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Abstract

BACKGROUND: In clinic, cortical motor evoked potentials (MEP) and somatosensory evoked potentials (SEP) are commonly
used to evaluate the injury or repair of motor and sensory pathways following spinal cord injury.

OBJECTIVE: To investigate the treatment of acute complete spinal cord injury in rats with the transplantation of bone marrow
mesenchymal stem cells (BMSCs) and to monitor the change in the neurologic functions of the lower limbs using MEP and SEP.
METHODS: Fifty Wistar rats were randomized into saline group, BMSCs group, brain-derived neurotrophic factor (BDNF) group,
neurotrophin 3+BMSCs group, sham-operation group. Rats in the former four groups were used to produce Allen’s models of
spinal cord injury before treatment. At 4, 8 and 12 weeks after treatment, rat hind limb motor function score was evaluated, and
MEP and SEP were measured 1, 3, 7, 14 days after modeling.

RESULTS AND CONCLUSION: Using the MEP, we found that the motor function of each treatment groups was recovered to
some extent. There was a significant difference between treatment groups and saline group (P < 0.05). The BBB score of the hind
limbs showed that the motor function of the hind limbs in treatment groups was superior to that in the saline group (P < 0.05).
BMSCs modified by BDNF could be transplanted into the injured spinal cord to improve the motor function of rat lower limbs. NT-3
could improve the survival rates of BMSCs and axonal regeneration following spinal cord injury.

Li KX, Li F. Motor and somatosensory evoked potential evaluation in rat spinal cord transection models following bone marrow
mesenchymal stem cell transplantation.Zhongguo Zuzhi Gongcheng Yanjiu yu Linchuang Kangfu. 2011;15(23): 4262-4266.
[http://www.crter.cn  http://en.zglckf.com]
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E
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F1 BAKECEBEBIG G AR R A MEP N1 S8 (R L

Table 1 Comparison of Motor evoked potential N1 wave latency
at different time points after the spinal cord injury

(xts, n=6, ms)

Detection time

Group
24 h 3d 7d 14 d

Saline 80.80+7.39 53.04+7.51 42.10+0.53 39.46+4.99
Neurotrophin-3  48.80+1.14> 43.52+43.74* 32.65+1.78" 23.25+3.84>
+BMSCs

Sham-operation 25.65+1.71 23.65+0.35 21.35#0.52 18.30+0.68

2p < 0.05,°P < 0.01, vs. saline group; °P < 0.05, °P < 0.01, vs.
sham-operation group; BMSCs: bone mesenchymal stem cells

B BMSCs group
O BDNF modified group
Neurotrophin-3 + BMSCs group

18 M Saline group
=

16
14
12
10

BBB Score

e

oON MO

. . M.

4 wk 8 wk 12 wk

Treatment evaluation time

BMSCs: bone mesenchymal stem cells; BDNF: brain-derived
neurotrophic factor

Figure 1 BBB score of rats in each group
K1 4K BBB P4 LR

Figure 2 Motor evoked potential wave form of overlay 10 times
and spinal cord induced potential in sham-operation

group
F 2 ffﬁiﬂiéﬂk FUEBE S A MEP B0 10 Wt MEP
g

2.3 HAMiEFRAAENLER  ARHKYKREHT o
AT HHE 5 K AL MEPAS £ 34 2R B0 4 L8 (i P1-N1-P2
P ) E N A FR e, BMSCs#4H41. BDNF
BHRZH . PR 37 % 3+BMSCs T M 41 5 W 5 710 & IN B
0 L2 489 AN 3 (Rl Dk fE o 5555 R 5 3 v 5 |
SN I B T IE NS o 3697 LB T BT 3k
FHIMEPJ B 2 SEMIE Rt 4 i B 453497 I B S Pk
2.

il ien, KRRt G, & Lid skt
B, MEP K& SEPK &5 FAL R 551097 AL 2 h g s
AR IWE . 4SPSS 1M1.048 A5 T, %A
J7 A5 AR B KAL) 25 R 3 B EE (P < 0.05),
LE2~5.

MEP N13 kWA g R IR, EERR
3+BMSCsH Ha 21N 8 AR 3101 5 o T 2E B Eh K 4, JF
BBl R RS, WARWIE W 40, B RE
3+BMSCsH HH A1 R IV S B2 X TAE B Eh K4, L
#1,

4264

Figure 3 Motor evoked potential representative waveform of
spinal cord induced potential in saline group

