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Effects of poly(lactic-co-glycolic acid)/type- I collagen/chitosan composite membrane in rabbit

models of spinal cord injury
Bai Wan-shan, Wang Xin-wei, Yuan Wen, Wang Zhan-chao, Liang Lei, Wang Hui-xue

Abstract

BACKGROUND: Autologous tissue, allograft tissue, and dural substitute materials originated from animals are all difficult to
reduce the morbidity and mortality of spinal cord injury.

OBJECTIVE: To study the effects of poly(lactic-co-glycolic acid) (PLGA)/type- I collagen/chitosan composite membrane in rabbit
models with spinal cord injury.

METHODS: Seventy rabbits were randomly divided randomly into sham-operation group (n=10, simple laminectomy without
spinal cord injury), model group (n=20, spinal cord injury without treatment), chitosan group (n=20, spinal cord injury treated with
artificial dura mater of chitosan), and composite group (n=20, spinal cord injury treated with PLGA/type- I collagen/chitosan
composite membrane).

RESULTS AND CONCLUSION: Twenty-four hours after spinal cord injury, the motor behavior scores was higher in the chitosan
group and composite group than model group (P < 0.01), and the scores in the composite group were also higher than those in
the chitosan group (P < 0.05). The latency of somatosensory evoked potential was longer in the model, chitosan, and composite
groups than the sham-operation group after spinal cord injury. The latencies were increased at 6 hours after spinal cord injury
and reached the peak at 24 hours, and then began to decrease. Two days after spinal cord injury, the differences in the latencies
were insignificant among the model, chitosan and composite groups. The apoptotic rate of the sham-operation group was lower
than that of other groups (P < 0.05). At 6 and 24 hours after spinal cord injury, the apoptotic rates of the chitosan and composite
groups were lower than that of the model group (P < 0.05). Early surgical intervention with PLGA/type- I collagen/chitosan
composite membrane can acquire best neurological functional recovery in rabbit models of spinal cord injury.

Bai WS, Wang XW, Yuan W, Wang ZC, Liang L, Wang HX. Effects of poly(lactic-co-glycolic acid)/type- I collagen/chitosan
composite membrane in rabbit models of spinal cord injury. Zhongguo Zuzhi Gongcheng Yanjiu. 2012;16(3): 471-474.
[http://www.crter.cn  http://en.zglckf.com]

HE

EHE: AhRAL. FRA4. zﬁJ%ﬂéﬂEE‘]ﬁEﬁﬂ%%ﬁﬁ*‘ e B BT B0 5 BUR R S BUER B 2 4R

B8 WEEIAR-I2IE CRRIEY 1 BRI/ 720N TR G 5K A B B 8405 (197 2%

Fik: TO BV RARBENL 4 4l 1&%5/I\éﬁ(n—10). FRATTIRRMER, ABIERE: B (n=20): AHEHL R Bk

BURARMHATIESE; TR (n=20): A HEHG G BB SR TR B 24 BA1(n=20): A REHU B B0

RN IR AR 5L CRILIR ) T BRI Fe SN T A .

#%ﬁ%m HHEDI 24 h )G, SEEBEAME S B4 IR vF /2 W B m T RAAL(P < 0.01), E&EIE4LE3)hE
TERMELL(P < 0.05). FHEHI G RIEA I WaE K, )r%’”ﬂi\ FEIMEAL . ST NEALVE R I ?ﬂ‘x%:?k?ﬂ f

6 h &A1 A DRI, 72 24 h Zof Bk, S IHREH R, BHHiti 2 d EREAL. R4l ARl

RWZE R RFEE L FAMBIT R K TERFRY(P <0.05), Hif/5 6, 24 h FTERMELIRIE A B0 MR 723 8

BACTHAL(P < 0.05), 45 HALR7E K ARG REB O B8 v 3 I SR LR FR 0k ZRRILR Y/ 1 BRI 72 2RE N T 1A )

TR .

