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Abstract: Objective To study the correlation and characteristics of brain structural and morphological changes in rat models of
chronic lower limb pain due to lumbar disc herniation (LDH) using voxel-based magnetic resonance morphometry (VBM) and
pain behavioral observation, thereby revealing the brain mechanism of LDH chronic lower limb pain. Methods Twenty-four SD
male rats aging 6-8 weeks old, with a body weight of (250+20) g, were selected as the research objects and randomly divided into
3 groups, namely Normal group, Sham-LDH group and LDH group; and the rat model of LDH chronic lower limb pain was
established by the transplantation of autologous nucleus pulposus. The pain behavioral observation was performed in each group
before modeling and on the 2nd, 7th, 14th, 21st and 28th days after modeling, mainly including the measurements of mechanical
withdrawal threshold (MWT) and thermal withdrawal latency (TWL). Four rats in each group were randomly selected to collect
T,-weighted structural images and VBM images before modeling and on the 14th and 28th days after modeling. Repeated measures
analysis of variance was used for the statistical analysis of gray matter volume. Results There was no significant difference in

MWT among 3 groups before modeling, without statistical differences (P>0.05). The MWT in Sham-LDH group and Normal group
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was similar on the 2nd, 7th, 14th, 21st and 28th days after modeling (P>0.05). In LDH group, MWT decreased significantly from
the 2nd day to the 14th day after modeling, and then remained stable from the 14th day to the 28th day after modeling. On the 2nd,

7th, 14th, 21st and 28th days after modeling, the MWT in LDH group was statistically different from that in Normal group and

Sham-LDH group (P<0.05). The comparison results of TWL were similar to those of MWT. There were interactions between the

rat brain structures of 3 groups at different time points, and the differences were statistically significant (P<0.05). Gray matter

volume was reduced in some brain regions, specifically, left hypothalamic region, left hippocampus subiculum, right secondary

motor cortex, right striatum, right septal region, right cornu ammonis, corpus callosum and associated subcortical gray matter,

molecular layer of the lateral cerebellum. Conclusion A rat model of LDH chronic lower limb pain is successfully established after

the transplantation of autologous nucleus pulposus. Long-term reductions of MWT and TWL emerge and the hyperalgesia occurs

after the modeling. The morphological changes in the brain structures of rat models of LDH chronic lower limb pain can be found

using VBM.

Keywords: lumbar disc herniation; magnetic resonance morphometry; mechanical withdrawal threshold; thermal withdrawal

latency; pain
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JEHE [E] 45 28 Y 9E (Lumbar Disc Herniation, LDH)
JERIAE S T34 R SOHE R 5% 7 B AR 72 J5 2F 45 0 i
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220 5 | A HEE BRI AT RO R 1) — R FIIE
ERE . LDHZF AN H Wk 2 K , 251
A I IR 1) A R IR Bt AT AR T O SR 2
AR, LDH B &0 ORI I H 2 AR AL
4. Jordon 4> il LDH 5% 3 A B i 405 5 g
1%~3%, L4 20~50 % {9 A\ HF 5 % e = . Matsumoto
SEBIL P NARHENR] 3% [ 20 2 TP 4R PR A 2 hE & &
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B R AS FIL 0] 23§ 43R AF . LDH Jim #1309 12 1 9K
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I7 7 FEARSHRIT M TF ARG X RS, R
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5 LDH IR AL R 2 2 B UTA IR RO HR . HETA
17383 2 7 1) LDH P AL =227 ML 38 BL A
SRAE A RIEALE L F B e SOV AL . SR IMTX 3 K
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XX 3 AL B I6 T ikt e = AT R g . P,
5% LDH BUm HLH , 5483697 LDH B8 i& 72 FHT
S, VISR i R T A%, B TR A I R SORITA 25
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P AE R, Bifi A5 i 2 285 2 A6 00 70 i 21 R AR B R
B KIGTESCm T i E H a2 2 B EH A, A

