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Biocompatibility of graphene/nano—hydroxyapatite/polyamide 66
composite material
Yang Qiming, Zhang Shivang,Zhao Weikang, Jiang Dianming

(Department of Orthopedics ,The First Affiliated Hospital of Chongqing Medical University)
[ Abstract }Objective : To evaluate the biocompatibility of graphene/nano—hydroxyapatite/polyamide 66 composite material. Methods : G/
n-HA/PA66 composite was prepared by solution blending method. Material extract solution was extracted as specified by GB/T
16886.5-2003/ISO 10993-5:2009. The experiments were divided into 3 groups:experimental group,negative control group,and posi—
tive control group. The biocompatibilities of G/n-HA/PA66 composite were evaluated according to in vitro cytotoxicity test,acute sys—
temic toxicity test, hemolysis test, pyrogen test and intradermal stimulation test. Results ;In vitro cytotoxicity test showed that the cell
morphology and proliferation had a good condition and there was a significant statistical difference between each experimental group
and positive group (P=0.000). The cell cycle of C3H10T1/2 in G/M and S period could not be affected by composite material (P=
0.889). The cell apoptosis could not be promoted by composite material (P=0.988,P=0.919,P=0.781). Acute systemic toxicity test
showed that the mice weight of experimental group[(33.30 £ 3.81) g] had no statistical significance with control group[(31.08 +2.91)g]
(P=0.166) and there was no death and toxicity effect in mice. Hemolysis test showed that the hemolysis rate of G/n-HA/PA66 com—
posite was (0.97 + 0.36)% , which fitted the evaluation criteria of less than 5% (P=0.000). Pyrogen test showed that the increased
temperature of experimental animal was (0.25 +0.12) °C,which fitted the evaluation criteria of less than 0.6 C(P=0.035). Intrader—
mal stimulation test showed that the phenomena such as erythema and edema were not observed around the injection point in the ex—

perimental group and control group,and the PII scores indicated the most slightly stimulation. Conclusion : G/n—-HA/PA66 composite
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BEE SR T RN | R &R B SN
GBI BUR AEE, A B —Fh BT E
B YR — E D RBST AR, U B BT A E
SEBVATRNE T B R S5k E 2R BRE & AR
B R B S R BT N T RO, SR E
B BRI, BB R ARSI RAE; AR
FRIG A A BRSBTS, R T AR
AW IR FARBUL §y R, H R AR R A i A
TR RN ] 45 5 R A ) ) BB 4 4™ B B AR AE SN AR
W2 T AR HIE AP, E ARSI B B
—FEE — YA, R R BTN EEEK,
BAEBYMAFRENEDE SR, AREETE
g GRS RPNy SR s /N P s R R b b S 2
B KO /R B 66(nano-hydroxyapatite/polyamid66,
n-HA/PA66) B &+ KL, A RIFHAYAHEN, A
s B 5 A Y E AR RS IR N FHZ 3
PRl , 7 889% (graphene , G) R EBOEHF T IR, HAR
K H LR E AR RE R HE LB 40 M ARG R, MRE R T ik
40 M55 B BURL 78 A B A, (R A R B B, )
AR L5 B S 2 RES,

AR FE n-HA/PA66 B & BB EE A A
AFBI, H&H G/n-HA/PAGS &K, ZEE
PRLAY ) 2558 B A AR 03 M 3 9R E 15 BIIESEY,
B A YA 2P 1 RRIRIE , 45 SCHR R R YT 29 A
YE TR HE B S AR v )P, SR A S A U EE
B 2 S HEEEE B NEE IR R N
WL XS AN BT B S AR AT AR A A
RV VAR .

