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Abstract

BACKGROUND: Mn can participate in oxidation-reduction reactions in various organisms. For example, as a metal-assisted group in superoxide dismutase 2,
Mn plays a role in helping to remove reactive oxygen species. Therefore, the development of novel anti-oxidative stress materials containing Mn has become a

research focus in recent years.

OBJECTIVE: To investigate the protective effect of Min bioceramic powder material on oxidative stress damage to chondrocytes by reducing the reactive oxygen

species pathway.

METHODS: Bioceramic powders containing Mn were prepared by molten salt method. Primary mouse chondrocytes were isolated and cultured. Bioceramic
powder containing 0, 0.15, and 0.30 mg/mL of Mn was added into H,0, solution. The H,0, clearance rate was detected after incubation without light. The
passage 2 to passage 4 chondrocytes were co-cultured with complete media containing Mn-containing bioceramic powder with different mass concentrations (0,
0.15, and 0.30 mg/mL). Cell viability was detected by cell live/dead staining. The passage 2—4 chondrocytes (or cartilage tissue) were divided into four groups
for intervention: Complete culture medium was added to the blank control group. The H,0, group was added and cultured with complete medium containing
H,0,. H,0,+low mass concentration Mn powder group was cultured by adding H,0,+0.15 mg /mL Mn-containing bioceramic powder. The complete medium
containing H,0,+0.30 mg/mL Mn-containing bioceramic powder was added to the H,0,+high mass concentration Mn powder group. Viability of chondrocytes
was detected by CCK-8 assay. Generation of reactive oxygen species of chondrocytes was detected by 2,7-dichlorofluorescein diacetate probe. Expression of
chondrocyte-related factors was detected by gRT-PCR. The tissue structure and function of cartilage were detected by toluidine blue staining.

RESULTS AND CONCLUSION: (1) Both doses of Mn-containing bioceramic powders could significantly remove H,0, in vitro, and they were concentration
dependent. The results of cell live/death staining showed that 0.15 mg/mL bioceramic powder containing Mn had chondrocyte safety, and 0.30 mg/mL
bioceramic powder containing Mn had chondrocytotoxicity. (2) The results of CCK-8 assay showed that the two mass concentrations of Mn-containing
bioceramic powders could significantly reduce the inhibitory effect of H,0, on chondrocyte viability, and inhibit the generation of reactive oxygen species
induced by H,0, in chondrocytes in a mass concentration dependent manner. Both kinds of Mn-containing bioceramic powders could reverse the H,0,-
induced increase of mRNA expression of a disintegrin and metalloproteinase with thrombospondin motifs-5 and decrease of proteoglycan mRNA expression
in chondrocytes. (3) Toluidine blue staining results showed that both concentrations of Mn-containing bioceramic powder could protect the integrity of
cartilage tissue structure under oxidative stress, and 0.30 mg/mL of Mn-containing bioceramic powder could also reduce the functional damage of cartilage
tissue. (4) The results indicate that the Mn-containing bioceramic powder can protect chondrocytes under oxidative stress by clearing reactive oxygen species,
maintaining the extracellular matrix homeostasis. However, 0.30 mg/mL Mn-containing bioceramic powder has certain chondrocytotoxicity, so 0.15 mg/mL

Mn-containing bioceramic powder is preferred for follow-up studies.

Key words: bioceramic; Mn powder material; cartilage injury; oxidative stress; reactive oxygen species; osteoarthritis; extracellular matrix; biosafety
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131 SEIEIY HEYE BalB/c /N ER 12 R, SPF 4%, 6 JF
W, M 16-18 g, W T bt 4EE@E R LA A, VFATHE
T+ SCXK( 5t )2022-0052, gL Ff T AL 5K F R
PR A SPF SO0 =, FREGIRBEIEHIE 20-26 'C, AHXHRE N
40%, FRIEMEFS < 60 dB. SIS R Ol b pt K2 =
BE B AR 2 ikuE, 1SEEALHES . LA2019357,

1.3.2 FESLEA B P T 5 Sartorius;
= F ARSI T Filg S0 R A R A |l Varioskan
Flash 2 D) RERfE AR (14 T35 [E ThermoFisher; {31 & &2 %57
LSM900 SR AL BRI 1 AU B I T [E] ZEISS; SR 2
JE i PCR AU T~ 36 [H Axygen: Hr59i BEU) v 496l U8 T
H A~ Hamamatsu,