GE % IS M IR BB 0 R A TE 224 il X0 S5 ST
MINEE L D , FE B a5 el AR, FE TR &R
My G A Pk B A I & % (Voxel-based Magnetic
Resonance Morphometry, VBM) J& fifi i # ) 12 19 )7
5, VBM & DA ZR S B i Jmy R 2 B 1 7 v, 02 H
T e 8 i T A8 2 b e E W H T Bz
— G LR AL PR R TR R AT DA
X S I 30 T AR X LA 2 B 1 R A 0 T i R S
FAEH AR A EZANME . VBM B Z T
(W7 L NI S8 et oe=g it TR Y =Wk 7 SE D]
iE K R4 BUIE A4 AR SE ST B ST, (R VBM
PO R EZ N (T DS R N (I R A AN I
PRGN A8 8 1 LT i 55 12 PR AU Y B 9 A R DA
fief 3 (H 5T LDH M8 T B0 B9 VBM BFFE G A 2 DL .
AR FETF VBM 234 T LDH 12 P T R AL 7 K R
ki 235 ) B W 285 0 A8 (R AR DG ME SRR i, 4875 T LDH 18
PET IO A B AL
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HH Pt BE R KA R 2 S e s Wy b R it S G Ak
HIE : SCXK (#:)2011-0003., SZ5 1 B 4 %5 : 1ACUC-
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4H) T AR (Sham-LDH 41 ) M5 #I2H (LDH 4) , 5
A8 H
1.2 EENEEMXF
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1.3 LDH #H % Sham-LDH ZA#& 8 & 37

Z: [ Shamji 55"k FH [ AR BEA% B8 4 1 4 57 LDH
1M BRI R R B, LA 5% 7K A % (40 mg-kg™')
JUEJs P9 SRR T o BRI 2B A8 B B A 4 B K B R
ME 2 EAMETE &, JEH 2 5 cmx4 em , BUIF EMY [# 2 T
it 6 b BURARER L LA~L6 Ry il JZ BIH 25 3 3
BUR IEH AT 10 25 2.5 em, 1k 0L B 52 2 R 55 L
L VITIE B2k, B S I 20 2R 8 32 2 03 85 B ik
MR Z LIRJZ , ARS8 AR 55 LR 2 2L, 5800 2
8 L5 A M AE AR S FLARZE , 253k 1k il B 32 ok v W Bk LS
A HE R Ak 58 e FLAR 5 | %% 58 A JE o0 s B LS il 2
MR, MR BB B2 fish LS i 2 AR 75 2 3 A7 T JEORh 29/ AR 1iE
S5 BRI PR Y O, PREAERE S K FRATT T 1 em
Ab W i 3-0 JE e 88 2 B2 A A R R T L AR IR
VIFFHEA% B0, B 34~ FEAMEREAZ i T8 2L 25 .
PR B 0 EEHEBEAZ 8 T LS s AR— M 5, 38 )2 4%
4 o Sham-LDH £H {5 & % #f 5 4 i 12 L5 ff 2 4R
Ab R, AN ABER B R G H .
1.4 EREITAZNE
141 HLAEEESN AT 752 B Cunha %2R
AT -7 o 430 TR B 5 55 2.7 .14,
21,28 K 3L 6 A~ If (] A o R R B T
VonFrey A5 92215 A HLBE IS 46 L IK M 0.5 emx
0.5 cm FLARER 22 [, 5255 Hif 1 [V 15 min, 2K J5 FHT M1
ISR R BR A R IS s, R R 4 2 S R AT
Sk By BEPAE I 1 5 PH PR S I 32 50 ML 4 2 S
5 {8 (Mechanical Withdrawal Threshold, MWT) ,
SR BRUF] — s ) A 000 2 5 9, ARk I £ [] B S min, 2%
P 1A S (E AN 1A A, O34
1.4.2 #EBEKRN Ky kS 8 Hargreaves 55
KB Ik AT o Ao TR AT AR S 5 2.7
14,2128 K3 6 4> f [a] s Al o 35 & B i D
ASCAA T S L R 49 °C % KBRS EE T AR IR i ) 3k
A ~F 2 WA HLBE B AR v, IS O i, R R B
o R RE TR R BE P SO I SR I R 2 3R FH
PR B B B TE] Sy 3R 4 R s 5 T AR 38 (Thermal
Withdrawal Latency, TWL) , # 2 i [5] & 30 s, 4 K
SR o g R U] — s ) 50 o 5 vk, A k]
[E) B 5 min, 25450 1 A e (BRI 1A B AR (A, BOH P
BifH.
1.5 VBM B3R &

K ECR FH W AE S5 iU TR & SRR IR 9 7 =X
7 PR A 2000 3 2o 80 KBRSk S 11 4 09 05 Bl 14 AT
FVEAF R R Bk B O [ T 1 e R S e AT B
b, ZJRLL0.1 mg/kg b HERF IR, D45 S 0 Ak T4
RS o N FH A S0 S A I H A A AT I 2

