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Abstract

Objective: Developing a consistency, reliability, controllable and reproducibility method to construct neurogenic
bladder and urethra dysfunction rat model following spinal cord injury(SCI).

Method: The surgical procedure and post-operative care was induced by using modified Hassan Shaker meth-
od: The intraperitoneal anesthesia was induced by using chloral hydrate and complete sections of spinal cord
were performed at the thoracic (T10/11) and lumbar (L2/3) levels.

Result: The modified surgical procedure and post-operative care could improve the survival rate (suprasacral
spinal cord injury group 80%,sacral spinal cord injury group 90%), molded rate (suprasacral group 70%,sacral
group 80%) and reduced the complications rate (suprasacral group 70%,sacral group 60%). The maximum blad-
der volume was significantly higher after being molded(P < 0.01). After spinal cord shock, maximum bladder
volume was significantly less in suprasacral spinal cord injury group than that during the shock(P <0.01), but
there was no significant difference in the sacral spinal cord injury group. After spinal cord shock, average blad-
der volume was significantly less in suprasacral injury group than that in sacral injury group(P <0.01).
Conclusion: The modified Hassan Shaker method was suitable for the construction of neurogenic bladder and
urethra dysfunction rat model following spinal cord injury.

Author's address Hunan University of Traditional Chinese Medicine,Changsha,410007

Key word suprasacral spinal cord injury; sacral spinal cord injury; neurogenic bladder; animal model

DOI:10.3969/.issn.1001-1242.2014.06.009
ILEIH R A T E 2RI E (201109) ; H1RE4 #0E TTRHIFS H (12C0264) ; BTREA HARFHEIL 400 H (13773098)

1

W T BRI BE B, WG TP, 4100075 2 TS TR RS R A BE s 3 IEH

YEH T KRN, o Foe A 5 Wik H 1 :2013-08-08

542

www.rehabi.com.cn



FREAE 4L 201448 5205 55 6 0]

22 YR JB% B (neurogenic bladder, NB) J2& 1§
PETIHE R I RE ) rh A b 22 2R GE al ) [l i 2852 3140 3
1115 | 762 79 1% IOk PR ) g s -, 2 B 450 49 (spinal-
cord injury, SCD)H WY IF AEZ — , HEPE #4015
AT AR E PR S HMER . — . H IS R IR
GE 10— FRANITE T BE Rl O S8 o 22k dR
R R T 1) T B SRS R R Y B RE
Pt , R 5 HE PR BT A 7 38 B BELT , PR B bk
Vi FEZI LR R RS B TRLY . [l 584
Pk SCL , 5 e i 8 Jesit (1) b A48 B v b, R T
RIELINLA PRI ST, DL S ARk a8 PR AL F 325
SR , S BOE RIS B e EE 29 LD RE 2 985 (de-
trusor sphincter dyssynergia, DSD); [F]if, 145 i@ &
LS Ip i) S i et , RV PR LS S T C a2 , R R e
TP Ao 22 5 I e AR S S o 22 e e, 2 LA
PRGER Jim R R . S MCHETA 7 I , 42 = ] 4240
A S TRC 9% T 114 A2 et 28 | ) A2 S 28 I R A48 S ol
2, [AMEL NN FE A NS MG LI,
R PR LG SCS, 2 Bh B FPE s IR PR B I e
5K M e 2 Y T IOk s 2 SRR Ao 2 T B I
It R My I A

AMH SR B HTE NSRRI S )5 p 25 15
PRI A A ] 25 LR S 4P B SR, A R,
SR HCHR 8 56 4 ek T3 T A [ 45 B iR Y B K
i 19 B B fE NB KBRS, DUt — 5
R AR A AR R AR AR T £ L iR
R B S Y BEAEE 28 BB BRI I R &
AR PRI I Y S e Al RS R fi—E
R -

1 #R5HEE
1.1 SR EhY R4

e SD KR 30 L, {AHE 250—280g, H I g H
B2 2 K AE S sy b R . H AR 3R 20d, KR
TN EREE I BEALS R 3 4, 25 4L Bk B4 (B
BEIOTAL, FEAL 10 H o AR AS IR (9 20 L e A L T
BATEREC MW, WA G K EIFRIE LA R
B R  J e 7 1 e 2 DR L 4 5 ) ) e
1.2 HHEREM

e il J5 e ) AER o 2 Hp K = A S TR 22

SRR AR 22 . 52 o 22 T B SIS B T
15 D SR DR TEL , 22 T 5 D TECAR A6 24 LM 4 2k 210
JR A 5 1) 52 e £ 2 8 5 I e DR JULF DR 5
LI, F4 A AT RIS DS A HE B s SR APl 28 A
e S NSNS
G, (E AR 2 AT i TP B AL B AN 8 A [ (3R
D,
F1 AMARZBME BIZBMHE REHELE