K3 AR EKALK AT HE S 5 iz MEP RIAURBIE

[

- wf’wlf/ ~

a: BMSCs group b: BDNF modified group

BMSCs: bone mesenchymal stem cells; BDNF: brain-derived
neurotrophic factor

Figure 4 Motor evoked potential waveform in each treatment
group after operation
K4 ZiralkBiG)7 s MEP 3%
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d: SEP waveform at 2 wk after
treatment

c: MEP waveform at 2 wk after
treatment

Figure 5 Motor evoked potential (MEP) and somatosensovty
evoked potential (SEP) representative waveform in
neurotrophin-3 + bone mesenchymal stem cells

group
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W1, JLVTS3 B AR DRI R 52 P A o 22 70 R 2B iUk Mk e 4k
RAYEDET-AN, 85 JREB I 7K ik R 1 A s 22t s ik 48
E BB ETR M PRI S . B S JORE IR B 8T
R LA R 0 o 200 R 4D 38 A RN 78 38 o0 AU e 408
7 et T s TR, SR N i
AN, WANHERR L B A 2 A0 2 AT B . R A
R T (145 86175 5 f A ME PRI SEPAH I 1) i e 1 45 8
B0 e e B R AT R 2 R — B T dLREER
I7 AR RS AT BE AL LA AR W 52, ARV YT 4LRE A )
38 N5 A5 BB B D AR B, TR T 41807 B A
WBE KR RSB AR G IT A o VPHEAN RS AP
FILPUE A i ik 5 Wb I A 487 97 R 3V RE By 1T
BES G M o240, RS2 1) PAT R R AT RS
PR i 3R 3 5 TkCAE & 5 A B L A1)
YT E, BakerS P R ELVFIEAIIL)G , e
FRER 3N P i Z TrkCRZ R (1) B AP 2 e B VEH
Zhang 45RO CIESE, P07 37 3 33 RMB M1 O 149 HE 40 i

4265



@E FG? WWW.CRTER.org

s

HREIA TV T BB e 1 PR T T A (3 S TR K A e O

AT IR BT REIRIAL, REAT R it b
28 TCAE G SIS P A . BMSCSHUM J7 {8, ZEARS 1]
KEY R, AEEARER, HEA S e B ) .
T HLAT W50 R Sk i 40 5 K S A B 4 e
WEEVEBERI AL, I T AR R,

ARSI SEIRR I, o R Allen’syE T U K U B
05 - S R A R L R S N A2 ST )
IR P ARG DR I SO . BT
JREENEAT A . FAITRRAR ARV 7 5 Tt vT A 2 R B RO A
M2 TCIAF 5 I 0 FAF IS I PR B . L2 BMSCs sl it
BNDF & 1 £ #1167 45 8 53 07 19 R80CR 30 123 1 0
H, BRTLrNREMEERRIEAR TN
BMSCs # i1 97 &4 R o #Rox kWi S L)
BMSCsw] Bt 2B ik, BEK W7 G If RERFEE
WA 7, W] R S A B I A R A, %
KI5 B2 5] . BNDF A2 E IR 3 38 147 T fEPE i
BMSCsEfk N IZEAT R, —F HAA T FEAE

4 BEIH

[1] Pittenger MF, Mackay AM, Bect SC, et al. Multilineage potential of
adult human mesenchymal stem cells. Science. 1999;284(5411):
143-147.

[2] Basso DM,Beattie MS,Bresbahan JC. Graded histological and
locomotor outcomes after spinal cord injury using the NYU
weight-drop device versus transection. Exp Neurol.1996; 139(2):
244-256.

[8] Xu XQ,Xiao D,Sui JH,et al. Zhongguo Xiufu Chongjian Waike
Zazhi.2003;17(1):22.

IREPR, 35, M ACLL A5 S M BE S sl A L fy i S [U). op R B
AR % E,2003;17(1):22.

[4]  Wrathall JR,Pettegrew RK,Harvey F.Spinal cord contusion in the
rat: production of graded, reproducible, injury groups. Exp Neurol.
1985;88(1):108-122.

[5] Basso DM,Beattie MS,Bresbahan JC,et al. MASCIS evaluation of
open field locomotor scores:effect of experience and teamwork on
reliability.J Neurotrauma.1996;13(7)343-354.

[6] Basso DM,Beattie MS,Bresbahan JC.A sensitive and reliable
locomotor rating scale for open field testing in rats.J
Neurotrauma.1995;12(1)1-21.

[71  Tarlov IM,Klinger H,Vitale S.Spinal cord compression studies. I.
Experimental techniques to produce acute and gradual
compression.AMA Arch Neural Psychiatry.1953;70(6):813-819.

[8]  Yan JF, Yue CB. Zhongguo Linchuang Shenjing Waike Zazhi.
2006;11(9):547-560.

e T 1K, BDNFE RHE Hih 28140 M B Ae v 7 A 40 403 1) 5
WA EIE R SR A&, 2006,11(9):547-560.

[9] De Vries M.Cooper HM. Emerging roles for neogenin and its
ligands in CNS development. Neurochem.2008;106(4):
1483-1492.

[10] Cole SJ.Bradford D.Cooper HM. Neogenin:A multi-functional
receptor regulating diverse developmental processes.Int Biochem
Cell Biol. 2007;9:1569-1575.

[11] LiuY, Zhang BA, Song Y, et al. Bone marrow mesenchymal stem
cell transplantation for treatment of spinal cord injury: an in vivo
magnetic resonance imaging tracking study. Neural Regen Res.
2011;6(13):978-982.

[12] Zhang WJ, Zhou Y, Chen J, et al. Zhongguo Kangfu Yixue Zazhi.
2006;21(4):325-327.

FROCHE JEIR, R 4 HRPANZEAT 7”7 P GDNF 2 1 ) i 4242
T PO R U A2 B A 28 T0 R DR/ F[D). o [ Rl A2 PR 2 28 A6,
2006, 21(4):325-327.