1 #EEnAE

1.1 2 &5

1.1.1 G/n-HA/PA66 H &FEIHIH & Gm-HA/PAG6 H &
PR B LR & AR R A R E AR R
MR, B n-HA( BB TR AR )5 PA66
(Ludwigshafen A& , 2 ) 3% 3:9 W LLEIIMA B BR MBS
PIRIZIBEHE A B (R ERR A BIARE A RA R # 1%
YR EE BN A R BR S, AT M S 43 30 min, 2S5 B ZUSE BE
30 min, FEFTEBRBMIBTLRE, ALBEIUEER P M
YR B AT IR Ok, 72 20 CEEMFA N TR 24 h,
BHEERIEHEE G(1%)/m-HA(30%)/PA66 B &K, 3
A KEEER,

112 EAMEEEBENHE HREBLZCEO- TS F
JHATEEL KA FBS(10%) 9 DMEM/F-12 #5385 M2 R4
Ji LB E AR RERR 0.2 ¢/mL BF)EIDA BIRFRRZ BN R

 ZEMEIR 37 CHAM T B4R 72 h, B HF—FB5& FBS
(10%) ) DMEM/F-12 35373 AR TR A LR R 5098944
BRI, RS A 0.22 pm — IR MBS HHR R MR B RR
.4 CHEEH.

1.1.3 R#530Y DMEM/F-12 33 (Hyclone 24 7], £
&), FBS(Coming /A7), 38 H ), CCK-8 i3 £ (Sigma—Aldrich
/A, 2 E), AnnexinV-FITC/PI S 4i% ) (Sigma~Aldrich 2%
A,%EH), H = 40K (Becton-Dickinson A , £ H),
FENEEHFIL (Bio-Rad A7), £ H) B8R H/ MR (FHEH)40
R WA R R 29~32 g ERRFTIFE X RS 6 R, M
ER, AR R 2.0~2.3 kg(BERERKFSHPER L),

12 oA riX s

1.2.1 CCK-8 M EMAmmEt: RANRBMEAR
T YA Z (C3HI0T1/2, KT 1WA B} be 40 B ) #E4T 40 B
BHRK ., BARE N EEMN T AREFES, S FBS
(10%)#) DMEM/F-12 53R it ae 1 2 G A T
¥k K BI R C3H10T1/2 48 0.25% 8 R 2 B BE I b3
B, 25 P ARM S SR B AT N 4 MR T R 3 % 10°
AL JREL 100 wl 38T 96 FLAR A (3 000 ~/FL) , FLiR T
FEh G RERAM, BAIA 100 uL 4IMIEFRE BT 37
°C.5%CO, BAAFIEFH 12 h, FrAIMINGRESS, FALMIRESH
5, RIS T HEE 3R . D100%G/PA66/m-HA E &+
B4, I 1009%G/PA66/m-HA & & HHEHEIEHE 200 pl/
FL;@50% G/PAG6Mm-HA EA# BHZRIKA, A 50%G/
PA66/n-HA E S HEHE K 200 pL/AL,@zs Ixf L, A
& FBS(10%) &) DMEM/F-12 45573 200 wL/AL; @FHE
%t HR4H A& FBS(10%) 8 DMEM/F-12 fRMES 554 100
pL/FLFN 64 /L BIZEBNEWR 100 pL/AL ;4540 8 &L, # 96
FUARFA 37 C.5%CO, BAE P USSR, T 1.3.5.7 d &£
—FLAR, FEEI B AL BB T MERARES, ESILIMA
20 pL CCK-8 XA, 4k4E7E 37 CBUAE N IESE 4 h J5 , 7TEBBHT
A 3B B N 450 nm A B9 L E (absorbance, A ), H1t
B4 M AE YT HE 5 (relative growth rate, RGR) ,ARIES ik
oA B SRR R R,

_ SRETH A
ROR= S AT A &

122  AmnexinV-FITC/P1 SURICER T ARAT XL
RYRIEFE R, AL RHAS AN RA, T 24,48 96 b
3 AR AL IR B EGTH L 4IAE , In A T8 PBS IR B
L, EERME 1 R, RSITA Binding 0¥k 200 pL EE,
A AnnexinV-FITC %% 10 uL 5 PL W 5 uL, BSIES 8
&R B 20 min, B J5F A Binding 28 ¥ 300 uL, F
SRR AR - AR TR