PN YA PN S YA D)

S s s [T

PR e bk

A A 2V T10—L2 TI10—L2 L1—L2
RIS A AR S2—S4  S2—S4  L6—SI

121 #E E BOA a7 B - BEPE T10/11 #E
] BT, 5 4 A B S TV B 1 B i A 5
P28 R s I RS AR R SR R o T B
AR, BECRER T e s BE AR i s i, SGE T
FH LT 1 A T 1 1B e T R B A4 B A2

1.2.2  HERE T BOA a0 B R 07« e L2/3 M)
Bt , 50 R T R B R V BIR R T B B 4 s
285 B IR RS TR ) g SR 8 AR (A ot 22 7
S2—S4, % W K FUMEIAR L2—4 B4R 2300, Kk Ik
K L2—4 5 B U W7 G 1) 52 Jeto 22 K- J e AA 410
38 PR AIUISCAR B R T8 P 4 249 LA 3t , DA 4900 1 T e A
A HEDR o ASSZIR Ry R PR I R RE R T A G
TFREEXT Fb , SO B L2/3 HENR] B AR A R T

1.3 st

25 FVAUE BRI SR ANSUE AT b B, AR R Rl
HECAN [] 1) 3 2L 3 3 A 7 () 6 00 B b A 7 i 8T, LA
T .

K Ffl Hassan Shaker -8 Wik m Lok )& |
TR R A SRR . SD K AR A2k K 24h
J& o 2R FH 10% 7K 4 S+ 40mg/100g 14 5 71 47 1
FE ORI . R UL PRI P il , e FE s JC e ik, B JRR
PRy o LR MO R B8 PR A R B 1 7 Bl I
FEHE AN ACEE 0 AN R S L e PR T B, WA B
2R T R BR , LURE T B A P W IE R A
— K 3em PATYI 0o FH Lk i B 43 5 B
JE, FAF-AR 0 0 W 2 T ) e UL, 2 s A TR B,
TR B B M ] B 0 PR A 2, FH 2 R T e A
[ B [ A L FE T AR I DIWE S, B0 1 R

www.rehabi.com.cn 543



Chinese Journal of Rehabilitation Medicine, Jun.2014, Vol. 29, No.6

o AR P R R I, BT e AR S 4
R, 485 PN I, Jo e B A A S e Bz, A R
RO HEE Lk, S TS, RIS 4 #0110 -
1.4 R4

BRBFARA20EEFEH 20 T UEHE. F
A b A R A S P A R A T AR T A ) B K
FRSE AR R 1k, AT R BT A L A
#£37.0—37.5CZ 0. AJFHIERFERER, N
TR, LAME T R AR RK, OK T 10% 5 25 b
IKINSERE FR . AJF TR BN G A SRR AR
MAE 7 (20ml/kg) AP iR 25 L. AR5 1—3d
MRS 85 5 20 1 U, bid; 4—7d T B S 5
207 U,qd. F Cred 76 R BRI R N 24T AT
HEPR , K 3 0 HEDR 5 F S0% TR RE R B R 2 &
FHM T Grannick 7532 T%E, By IE KRR AWE . FFE
BERTEIA S , K B M IARE R , 46 AR s il , 7
ZE R 24°C FIXHE B 40% R85 T BE R 3%, H ik
1 K ARG T TR K .
1.5 JUAShRUE K S BRR it
1.5.1  JERRIE AT ARTRIRR S , KBS i sh
1138, BIASREIG 30, R BT AT fih 22 7e 22 B b
F S HEPR 32 R, 155 b5 75 i B SR 1 o, R ) A
R ™, KB AETF AR BRI S A BE R e 0, 1%
DAL T R BRI DK R B 2, AN B A T HESR o
BREA TR S AR HE - A AR AS R By 451453 ,
5 A 53 51| 22 0Ky PR IS BE RN PRI 74 o
1.5.2 JBRARE SRS KR H EHRE AL
SFET R IE DL, WIS LER
1.6 I KBEE S e AG I

