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Abstract

BACKGROUND: There are many reasons for the difficult regeneration of the in jured spinal cord axon, and a comprehensive
application of several methods will be more effective.

OBJECTIVE: To observe axonal regeneration and remyelinization using Rolipram combined with oligodendrocyte precursor cells
(OPCs) transplantation in rats after spinal cord injury (SCI).

METHODS: Wistar rat models of SCI were established using ALLEN method. Alzet osmotic pumps contained Rolipram 200 pL
were embed subcutaneouly in Rolipram treatment and combination groups, release 0.5 pL per hour, 2 mg/(kged) for 14 days. After
one week, 0.012 5 uymol dibutyryl cyclic-cyclic adenosine monophosphate was infused in the injured spinal cord. OPCs were
infused to cell transplantation and combination groups. An equal volume of saline was injected in the SCI group. Basso Beattie and
Bresnahan score was assessed weekly postoperation until 4 weeks when all rats were killed and spinal cords were made into
frozen sections. Hematoxylin-eosin staining and immunofluorescence method were performed.

RESULTS AND CONCLUSION: At 4 weeks postoperation, Basso Beattie and Bresnahan score was greater in the Rolipram
treatment and combination groups compared with SCI and cell transplantation groups. Immunofluorescence method showed: the
expression of NF200 was strong in Rolipram treatment and combination groups. OPCs were alive and positive for myelin basic
protein, which was predominant and myelinated nerve fiber increased in latter. These suggest that Rolipram elevated cyclic
adenosine monophosphate levels, promoted functional recovery after SCI, especially combined with OPC transplantation.

Qi Q, Bi ZG, Yang WL, Li XZ, Yang X, Zhang L, Pan SH. Rolipram combined with oligodendrocyte precursor cell transplantation for
treatment of spinal cord injury in rats.Zhongguo Zuzhi Gongcheng Yanjiu yu Linchuang Kangfu. 2010;14(40): 7462-7469.
[http://www.crter.cn  http://en.zglckf.com]
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F53%: Wistar K BRI ALLEN vE3T S S e . Rolipram 1877 2RI A 96 7 4175 70 0 T HVE ALZET BB PR
P %% Rolipram 200 pL, &E/NEPEEK 0.5 uL, 2 mg/(kged), FIHELE 14 d, 1 J8)5RFHEAN 0.012 5 pmol FXL T PRI IR TR ;
I HURS R LLRIE AR 9T AR R /D SEIR BT AR AN ML, A BEB 5 41 N RIS IR A R K, RS 4E e BBB i 8hit4r, 4 K
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N BT EIEVES

FRIBARM . KOHE 45 KA T, DI,
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210 EBshMAEop  KEUERERE T I bR A
RS ZSUKM, Wi, KRR E IR,
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Jor AT, L. BT sh i i 5 BBBIZ )T
grN0%r, dE0r#FE I, ARl &35 Wistar
KSR EE LM

2.2 VRBRATRmIC S PR AR 5L
9d I4NuIFia4r 2, OPCs 0N EITERA KA TEIR
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Figure 1 Neural cells begin to delaminate on d 9 of primary
culture and oligodendrocyte precursor cells show
orbicular-ovate shape and grow on the layer of
astrocytes (%x200)

1 MZAIMEAE L) 9 d N4 TTAR /Y )7, OPCs &
YR AR A AAE B T I 54 i )22 (% 200)

&5 53 125 AN G B b ML AL 5 10 20 5 I 5 A 44 4
Mg JL R 5 fie 5 e 4 A2BS UL 7 94.5%, LA
2; PRI HE R ARG 92.8%.
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Figure 2 A2B5-positive cells with immune fluorescent marks
of FITC under the high power lens (x400)
2 wmifihi T FITC Fsie 9 thsic it A2B5 11 41 fitd (x400)

2.3 HWAT AR (BBBEH L) WE1.

#£1 %4l BBB izshiFr4i R
Table 1 Results of Basso Beattie and Bresnahan (BBB)
movement scale in each group (xxs, n=7)

BBB score
Group
1 wk 2 wk 3 wk 4 wk 5 wk
Laminectomy 21 21 21 21 21
Spinal cord 53+1.0 6.6x1.3 7.3%x1.3 7.7¥1.3 8.3x14
injury

