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18, B it 22 . SR LL , 525 W 20 S B e dnt DX S0 5 O0 KL 4, BMD \BV.TV . Th.Th . Th.N 7},
Th.Sp T K , #7 Az e 2 20 rp UL A 76 40 1M 8T B ; p-p38MAPK . CHOP | p-Caspase3 #& [ i5F# 41X, OPG . BMP-2
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[Abstract] Objective To investigate the role and mechanism of bone formation caused by the ratio of advanced
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platelet-rich fibrin (A-PRF) and B-tricalcium phosphate (8-TCP) in rabbit femur defect model, which provides a new
idea for clinical treatment of bone defect. Methods Twenty-four New Zealand white rabbits were divided into model
group, 1:1 complex group (A-PRF:B-TCP=1:1), 2: 1 complex group (A-PRF: - TCP=2:1) and 4: 1 complex group (A
-PRF: B- TCP=4: 1), with 6 rabbits in each group. Femoral defect models were constructed in each group. In the com-
posite group, the bone defect was filled with composite material, while in the model group, no material was filled. After
8 weeks, the animals were euthanized and specimens were collected. Bone mineral density (BMD), bone volume fraction
(BV/TV), trabecular thickness (Th.Th), trabecular separation (Th.SP) and trabecular number (Th.N) in femoral defect tis-
sue were measured by micro-CT and photographed. Hematoxylin - eosin staining was used to detect the pathological
changes of new bone tissue. The morphological changes of the new bone tissue were observed by scanning electron mi-
croscopy. Determination of phospho-mitogen activated protein kinase p38 (p-p38MAPK), CCAAT/enhancer binding pro-
tein homologous protein (CHOP) and phospho-cysteine aspartic protease-3 (p-Caspase3) in newborn femur by ELISA.
The mRNA expressions of osteoprotegerin (OPG), bone morphogenetic protein-2 (BMP-2), receptor activator of nuclear
factor kappa-B ligand (RANKL) and p38MAPK were detected by real-time quantitative PCR. The expression of OPG,
BMP-2, RANKL, p-p38MAPK and p-Caspase3 protein in the new bone tissue was observed by immunohistochemistry.
Results In the model group, bone formation in the femoral defect area was slow and osteogenic quality was poor. Com-
pared with the model group, the bone formation and neocapillaries of femoral defect area in the complex group was
good, BMD, BV.TV, Tb.Th, Th.N were increased, and Th.Sp were decreased, the expressions of p-p38MAPK, CHOP
and p-Caspase3 were decreased, and the mRNA and protein expressions of OPG and BMP-2 were increased. The mRNA
expression of RANKL and p38MAPK was decreased. Apoptosis in new bone tissue of each group showed the lowest
apoptosis rate in samples of the 2: 1 complex group (P < 0.05); A-PRF: 3-TCP=2:1 ratio has the best osteogenic effect.
Conclusion The complex composed of A-PRF and B-TCP can promote the expression of OPG, inhibit the expression
of RANKL and phosphorylation of p38MAPK, reduce the apoptosis of new bone tissue cells, and promote osteogenic dif-
ferentiation.

[Key words] advanced platelet-rich fibrin; B-tricalcium phosphate; bone defect; osteogenic differentiation; mitogen-
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1.2 XA HAE

A-PRF 7274 [ Bt 2l ) 9 56 2 $2 B, B-TCP
(AR 28 R AR AR R At HAR) s —H
A CRF L ALl IR R D ;s DAB T
Ut PSR EYARA R, B D ; RNA 42
R & (G HE I R A R FRZY R D) s RNA
W Sl & (B BEAEYRARARAHE, P ) ;
RT-PCR 7 & (£ H E AV AR A R, F
[) 5 756 TUNEL A 3050 & (BEBR A R BH A
BRA W, D 5 B PR3 2R (osteoprotegerin, OPG ) (3£
MR A RN, D AZH T kB Z AL
?Eﬂﬁi (receptor activator of nuclear factor kappa—
B ligand , RANKL) (3 1HHT 5 5 A R A |, h D
‘HIE A &4 % A -2 (bone morphogenetic protein-2,
BMP-2) (BB 2 A BRA T, i ) s B 1k 252
i I 1) R 4 24 R B 1 /K f# 1§ 3 (phospho-cysteine
aspartic protease-3 , p-Caspase3 ) (L 1HHT 52 75 A FR A
w, D s SRR - 22 245U A6 2R R p38 (phos-
pho-mitogen-activated protein kinase p38,p-p38MAPK )
U (CST A H], FEED) s 0 TAER (AL h A2 4 Hf
YA RAF, P E) . Micro-CT (SkyScan 1276,

v

Bruker, {8 [E ) ; SEHF5¢ 6 5E B Y (PIKORed 96, Ther-
mo, 35 FH ) ; BRI (Multiskan Sky, Thermo, XH);
PAE B AL (TCA0096, Thermo, 2 [ ) ; & i 85
(CX33, Olympus, H 7 ) , $ 4 H 4% (S-4800, H 37,
HA),