RARFFAE 40~50 W /min, 4E 576 A BURAS T o 0 H
Bruker A 7.0 T 24 MR SGHA TR AT, 16 20 cm
IR, S SEUT AAZAIN0.5%0.5%0.5) mm’,
TE=15 ms, TR=2 s, JZ2/E=1 mm, J2%(=50, [F K/ 64x
64, FOV=(3x3) cm?, ffi F§ GE EPI /%41, T, AL 254
15 R4 ] MDEFT 551 .,
1.6 FEitZE0H

AW A BRI 2K FH SPSS 25.0 #E it 481t
St R RN T, JH AP IR DA TE 2S00 A B TR EORER
YA EPRE 22 R, 58 A BEPLBETH AL IR] Eb R FH A
R E 4, B I R TR g R A R A
J5 2253 BT A7AE 38 BAE FH B SR f87 SR AN 43 BT, IR
H GraphPad Prism7 34 AT VE IR, A P<0.05 Sk 22 5%
HA G2 S AR50 R 8 2 I 5 25 4y
B, FETE S AR I SR I 5 R 36 43047, LA P<0.05 24
SR HA G EE L

2.1 SHARELELILE
341 K B T B A RS LL AR 22 R TS T2
B (P>0.05), #&nm AT ek, TELE L,

F1 IEAREEENLE G +5)

Tab.1 Comparison of baseline data among 3 groups of rats (Mean+SD)

ol n R it /g R/
Normal £ 8 249.03+16.33 7.2540.71
Sham-LDH#H 8 250.50+11.59 6.88+0.99
LDH 8 240.81+17.69 6.88+0.84
FfH - 0.917 0.516
P1H - 0.415 0.604

2.2 3EKRRAE A ESZMWT LE &

ST 22504, 45 8 1 Mauchly 3K0E B2k
55 (P=0.152) o RABRIZEERIGEE R, R4 5 B 1] 5
FEAEAZ HAE T (F 50,0 . =43.488, P<0.001) , ff LAF2R
R AL AT o0 . TEANEE R 2 HorP oy /F oy
AR RN (] A5 P R AR fet 80 5 42 Ity 22 40 B
FJUEAEL , B F AR5 P g/ P o o AR ZE I BT 1] 55 P A (R A
S A i 2253 BT ) Sig. L, B PAAL

SZAKFERRATMWT HAR, 227950 148 X(P>0.05);
Sham-LDH 41 K FMWT #4555 2.7.14 .21 .28 K41
515 Normal 21 K FUHLEL, 25 7 RG22 L (P>0.05) 5
LDH 20K MWT MRS 55 2 R 14 K W AR,
ARG 14 K E 28 K, MWT Fa’E ; LDH 41 K L MWT
HAE A 2.7 .14 .21 .28 K435 5 Normal 41 K fR Al
Sham-LDH 41 K R LLHL , 25 5 A Gt t2# 8 L (P<0.05) .



- 823 -
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Tab.2 Comparison of mechanical withdrawal threshold in 3 groups of rats at different time points (Mean+SD)

FRF ] A Normal 41 Sham-LDH 41 LDH4] F s/ Pl
AT 38.72+4.83 37.96+3.85 39.63+2.63
2R 38.24+2.84¢ 34.89+2.04% 30.31+4.53
[ELUVEENDN 38.04+2.68° 35.7542.17 18.63+1.89
1.044.772/43.092 <0.001/<0.001
RS 14K 38.44£1.62° 36.3242.55° 11.88+1.88
ABGEH 21K 38.03+2.81° 37.8542.63¢ 11.45+1.22
ARG 55 28 K 38.37+2.05° 38.09+2.122 11.58+3.67

a/R5 LDH A g, 2250 HA G247 3, P<0.05

2.3 3AKXBRAERE S TWL Eb 8
22 H R 22 50 M, 445 SRl ok Mauchly BRIE &
ki (P=0.263) . >R JHERIE B 3045 5% , K432l S5 )

6] S AT AE S HAEFH (F y00,,=18.966, P<0.001) , FIT LA
TR FH ] BB N AT 0B o TEANZS R WL 3. nl L
TWL A4 5 5 MW T 23 Hr 48 AR