Rolopram 6.1£1.7 7.9¥+1.3 8.6x1.4 9.0%1.1 9.9+1.1

treatment
Cell 53+0.8 6.4+1.0 7.4+1.1 8.0+1.3 84x14

transplantation
Combination 6.0£1.6 8.3x1.1 9.4+15 10.6+1.9 11.1£1.82

ap < 0.05, vs. spinal cord injury and cell transplantation groups

R0 281 FR AT A0 A At sl N 258, BT LAAN 931
KRR T AT R PR 20 PR, (R 3R R AT KIR s
Bl I [ B, %5 41BBBIE T 4h B, 2R )28 d,
K KA T ANEFEE P &, Rolopramyfyr 2 Al
K- YA TT AL 3 IS T 1R 3 30 B A LA B 453 40 4L RN A
MO AE AL, TCATHE SRR S, AT R . JUH
B VAT 41 Eb RolopramiGyy ZH 250 50 1 B .

2.4 JRIPFAM

HARERLRE: KREHEARY A B, RE48%
A BEA [RIFE L AR 41, B Rl H 45 41 F RolopramiG 7 414
BEA R &h M8 EL, MR, LR RS, HAhEHeE.
KN 23, WIEI3~5. 40 ks i 4 RS a7 4
RSB AL, AR E0E, AR DR/ N2, WL
6, 7.

j'..:

Figure 3 Normal spinal cord in laminectomy group (x200)
Pl 3 HMERRDIBRALIE 5 #HE (x200)
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Figure 4 In spinal cord injury group, the denaturation of spinal
cord is quite serious and the structure of the gray
matter and white matter is loose and vacant with few
axons (x40)

4 FHER AT AR IR I, A AR AR EL
4, 5 (x40)

[

3 _ij

¥
(4

)

" 4
/ -t-
palihiihy, 'y ¥ -

Figure 5 In Rolopram treatment group, the capsular space is
unseen and cicatrix hyperplasia is apparent without
axons (x40)

¥ 5 Rolopram A7 41A WL B FE s, MR E, &
WA (%40)

i

Figure 8 Normal spinal cord in laminectomy in group (x400)
P8 HERR VIR IE H i (x400)

LEA R0 4R A0 L RS A 2 1005 PN ARG, A%
LIRS, R IATNFASIN 2, ILIE9, 10,

Figure 9 In spinal cord injury group, NF density of the injured
center is low and arrayed in disorder, and cavity
being injured by NF is not visible (x200)

B9 HEm v NF %G, 2L, K
WAT NF it A 451453 753 (x 200)

Figure 6 In cell transplantation group, obvious repair of spinal
cord cavity, without capsular space, with a few cicatrix
tissues, obvious marginal vessel hyperplasia (x100)

K6 difufaglaiE e Z e, KRk, DR
PR, L0 1 1 1 1 (x100)

Figure 10 In cell transplantation group, NF density of the
injured center is low and is arrayed in disorder, and
cavity being injured by NF is not observed (x400)

K110 AfuRB R B0 b0 NF S BEAG, JeaLeivis, ok
WAT NF {if A 45147575 (x400)

Figure 7 In combination group, without capsular cavity and
injury margins, with a few cicatrix tissues, apparent
hyperplasia of nerve fibers and blood vessels,
ruptures caused by newborn axons (x200)
K7 Iand T AR WA M ithiil gk, r WAL R
21, LTI A I, ARl 5 5 i W
(x200)

Rolopramifyr & e ¢ 2% FE vy, TEWRASKEN, 73

AZRAL, o BIVELT e T i LA R X, A7 Lee o
Wi DA R g i, UL, 12,

NF-200%5& 553 : NF-200 12 8] LLE H#h£ o Al
S EAT Mooy A, WLEI8.

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

Figure 11 In Rolopram treatment group, the density of neural
tissues is high with irregular shapes and disorderly
array, and some positive tissues come through
injury and the transplanted zone (x100)

{11 Rolopram ifiJ7 AL 21 4 5w, LRSI,
Gy AL, A PR AT 4 o I B SR R X
(x100)
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In combination group, the density of neural tissues
is high with irregular shapes and disorderly array,
some positive tissues come through injury and the
transplanted zone, and some tissues extend
towards the end along the injured zone (%200)
e VR AL 2 R B R i, TEARASINY, A 2%l
F8 73 FRAE 2T 4 27 il 35000 MR A IX A SE T A i f
[X 1 %5 1) J}E i AE 1 (% 200)

Figure 12

12

Figure 15

15

In the laminectomy group, the immune fluorescence
neurofilament protein-200 (red) and myelin basic
protein (green) double dyeing make more
medullated neural tissues appear in white matters
(x200)