KB RILR-ROBFIRILRY): TN

doi:10.3969/j.issn.1673-8225.2012.03.020

[ AR N TR IR, FHEHit

BW, FHE, 20 ENE, 25, A% RIB-IHRIE CIRILRY T R JRUSE RN TR IR S il 4 4 A 1
TN I E AR TS, 2012, 16(3):471-474. [http://www.crter.org  http://cn.zglckf.com]

s LN Y= NN == SA £ /) S o o E R | e 124 O NI
AR H AT TS S @, R sem s 7,
T4 55 AR IS W) (PLGAY 1 B 55 S8k N

THHEABRERE KARTHEHIIER.

0 3l

it

R VFZ LD IREn /i, Faaili
s MEBRR R AR RN, ET%%EU%
BV F AR B B A B 1
THARHL, kU Kﬂi@%ﬁﬁ@ﬁﬁﬁﬂ%ﬁﬁ
FHEHELLA RIBAL O EAUE B, DRI 5

PRI R

it BENUS B

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

Department of Spinal
Surgery, Changzhen
Hospital, Second
Military Medical
University, Shanghai
200003, China

Bai Wan-shan,
Doctor, Attending
physician,
Department of Spinal
Surgery, Changzhen
Hospital, Second
Military Medical
University, Shanghai
200003, China
baiwanshan_01@
163.com

Correspondence to:
Wang Xin-wei,
Doctor, Associate
chief physician,
Associate professor,
Department of Spinal
Surgery, Changzhen
Hospital, Second
Military Medical
University, Shanghai
200003, China

Supported by: the
Science and
Technology Research
Plan of Shanghai
Science and
Technology
Committee, No.
08411963800*

Received: 2011-07-14
Accepted: 2011-09-15

)ﬁ5 i%—*k?’%iﬁi
b @ e B
baiwanshan_01
@163.com

BIAAEHE: EH
h, Wt 8 ZIE
BT, sI%H, i
KEHF_FEEKR
2 g K AL E
ﬁ*ﬂkﬂ L
200003

R 43 5:R318
kbR B

L Yi5:1673-8225
(2012)03-00471-04

A% B #: 2011-07-14

4= B #: 2011-09-15
(20110214007/M - W)

471



@2}%2 WWW.CRTER.Org

FITU1, 35 RFEFEELIEIIT T IR 2R BN B3 A A e AR O B2 g 1 i

A iE] R b 9246 T-2009-01/2010-1 278 fif i 42 585
TR R B S E

¥#:

I HE S K ARTONL, MEHEARIR, AR
2.5~3.0 kg, FHMEICE 5 B KSR SRl it

FEMH

FEMH kiR

PLGA Br N AR BT A A

I BT 2% [H Sigma A

FERBE L A A AR BT AR
Hik:

EREATRESERNMWE. KR, MRS R%E
Wi RIEIEHER RN A, BEIRAT 4 IR T
H12%~18%. FEIEMEMREA%, W55 23 BT N-
LI M doc I, (S PR AT 4 250, LAZK b Bt i 71975
EREREIR I N

PLGA/ | B E/EBEAT S &REmME. | MKsE
FIRIE 720 g/LIM 5T SR, P R ARRR L 2053k 9
1, FREGWEBINEEEA 2 JLPLGAR I B, E
24~48 h, Wifi)oHEE, O TE24 hia HIXZEKER
7248 h, i A INaCUG I T/K, 2. A TS
48 h, HZMEE, HI1EKRE AN,

KEeSBRGERMmET. LI3% K E K ZiMh
30 mg/kgift kARG, AFEMYE 2 T FARE B, &R
HEE, AT s A R OMEPIEDI I, KIEL2 em, [4H
WHETF BB, BEBRT~Te 5. HEMRL, 2857 HES mmx
6 mm, 2% FflAlentT i 4E, T REXUEST O,
HAd 2 T BURMS AR, FTi5k4%22 mm, &4 cm.
20 gEYI(IT AL 80 geem)FT o 340 i J o
PP ARJGE T 2 220x10% Uid, 27%/d, 3:3d,
SERTFFIE FISHER(3Ud)E 3 EHEK .

