 S 00 20 0 37 e g A SRS 0 2 SR b A fd
N, I HRETREA R EER (P<0.05), 45
T, LA G X s A S, 4505
RPN SCEe A4, ELAP 3D FTEN & M4 3 A 4 4k
JHT R R AR TR G s A 5 4.

CoCrW

241 §

CoCrCu-alloy

2.4 HRE RGBT

HIRZEFFAKFN DAPI 4o 8 -l (206 ) il
YHMIA% (WEfs ), WREZ PDLF MM GKGHE, aniE 4 pr
No Kigt 4h ., KIAL G B R RS2 00 4 B R el Al
B 4 2R A0 R AR S A AL, A R R
WFEES ., HEESE 24 h 5, =4k 4y
A TSN, A0 MR ST R, 3 B A M kLR
ARG R R 47 o

CoCrCu-mix

B4 REIRRGE 4. 24 h 20 HOKE T
Fig.4 Cell adhesion after for phalloidine staining for 4 h and 24 h

25 it

HCRE RN BA ST ISP e, Rk
W oM BIBA B2 AR RE o BT T AR C 2068 B
JCEIMAZIIA LG = AR, 38 3170 A5
W 4Bk Ti-6A1-4V LIKESFEA SR, JFIEIH I
2SR T 15 50 2 4 )8 MRME S BT R BE , AT
SR 1120 B S A e s A U720, SR, R OC
RERESPHESE, URIZLEAEGET S ENE
/b 55 0 i 75 P LR 4 20 5 7 3 B AT N e Bk R P
T 22 10 25 5 B0 R AE AR 250 1 AL, TR R
A 1 e FEEH R fE 9 T 224 AR5 Bagheri B
SN RAE PSS O A R AR 2 5k 2 Rl
i, ALFEO MR . ISR AL L ARG
Rz, AT Z e, AR IAKR R
SR, U JCTE PR UE A G R & AR S P P RED
JIT LAAE 1399 2 28 78 43 96 E 25 4 4l 56 4 1 0 1R 1 i
(LR T, 55 UF A A e R 5 09 A= YA AR B A
TorET, UNEERESEMRNE], &80
Jis PR R AR LR S B — e B S R
T (fil4n Na*, Ca®". APTFIFE e ) 210 Jf |
B RGBT A A4, F A AN i . 1 5 A B 4%
Fh G e i, Fr LSz B aT MY I 52, 20 LY A

K. M . I AR AR DRI R S A AR AR, IR
HRI MGG AR B LU 50 L R BRAEEEAR .

M CCK-8 HySEuG 25 v LR 2, 78405 5 4 b
BB G HEEMME LT, PDLF 4001 RGR Ay
KT 99%. [AlMf£E RTCA FOARRSLmf lid T A 5], 78
PBHZ S PR rh AR K A AR, LA A K i o
FEARAZ B 2 . U BTG 2 5 A M B s
(R4l , AERFN B A0 B, A AR 25 M R
RIf. A, eI T-segmd, SCgme XAz
] () PDLF 40 M T e AN 77 5 P 2500, Uil
RS L A S MR EAR SRS 40 B A 8 T T 740
ERS B 5256 vh A BELE 75 8l 6 4 b TE R RS B U
LU T S WA S 2 2R R A YA
AR T A 4H40 ( World Health Organization: WHO )
A, AR AR H O R R U ( Recommended
Daily Allowance, RDA ) & 0.03 mg/kg, —MERIT
ANENEH 80~120 mg A ] Ak AR 405 PN 25 118 i
WU FEHIE A S R, 00 R T EGA F
0.0141%H, 2xFI0 0 30 W] i iy 40 M B 1 o i i A9
PRI ZE R, S H B FIA R Cu SR Rl E
W /NT EiRtniE, [FE, BT SHe Gt T
Teg il 55 4 AT aF ay it ph ks, i 5L A a9 1
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B MR AR H /N, B mAr R S B2k
SVARFR R B — T, BT 1 R R R
RSO AR BB AR, I A
TR R P B AR A AEIE T T A TE AR D R
WY F 2R AT, ANRFTHR AR A 50 70 R 2 i H
FRHE P BE S — 2 HE AN S s BT R 1Y
T R A e 4 i G 2R e DR 1K ) AR R
RAGEIE, JEAL B AR 4 st , I ELXERLAE
PRINFRERRS B R e, RVAA R4 R AR A

3 #it

AL 1 A WA A IR R R, B 3D FTE)
AL B AR TR e B IR 35 e p okt X
PDLF Ziffd Jo ATy BH S A0 M P, B A G T 48 B 340 5
S AR BE FAT RS F bR, 0 AR AR 25050 25 51 1A
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