123 WA4ERAGEMAMAY BERE LRRIELTE A
BB E) s AL, FHIRRR T (L ARAE, I A PBS IREH.O, BEEHME
2R, IMABTAH 75%Z8 1 mL, 4 CEATEE 24 h, 4
JE LA 1 000 r/min B> 5 min, AIA PBS Hi, BURIK 100 pL,
SOA PLEW 200 uL, BHIES #BYER I 20 min, AR
FLLE , 3 Muticycle $R{F53 9T &0 40 AR BAIE L

x 100%
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13 AF&ksnEn

RS E Oy g B R EZE W/ MR 40
H MR (TR 25~30 g, T2 BEHLA A G/PAG6/n-HA
B A PRNR ST 4 A A B K R R4, &4 20 R,
WERRE o> BIRSE IR AR, BRI 14 )5, 2RS4/ R
JFhA R R, LR E AR A B KR IR S AN R
MERER, B R 50 mL/kg; X BAESSBAETIK, 7 1 AN
BRUWE/NRE—BIE L, BRI RE TR, 45Tk
$/E 1.2.3 d AFHERB A/ B REEK 74, b
FEFTA /R, BEFLER L &40 3 B, BULAT . F U1 A 4E HE
Bufa,
L4 BEhFE

RIS ORI i BB RFTE 2 KRR 1| R, 8%
B A)E, 2 HE %% KBGH#% 10 mL, SLEPAIA 20
o/L EERFPIEK 0.5 mL, HI & BT EE S , BURR 43 PUgE S AR
Bl 80 E &, URAME AR KBREANLR
4, A FER KA N BAYERT BB, IEACH AR BB B4 4
FIBNA 10 mL AE 3BERK IR VR A B ER K 57818 7K#F 15 mL
B, BT 37 CHEEBEABFEN,KE 30 min, MARRESR
Il 0.2 mL, RIEB S EURLEE T /KBHE /KIS 60 min, BUH
B0 (2 500 r/min)5 min, B_EIER T E5MECE T ERE
PR N 545 nm Lb85 A B ARIE U T AR TEIMRATE .

¥E I (9% )= Astnmmpa—A mrenmes » 100%
Amsrma—A mrxtma

HIE MR <5%, WZE SR E 1 ML SC I TR 7 1L
>5%, BAZM B ER B IER , A FE4AEmER,
1.5 #ERR

e B BE SCER S ik IR R R 22 KR 3 1, ik
TR TR 2.0~2.5 ke, EHEREF 1 B, SRR 20,
BELBSHYALE, RS 30 min EEWE 1 K, H0E 3 K, B
WREEEREERR SR SRR KRIZERE T
37 CKBRBA, KB 1 b, HETRABFEBRE 10 mLkg H
EEBGEKES AZRSPIEN, 55 1.2.3 h 45110
BATA, 3 WAL & B & & W 2 1 E % 40R B A 4R 1
B, BALBRREETREE<0.6 CHFEELHRER,

16 RAMMER :

WBSE IR ik BUBRRSTTE 2 K A% 3 R, ik
AFR, R 2.1~2.4 kg, SCIRRT 4 h R LRYPEREHS
R, B AR, ERHERELI 15 M A (r=30),
BEHLAT A 3 4, B4 10 8, P BIEA S BN ST 0.2 mL
AR B KRR 0.2 mL AR FRER K % 0.2 mL 20% 283,
THHE 24,4872 h MR ES R AR K F B AL KM,
¥ B8 B ok SREIE 43 3R G VA8 I & 84 38 (primary irritation
index, P11}, Fi#4T 4% .