M FAREH1.3.5.7.9. 11,1315 RAE KRR
T PRSI  K SR f R B 2 i, AR D B
WN TP B R B UHE IR 51 K U e e E 6 1
15 WA S R A PN T T T AR BRER K, I R S e
PR S PR AJBS D , B 3248 R B I, 4
W — MR HE R TCIRIE R S, 2L a2 S
PRAE I LA 0.0 1ml/s 4 38 BE [ Ji e P VR 5 37°CA= R
K, [FIEH E R ZI B S R R A AR Y
A B TR AR SR KA AR R B
RIEMEF it
1.7 HE {4

544  www.rehabi.com.cn

K RGE RS 5 14 KAEK -G SN s IR T 371
HUBE D, 76 oK - AREURS b 8 PR WP UL Immx Tmm,
FE VKA FEER K sk, B T 4% 22 B F B [ 42 48h
LI FJRFTHE Yefa, 3% 100, x400 5658 T WLy
g
1.8 SLil2:oir

a3 B bR 22 3R T BRI EA T
TEASTER I Sy 2255 R I . AT B B A
Z AR TORER FB IR R 2208, 22578 H
LSD £ 1 SNK ¥ , J7 2245 5% 3% H] Dunnett T3 5 JL
AFFEIES AT RN 2 M EAS H B R R AT
K. B4 B SPSS16.0 8 4FkF 143 #

2 H#R
2.1 ARJFFFRAE AL

20 H.SCI KR (HK - 41=10n; #EEEL4=10n)FF &
JEBFR(E2) . ShRSET- K KETEARSGSH 1H,
FERFET R R AR S AR AR AR R
ACAIFET- A A, B E2H 10 HR BUOR G B YLsET=
1 H, AMESIHARFEPIET 1 H, AVESIBREEE 1
FU) A6 2 80% , BASE 7 1, 3 HUGIBRSZES | iR
70% ; fEARLL 10 R R ORJFERGLIET- 1 1, gL
Bzt 1 2 A715 5 90%, i 8 H,2 H AL,
BB 80% I RS B KA, ik 4 70% , fkHEL
60%.

DR R0 473 J R R Bl A o3 1) i o
e SRFAMARIR ARSI A T VG FLIR ERMAS I 1A 3L
/D T AR AR AR R S R . SR TR
K& T S5 T AT, DA AR AE R R,
ERA BRI 1 T PR e R S Jeke . i R — B 7

FR2 BERGEHZEMERERXREENHELE
- BB BE
IR O % B % X SE AL IR v
*ﬁﬁ&%ﬁi%% AR
. M TR, AP AR SR
e 2020 T 10 R A T
FURRENARRS I R
Bl 2 20 1 10 AN SR LI 5
Jiiilz 770 6 60 HHHER
PR IR 5 50 5 50 FER N
WMk 3 30 1 10 i T 44 EE bid
55 1 10 0 0 g
B Ry 2 20 220 SR
BT 7 70 6 60




FRRAGCIHE 20144, 529% 561

ARJG 1—3d N H B, 3 AT REJE B 55 RE RS ik S 3
BN ML WA N, Z RS R . KR
A EWE T BORG, 75 ROh 5 BE R W7 5 # 25 5) RE sl
T30, FH 50% I AE A K BUR 21 & 4P Grannick
T RS, B 1 TR i e AR A A R B A
Wi DA bR AEAb B, B8 T A s R BRI AT 5
BRI RIS T I RAE M R A%

22 EARFEMA SR

25 VHR A BRI A 4L BRBER 4145 10 ]

o WARSS , #E 413 HAIBRSCEE, ifsl 7 1 #ikhE
2 HUGIBRSCE, B 8 . A2 K RS AL fe K b5 b
AL R 3FR,

®3 BHHEBRGEHEFEEERXR

RAFEMBETWL (s, ml)
ZH 5
o P GohR 17d) ARG $—154)
= 10 0.950+0.097 0.960+0.143
i e 7 4.093+0.268" 3.185+0.567%
HkAELH 8 4.338+0.233" 4.450+0.251¢

DP<0.01 525 (41HHEL ; @P<0.01 5 E SR TTIHIAH . ; B P<0.01 5
AR

E1 BFHKREABMEE

'—;5

E ., — "

oz 4

& e ~ i 528

= a1
=AU

&El : . ="

\’ﬂé L L L 1 AL 1 L

20T 35 7 9 11 133 15

TR ] (d)

