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Barrier function of PPC/PBS composite biofilm and its
osteogenetic effect on tibial bone defect models of rabbits

TTAN Ye, SHI Xiaolu, ZHAT Shaobo, LIU Yang, YANG Zheng, WU Yuchuan, CHU Shunli
(Department of Prosthodontics, Stomatology Hospital, Jilin University , Changchun 130021, China)

ABSTRACT Obijective: To explore the spatial support capacity and its influence in osteogenic effect of
composite biofilm based on poly (propylene carbonate) (PPC) /poly (butylene succinate) (PBS) in rabbit
tibial bone defect models, and to clarify its barrier functional reliability and osteogenetic effect in vivo.
Methods: The composite biofilms of PPC/PBS and PPC/PBS/collegen type | (Col-1 )(PPC/PBS/Co)
were prepared. Eighteen Japanese big-ear rabbits were selected and two bone defects were prepared on each
side of the tibia of the rabbits. Six rabbits were randomly selected to place PPC/PBS composite biofilm on
the bone defects, 2 rabbits were executed at 2, 4, 8 and 12 weeks after operation, and the surface
microstructures of PPC/PBS composite biofilm in the rabhit bone defect area were observed by scanning
electron microscope (SEM). The experiment was divided into blank control group, PPC/PBS composite
biofilm group, BME-10X collagen membrane group, and PPC/PBS/Co composite biofilm group. The
above biofilms were placed on the corresponding bone defects of rabbits by operation, while no biofilm was
placed in the rabbits in blank control group. Three rabbits were killed at 2, 4, 8 and 12 weeks after
operation respectively, and the gray values of regenerated bone in the bone defect areas of the rabbits in
varrous groups were detected by soft X-ray; the fluorescence intensities of regenerated bone tissue in the
bone defect areas of the rabbits in various groups were observed by laser scanning confocal microscope after
fluorescence labeling. The pathomorphology of regenerated bone tissue in the bone defect areas of the
rabbits in various groups were observed by HE staining and modified Gomori staining, and the expression
levels of bone morphogenetic protein 2 (BMP-2) and osteopontin (OPN) in the regenerated bone tissue
in bone defect areas of the rabbits in various groups were detected by immunohistochemical staining.
Results: In general, the PPC/PBS composite biofilm was tightly covered in the bone defect area without
displacement and collapse. The SEM results showed that the porous surface of PPC/PBS composite
biofilm appeared micropore structure and the number of micropores was increased with the prolongation of
time, while the smooth surface of biofilm basically did not form the micropore-like structure. The results of
soft X-ray detection showed that the gray values of regenerated bone tissue in bone defect areas of the
rabbits in various groups were increased with the prolongation of time, and the gray value of regenerated
bone tissue in bone defect areas of the rabbits in PPC/PBS/Co composite biofilm group was significantly
higher than those in other groups (P<C0.05). The confocal micrscope results showed that the fluorescence
intensity of regenerated bone tissue in bone defect areas of the rabbits in PPC/PBS/Co composite biofilm
group was similar to those in blank control group at 4, 8, and 12 weeks; compared with PPC/PBS
composite biofilm group and BME-10X collagen membrane group, the fluoresence intensity of regenerated
bone tissue in bone defect areas of the rabbits in PPC/PB/Co composite biofilm group at 4 weeks
was increased (P<C0.05), and the fluoresence intensity of regenerated bone tissue in bone defect areas of
the rabbits at 8 and 12 weeks were decreased (P<C0.05). The results of HE staining and modified
Gomori staining showed that compared with PPC/PBS composite biofilm group and BME-10X collagen
membrane group, the new bone formed faster in PPC/PBS/Co composite biofilm group and blank
control group at 2 and 4 weeks, and the lamellar bone mineralization was higher at 12 weeks. The
immunohistochemical staining results showed that compared with blank control group, PPC/PBS

composite biofilm group and BME-10X collagen membrane group, the expression levels of BMP-2 and
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OPN proteins in the regenerated bone tissue in bone defect areas of the rabbits in PPC/PBS/Co composite

biofilm group at 2 and 4 weeks were increased (P<C0. 05 or P<C0.01); compared with blank control group

and PPC/PBS composite biofilm group, the expression levels of BMP-2 and OPN proteins in the

regenerated bone tissue in bone defect areas of the rabbits in BME-10X collage membrane group were

decreased (P<C0.05 or P<C0.01). Conclusion: PPC/PBS composite biofilm has excellent spatial support

capacity and reliable physical barrier function. The PPC/PBS/Co composite biofilm has a good effect in

guiding bone regeneration in vivo.
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(butylene succinate); Bone defect
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(propylene carbonate) /poly (butylene succinate) ,