1.7 %it¥F %

SE30 BT B4R SR SPSS 22.0 etk kAT 4T,
BRI LA + bR (2 £ 5) TR, B ERFE, RAX
BUEHE , £ 5 ), CCK-8 BAa I 4R a7 , =N 4m e
WapMAET- R AEMEAS,/DREFRBNERHER MR
BERL B 24007, Ho W B9 LR A LSD— 5, BRIk
RIS LR RIS AR BT 24007 , /N BRUAIR 2R 1 B 08 1 SRy
TSR AL A L5 0 K0, BBk Y @=0.05,,

2 B R

2.1 Rshempn i

2.1.1 CCK-8 4R 7EfE B TWEMRER, L
A LIGH AIMANGEE B AT RS, ERIEA K, diREED
PR AR , 5 B v B A T HA S 25 B ; BN FR A 4R B |
B WEEAR R MR/, A B S B U 40 I, an
B 1 Fi7R, 1009%G/m-HA/PAG6 5 B HENT BRZAAR b , &0
M AL A (B3 TG %2 R (P=0.615,P=0.917 ,P=0.699, P=
0.214), TiFAMEXT ERA R A (EESR R S BT &LRA
5 RE, 2R ERI$ER (P=0.000), K 1, RIEF
MirAE 100%G/PA66Im-HA #1BHR IR IR L 140 5 FH AT FR 4
IR 0 4, 50%G/PA66/n-HA B RHE e SCI0 40 41 41
MR 0~1 &, FHEX AN 4 B, EHRESHHFE
MR R ER

F1 FEFRENESRAHERRGRER
Tab.1 A value and relative growth rate(RGR) of each group at different time points

25 1d 3d 5d 7d
A 1.557 + 0.026% 2.187 + 0.120= 2.641 +0.224+ 3.583 + 0.180*
1009%G/n-HA/PA66
RGR( %) 100.84 96.61 95.63 96.12
A 1.549 + 0.041* 2.207 + 0.196* 2.635 £ 0.193 3.588 £ 0.136°
50%G/Mm-HA/PAG6
RGR(%) 100.32 97.48 95.40 96.26
A 1.544 + 0.036¢ 2.264 +0.181 2.762 +0.022° 3.728 1 0.064°
DMEM/F-12 .
RGR(%) 100.00 100.00 100.00 100.00
Phencl A 0.321 + 0.006 0.271+0.126 0.218 +0.014 0.216 £+ 0.015
eno "
RGR (%) 20.79 11.97 7.89 574

A EE F=1 478.796, P=0.000; B} 8] [ & F=1 454.849,P=0.000; % & 3 B E f F=233.885,P=0.000, a:‘5 Phenol 4 ¢, P=0.000;b: 5
DMEM/F~12 45 H.# P=0.615;c: 5 DMEM/F-12 £ bt#E, P<0.917;d: 5 DMEM/F-12 £ tLi%, P~0.699;e: 5 DMEM/F-12 4] 3%, P=0.214
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C. DMEM/F-12 52 485383

B XF BRZH

D. 2P BHERT IR

2.1.2  AnnexinV-FITC/PI MARCIE I AMM M T 458 %
i ] i SR 2H LB PR T A | IR O T A S SR AR A R
B A % B 2H LU B R 2 2% 5 (P=0.988 . P=0.919
P=0.781), W3 2,
2.1.3 G ASCR I 40 At R A A5 R A5 R s SE SR EH
X MR ZH HE A O T2 25 5 (P=0.889) , E & A BHEZ W
C3H10T1/2 4UMa3LEE 7% 48 h J5 , AbF G/M 5 S WA 4t i
24 h Wi/b (P=0.001 . P=0.028), HILE5 5% 96 h Ji , 4iffL7E G/M
1A S A% A s 2b (P=0.000) , W3R 3.
22 4AFEHERTEER

TEVLEEI N | SEG2H 15 5 B2 /DN RIS oA DL 31 5 1 I N
A HBBET L, /N BURER RLAT, SOV B, R RE R,
PRI A L TR, A5 I R] S AR B R R B0 W34,
S 2H /I BB P e 33 -5 o B A L E W B e i
Z5E(P=0.166) ., 7 d JTAbFE/INGL, 28 58 I UL 25 BEE 2% Sh K