1.3 %ol ik

1.3.1 R BB s A 55040 24 FUBT PG 22
KGRI N 441 AR 11 B A Y4 (A-PRF: B-
TCP=1:1) .2: 1 E &Y (A-PRF: B-TCP=2:1) 5§
4:1 8 45YH (A-PRF: B-TCP=4:1) ., & H5hYH
G DK 5 3% 1% L B2 M W (1 m/kg) 24T PR
Pige, A RUG B 519 AMITBE AT 2% 1.0 ~ 1.5 em &b, 3
ITHTEAE—K 2S5 em BV 1 538 )2 70 B 2 5 ik
BAMUEL, AL T 5 AN 6 mm TR 8 mm Y[R
HIE B 2284, TS a5 b e 6 mm &b, 42
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1) o PRV AAE AL, 526 ) 40 A By Sl g Xl J
70.0.5 mLESY, BT A sh 34 R s I e 08 52 e
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8 S SR A BBy, W AR I B 2R B AT 5 48 b
ez

A cylindrical bone defect with a di-
ameter of 6 mm and a depth of 8
mm was prepared with an annular
hollow bone drill. At 6 mm from
the center of the bone defect, a tita-
nium nail with a diameter of 2 mm

' was inserted symmetrically to the

left and right sides for positioning. In the complex group, the bone defect area was filled with 0.5 mL complex. a: femoral tissue was exposed and

titanium nails were inserted to create bone defects; b: filling the bone defect with a compound; c: the wound was sutured and disinfected with io-

dine tincture

Figure 1  Construction of rabbit femoral defect model
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pase3 I I R ISR (145 41 Sl Wk A e B 41 41

TW A TS | il AL Z15) 9K, 4 000 r/min #5010
min WO F I, 4% ELISA #3285 2308 B B #4k
M 5E 41 21 p-p38MAPK ., CHOP . p - caspase3
it
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BEVS WP 5 min, B Jn 2 TRKIE VE . A0 38T 1Y
Yl R B AR IR £6 22 mh il (pH=6.0) , Tl b i K
S 10 min, £5% K 8 min, H & K B I 10 min; ¥
HJe , 8 PBS ¥E U 3 W, B S min, 7E 3% BUEA K
b Z IR S 10 min, U (] PBS W BE 3 UK, I
5 min; Y M0 LS 00038 3P L % U 3 A 20 min, 28
JE RN —Ht(1:100) ,4 CHEF 147 ; PBS 1 3 1k, 4
YK 5 min; WA 40, 37 CE IR F 30 min, # 1]
PBS ¥E ¥k 3 K, AEIK 5 min; 5 & 56 BUS K BT fif fic
1 DAB 2 A BN 4 1, %0 6, 78 U5
WEZE T s il Jub €60 B[R], 22290 6 S A B R, 2R AR K
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1)1 249 5 %% B P B R AR 1S 400 % B UL
A 20 40% OPG . BMP-2 . RANKL , p-p38MAPK
5 p-Caspase3 & 1R ILIE N
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1.3.8  RT-qPCR W W B (1) 4% 41 3l W o A6 e 41
ZUE TR IS | $3 RNA $2 5057 & 5 RNA 3
B SR N B A P R AT L RNA 42805 cDNA i 5%
S BRG FH RT-PCR ALY 14 | e Je TR 45 A RE AR
) CT A, 3 5 31 5 272 2" {i ) it OPG , BMP-2,
RANKL . p38MAPK 3 A [ #H X 3k Ko 51907
5. OPG: F:5" -GGACCATGCAGGAAACCCTT-3" ,
R:5’-CCTGTGCTTCACACAGAACTC-3’ ; BMP-2: F;
5’ -TTGGTCACGATGGGAAGGGG-3’ , R: 5" -TGT-
GCTAACGACACCCACAA -3 ; RANKL: F: 57 -TC-
GACTCTGGAGAGCGAAGA-3" , R: 5" -GAGCCAC-
GAACCTTCCATCA -3’ ; p38MAPK: F: 5” - GAGAG-
GCAGACGCTAAGCAG-3 ,R: 5’ -GGCGATTCTCT-
CACTGAGCC -3 ; GAPDH: 5° - ACGACCACTTCG-
GCATTGTG-3’ ,R:5" -CAGTGAGTTTCCCGTTCAGC
37 FrA S AR T A TR () B A BR
oy E A A
1.4 it F o

fifi FH SPSS 25.0 #4754 43 #7 , 15 Bk Y
B + bRifE 2238 o 4] H 3R SR 2y 28 4%
Br, i — 2L N SR FH LSD-t K 46 . P < 0.05
ForERHEAGIHE L,