1.3.3 FEIOHEUH SALEE (L), &8 (ke Sk
(MnCl,) Jit) T b [ B2 25 8 B A R A W) B8 K A (Ca,Mg-
Si,0,) 1T B AL AR RHGET M B IR A ] 1R 5 s
& EDTA JEEER . mif DMEM 15725, IR M. He
R - B RIWWE T £ EH Gibco; PBS. HIIK L i Y i
(1%, ERRERVE) T Ib B ERHEA R A R4
¥ 3%H,0, T 3£ [H Sigma-Aldrich; 40 g/L 22 5 H i [ 52
W HO, ARG 20 v 5 A P 2 e K7
EMEERNNAA S T BB E RS REMEARGRA A,
CCK-8 X7 fr. Hieff gPCR SYBR Green Master Mix -T2 3¢
AR () IR A BR A F]; RevertAid RT J % 3¢ ik
&I T3 [H ThermoFisher; 514 H-Jb 5t & [ & AP £
REBRA T E o

1.4 E¥%7ik

1.4.1 HrfE Mn ARV ER AT % FREL 1.1gKCl, 09¢
LiCl. 1.0 g B 5 K47 #1 10.0 mg MnCl, B T RIFEK A BT EE 215 .
HRIREGWEMRT, TEAFIE N 350 CA 5k
ZE IR IEES RN 1L h, FRREREERE, BB
ARGV R ) 5 IR UG RRR R AT E s, REET
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[l € THRAE G, & T RIS 5 /N5 I
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H,0, Aol 12 75 0 1 B 5 7, B H,0, s 1 VA VR R &
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1B, IR FHBAKI R Aseo )5, IG5 IRE
PRt 4. £ 100 umol/L H,0, ¥ H 23 BN 0, 0.15,
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BRI e g3 1 mL, BT 37 C. R ELS % 5%C0,
BRI R. 598 24 h )5, FH PBSIETE 3 1K, AL
) Calcein AM/PI TAE YL H 1 h, F PBSHE3 X,
BT RO B N SR RO Y B E
T 4 i % €5 % 6 1Y) Calcein AM FRid, E/E,=494/517;
HUAN B 41 6% e I PLARIE, E/E,=535/617. fFALFEA
HHE 4.

145 SERAHE T BUREMMEREHLS, 74
. A RAmAN G AR FRE, HO0, A&
200 pumol/L H,0, [ 58 4= 1% 3% 56 "V, H,0,+ 1K i & i J¥%
AR N & 200 pmol/L H,0,+0.15 mg/mL & Mn 4= 4
BRI e A R TR 3L, H,0,+ 15 T R IR B PR IO\
200 pumol/L H,0,+0.30 mg/mL & Mn 4= 4 Ve e 4K [ 52 45
Brgrdk. BT 37 C. M E 5%CO, Hr M N, B
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Livak v 115 B Y mRNA A% Rk & . AHBAREE 3K,
FEAEL 3.

1 | qRT-PCR #&M514955
Table 1 | Primer sequences of qRT-PCR
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2 Z5ER Results

2.1 & Mn A EHRRGARINH0, FHRFE WE 1R
7%, 0, 0.15, 0.30 mg/mL & Mn 24 M & A4 H,0, i
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0.30 mg/mL ¥ Mn A=Y Be &R AR 2H H,0, I B 2 5 T~ 0 mg/mL
B Mn A=W B R AR 4 (P < 0.01), 0.30 mg/mL &5 Mn 4E
VIl EER AR ZH H,0, JE FR % & T 0.15 mg/mL £ Mn A4l
ZERRYL (P <0.01),

50 ab

W 5 0omg/mL & Mn kW
: Vi %Ry A 41 b g, P <001 5
0.15 mg/mL 2 Mn 2= 1y Wi % 6y 44 41
Lb#e, °P<0.01,
1| FEIREKEE Mn £ 415
BEMMRRIRIN H,0, BRRE
0 Figure 1 | H,0, clearance of Mn-
containing bioceramic powder at
different mass concentrations in vitro
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B, H,0, HAHME /) 3 PR (P < 0.01); 5 H,0, A ELAL,
H,0,+ K i 5 ¥R B2 Mn R AR 2H . H, O+ 1y it & K FE Min fp
RN LG J1 T (P < 0.01); H,O0+ K =K Mn &
H5 H,0,+ = i FEIK B Mn i AR 2H 41 i s 7 L= 7 6 2
EMEE X (P>0.05),
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BEANL, 0.30 mg/mL & Mn A=W Fa Zok PR 2H a] W 5% B9t 4T . 5 bR 1
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2 | FRIREKE S Mn EHIBRER RIS ECE 40 H5E M A R0

Figure 2 | Effect of Mn -containing bioceramic powder at different mass

concentrations on chondrocyte activity
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Figure 3 | Effect of Mn-containing bioceramic powder on chondrocyte
activity under oxidative stress
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%ﬁ 4l il DCFH-DA Jt 1, é%é%j‘tjmﬁ PR RIS, 25 o BT iE 1
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Figure 4 | Effect of Min-containing bioceramic powder on the production
of reactive oxygen species in chondrocytes under oxidative stress
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