E1 fEHEZENEWNELAS C3H10T1/2 MAnitiEst 96 h ]
B ATAL(100 x) ANIEH, R BB K NESEREE K il 38 8 e R
Fig.1 Morphological of C3H10T1/2 cells observed by Inverted B, WU BEAT HE Jet, SR 5 xR 4R UL ]t A 2
phase contrast microscope(100 x ) AR (E 2),
*2 HATFERE KRB TENLER(%)
Tab.2 Cell apoptosis of each group at different time points(%)
. B fisf ] R 2% HAHHEER LHAEM
Kb 413 24h 481 96 h . R
F14 P A FAH P FA§ Pia
SRR 1.70£1.04  120+£035 167043
LR T A ) - 0.751  0.488 0.000 0.988 0.260 0.775
Xt B2 1.53 £0.57 1.44+045 1.62+0.25
RS R T4 SRR 10.03+4.00 14.01+3.67 1574+4.81
] 5.010 0.02 0.011 0.919 0.153 0.859
Ko SRBEA L X} BE 20 990+2.08 1525+3.52 14.98+4.05
" SLHGH 86.27 +4.66 79.31x1.77 7643 +3.05
1EH 4y 27346  0.000 0.083 0.781 0.031 0.969
Xt B ZH 86.30+2.83 79.05+191 75.75+3.29
R 3 HAAERT 8] £ L0 A B AR 45 R (%)
Tab.3 Cell cycle of each group at different time points(%)
- oGS HHIEHR EHAEH
A bR 51 24h 48 h 96 h -
F1i P F1ii PAi F{E P{H
. SLHGEH 56.80£3.76 48.17+2.46° 10.73+3.17
GoA/M+S 1] 627.569  0.000 0.021 0.889 1.201 0.327
Xt B2 5430+3.25 4935+1.15 11.61+4.20
¥ 1a, 15 24 h B[] & HEE, P=0.001 ;b 15 48 h isfja] &5 EL4S, P=0.000
*4 EHEASEAMEIMNREREFNER(kg,n=10)
Tab.4 Mouse weight of each group at different time points(kg,n=10)
2151 Oh 24h 48 h 72h FAH P14
SCHE 30.80 + 3.68 31.81 £3.74 32.40 + 3.83 33.30 + 3.81
199.972 0.000
it B ZH 28.60 +2.76 29.62 + 3.09 30.32 £2.97 31.08 £2.91
FAi 2.088 0.179
P1iH 0.166 0.910
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A BPRHEAR R ZH /N U RE B. A= PR K 25N BURFIE

23 HhFEHLER

H3#% GB/T 16886.4-2003/ISO 10993-4:2002 bR , A< L5
HAMERA LR (0.97 +0.36)%(n=5) , /T 5%(1=-25.055,
P=0.000) FY SE 54T
24 MREILLR

SEG TR OR H SRR TR = E0 (0.25 £0.12) C(n=3), /)
T 0.6 C(1=-5.167,P=0.035) , FF & E R B ST At 2E W) ~F VP4
PR,
25 HRAMBEERLER

FEA ] 5, S A AT RHE B R 4 5 B e R 4 Y T 5 A
L B Rz Jok A DL S8 2T B 7K i B 9 A6 1 100 e B, BRPE X
2 R L B Akt B A e B B S 2T, AR B ik S g
A GEVEMARESEAT VRS, VB R R RS 08 (0.010 +
0.004) , FAR ORI

3 it g

NKEHIE B AZREE , F 22 R
YA FRIERE KA TR R, X4 & A B e, iR b
HFH 64 I8 PN 1] 8 4 8 AR T DA B B i 8 ) 1
B [ 5E , (R AR M TG PR Y i = 5 s B MR AR A R A
R SEAAEE, £ 2 L4 HEI . G/n-HA/PAG6
AR 5 4 K SR A (] B 9K R L B
KA AY , e— RS (A 9 A i A= AR
YA S AT A SR, A2 B
RN, A0SR R R R S RS, LR
AL RE 5 A PTG M 2 BRI 6 . AR SEE e
n-HA/PA66 & G H B FERE A A 884, E2H]
FIHA S B AE YT, (R 2 RS 200 M P 34 55 RG FR
BT A A . TR A BHER N T RE
B RN RN, BRI A AL A, it LAASE
Wi BR (B IT AR A W 2 VRN 1 6 48 R 5 hm o ) X
FiH £ G/n—HA/PA66 B &b Ltk 4T AE WA
o2l