4R 70BN 22K ARBNL A 4. BFAR
H(n=10): FRALVIBRHEN, AH0EHE; A4 (n=20):
A BEBI A SR G R TIE 5 5e R4 (n=20):
A B0 A A S R 5 A RN S SRR N T A
PLGA/ [ B 5 /55 SR 4L(n=20): B 1540 R 15 B 45
WA NPLGA/ T Ui JRU/5e 5608 N T A i

ERINEETES: AT AR h, RJGRREE B 56 h,
Biifi24 h, 48h, 7d, 14 d& A SR T TFRF
A OSSRz ) DhRg, R R Tarlovit 32t
VP 04 SEAREse, EHlll RN 143 584
e, PR AT RN, AR EARANBEIEB s 20y Ak
nyEE), EANEEuE B SR 34 AluhaL, {HIG
PATE: 45y THATEECE, (HAREE; 59r: Rekig
11, EARRE; 64y IEWATE,

R RARRGE & AL : X BIAEi R h, 1556 h.

472

24 h, 48h, 7d, 14 diATF R BATAIN . dal ek &
TN AL, e E TebiRgE/52 mm, 0k
M3 mmB T, S HRE T SRR, g2~
12 mA, UG BB 38 hHE, J510.3 ms, %2 Hz,
M H20 Hz~2 kHz, 25007,

RAREMALFIE: Hif5)56h, 24h, 48h, 7d,
14 de5- 1), ARTFARGIBEHLAE L, FAb 3L B HLIh
W3H Wy, il BRI S f% 31 F AR DY) I, B
PRAA LG O X IR T ARX) ER5E£90.5 cm. &K
Z91.5 cmEBEZHS, LI40 g/L L PR E e, BhIE 2
BEMK. ZHARGEY . A, 4 umZELLY) R, AR
F-HEL g, DLBUE, AN IR R e
R Ay H Pk 40 M o S S A DA AT AR 1 £ A
(x400) %1

AL TR =1 T AR L HU A0 i £x 100%

FTEMRIERR: SR TarloviFsyr, R &
P TR AR, Al T2

FHFSH: KJUSPSSM STtk 0T, %
FabrixtesgRon, P IE LLEAE AL R atakt 150, 240
oAk 22 8 L7 22 43 B Rk FAS: 56 (Kruskal-Walls
HEE), LAP < 0.050 % 747 B T 3o

2 #R

21 FREHME TN ZINERBCEETON, BN
iR, T .

2.2 A4 BTarlovits ILEE1.

K1 KA R Tarlov PP L )
Table 1 Comparison of Tarlov scores in each group (xxs)

1 hbefore 6 hafter 24 h after
Group

operation injury injury
Sham-operation 10 6.0 5.1+0.2 5.6+0.1
Model 20 6.0 2.2+0.2° 1.61£0.2
Chitosan 20 6.0 2.3+0.2° 2.9+0.2°
PLGA/type [ collagen/chitosan 20 6.0 2.2+0.2° 3.5+0.2°°
48 h after 7 d after 14 d after
Group n L. . L
injury injury injury
Sham-operation 10 5.9+0.1 6.0 6.0
Model 20 1.840.2 2.4+0.1 2.5+0.1
Chitosan 20 3.5:0.2° 4.2:0.1° 4.4:0.1°
PLGA/type [ collagen/chitosan 20 4.2+0.1° 4.8+0.1° 5.1%0.1°

P < 0.01, vs. sham-operation group; ®P < 0.01, vs. model group;
°P < 0.05, vs. chitosan group; PLGA: poly(lactic-co-glycolic acid)
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Table 2 Body feeling cortex evoked potential waveform peak A
latency period of each group (xxs, ms) 3 it
Frm 1 hbefore 6 hafter 24 h after
operation _injury injury A R I AH OG5 B T T St B R S
Sham-operation 10 25.1 34.310.9a 37.3+1.2 . 3@&%@ V\J?lfji‘m:ﬁﬂﬁﬁf/ﬁo Eﬁ%%@ﬁﬂjﬁ% ‘jﬁﬁﬂa}/{*ﬁﬁﬁl‘\
Model 20 25.3 55.9+3.9" 129.7+15.5 N . - .
Chitosan 20 250  51.1£2.1° 113.0£13.3 201l I O S B SO i e e A B
PLGA/type | 20 25.1 51.9+2.2° 112.7+12.7° é’}:é’i’f{;*ﬂﬁ?ﬂ*ﬂ[ﬁﬂ_ HL%J*HE?%HX /1\]*)1_32,1%5/] j—‘*u[(i 9]