RS 1—7d, #E -4 RBEBELL K RISAL T IR
FOIRZS , B KB e 2 e W R T, $m K R AT REAb T
BRERTE . B EARBRTEREE 7 K5, R BEEs
i T Bt RO B BRI T S R B E
PRIV av i BROR e 4 5 S A A 13—15 K5 R Bl
KM m it -G 10, nTREE S HE A SEi )5 b
ZLPRPEBS B AT RO R TR o M ARAEAT K iR
KB 75 B AR 55 1—15 K IR A4k, SR bR
WEERAS . AR IR 1 B AR a3, e A 21 R Rl A
IEE AP N eoN ) RS (kgL TR i PN R 5PN
JBE I 75 1, TE RS AR 15 K B KB e 2 A B i
UNGR ) EpNT RSN RS R L RS W Ak IR

2K BB 5 B KBS I 25 S 24450 2 11 41 B
FHE (P<0.01) s S BER T IAR LE , BT 1A Bt A 41
K ERE B R o 01 1Y) e R I IO 5 B B AT (<
0.01) , HEREH A7 2H K BB IR 7O 0 I s K e 2
AT TG AR (P>0.05) , $2 /- b 4] AR AR AL K
SRS R BRI v I, 2 R RN IR F IR I
PR SR 24 L, B BB e 1) BIRRE L R R
e RS e 2 & B 5 FHRE R 4L (P<0.01) , $2 R K
B BE A AR5 5 2 DR I e T S50 1 e
AERREG DL S s K e AN ], i) .

2.3 JBEBEHE Qe 2UE 82225 R

mE 2 s, 528 AR R I, 88 B S
FEEBES 1 )5 I BB X2 H BN (R R B A Bz A e
HESNZEAL , A R A2 A s, HA A A mT 0K o
R PR A B, R YRR, IF A A TR R B A9 40 i 72
I, FE A E R RS

E2

BABMARARTFHARRENE

(HE%:(2)

“S 4L <400 HE 55541 %100

3 itig

B 4 R DT R B 1 B A [l 2 BB b
PRGESFUPRIG RIS . 2 RIS REIR S 1, b5
IO S SR 2 R BA Teok T e . K A BER K
A RRBEHR R PR OB T 588k 5 T E R HE IR

A EHAL <400 HEBEITE 100 ACBEIGLL x400

AR P, HEPR S 58 AR B3B38 5 28 JiC T Bk
S A8 PRILE K (07 He ey HH BROCH Pice , =
Bopp 22 e PR VLE B T E" K PR L-5 2 L
Rl 3, REOR se i s, B A B 75 K BUBS e T
I B G  RBUN BRI R A . TR 7d )5

www.rehabi.com.cn 545



Chinese Journal of Rehabilitation Medicine, Jun.2014, Vol. 29, No.6

LA R 15 BB I ol B R D, 7 SR
e 8 PR LT HE H BUR R ES ; 1A 12—14d
Jo i R ZS f i A6 1, T RE SR R B R L R
FE o MRS K BRI A Sk 28 I A2 S 28 S K
KIS 252400, HEPR SO A% 38 B ER , fl /145
LN NFELINIERZE SMEL L L s, RIE R VLG
IR < i N PO s G T N ) ks
PR PRI o BREIR SIS , KRR B4 11y Bt
EE IAF N FRPREAR , 3 28 5 Sk b i A — 3
I R A5 00 5 A ARARLD Y T HE W B E R
BREA T, BRI B TR .

AW 5Y 2 B8 Hassan  Shaker - 8 W i2: " 3 i
DAk ), il VEAS ] B CIE 17 B A EE 15 By ) KR
B HERE WAL . 78 TR R, 75 BY 5 56 W v
1—2mm, A BJ 1F 9 s , LA BT L 190 5 5 T i e 4 A
G T IARTE W om A JH 5 S V) BH A, — %5 18
REA — 1 B A, AL KRG I R SR 0 13
JERAENEHE A @, REREN A XER R
D7 A BAR T KB SE AR AR AR | A b
I PR S DR 6 I e 8 3 R e B R A 23 Bt 1 R BRI
FEIE RN

