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Hyperbaric oxygen combined with neural stem cells transplantation for rat spinal cord injury

Shi Rui-cheng, Feng Shi-jun, Wang Zhi-gang

Abstract

BACKGROUND: Neural stem cells (NSCs) transplantation is widely used in the repair of spinal cord injury (SCI).

OBJECTIVE: To investigate the effect of NSCs transplantation plus hyperbaric oxygen (HBO) on repair of rat SCI.

METHODS: Sixty female rats were divided randomly into three groups: SCI group; NSCs transplantation group; NSCs
transplantation+HBO group. Four weeks post-transplantation, histopathology examination and BrdU staining were performed.
Eight weeks post-transplantation, horseradish peroxidase (HRP) nerve trace and transmission electron microscope testing and
somatosensory evoked potential (SEP) testing were performed. At 1, 2, 4, 6, 8 weeks post-injury, all animals were evaluated for
the hind limb behavior with Basso-Beattle-Bresnahan (BBB) score and inclined plane test.

RESULTS AND CONCLUSION: HRP-labeled neurofibra and BrdU positive cells were found in the spinal cord of the NSCs
transplantation+HBO group, some in NSCs transplantation group but few in the SCI group spinal cord injury. SEP testing in the
SCI group surpassed that in the NSCs transplantation group (P < 0.05). There was significant difference between spinal cord
injury group and NSCs transplantation+ HBO group (P < 0.01). By transmission electron microscope, nerve fibers and myelinated
nerve fibers were found in the central transverse plane in the NSCs transplantation group and NSCs transplantation+HBO group.
The outcome of functional recovery in the NSCs transplantation+HBO group surpassed that in the NSCs transplantation group.
There was significant difference between the NSCs transplantation and NSCs transplantation+ HBO groups (P < 0.05). The
outcome of the SCI group was worse than that of the other groups. There was significant difference between the NSCs
transplantation group, NSCs transplantation+ HBO group and SCI group (P < 0.05). NSCs transplantation can promote the
functional recovery of rat hind limbs after SCI, and its combination with HBO has a synergistic effect.

Shi RC, Feng SJ, Wang ZG. Hyperbaric oxygen combined with neural stem cells transplantation for rat spinal cord injury.
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Figure 1 Morphology of primary cultured neural stem cells
under phase-contrast microscope (x40)
Bl AAZ R PR IR s AU 22 T 40 M JE 25 (x40)
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Figure 2 Nestin staining of neural stem cells (x40)
Kl 2 #ZT40i Nestin Fujk 41 4340 2 22 (7 (x40)

Ny KA BEBUG AL AL I Brd U BH M 40 Mo 6 W31 Je
K6~8., 3L L2t 5 2 4 Mt I P 22 TA) F Ee 45t HI Duninett t
K, S mzEs A BEERE (P <0.01).

Figure 3 Hematoxylin-eosin staining of spinal cord tissues at
4 wk following spinal cord injury (x40)

3 a4 Ak 4 IR R R -l e (55 R (<40)

Figure 4 Hematoxylin-eosin staining of spinal cord tissues at
4 wk following neural stem cells transplantation (x40)

4 )5 4 FAET 9 A AR -T2 (25 IR (x40)

Figure 5 Hematoxylin-eosin staining of spinal cord tissues at
4 wk following hyperbaric oxygen combined with
neural stem cells transplantation (x40)

5 G 4 JAwm EEUATT AR AR - R0 e .45 5 (x40)
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G, H0 IR 2 KRIE, SR 5 RS R R
BE ML, FEA, ILES. AR OERE
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F 1 A AR BrdU BP0 A3 A% HRP BRI 44 4 44
Table 1 The number of horseradish peroxidase (HRP)-positive
nerve fibers and the number of BrdU positive neurons

(XS, n=2, n)
Group BrdU positive HRP.—posmve
cells fibers
Spinal cord injury 0.00+0.00 11.46+1.84
Neural stem cells transplantation 82.53+5.19 43.95+2.98
Neural stem cells transplantation 107.23+7.54 86.37+4.42
+hyperbaric oxygen
[ <0.01 <0.01
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Figure 6 BrdU-labeled cells at 4 wk following spinal cord injury
(x40)
6 15 4 A RaiHf4 BrdU Gk difh 45 R (x40)

Figure 7 BrdU-labeled cells at 4 wk following neural stem cells
transplantation (x40)

K7 {554 FmHaTaREEA BrdU %4 ibgs 1(x40)

Figure 8 BrdU-labeled cells at 4 wk following hyperbaric
oxygen combined with neural stem cells
transplantation (x40)

518 15 4 JE @ EAVAIT 40 BrdU Suiz 4 (e 5 (x40)

2.4 HRP# /74P 2 734 R HRPZDABE & X W
Jii s TR B AT H B rpoC A0 VR G L Bl 9 AR VR 1
DX 3o BRI 20K IR R B K Ak AHRPJS2 d, HRP
WATIBHY, RTebh BT B nl WA HRP FH M RUR AR 1
a4, ILE9.