2 & R
2.1 RF 489 A-PRF 5 B-TCP & 44 % % I% &
B AR 0915 AR

Micro-CT #0520 4% B, SR A L, 4%
BAA YA S I A2 BMD 4 (BV/TV LA |
Th.Th 5 Th.N % 7} & , Th.Sp &A% (P < 0.05) , WL 1.,
BT Bl /N G ) B s A, i A i /N e A

R AIE LB S L ARET 4R 1 B- = BRI 5 WAL A B 4R bR LA

Table 1  Comparison of new bone index between advanced platelet-rich fibrin and B-tricalcium phosphate complex

composites with different proportions

Group BMD/ (g/cm?) BV/TV(%) Th.Th/pm Th.Sp/pm Th.N/ (1/mm)
Model group 0.22 + 0.04 18.86 + 2.71 0.12 + 0.02 1.64 + 0.20 1.39 + 0.07
1:1 complex group 0.32 £ 0.30° 27.34 + 587 0.15 £ 0.01° 1.25 £ 0.26 1.64 + 0.06"
2:1 complex group 0.54 +0.08” 35.24 £2.09 0.20 + 0.02" 0.66 + 0.14” 1.98 £+ 0.20"
4:1 complex group 0.42 £ 0.05" 3142 £ 449" 0.19 £ 0.01" 0.70 + 0.12" 1.94 £ 0.107
F 18.96 8.920 16.28 18.86 15.73

P 0.001 0.006 0.001 0.001 0.001

1:1,2:1 and 4: 1 means A-PRF to 3-TCP. Compared with the model group, *P < 0.05, **P < 0.01; A-PRF: advanced platelet-rich fibrin; -TCP: B-tri-

calcium phosphate; BMD: bone mineral density; BV/TV: bone volume/total volume; Th.Th: trabecular thickness; Th.Sp: trabecular separation/spacing; Th.

N: trabecular number
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115855, K2,
22 AR A8 A-PRF 5 B-TCP & &4 2t .47 £
R B4R P fm IR T 8 %R

HERAML, 11 EE8WH 2 1 E8 YA

Model group 1:1 complex group

Micro-CT

SEM

411 G YA FEA I 4 TR 2 R
2: 1 B G WA T BRI R K (P <0.05), L3R 2,
2.3 RE A6 A-PRF 5 B-TCP &4 *F .47 &
&R 4142 p-p38MAPK . CHOP | p-Caspase3 9 % %)
S5ERMAML, 21 EAWA 541 EE5YA
A B 209 p-p38MAPK . CHOP | p-Caspase3 7 it
B E VAR (P <0.05), 00 1: 1 2 &Y 48 A B
FEZR ' p-p38MAPK | p-Caspase3 75 1 4% JC i 35 1k
4k (P>0.05) , CHOP % & % ik (P <0.05) , p-
p38MAPK ,CHOP | p-Caspase3 4 [8] Gt 1= {6 0 (F =
3.168,3.283,3.238; P = 0.043,0.038,0.040) , /LK 3.,
2.4 AR # A-PRF 5 B-TCP & &4 3t &#7 £
M B 41 2% F OPG/RANKL/RANK i %% 5 P38MAPK
il 89 % R
SREEAIEAL, 11 8 G AE B A g HEAR
BMP-2 ) mRNA J} & (P <0.05) , OPG . RANKL 5

2:1 complex group

4:1 complex group

1:1,2:1 and 4: 1 means A-PRF to B-TCP; Micro-CT: the circular area (red) in the micro-CT image represents the bone injury area, in which

the model group and 1:1 complex group have not been filled, while the 2: 1 complex group and 4:1 complex group have been filled. SEM (bar=