PPC/PBS] EH4WHEM AWM, 3K Col-1
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BT AL (ALPHAL2 Y, 35 Ak oK 24 TR 5256
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FLoS TR 24 R . BEHil Col-1 ¥ W : Col-1 FRIT
w, MA0.05mol-L ' ZRE W+ (pH3.2), 14
) e 4 T B W O 250 gL TH) Col- 1 -2 BRI U,
. ¥ T8 5# PPC/PBS B4 AW I A %+
&b, RANEERS I H iR Col-1-Z R W, FfLiH
N800 pl., FHEF M F vk &, — 20 CUKAIHiA 4 h,
HERGR T AL S R VR T4 24 h, il 8L T PPC/
PBS/Co B &AW, WME T 5 PPC/PBS/Co &
YR FEIEA, R SEM ULE H 3 i o 245
L, AR LA, KIS A ERA, BOEEIE . F
AL vk A8 105 £5 00 BF R B4 A AR 18 B
5400 pum X 400 pm K /N Xk, A A A4 DX 88k T
AL EH AR, X A fL A Z MR LALEH
Z FAg 2 AL

1.3 aBRRFEFAERAZS EHISHHAKH
KASR, HIH L KEENHAKL: 1IREG, #%
0.2 mL-kg "5 & T S8 UL N TE SRR . A0 R O
B, ARXEEFEE. 7ERNEH IO b H 2w i X
VI Rk e f2 T2, Hik B, Btk s, #
FEm, RAWBHL (800 r-min") FENZE ZMUl
il % 0.6 cm X 0.6 cm 5 JE 4 Bedi, WA E RS
AR RAE SR KR . B & 2 db B, R R
HFAABR . RJFEH 1% 200000 U-kg ' H X
WL, #LE4253d.

1.4 SEMALERERRAEE & & F®AER
PPC/PBSE & 42 MR @M EHMH FfiHLiEE
6 K, TGt X85 PPC/PBS & & LW,
OYEEER, WA IR D S G ) A A Ol AR 1 AL
Bo T4, SAI12 FRFALFE 2 H Ay, 8 H XL
S PR B JE 0 Sy, TR i o R R DX TR RO B
AKJa, WA, BEEEBK, RIEWI4, SEMU
L PPC/PBS & & A Wy ' 1 18 A 22 L O E5 44 .
1.5 Soafes®  NFE 412 L0045 B
X Ar AT AN H] A Ak B, OPPC/PBS & A4
PR : ¥ PPC/PBSE A AW E TRt 5 I
B 4b;  @PPC/PBS/Co E &AW KA. I
PPC/PBS/Co B &AW K E T %A J5 IO T Sk 4b
QOBME-10X & 5L . ¥ BME-10X Jig J5 I B F %
Ao JE I B AL s @2 (X RAL . S e e BT B
SR IAEAT AR, HH RS . WSS R i)
HEAEE R ARG D @AEN, RF2. 4. 8124
AT 3 H A, BRIBOBU Ji5 B g 1 3 O ity L 794 i
o B X, BEAT R SRS .

1.6 ®RXZEMNEARLTHRFRXFLFTREML I
2. 4. 812 JH 4% 4 S i B A0 IX 1 IR B b A F RE AR
Ji QA B B [ 52 T — R FE R, B X R AL
B, S8 32kV, 14mA-s ', ARG
P&, 5 A Image-Pro Plus #4, 115 & G4 X 4=
KA .