Collagen/chitosan

48 h after 7 d after 14 d after
Group n . . -
injury injury injury
Sham-operation 10 34.1£0.8 29.1+0.6 28.2+0.6
Model 20 98.7+125° 73.7+9.1° 70.2+8.7°
Chitosan 20 97.2+11.2° 70.0+7.9° 67.87.7°
PLGA/type | 20 93.3+10.3° 67.9+9.6° 66.2+8.7°

Collagen/chitosan

%P < 0.05, °P < 0.01, vs. sham-operation group; PLGA: poly(lactic-co-
glycolic acid)
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Table 3 Cell apoptosis rate in each group (xts, n=5, %)

Cell apoptosis

Group 1 h before 6 h after 24 h after
operation injury injury
Sham-operation 2.9+0.2 4.1+0.4 3.9+0.3
Model 3.1:0.2 15.9+4.2° 23.8+3.8
Chitosan 2.9+0.2 10.54¢5.0° 16.9+3.2°°
PLGA/type 1 collagen/chitosan  2.9+0.2 8.7+4.9%° 14.3+4.1%
Cell apoptosis
Group 48hafter  7dafter 14 d after
injury injury injury
Sham-operation 2.8+0.1 2.8+0.2 3.1£0.2
Model 33.9+4.9° 151:2.2°  4.8%1.2
Chitosan 30.2+4.8° 12.4+2.0° 4.9+0.9
PLGA/type 1 collagen/chitosan  29.6+5.0° 11.9+2.7° 4.4+1.0

2P < 0.05, °P < 0.01, vs. sham-operation group; °P < 0.05, vs. model
group; PLGA: poly(lactic-co-glycolic acid)

R | BB FIPLGAS T B S5 /52 B 4 4 15
JF24 h, D) ARSI A IR e A, 4>
AFANILS), AR R =, e oo o] W3 /D BH
PESUM, KEBH AN = B AT AR IX (i %%, R
KIKFANA . A HESE AR, B 41238R5E, BH
PRI 2, Al K. B )548 hBHvEAN AN A

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

WLV YT SR S BE B 5 L K SRR
&ﬁ\ﬁﬂﬁmamﬁiwﬁiﬁ RYNGR RN -

HA TR KT RME R S E R T —
Rl AR, o — AN OGO SCAE R R
PLGAJE HET A TR B S A 23 TRERF S (i o B
HAT U NAAL s 0T BT 4 40 Mo (9 6 B S eA T, 7
A AT B P BRI )5 P 1 S PR B S A R A U ok
CAFT AN e, 0 G0 1 IR R I F e s ZE AR A8 A
BRI R R RN s HAAARIRAGE S, TS
2 B I 5 R O,

ASERG N S AR 2 Ja A I B e,
FERERIA I S m T IRTFARA, 756 h SR
W30, £r24 h/Ai A Bk mg, 1 FFaRE T R,
2 diF SEMERG A2 M 2R LR EERE L. WiFEER
AE 5 T 08 985 AR 015 3 96 453 0 R 188 S A Al 48 52 TG I i A

KAk, I RER H 2L FE D) e AN i Bl Dy e Ik S 8OR
BRI . AR Wra B 5 4 00 A A 4

bR, IR FE— HEIT

MirzaZ " O BRAE L TR THL AN TAR
AT LA RER 2 REGEDIRE MM, 1T HLak mT LAYk AH Y.
MIFHRIE . A5 NN FE TR RIS B AT (2 3E 1 52 40
MK R AT AN A K BRI R A T RO,
T PLGAZR I B A AN [A] LU A 1R e s RH 52 80 173, A
10 5035 M (1) AR DA 1, Al Jl 2T 4 40 T A s ()
B TEAT R shE e

ARSI MR BPE a5, 00 40 R Tarlovit 2
LS E RS, AT e g, HERAYENER
X, a NTEERE, BEWEHIIR, WAANTES
AT )T B — 2D gk R R0, AN w R UE T HE L g
M TEHEN:, PRI B REMA R AL, AT 40 A .
HHPLGA/ T BRI /5 Z 08 N T2 A B UGE SR AL T
SERBEN TARAFIE, HZEmfa B3t . gh—Dursk
PLGAH R T Mo 72 JBE A AL WA 20, e 2k 4 i
A AT Y g i AR KSR .