D. A= BEER K ZH /N LR AE

C. FERHE WL /N B e

B2 MRAFSALREFNE(HE,100x)
Fig.2 Pathological observation of liver and kidney in mice(HE, 100 x )

1A S0 B 1 S 56 2 4 R AR ) AH AP TR Y
HEEARM I Z— , E REHE UL H WL 3| AHEE R 4
MR FEEAE AR BE , X0 B AR N 5 240
A o, 40 B A A RGBS 3 B AR 2 A IR
FEbRI-2, ARSI YR C3H10T1/2 40 R AE A
YiIXT G/PA66/m-HA B & BT 4RV,
IR R A= 14 ) e 2% H R R N [ e A AR I
mEIrtr R 2R TaEEh A REEn
HEERE,C3H10T1/2 4l 7 AT LABHUA N IR, WL
FA BRI MSC HEAS (%8 701k, CCK-8 ¥
S T A G pE B R I, R — R R EUE
WCSHER HEAG I, AHEETF MTT 3, P84 A
A FHECE  Formazan ShIRAS FHIE R SEE 600, A S0
VEIHIZ E A POBAS &6 40 i A T8 25 B s 58 7= HE 7
PEFER

Annexin V-FITC/PI XUbRic i /2 B §iA 2 40 i
AT B R O FEAR SE S F TN &2 S A RL R
AP EAMMIET, Annexin V 7] DITESS B T-H7E
B4 T 5 4 R T S BRBE BRIt 22 E R ZS &, T
W RE Bk 22 EURR i 4 B 4 R A T B R B 0 P2
—7Fh DNA okl 2420 M8 T e, 40 B A 2 1
Hatn, PI gk A 4IRS DNA G412, ARSEREERA
P, SCEG#H S5 X R AR A AT ] SOE H A S B R
Z TR, A RORES B4, BEAT (] A 3
K, 2 AT A0 £ | X T RER KA B SR R
(1 35 ) o Bt 25 1 5 B 1] %) 2 4 528 W T FE P 45
B [H G/PA66/mn-HA B A EIA SR #E4A Ha r I
T=, [AIAS, FH 37 X 4 S 0 440 i F 39, 5 T Go/M
5 S BARANAR &5 A Lo Bl AR BT AR 5, LAVRAY
RAHESERE 1P, FEASCI 24 h ] g4t A0
T G/M+S BB L, AN FE RE S7 58 , BERT R] A RE
Go/M+S BAZHA%L A BT o Le B2 i T B, AR i A
Ab T IDIRAS . X AT RE S SRR A0 M % A v AR
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FEZS[H) 32 PR 5%, LI 45 R #2/R G/PA66/n-HA B &
FHE RSB AR DNA B 51553,

T AR A AR A R — AN 2 i B T
B, ESMAR B BIE A B4 AR
YTk RHEAS AR INUS AT RE R A= WL GRE HE R
R, BT LA, HEA TR PO B A A AT S B 6
FE, & SHETRR T HREBAKAE A
SRS IBIER AL, T4 AN Eatkfmigt
B E (B R TS0 S0 Rt a i BR A, 34T
PEBA & 2 VSRV S PP AR UE , BEAT G R
FEESANERE G N RS R
Bi. SEBsEEIEB AR IR TE 2 MR MU, £
WSEH 5 B RIS 30 25 R R U bR e U
REBBAN EIRE FF, BRI BE K4
FeHER SR, T B AR WL R AR R, 2 AH
B AR S S 5 IR R, BT LAARRH BV
L S5 B S R R T 2, ek B i s A
B SHUEE MBS AT I P AT S 4T %
BRI 1Y , A SEIR AR A R AR, FT LA
KRR 2 S B0 LR

% FRR R AR RS (ST R A 2
M RBAE T SIREVITENER , R KR 5 k4
R R 5, A RIFHEYHAYE, VEHE
B E W TF & S RIE RIS AL T B KR

2 % x W
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