500 pm): the bone tissue formation status of complex group was good, while the bone tissue formation status of model group was less. Collagen fi-

bre (red arrow), bone morphology and structure (yellow arrow), bone cell attachment (green arrow). HE (bar=50 pm): in complex group, there

were repair materials (red arrow), surrounding fibrous tissue (green arrow), new born bone cell (blue arrow), new blood capillary (yellow arrow),

and the repair situation was better than that in model group. A-PRF: advanced platelet-rich fibrin; B-TCP: B-tricalcium phosphate; HE: hematox-

ylin-eosin staining; SEM: scanning electron microscopy

Figure 2 Comparison of repair effects of advanced platelet-rich fibrin and B-tricalcium phosphate complex with different

proportions on rabbit femoral defects
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T2 IF LAY T i/ INARET 42 1 B-BE IR =BS5S A
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Table 2 Comparison of apoptosis rate in newborn bone tissue
between advanced platelet-rich fibrin and B-tricalcium

phosphate complex composites with different proportions

Group Apoptosis rate (%)
Model group 11.20 + 0.32
1:1 complex group 8.29 +0.16"
2:1 complex group 425 +0.51"
4:1 complex group 6.63 +0.517
F 159.4

P <0.001

Compared with the model group, **P < 0.01

p38MAPK ) mRNA WG 2 A5k (P> 0.05) , 1M 2: 1
HEWAE 41 Z /YA REARH OPG Al BMP-2 11y
mRNA #] 7t & , RANKL 1 p38MAPK [} mRNA 3% ik
AL (P <0.05), 4 41 OPG . BMP-2 . RANKL Al
p38MAPK 4 [H]GE i1 (B} (F = 15.65,6.522,7.048,
12.29; P = 0.001,0.002,0.002,0.001 ) , W.[€ 4a,
RPN L= R WoR , SRR A, 211
EAEVWHS 41 B 5 YA A & A8 h OPG Al
BMP-2 5 [ 3R ik /KF-FH 5 , RANKL . p-p38MAPK 5
p-Caspase3 £ HFEEKETREP<005),M1:18
BB A BB R AR b 5 R I SR IR K T
54k (P>0.05) . 45 41 OPG.BMP-2, RANKL, p-
p38MAPK 5 p - Caspase3 41 [0 & i1 &= H K (F =
4.498,8.916,43.19, 12.56, 7.026; P = 0.040, 0.006,
0.000,0.002,0.012) , UL& 4b . 4c.,
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*
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@ <
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£ 0.5

o
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=

0.0-
p-p38MAPK CHOP p-Caspase3

A-PRF Bl 3E 52 ] fi g 40RE 2 Ay fr A S pik . H
HIA “F 0 a AS R L () A-PRF 5 B-TCP E &)
WF5T A5 S B B AR AR U — e iR (B
KHLHA A A, AR TEEMHRR 5K
J& . ARSI % PR A-PRF F1 B-TCP Y LMk 22 1 B,
] p38MAPK 3 # Jd A 4l j A T kA, A %
OPG/RANKL/RANK il % il B Sk #5115 &2 . Micro-
CT # AR W] 4 J5 (v 4R1F LSV 1 = 5 A B4R
A B A B SRR MR EE SR L. AR
SLI6 38 15 Micro-CT 5 Bh 45 & 4 R Bl 2 5 F 4l el
BELEL K B, 24 A-PRF Ml B-TCP RYBC EL Ry 2: 1 B,
B i DB PR A S MR A S TR A
I 5 S AR B B UG i 2, BMD \BV/TV [ Th.
Th . Th.N #5454 Ft /57 , £F 4R 20 2038 A= W1 5, B 4
REWZ 555 SIS R X HES A-
PRF FLA = 0 B 100 B o o, ) 40 B 0 A, B
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1:1,2:1 and 4: 1 means A-PRF to B-TCP. Compared with the model
group (n = 6), *P <0.05, **P <0.01. The contents of p-p38MAPK
(pg/mL), CHOP (ng/mL) and p-caspase3 (ng/mL) in newborn femur tis-
sues of 2: 1 and 4:1 complex group were decreased. A-PRF: advanced
platelet - rich fibrin; B - TCP: B - tricalcium phosphate; p - p38MAPK:
phospho - mitogen activated protein kinase p38; CHOP: CCAAT/en-
hancer binding protein homologous protein; p-Caspase3: phospho-cys-

teine aspartic protease-3

Figure 3  Comparison of the contents of p-p38MAPK, CHOP and p-Caspase3 in newborn bone tissues between advanced

platelet-rich fibrin and B-tricalcium phosphate complex composites with different proportions
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Figure 4 Expression of osteogenesis related genes in newborn femur between advanced platelet-rich fibrin and B-tricalcium

phosphate complex composites with different proportions
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