Figure 9 Horseradish peroxidase-positive fibers at 8 wk
following spinal cord injury (x40)
9 )5 8 B aliinifh 4l HRP 14T # 4R i 4 B (x40)

NSCsH AL 7] WAHRPIH M2 474k, (HELH &
FEEEIRIT AL, BRaiitidaz, WE10. mREE
Iy A T IR Z HRPSH M RUR AR 1C I ph 2 41 4, DL
B 197 )5 88 K B A BE 1R 1 41 412 HRP P P i 42 4
HeRBEHNKL, SsHzREFEAEEHEREILP <
0.01).

Figure 10 Horseradish peroxidase-positive fibers at 8 wk
following neural stem cells transplantation (x40)
10 fi5)5 8 A& T EA HRP W1 iR R
(x40)

Figure 11 Horseradish peroxidase-positive fibers at 8 wk
following hyperbaric oxygen combined with neural
stem cells transplantation (x40)

1M 05 8 JHs R AT 4 HRP 7402 R ERh B (<40)

25 FHACHEAR GEHESHIES BEWNSR, Bl
A B D AT IR PR R D AT BB AR 2R T 4, B
AMAT VA TE . RIEIATRE AR 2T 4, W12, NSCs
PR 2L 453 05 DX R] LA 2 A M e T U S B 22 2T 4,
HHZ THaifial, W3 R IG T Al X n]
WRKEA RN Y LR T Y, MRAER
AR C R, W14,

Figure 12 Eight weeks after injury, the changes of spinal cord
injury group under transmission electron microscopy
(%8 000)
K12 {55 8 Jl R alifii (40 &5 B Il a2 45 (<8 000)
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Figure 13 Eight weeks after injury, the changes of neural stem
cells transplantation group under transmission
electron microscopy (x8 000)
13 )5 8 AMA T AR EALEH IR R
(%8 000)

Figure 14 Eight weeks after injury, the changes of hyperbaric
oxygen combined with neural stem cells
transplantation group under transmission electron
microscopy (x8 000)

14 )5 8 Ja v 4R YT 4B 5 R 42 45 5 (8 000)

2.6 SEP#mzZR  fECEBEF RIS, [
I 3EAT SEP K I A B 4K Bl AR5 LR U8 T2 2 4 1
Ko BR8], HA AREA KA D RS,
e SRR T AR GE RO R R, IR, LR
2, NSCsH 4L A a4 i 4 b 22 1 B2 T X
(P < 0.05), mifk&if/r 4y paifitidl e z=7Aa4r
HRHMEEN(P < 0.01). KUWFELARTAHBES A
Ja BRIk B e IS ) L HCAR AL R, A IR E 4
W, WRELT.

#2 f)5 8 JABLIKE SEP il 4 R i
Table 2 Somatosensory evoked potential (SEP) testing in each
group 8 wk after spinal cord injury (xts, n=7)

Group Latency (ms) Amplitude (mV)

15.543+0.257
13.917+0.567°
12.354+0.438"

0.755+0.434
1.264+0.423°
1.925+0.539°

Spinal cord injury

Neural stem cells transplantation

Neural stem cells transplantation
+hyperbaric oxygen

P < 0.05, °P < 0.01, vs. spinal cord injury group

2.7 BBBwF4 AR RS R

BBBiT4: 1Al % 41BBBW- 434 45214 15 KR
BIRIh e e, R R RTCIES), FERRERS, HEE
K ILE RRERG . 473054 i T a I B o 190 4 e 15

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

a2 R MBS a5l Ui Jad Ja i ml LA St e s i
3 Ui)E6 ) JE AT B IRE S, R IDRER D KR
BB DERAR IR 155 3212 AR IR, NSCs#AH
A mssR T ANAr s m T Ras Al tin4R
T s SRR T 2 SR A A 4 S BT AR B R
(P<0.01), mifEIATT 4 INSCsIEA %7 BAT
M X (P <0.05), W.E15.

W Control group

15 W NSCs group
O NSCs+HBO group

3
g 10 F a a
@ b
om a b
% b

5 -

0

®p < 0.05, °P < 0.01, vs. neural stem cells (NSCs) transplantation +
hyperbaric oxygen (HBO) group

Figure 15 Basso-Beattle-Bresnahan (BBB) score in each
group at varying time points after transplantation

15 #HE#F4 KR BBB Wb

SR mRSEVAT A S pAB AR E R AR
BEMRE (P <0.05), mHEIRTT4H 5NSCsHEA L
e B B2 TR (P < 0.05), NSCsH It 5 #4l
PR A L 72 S B WA MR SL(P < 0.05). 15/56)4,
SRR RIT A S R A E R R A EE BEER
X(P<0.01), mEEHITHASNSCsBHEAERAAL
FMEE X (P <0.05), WK16.

W Control group
B NSCs group

O NSCs+HBO group ab ab
30 r ab
3
C
@®
=
10
0
1 2 4 6 8

P < 0.05, vs. spinal cord injury (SCI) group; °P < 0.05, vs. neural
stem cells transplantation (NSCs) group; HBO: hyper baric oxygen

Figure 16 Results of inclined plane test in each group at
varying time points after transplantation

16 BARJE UK RRHR SR 45 R LR

3 it

R A2 AR G A R B AR PR AT FUNI R
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