[13] CaiPQ, Tang S, LinYQ, et al. Zhongguo Kangfu Yixue Zazhi.
2006;21(5):398-340.

BRIEAR, T AR AR, A L R R A b A 228 R IR -3 10 U A 2
41 0 S B[] R SR R A 4%, 2006,21(5):398-340.

[14] Wilson NH, Key B. Neogenin:one receptor,many functions Int

Biochem Cell Biol. 2007;5:874-878.

4266

[19]

[16]

[17]

[18]
[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Allen AR.Surgery of experimental lesion of spinal cord equivalent
to crush injury of fracture dislocation of spinal column.A
preliminary report. JAMA.1911;57:878-880.

Xu ST,Guo SF.Beijing:People’s Medical Publishing House. 2002:
193-194.

AT SR AT R S S I R IM]. 208 L 50 A R AR H R AL,
2002:193-194.

Guo SG, Jin F, Wang CJ,et al. Zhongguo Kangfu Yixue Zazhi.
2007;22(1):18-20.

STy I, BT A, A5 L A0 A T S 0 A1 AR A8 I I P I
%%%f%ﬂ%ﬂ&@r;mﬁéﬂﬁ%DM[J]. rhE S B 2 ki, 2007,22(1):
Schwab ME. Repairing the injuryed spinalcord. Science.2002;
295(5557):1029-1031.

Reier PJ. Cellular transplantation strategies for spinal cord injury
and translational neurobiology. Neuro RX. 2004;1(4):424-451.
Dong F, Lin JH, WU ZY. Zhongguo Kangfu Yixue Zazhi. 2008;
23(5):416-419.

e MO, SR PH R 1) A8 T A0 i 28 B DT AR A xR LA i
#16 JFBDNF NGF mRNAZ I 19 7 Wi [J]. o [ e 53 P2 27 24 75,2008,
23(5):416-419.

Young HM, Anderson RB, Anderson CR,et al. Guidance cues
involved in the development of the peripheral autonomic nervous
system.Auton Neurosci. 2008;112(1-2):1-14.

Zhu XJ.Wang CZ.Dai PG,et al. Myosin X regulates netrin
receptors and functions in axonal path-finding. Nat cell Biol.2007;
9(2):184-192.

Guha A, Tator CH, Rochon J. Spinal cord blood flow and systemic
blood pressure after experimental spinal cord injury in rats. Stroke.
1989;20(3): 372-377.

Femandes KJ, Kobayashi NR, Jasmin BJ, et al. Acetyl
eholines-terase gene expression in axtomized rat facial
motoneurons is difer-entially regulated by neurotrophins:
correlation with trkB and trkC mRNA levels and isoform. J
Neurosci. 1998;18(23):9936-9947.

Snider WD. Function of the neurotrophins during nerous system
development:what the knockouts are teaching us. Cell. 1994;77:
627.

Gimenez Ribotta M,Menet V,Privat A et al.The role of astrocytes
in axonal regeneration in the mammalian CNS. Prog Brain Res.
2001;132(3):587-610.

Bradbury EJ, King VR, Simmons LJ, et al. NT-3, but not
BDNFprevents atrophy and demh of axotomized spinal cord
projeetion neurons. Eur J Neurosci. 1998;10(10):3058-3068.

Grill R, Murai K, Blesch A, et al. Cellular delivery of neurotrophin-3
promotes corticospinal axonal growth and partialfunctional
recovery after spinal cord injury. J Neurosci. 1997;17(14):
5560-5572.

Baker KA, Nakashima S, Hagg T, et al. Dorsal column
sensoryaxons lackTrkC and are not rescued by local
neurotrophin-3 infusions following spinal cord contusion in adult
rats. Exp Neurol. 2007;205(1):82-91.

Zhang X,Zeng Y,Zhang W,et al. Co-transplantation of neural stem
cells and NT-3-overexpressing Schwann cells in transected spinal
cord. Neurotraunla. 2007;24(12):1863-1877.

Zhang JJ, Chen X, Liu LZ, et al. Zhongguo Kangfu Yixue Zazhi.
2009;24(4):335-337.

TR RS, X 22 A TR AL T A RS A VR 7 R B S R 5
D3 BIRTFEJ]. b [E e AL B 2 2% 35,2009, 24(4):335-337 .

REAETMNESEE—

TEZ TR 254 0 T Rt Ak, %R
WPE, EIRAE EIRAE.

Fz3 58 RIS BAEST ] READR o £ REMEF
20 4R B A SR A B0 2 SR A A AR B

ETEHLE: oA b Sk B ks te B
i

KX EYFTIE: FHvA % BB BLIE AR T e A LAt
%, AR ZEREFTHRAF SR T 5, £RA
A ARZE ARG, AR ERFE 3 FFFRERA
AP Z T A A IR, Bt WA REE S R AR SR B e
IR RGA K s, 4% I R AR 22 7 4k B T1545 49 BMSCs B4
LAbZiESE 3 BRI TSI Wrik 4 A K R A A
ARG 6915 5 AR,

&

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