HEBR DI 552 NF200(£1 ) A1 MBP(45¢) S 9 Y U e ]
W Z AT AR 2T AT 1150 (x200)

MBP 5 Brdu %Z5% W Brdu #4575 OPCs 41l
Bz, DRPRRIE ) PR A, BSR4 ] WA
B2, DL 13 i iz fE 4l H4l OPCs
TR RO i AR 2>, WKl 14, OPCs £ 4 FITC Fx
(SR ) MBP BT T L%

Figure 13  In combination group, niany living positive cells were
seen (white arrows) (x200)
13 AR T AL AT LR A I B PR I (P14 k)(x200)

Figure 16

I 16

In spinal cord injury group the immune fluorescence
neurofilament protein-200 (red) and myelin basic
protein (green) double dying, the margins of injured
center remain in the white matters, demyelinated
neural tissues (yellow arrows) and not completely
disintegrated medullary sheath (white arrows) (x100)
HHEI20 NF200(40)F1 MBP(£%) S 5 e M G«

P DILZIRAT EUTTT,  BEBEIE P 2 2T 4 (B
S )R A 56 4 i A PR R A (1 37 )(x 100)

In cell transplantation group, relatively few simply
oligodendrocyte precursor cells transplanted positive
cells (x200)

A fu B HE 41520 OPCs M I 4 41 A X /1> (% 200)

Figure 14

€ 14

MBP 5 NF-200 %i& 5% x4 MBP A& NF-200 fuji
TN Gt BB J WAtk 5 R Y OC R S S 1
B, W 150 #2045 07 DX 3 m] DL A HE B IR L 1) MBP
PO, A SR 7 4R 40 M A R 4 B e e 4T 4t/
A D545 X 30 SR ARAT- 11 0 I AR D o 2 2 A R i R
SEA AR BERS, Wl 16. Rolopram ¥a77 4L &4
I 4 m] WL e ol 2 IR 2 NF-200 Bk £F 4 et
ARLERAT T ) R EAT, W7, R &4 3E —
L) |y ] B4 07 14 S Ok B A0V 15U SR AT IR AT i AT
YEE A RERCAEAT, LA 18,

7466

Under laser confocal microscopy, (ZEISS MET510), in the same visual

field, two kinds of wave length (543/488) were used; the laser aroused

red and green fluorescence separately; Left top: fluorescein isothiocyanat
e-labeled myelin basic protein; Right upper: Rhodamine-labeled neurofila
mentprotein-200; Left lower: coincidence

Figure 17

€17

In combination group, the immune fluorescence
neurofilament protein-200 (NF-200) (red) and
myelin basic protein (green) double dyeing make
the movement of many positive fibers NF-200
(yellow arrows)in the remaining white matters
bypassing the cavity (white arrows) seen (x200)
AR YT 41 NF200(ZL) R MBP(4#) %93 ¢ 6 A 4L v] L
FERH LR 22 NF-200 FH 27 26 (i 15 Sk ) 8 i ]
(B3R )TEAR AR E TP ) R EAT (x200)
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Figure 18 In cell transplantation group the immune

fluorescence neurofilament protein-200 (NF200)
(red) and myelin basic protein (green) double
dyeing, the positive fibers NF200 (yellow arrows) of
the retained part of injured margins of the sections
are moving in the remaining white matters (x200)

K118 IR AAl NF200(Z0)FI MBP(4R) i 2 6 4x D)
Jv Al WAL A S Or B 8 7> NF200 B 214 (5 7
SR)TESRAR E TP ] R EAT (x200)

31 KEERHRSTHRBAGS, SLIRMEEE 7
FIAER ARSI A IE R A OT R B I R
(dp-cAMP)(— R ER 4 iR 17 11 AU, RA BB E),
WP BN K, JER B E R R T
A Rolipram, 1X— 515 B HIESE ] U A2 RS
SREZNTHI SRR Sy G LR

PR AR T 40 7 20 (Rolopram 6 7 20 Rl & V6 97 41)
07 X AT LA B G INF200 1 P 255 K284, Tin)
MR FRIEAN 59, PeoRBhoe f e a0, 5
HIZB)INEEVE o KMEPTE R IF I R BUAH — 2, W Ak
T REARER 5 MR . A3 Wa 05 SE 50 R ER
Tl MR B A FH S B A i 5 mT AR AN X, (HANRE R
L, T PR LT R A 28 5 DR BT A N R A e
A IX UL PR T o AR S ol M 4 o 4 Y mT
/by R R AR T A2 T R R e 2 IR
55 11 e U2,