3 3HARRARAT = TWLEEE (7 + 5)

Tab.3 Comparison of thermal withdrawal latency in 3 groups of rats at X ifferent time points (Mean+SD)

ISP R A Normal 41 Sham-LDH 41 LDH# F s/ F s PP
AR 18.78+2.52 18.93+2.32 18.58+1.96
FIEH 2R 17.89+1.492 16.04+2.49° 12.02+1.58
[ELUVEENDN 18.09+1.28¢ 16.58+1.71° 8.62+1.41
595.871/24.632  <0.001/<0.001
RS 14 R 18.64+1.96° 17.58+0.86* 5.91+1.24
RS 21 R 18.34+1.27 17.81+2.52° 6.11£1.43
RS 28 K 18.06+2.13% 17.86+1.20* 6.03+1.03

a#/n5 LDHA R, 2 5 HAT G245 X, P<0.05

2.4 3HKRAFE A E & VBM Eb3

3 21 A AN [i) HsF ] 53 iy 5% Ay IXJ 1 35 77 76 28 1
ER, 23 BAGIEE X (P<0.05) . ARUFFREGHR D
AN R AR FR IS 8 I XA 22T e A2 R R A
RN B 2 )2 AT BCIRAER A X AT S SN i
I3 )2 PRIRAAR BSOSO B R R BT, TR IR WL 4
FE 1.

3.1 FHYRBE KB X SERBILHITEN

LDH PR L i 1) BF 5 -5 S W80 f) Jl 2t S 2
ANT] 43 Mixter % U4 1934 4F £ H M 8] & £F 2 56
B A% ZH 25 KA 0 S e 3 A AR 5 | 1) 18
PR BRI LDH 5 |2 AT 4 1 22 fifp 191~ S Ak, JE
T LDH BUs AL °7 Ui 2 — A LB 3B AL o x5/
NN I ST R A L B/ S WA S )
PLH PRIE 46 5 9 LDH KL R H 7 S 3145 il 2 S il
SR PRS2 BIE B LA 38 I AN 2 LDH P Py
A A B ME— AL o A —ER e B R P oA
W 5. 689 LDH AE 2R 7 A2 TR IR 22 AR, A7 — 3%

x4 SEARAEIA B R & RFFRR DR XR S
Tab.4 Report on brain regions of gray matter volume

decreasing at different time points in 3 groups of rats

MNI AB 7
i X wEXN  FE
X y z

FRGEssZZ 1,65 240 615 78267 827924
e T e -1.50  -3.00 -2.85 652 40.144 2
FEEEINEN 480 -0.90 1.80 304 32.6759
Al X 120 -045 135 160 385686
ARG 375 -6.00 345 948 37.1242
Fiig o 345 540 3.90 919  39.6567
/N 5352 480 -13.50 4.05 234 46.366 6
VAN D= -4.95 -13.20  3.90 889 527355
WA 270 0 405 1429 632676

B IR R I
U3 255 0.5 4.05 563 484523

BT KB

O30 1) 5 A8 R DU ] 2852 H et AR 181 3 AR A
LA B BRI . I AL LU T AT
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Fig.1 Brain regions of gray matter volume decreasing at different time points in 3 groups of rats

eI AL Z ], G RGN 2 BRI RIRIE S, T8
IV HE I, H: 3 8 5 ) o oA YR AR T 2 M ) TR A
TIIBE , PRI I 35 M B) AR R %) i) 254 L T\ Ol 58 R A
(B 5B A B e e 1T, B A% 5 8 S 24 kg
o5 | 7L 8 B 114 AR YRR S 4 52 o R 400 i S S B it
4 Shamash %5417 T8 A [A] 55 20 22 0] 1 5 430 4 1 4
JE PR F- 4 TNF-a IL-1o/B  TL-6 FTTL-17 45, 3% 86 42 1
248 DR 5 A T 5 PN A 002 A s o I A B A T
T A A RIE S A B NS R YT
KiFES fF I RiET EEB AR SEL M T B
IR 55T A 27 EORN 19 B S8 5 0 oA B Bl ) 2
BT 2020 o Sk B e b ASE DL DA v M ) 8 R 5
PR IO B 7 AR SRR ) A A, T R I R
LDH A% B 2, A 52 50 R FH LA 38 5 2 PR 3
ILAFRBOm LG 885 K B AR BER AR, B R
A AR A B A A R0 T LS AR, A 2 5h
YRR R A A ST LDH 12 PR A A= ML R G D BE i
S S 5 IR E
3.2 ERERIGIES T