AR, O TF AR 7 )5 i 28 IR I8 e R 5
R 22 | T 71T B R R P
WA A ABFTER BRI 5 7 R LA
T OA&MNTRSH T Hil B NI ET R BAESE 15
i A28 VR T IO A TR S £ DA R A S5 4 B A R A S
R, HEAE O B SE B T 2 M R SR IBCE R 7 4 R KT
PRIVEAS R B (HIR_E79 B ANk 19 By ) B it i 5
Pt 22 A B R BRUBE AR, I 5838 1 AR N R 5 9 2
I ARG T IS KBRS 2 B TR
KT IFRIER KA QASCHAH T/ B REH
FNRERES 7 5 Fih 22 Y TR IO () AN ) 8 403 43 1 B 1)
BRI, (B3 o %o A e A I 25 2k Ay sl , 08
TR EA R A A, B S P
AR RE R BT BE , S AR IR B ] e 44t 17—
SE KA . @ARBFICR T B850 W, mR Y
KEZENIEREPE DA —HF A kxR ]
R, A28 25K,

25 T A SR F A B 57 4 R Wi ] 25 AN )
5 B (RIE_E BO AN BIRRE 19 B ) Bt 4 J e vk I

546  www.rehabi.com.cn

BER BT, JF5e38 TARN AR BT 58, DIBR
M—ER ARG ATEE R AR MR R
TS P RS IR RIS R R B A
FHRAE R AR, B e RE MBI ST SR LA

Sk

[1] Pagliacci MC, Franceschini M, Di Clemente B. A multicen-
tre follow-up ofclinical aspects oftraumatic spinal cord injury
[J]. Spinal Cord, 2007,45:404—410.

[2] Craggs MD. Pelvic somato- visceral reflexes after spinal
cordinjury: measures of functional loss and partial preserva-
tion[J]. Prog Brain Res, 2006, 152:205—219.

[3] Thomas DG, Lucas MG. The urinary tract following spinal-
cord injury[M]. Chisholm, Fair W. Scientific Foundations of
Urology. 3rd ed. Oxfor: Heinemann Medical Books,
1990.286—299.

[4] Kane RJ, Siroky MB. Classification of neuro-urologic disor-
ders[M]. In: Kane RJ, siroky MB, eds. Clinical neuro-urolo-
gy. 2nd ed. Boston: Little Brown&Co,1979.143—158.

[5] Inskip JA, Ramer LM, Ramer MS, et al. Autonomic assess -
ment of animals with spinal cord injury: tools, techniques
and translation[J]. Spinal Cord, 2009, 47 (1): 2—35.

[6] Li RZ, Zhou MW, Zeng FS. Observation of neuropeptides
in bladder after spinal cord injury in rats[J]. Zhonghua Yi
Xue Za Zhi, 2012,92(15):1058—1061.

[7] Abdel-Gawad M, Dion SB, Elhilali MM.Evidence of a pe-
ripheral role of neurokinins in detrusor hyperreflexia: a fur-
ther study of selective tachykinin antagonists in chronic spi-
nal injured rats[J]. J Urol,2001,165(5):1739—1744.

[8] Zvara P, Sahi S, Hassouna MM. An animal model for the
neuromodulation of neurogenic bladder dysfunction[J]. Br J
Urol,1998, 82 (2): 267—271.

[9] W& Ie 55, B 01 AR AL, A5 O U RS (5] - TR 15000 )5 it 2 U
DAY 14 Bt 8 3 2 A A 0], AR B PR~ 5 R A 22,2007,
29(10):664—666.

[10] Shaker H, Mourad MS, Elbialy MH, et al.Urinary Bladder
Hyperreflexia:A Rat Animal Model[J].Neurourology and Uro-
dynamics, 2003,22:693—698 .

(117 FEIEH AR b S 55 A B OV o 22 S MR FB D i PR L2
IRMCEFTE[I]. T MBS 2y, 2012,43(1):9—12.

[12] Shaker HS,Hassouna M.Sacral root neuromodulation inidio-
pathic nonobstructive chronic urinary retention[J].J Urol,
1998,159:1476—1478.

[13] David BT, Steward O. Deficits in bladder function follow-
ing spinal cord injury vary depending on the level of the
injury[J]. Exp Neurol,2010, 226(1): 128—135.

[14] Santos- Benito FF,Mufioz- Quiles C,Ramoén- Cueto A. Long-
term care of paraplegic laboratory mammals[J]. J Neurotrau-
ma,2006,23(3-4): 521—536.

[15] D'Amico SC, Schuster IP, Collins WF 3rd. Quantification
of external urethral sphincter and bladder activity during
micturi- tion in the intact and spinally transected adult rat
[J]. Exp Neurol,2011,228(1):59—68.

[16] Fowler CJ, Griffiths D, de Groat WC. The neural control
of micturition[J]. Nat Rev Neurosc,2008,9(6):453—466.