1.7 BAXRASHELES AR THHREAFLE
FHREABE LR HRAT 10 dFIET 3 d 2B %t
FH Rk 30 mg-kg "I RN ES, Arid i
KPR BT . WS A n, AR HUE B X 41 21k
A, FHREAZLY) F HLY) S 1.5 mm /b Bk br
A, CRABOCHRE DM R - O5O0mE, ¥
KA 488 nm, WMEL 4. 8 H 12 JH I 4% 4 f B i 4
DX 2 LT TR R 4 €0 5 Ol 5 B

1.8 HEZ & AKX B Gomori L ERNERZ B LET B
REFEAFUALRBEHBIAL KA 0E B KX
1.5 mm X 1. 5 mm/NYCRFRA A L&, HiRGE L
FRMLAS 7d, BEEEWLOK, HOMLABSMHEE, A5 um A
WY R . A7 H A HE Y@M B Gomori Y2 e, J6i
RS 21 G B e XA A AU B S R
1.9 SBRABRFLEERNEALFTRARE
£ F P BMP-2#4 OPN &G R EKF  H2 A
4 J& & 21 A B Bk A DXCBR AR 3E 4T BMP-2 F OPN i %
G AUbE G, AR GRS Ul Bk T, RA
Image-Pro Plus 3 {11845 20 f B SR 40 X A4 B 4 41
BMP-2 fil OPN 4 o fH P mi f, LA R A R E
IR

1.10 %3t % 44 R SPSS 16. 048 it fF k17
Geihaf b . A Al G S X A B KB . POk
58 % . BMP-2 Fl OPN & F 4 35 K7 4 0E & MK 56
WA IERIAGT, hodsFon, W4 1] BE A 24 %0
L3R WA ST REAS (R 50, 22 A TE) R AR B 500CR
BDR FE 7 25 40 b, 4 TR RE AR 8 B0 LG AR
SNK-¢ %86, LI P<<0.05 A2 R A GH 5 L.

2 & R

2.1 PPC/PBS/Cof a2 HBeih&ft @y
#  PPC/PBS/CoAWRAT )5, Il Col-1 2
4k, & 7E PPC/PBS B &AWL L, I A
LN, MW Col-1 #1 PPC/PBS & & 4
YR LR AR . WK 1. SEM W %%. PPC/PBS/Co
ALY Col-1 £F 4 2 1 FEE BLAH %, 3%
TG S AL, SFEFLAR 20 220 pm, LA B 5
Wi T WL Col-1 £F 2 i A ZE D IEFLBR 8. WA 2.
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A B
A: Composite biofilm in freeze-drying box; B: Side view of
composite biofilm.
B 1 PPC/PBS/CoHAAMBERERAEEERIA
Fig. 1 Gross morphology of surface of PPC/PBS/Co

composite biofilm

2.2 REFRFHEERXFTSHHMEX PPC/PBS 44
AWBERGABAGE  RIEWLE: KRG RBUS
AREMAK, ARRE R BB R IR W] WA5E 1
YA RAr, REALEE, RILERY . #umsay
WY, EAMNES e R, Ra T PPC/PBSE A EY)
NI, AP o5 T Bt X, ok WA K3 a0
% AJEE, EYRERE SRR U SR, HAMEY
YIS G T B IR ), A YL
B, PR R WA AR B, WL 3,
SEM W% . PPC/PBS & & A W I Z L 1 2 1fi i 3
AL, I BB B K LA BB 2 Sl A 4 4
AR DL AR, A 4 8T 4R 3¢ 1 H B/ IN Uk 7
TE RSN UE, (HEEAARIE U ALAE S A . WL 4

A': Superficial view (X 30); B: Superficial view (X 100); C: Sectional view (X 100); D: Col-1 in pores ( X 200).
B2 PPC/PBS/CoEAAMBEREMME AR
Fig. 2 Microstructure of surface of PPC/PBS/Co composite biofilm

A B

C D

A': Specimen covered with biofilm; B: No soft tissue growth in defect area of membrane cover; C: Biofilm difficult to be removed

completely in 8 weeks; D: Neonatal periosteum in surface of regenerated bone.