Xof P 26 MR L e R 3 R R A A% A 2L 0 WA 1 R
P 200 R 6 A R AR 8 3 ol 6 R VR i 1 L
FORACR . 15 LDH 4K RAEAR G 7748 — A K B2
) MWT FIITWL B FAR , B BT 0 i L, 3 A

lo HWEIE & BT AR B0 2815 1 B ALK R 8 X sh
HEE Y B LA B 5 A 0 1 25 7 AR S e o o e
{149 72 A ] %9 2R B A 4 s R 1 K S S s 2 R 1
W FARI LA G THFBRKRHEY 2> mh
SCHRFRAE , HILAR IR D 2 f5 RN $A o 2o Scf i IR R
BFAEAE Y . ASHIFSE (R 45 5 5 2 500F 58 & IESE i HL
R ] 1 R ARG [ {2 % O 8 7 A A —
3. Kawakami %7 & 3R F A R B4 88 A1 7 1510
Xof S HEE A1 s R A 28 ARAS 165 18 38 A I 00 T TR R 25175
R AL ] {0 RS 1 (A R AT o o o B S i 2
F 03 5 W ARAAIE , 55 0 G o A B A R R 2 41 4
AV 10 1 R A7 2575 i iR B A DN YA ) (L
KRR . 25 L AR o A RS
WA AR 8 7 1Y LDH 12 M T B R USSR/ E @it e
FEAT R B RR R S B S X 51 R - LDH 12
PR ISR AR A 1 2R B0 RN & AR 1 e BB XM A
G, I HIIAT 2 A i i — 25 Y e A R Y AT A7k
I3 A K ERE TN 52 TR A4, A B A IR 4 1y v] &2
il
3.3 VBM&RSH

FIH VBM i JE 28 2 20 1 o, 3 40 K BRAS [ Bisf
i) S 25 0 X L R AE A BAE L, 22 S A St t
2 L (P<0.05) o G P 45 3 s K 5 AR B (Gray
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Matter Volume, GMV ) ik /> B ixi X A5 22 F Fefigi | 22 16
BN A RBs )2 AU R IX A
Ey RN 53 J2 R I AAR B8 B 5t IR . 4
PRAAR 2 MG FE IS A 22715 22—, SR HEAR AN R 0 2
53, FERIHLEE T WL 5K J7 Bl 45 FiokS 40 52 24

izdh, KEMIEGERA, ERME T mEs 5
ki - Bz JB0 - 5 JE o 2271 (] % U 518 MR 6 T iz Zj]
115 46 . F 3 PR FORN N A5 T A 9 i A B
RS B Bz 2 P05 88 R T 2 5 3068 Bl s gl 2
> i AR A IR S5 ML ) B AR 52 Sl L
e, {H Bishop % IA M08 i B L IR & — Py
”fﬁl*’ﬂ:?ﬁp%g?ﬁ E AR BB 1% A B VBM 4
K A i Dy e 0 3 PR 45+ pi 28 BUAR B R (FMRIB's
Software Library, FSL) ] 1 12 14 ‘B % WL I B8 5 Ak
0 i Rz 2 DL SR Gz B K 2 GMV b . T
SR TR I R N ) EE G DX, N 1 YA T A i
b IR MR H D AR EE A AR NS 2
256 A] A AZ A0 FR I, R B A Bl AR | £ R AT
%{29 Jia 400 3L F VBM 5% I 1 K B Sk 0 5 | ke

SEREPE IR AR | R AR TR BRIIGAA RIS &
4Q\MEZ):'£':ianE/JGMV/}jz o KIt b oEIE L8 P
%Tﬂ%ﬁjﬁﬂwmbﬂﬁ&ﬁ%*@ﬂ&ﬁ X6 I 1Y)
JEAVFIN T2 OGP AU B D etk 28
(R SR T L3 B 3L Sy AR R 28 2R 0 T SR P Y 4
Ho I, LDH 8 M T B VR g e i — A, 2
T 3 LDH A58 3 A B ki 7405 45 o DX 3R Jo ) ek 7%, AS
5% Al BRI 20 I W LDH 18 14 i i 58 48 20 2l 22, 48
7~ LDH 12 PR IR dILAR , e BRA T 7R a5 o

(5% 30iik])
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