=N AT NI S B S VA SR LI D

PLGA/ T i i /5 2 0 N T 2 A AT W F R T 1A
SR T BRI 40 Mk 52 o 33— 25 WA L T 75 6

473



@2}%2 WWW.CRTER.Org

F171l, 55 RFLIRFEHEZ IR T TR 5 TN LA IR 77 4 2R 9 12 ]

P BRI, B v 1 B e s SO R Y
FH i el19-20]
4 SEwk

(1

(2]

(3]

[4]

(3]

[6]

[71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

@E?é? ISSN 1673-8225 CN 21-1581/R 2012 ZEAGAUIT (//H4]

Garbossa D, Fontanella M, Fronda C,et al. New strategies for
repairing the injured spinal cord: the role of stem cells.Neurol Res.
2006;28(5):500-504.

Singh L, Kumar V, Ratner BD.Generation of porous microcellular
85/15 poly (DL-lactide-co-glycolide) foams for biomedical
applications.Biomaterials. 2004;25(13):2611-2617.

Zhao QH,Jia LS,Zhou XH,et al.Jingyaotong Zazhi. 2007;28(3):

182.
XD, BOGENGT, i Ve, A5 K SO e . P39 4549 J5 MMIP-9 1 ik
l‘liwtiﬂcu] Hi 4%5,2007,28(3):182.

Ma W,Liu BB,Liu M,et al.Xi'an Jiaotong Daxue Xuebao.2007;
28(3):300 -303.

T, X0 R, X0 6k, A6 2 0 L) O B AL P B A SR
S T 18 FH [J). V6 22 A8 T8 K 2 4R (P %4 it ),2007,28(3):300-303.
Wang P,Yin GY,Cao XJ.Yixue Zongshu. 2006;12(20):1256-1258.
TS, BRI 55, e g A R R A1 - PR B WL B By YR A ST
JE[J].I= 244714,2006,12(20):1256-1258.

Zhou H,Liu H,Huang J.Zhongguo Jizhu Jisui Zazhi. 2007;17(1):
59-61.

JEIAR XA B R 5 G i B 1 -9 55 B B 1 0 R K IR R S R Y]

Hh [E R 2%, 2007,17(1):59-61.

Dang AB, Tay BK, Kim HT,et al. Inhibition of MMP2/MMP9 after
spinal cord trauma reduces apoptosis.Spine (Phila Pa 1976).
2008;33(17):E576-579.

Buss A, Pech K, Kakulas BA,et al.Matrix metalloproteinases and
their inhibitors in human traumatic spinal cord injury.BMC Neurol.
2007;7:17.

Wang XS,Lian KJ,Zhai WL,et al.Zhongguo Gu yu Guanjie
Shunshang Zazhi. 2009;24(3):225-227.

LG 25 i i, 38 3C5E 5 2 PUIA BN S S AT B0 ) MMP-2,, 12
Ik J D) e /w”ﬁ[J] T B B ST B 2%, 2009,24(3):
225-227.

Yang SY,Zha ZG,Wang SL,et al. Zhongguo Zuzhi Gongcheng
Yanjiu yu Linchuang Kangfu. 2008;12(1):161-165.

FUEF, A5 4R RI, EOUR, 25 2K 5 M- S 2T 40k S 2 1 A AR
[J1.H E R TR *ﬁll K HE5,2008,12(1):161-165.

Peter M,Ganesh N,Selvamurugan N,et al. Preparation and
characterization of chitosan-gelatin/nanohydroxyapatite
composite scaffolds for tissue engineering applications.
Carbohydrate Polymers.2010;80(3):687-694.