B3 ARG FE SRR X PPC/PBS £ &£ WA XA E RN

Fig. 3 Gross morphology of PPC/PBS composite biofilm specimen in rabbit bone defect area at different time

points after operation

2.3 BURRKBRARAEFRFTRFARFLFTRE
1 REEHRIUGERAREMK, ARRE R 4.
YEURE Bsf (R IR P 0L 25 20 e B D 3 i R4, SR 4L
SERE R VLR | IR SR A o BROX R T 45 R
R PPC/PBS & & 4 ¥ 41 Al BME-10X Jig J5t i
ZH A TR A DX A R B R {1 I o ) A2 4 i o2 ¥
25 F1%F R 4L A PPC/PBS/Co & & A Wy i 41 % B ik
XA K B 4 TR B B T kA, 20 4
8Ji ), 5 PPC/PBS&E & AWK Fl BME-10X &

JRBE UL L5, PPC/PBS/Co & & A W B 4 e 15 Bk
WX AR KT R (P<<0.05); 1288, 5o
FIXF 4. PPC/PBS & & A W B4l fil BME-10X I8
AL L%, PPC/PBS/Co & & A W i 41 fe 15 Bl
P DA R BEEAE TR (P<<0.05), W& 1.

24 BUARFHRBARBFLAFTHARELRE 5=
FX B2 L, AN [E] B R] & PPC/PBS/Co B &4
Wy P e B R IXOF A A LR 2 RS
28 L (P>0.05); 12 JAR, 25 (1 X B8 40 fn
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A—D: Porous surface; E—H: Smooth surface; A, E: 0 week; B, F: 4 weeks; C, G: 8 weeks; D, H: 12 weeks.
B4 ARG F RS SR B X PPC/PBS & & 4L W E OB &R B (SEM,, X 200)
Fig. 4 Micromorphology of PPC/PBS composite biofilm in rabbit bone defect area at different time points after
operation (SEM, X 200)

R ARIEE G A G SR XA B R B

Tab.1 Gray values of regenerated bone in bone defect areas of rabbits in various groups at different time points

(n=3, x=+s)

Gray value

Group
(week) 2

4 8 12

1 698.00+369.90
1163.28+542.04
1124.80+356.24
1674.004-437.97°%

Blank control

PPC/PBS composite biofilm
BME-10X collagen membrane
PPC/PBS/Co composite biofilm

2 035.004201.75
1.890.80-+ 394.54
1816.67+£217.15
2 147.00+360.17°%

2838.004=119.40 4121.50£119.72
2 600.00+130.00% 4183.50+29.18%
2161.254-108.06 3664.674+-108.17
2776.33+138.82°% 4 552.50=4120.00""%

"P<<0.05 compared with blank control group; “P<C0.05 compared with PPC/PBS composite biofilm group; *P<C0.05 compared with

BME-10X collagen membrane group.

PPC/PBS/Co & 5 A W B 4 B et X P-4 1 21 41
PR AR, 4R, 5 A IR A, PPC/
PBS &4 E W B4 A1 BME-10X i Ji B 45 B il X
PR A S O R EEREAL (P<<0.05); 5 PPC/PBS
54 R 4H F BME-10X ¢ 5 i 40 [ %, PPC/
PBS/Co & & A W I 41 e i i 45 X P26 B L 2151
SRIETHE (P<<0.05), 8HI2JEI, H75 (Xt 4l L
B, PPC/PBS & &AW 20 F1 BME-10X i s i 48
G H B XA A LR B TR (P<<0.05) ;
5 PPC/PBS & 4 4 ¥ i 40 fl BME-10X Jig J& it 41
Ib#, PPC/PBS/Co % & A Wy Met 20 Ho i ik 4 X 52
AL DR ML (P<<0.05), WL S5HIEE 2,

2.5 BRURFHBARALTHARREHLSAAL
HE Je {0, BB E R, 45 20 G s i X 3 ml L
B N, b as xR 4 PPC/PBS/Co B
G AR P B2 G B B XOE B BN R R 2, HACR
W Z MR B o 2 A B, 45 2 G g O B

INRTH T R R RE, B/ANRNA B
L, JE A R A S 12 R, A% A S
X O ECE M E RS, BRRE R, gk
J A . B R Gomori Je . RS [ REH, £ 4R
B XN R B S, 5 PPC/PBSE G 4EY
JEE 20 A BME-10X 5 I B8 41 b B, 25 (1 x BR 41 Fn
PPC/PBS/Co & & A= W I 4 H i B4t IX 1 /N B2
B B, B Z, TWRUECRE R, 7k
BT, WE6MT,