PR IR BV 205 S5 B R S, AR g

forT Ca?ts PRI, ARy 18191, XTI R
e VG S RN TR B — RS, R ILETT
L% .
3.2 #BFOPCsama#btiey &L — a5
AEAEM M B A7 U LT 4, RIS ™ S (8, B
SAEIRIE T HRATDVFEF AN IR 3 520617, X et 2 i 1)
1R 22 T RE 2> (T JONE S 3 A1 /b 5 Jie Jo 240 Jta 00 1~ g i i
VST ISR Y Y TS PR ) B 0 1) B R T BN 1
HAL A e b, IR RERT I — A SR e, 2
3G O™ e R R IR 2 19200 P, RS b 2
HEERAL LT, DhREMRE .

T JrTH, 4IRS AR IR O i SR A A BB R AL
DX Bl i bty PRI, SN S R L R Y BRE, DAJBTIA

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

BIFLAL RN SE TR, HAE MK ST D RER 22, T SR
V1T 110 B I 288 6 - A 28 A 3 1 L R T RE A O b
B, BRGNS E B S B R TER, AR N
/5 Ji I 40 ) 2 T4 T e A R

PR A P 7 T (1) JEL PR, VR R A 2 v Bl B 114 [+
IERE T HAITBIE. S5 FIBE R E 1 hE ) 11 OPCs
MR SZE, OPCsth nf LR #2878 77 IR e it pih
ZICAAF RIS A K23, 2 A\ Xy, Brdusd e
SR H RS IR AAEB G4, WERH
0 Mo AZ e LB P AN, RIS YR T LI R I G R W
2, JFIE I MBP 5 Brdu S 58 6 WU 4R SE T 40 HuAZ i [
KIEMBP, FCA LA DS AN . SR 1T, SIEEe I
KB RN ) KB BT R, 1T RES ) > R T
0 5 T S IR B RIS B T RE AR 2K, FH1EOPCs/H)
HROEBA . B A 20N AR AL, 4128
AHXTECE, $EROPCslt 2 T A MEA, s
B ok B X St T VAR A A

(AR AR RE T, BN O R,
AR SRSyl (AR BB T AN AR RS
BUIREMIRIE , v RESEATHER 5 ik A7 (M1 T oAl G
Ra RN 25 R P AE (07 G o AEATAT AR 28R VR A RE 404
(RO R 36 e T DA 2005 FE AR 24 FI T e LI OG R o i
Z ISR SR 2 I AL S, R IR G
KIHIRR RS o
3.3 AR EARH T HHEOPCsAE  H4OPCsH
ML, BRI /D AN M AT DA, (HAE &7 A
BIR BRI BB E R o MBE A a7 4 n] B 2 1)
BH 40 .

LIS R AT 64T 3057 11 O3 i Jm i 4k e kAR 4k
BN AL, ORI, Adre g, Y
TR IR T . RNE. RS, ART A
1£3%124-251,  Rolipram X ¥ i 1) R 47 VE FH A 1T REX =)
PR SR . @Barres S PO SR 8L 7R K AL
SR H R 2950% > SR AN L AT, TR
A b R A A5 Sl SR UL I o ) D SR T A L,
B IS b 1R A0 AT DAV R RE I AL, XS RN 2
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Magnetic resonance image indicated that high signals

of T2-weighted image.

signals.

Magnetic resonance imaging demonstrated high T2-weighted
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Previously, she had no history of nervous system

W, disease or family history.

The patient and her family had no previous history of

nervous system disease.
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Her temperature dropped to normal.

Body temperature returned to normal levels.

LIR>S ey

She could take food.

The patient was able to eat.

KBRS CZED STN HRZET0L
Al AR, JE GG, A IR
B KBS STN 2 6
FLERD JE IR, A ORI,

The STN neurons in the control side of Parkinson’s
disease rats distributed as stripped cluster, with clear
Nissl body and dark stained color; whereas the number
of the SNT neurons in the lesion side of Parkinson’s
disease rats was significantly decreased, with the

presence of vague Nissl body and light stained color.

STN neurons in the control hemisphere of the PD rats were
distributed in a cluster, contained clear Nissl bodies, and
were darkly stained. In contrast, the number of STN neurons
in the lesion hemisphere significantly decreased, the Nissl

bodies were vague, and the cells were lightly stained.
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