Che XQ,Sun QS,Zhao K.Gaofenzi Tongbao. 2008;21(2):45-49.
/N AN HT L TR e SR e SRR D RARLED) o 43T AR R
FURE R[] 1 4 T 41%,2008,21(2):45-49.

Wang XB,Lin D,Wang XQ,et al. Guangzhou Huagong. 2010;38(6):
128-129.

MO, WK, A 2 LTSI ) i 6 A S TL B A e
5E[J].) 46 T,2010,38(6):128-129.

Mirza SK, Krengel WF 3rd, Chapman JR,et al. Early versus
delayed surgery for acute cervical spinal cord injury.Clin Orthop
Relat Res. 1999;(359):104-114.

(18]

[16]

(17]

(18]

[19]

[20]

4

2N

TFETE)

Xu SQ,Xu YB.Zhongguo Xiufu Chongjian Waike Zazhi. 2008;

20(2):163-166.

LMJ#A VFAiE BMSCsH A1 2 TRE 4 1Bt Uil e J]. BB A
AR ,2008,20(2):163-166.

Chen G, Sato T, Ohgushi H,et al.Culturing of skin fibroblasts in a

thin PLGA-collagen hybrid mesh.Biomaterials. 2005;26(15):

2559-2566.

Yang SY,Zha ZG,Wang SL,et al. Zhongguo Zuzhi Gongcheng

Yanjiu yu Linchuang Kangfu. 2008;12(1):161-165.

WY, g I, SE ORI, 45 1K 52 SRR S 2T 4l 32 2 ) LR AR itk

[J]. PR A TR 5L Sl PR B 52,2008, 12(1):161-165.

Wang K,Zhu L,Zeng C,et al.Zhongguo Zuzhi Gongcheng Yanjiu

yu Linchuang Kangfu. 2008;12(6):1170-1174.

LR AR S RN TRV 4 B ARSI, 41

TR ”'JIM?@E’E 2008,12(6):1170-1174.

Huang ZH,Dong YS,Chu CL,et al. Electrochemistry assisted

reacting deposition of hydroxyapatite in porous chitosan

scaffolds.Materials Letters.2008;62(19):3376-3378.

Santos D, Neto C, Fonseca J,et al. Chitosan macroporous

asymmetric membranes—Preparation,characterization and

transport of drugs.Journal of Membrane Science.2008;325(1):

362-370.

REATRFHEZ(EE—

HEZH: LiETHZHERAER AT XRAE i%;%ﬂ
(08411963800), RAL & AR: A TARAIEAFLES I ARIS E 7
HJEARAG 6948 R A5

EZZH ¥kt ha . 235, T EheAB
T EER, RREARE. FAF, TAKEANEE.
EoF. A7 LR, EHERELFR, % Lt LFE R

e

Fil it 58 RAARY BAEAT ) %&#ﬂ%}éi&}imyl
YLLR e KA ) 2 A 2B e A

OEEHEEE: Rt A2 ¥ 2t B AL B F AT
.

AKX EYFTIE: NTRRAJER B AT a5, BLIE 4
RN A ZEARRE. AEAERE. THEM®, {214
SIRAL AE R B Shth T B R EI K G ARG ARE F
J2 A PLGA/ 1 RR R m BAEA TR AL, B7HA 4 FH
REBAG IR AL

) FLERI

Mesh iARIFRICEAFIF: £6% - Gold alloys

XRD analysis of gold alloy samples shows that compared to the gold

alloys without RE addition, alloys with La addition have two new

intermetallic compound phase: Cu_5La and Au_(51)La_(14), alloys with

Ce addition have a new RE Oxysulfide phase: Ce;0,S.

e

2 iXAE4) XRD T4 R B 7 5 R L AE 22k,

A T HIe A aa e T Cu_bla A= Au_(51)La_(14)F 441 894 AL

474

Sl miRAe T A el

A8,

A3 T ks S £ Rt Ce_20_2S

X ERiA

RNAE

PR EER
PREE

Gold Allows

A1loyz that contain a high percentage of gold. They are
usged in restorative or prosthetic dentistry.
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