26 BUAAFHBEFLFTALR T BMP-2 fe
OPN B @ X & KRF 24 FN, S BX A,
PPC/PBS & & 4= ) i 41 1 BME-10X Ji 50 st 41 Lt
¥, PPC/PBS/Co & & 4 Wy M6t 41 f iy sk 4t IX P 2R
H 40 BMP-2 1 OPN 2 H £k K T (P<<
0.058 P<<0.01); HZ XA M PPC/PBSE &
WA RS, BME-10X 5 J R 20 e 1 e 461 X 1
Az 4 4 BMP-2 Fil OPN # 11 2% 1k 7K OF 2 F# I
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PPC/PBS
composite biofilm

PPC/PBS/Co

4 weeks

12 weeks

composite biofilm

BME-10X
collagen membrane

T
. d G e

Blank control

B5 WobdtRE R MEEA R B E R4 A 5% 5 B X EA B HRVOLRE (<40)

Fig. 5
different time points ( X 40)

Fluorescence intensities of regenerated bone in bone tissue defect areas of rabbits in various groups at

F2 A E R AR R SR X A B AR TORE

Tab. 2 Fluorescence intensities of regenerated bone tissue in bone defect areas of rabbits in various groups at different time points

(n=3,7r+s)

Fluorescence intensity

Group
(week) 4

8 12

Blank control 25608.67+619.50

PPC/PBS composite biofilm 13 720.00+1 350.65°
14 677.67+733.50°

24 000.00==1 200.00°%

BME-10X collagen membrane
PPC/PBS/Co composite biofilm

22 252.00+1 263.00 2531.004127.00
28219.0041411.00° 12 078.00£604.00°
33514.004+1 676.00" 19 940.00£997.00°
21 042.00+1 052.00°% 2 673.67+234.07"*

"P<C0.05 compared with blank control group ;

BME-10X collagen membrane group.

(P<<0.058% P<<0.01). W% 3.
3 3 i

AR 5Y R F %R T34 4 PPC/PBS/Co & & 4=
YIEAWEIR Col-1 450, Aol FAR M, R4
PEAFE T HAE s % e 89 Col- 1 56 45 0K M 5 18
PPC/PBS B &L ¥ L fLm, ZiBgEES S A
RPN B SRS, TR S48 AR, BA
A E L, AFgEh SEM ML B ER: Col-1
A e B R REA I AR 3%, B R LR 2 220 pm

~P<0.05 compared with PPC/PBS composite biofilm group ; *P<<0.05 compared with

14 FE H % 0 A FLIE , FLFLARE A9 = 4 2 FLIRDIR 25 44
LB m, AR gt DX 4n A AR 5 R 4 T 58
o, R T AR A P R O BT R L AR A A
PE. 1 PPC/PBS A=W F 44 Col-T WA T E
SR E S RE MBS SN D KW H
BErh T 00 % B AL R Col-1 1, H LR
1) KR AR R B 4L e . Col-1 248
AT SEAR AN R -, k4 X2 2 AR N KO T
B, MTFSISEEA ", Ah, Col-1 A S5
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Fig. 6 Results of HE staining of regenerated bone tissue in bone defect areas of rabbits in various groups (< 100)
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Fig. 7 Results of modified Gomori staining of regenerated bone tissue in bone defect areas of rabbits in various
groups (X 40)
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Tab. 3 Expression levels of BMP-2 and OPN proteins in regenerated bone tissue in bone defect areas of rabbits in various

groups at different time points (n=3,x%£s)

BMP-2 protein
(week) 2 4 9 1
53.596+2.680 80.97844.049 44.353+2.218
42.50342.125 69.348+3.467 27.633+1.382
0.000+0.000"" 22.787+1.139" 17.44040.872""
99.288+5.215" 168.271+8.414" 57.961+2.898"

OPN protein

Group

42.24942.112
50.841+2.542
35.833+1.792""
74.97243.749'*

Blank control

PPC/PBS composite biofilm
BME-10X collagen membrane
PPC/PBS/Co composite biofilm

"P<C0.01 compared with blank control group; “P<C0.05 compared with PPC/PBS composite biofilm group; “P<C0.05 compared with

BME-10X collagen membrane group.
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