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Effect of neridronate on degeneration of lumbar disc in ovariectomized rats

WU Zhao, WANG Yuan, WANG Hai-bo. SHI Jian-gang”
Department of Orthopedics, Changzheng Hospital, Second Military Medical University, Shanghai 200003, China

[Abstract| Objective To investigate the effect of neridronate on osteoporosis-associated degeneration of lumbar disc in
ovariectomized rats. Methods Totally 30 female SD rats, aged 3 months old, were divided into three groups randomly: Sham
group, OVx (ovariectomy) +N (neridronate) group (receiving a subcutaneous injection of 15 pug/kg neridronate twice a week
for 6 months), and OVx + PBO (placebo) group (receiving the same dosage of placebo). The rats were sacrificed and the bone
mineral density (BMD), bone histomorphometry and biomechanical properties were measured 6 months later. The histological
analysis and score were used to determine the process of lumbar disc degeneration, and the disc height index (DHI) and
thickness of cartilage endplate (TCE) were also measured. The protein and mRNA expression levels of collagen type [ (COL-
1), collagen type Il (COL-][ ), matrix metalloproteinase-1 (MMP-1), matrix metalloproteinase-3 (MMP-3) and matrix
metalloproteinase-13 (MMP-13) in the lumbar disc of ovariectomized rats were detected by Western blotting analysis and real-
time RT-PCR, respectively. Results The BMD, bone histomorphometry and biomechanical properties were better in the
OVx+N group compared with OVx-+PBO group. Histological evaluation showed that the DHI of rats in the OVx—+N group
was shorter than that in the Sham group, and the TCE of rats in the OVx+N group was higher than that in the Sham group,
but showing no significant difference, which indicated that neridronate could effectively maintain the DHI and delay the
calcification of the cartilage endplate. The histological score of the OVx+ N group was significantly lower than that of the
OVx+PBO group (P<C0. 05), suggesting neridronate could delay the degeneration of lumbar disc. We also found that,
compared with the OVx+PBO, the protein and mRNA expression levels of COL-] and COL-][ in the OVx+N group were
significantly higher and those of MMP-1, MMP-3 and MMP-13 were significantly reduced (P<C0. 05). Conclusion Neridronate

can delay the process of lumbar disc degeneration in ovariectomized rats, which may be related to maintaining the integrity of

[WFfmHE] 2015-01-20 (= HHE] 2015-05-22
[EEFA] % 4014 E-mail: wz461758450@163. com
*SMfEVE# (Corresponding author). Tel; 021-818885631, E-mail: shijiangang616(@163. com



S5O S B AE. AR S IRRR P B 5D B O R R A ] 48 1R AR

+ 937 -

lumbar, promoting COL- [ and COL-[] expression and suppressing MMP-1, MMP-3 and MMP-13 expression.

[Key words ] neridronate; ovariectomy; lumbar vertebrae; intervertebral disc; degeneration
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Tab 1 Sequences of forward (Fw) and reversed

(Rv) primers designed for the genes

Gene Primer sequence

Bactin Fw 5'-GTAAAGACCTCTATGCCAACA-3'
Rv 5'-GGACTCATCGTACTCCTGCT-3’'
COL- [ Fw 5'-GGCAACCTCAAGAAGTCC-3'
Rv 5'-GTGCAGCCATCCACAAGC-3'
COL-11 Fw 5'-TCATCGCCACGGTCCTACAA-3'
Rv 5'-“TTGTCACCACGGTCACCTCTG-3'
MMP-1 Fw 5-GCCATTACTCACAACAATC-3'
Rv 5'-“TATCACCTTCCTCCTCAA-3'
MMP-3 Fw 5'“TCTTTCACTCAGCCAATGCT-3'
Rv 5'-GGGAGGTCCATAGAGGGATT-3'
MMP-13  Fw 5'-GCAGCTCCAAAGGCTACAA-3'
Rv 5'-CATCATCTGGGAGCATGAAA-3'

K S 9 6 E &= PCR Y (Eppendorf, NY)
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Tab 2 Bone mineral density values of vertebral

body in the three groups

gecm 2, n=10, %5
Vertebra Sham group OVx+PBO group OVx+N group
L3 0.282+0.013 0.21740.022* 0. 280+0. 0194
Ly 0.293+0.018 0.22540.017* 0.285+0. 0124

OVx: Ovariectomy; PBO: Placebo; N: Neridronate. * P <C
0. 05 vs Sham group; £ P<C0. 05 vs OVx+PBO group
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IYESE T OVx+N 44 (P<<0.05), 5 OVx+
PBO Z1AH EE , OVx—+N 208" (b TR 32 FIE B 20 i 41
BAR(P<0.05),
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FIFBPERT R DL OVx—+ N 41 A BUME A B 77
5T Sham 21 (P<<0. 05) ; OVx+N 21 K BRMEAR 1%

B A7 o Je Fle 17 o A B RE 0 5 AR i T
OVx+PBOZ (P<<0. 05).

®3 J[AXRBESITEFER

Tab 3 Bone histomorphometry assay in the three groups

n=10, x*s
Parameter Sham group OVx+PBO group OVx+N group
Percent trabecular area (%) 46.147.3 20.2419. 4~ 32.0+4.5*4
Trabecular thickness d/pm 67.5+14. 3 40.5+1.9* 56.5+13.2*4
Trabecular separation d/pm 1027.4+116. 3 1485.4+120. 1" 1265.4+41.2*4
Mineral apposition rate (pm =+ d ') 0. 701=£0. 040 1. 24040. 088~ 0.910=+0. 0224
Osteoclast number/trabecular area (mm™2) 0. 060+0. 001 0. 22040. 001 * 0.130+0. 01248

OVx: Ovariectomy; PBO: Placebo; N: Neridronate. * P<C0. 05 vs Sham group; & P<C0. 05 vs OVx+PBO group

R4 JEAREEENNZFERE

Tab 4 Biomechanical properties of vertebral body in the three groups

n=10, x=*s
Parameter Sham group OVx+PBO group OVx+N group
Maximum load F/N 191. 1+42. 3 79.2+19.4* 182. 4+34. 54
Yield stress P/MPa 17.5+4.3 6.941.9* 15.5+3. 258
Maximum stress P/MPa 22.47%6.3 8.4+2. 1" 15.4+1.2*4
Elastic modulus P/GPa 0.740.1 0.440.1* 0.640. 14

OVx; Ovariectomy; PBO: Placebo; N: Neridronate. * P<0. 05 vs Sham group; £ P<20. 05 vs OVx+PBO group
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E R T OVx+N 4l A2 RIS . Sham
IR B LR R AR T OVx+ PBO 41 (P <<
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EH1 BEAKXR L BHEEEALARSFEER
Fig 1 VG staining of rat Ls lumbar
intervertebral disc in each group
A; Sham group; B: OVx+N group; C: OVx+PBO group. OVx:
Ovariectomy; PBO: Placebo; N: Neridronate. Black arrows showed
annulus fibrosus, red arrows showed nucleus pulposus, white arrow
showed cartilage end plate. and yellow arrows showed epiphyseal

plate. Original magnification; X 100
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Tab 5 Measurement of the disc height index (DHI)
and thickness of cartilage endplates(TCE)
d/pm, n=10, xts

Parameter OVx+PBO group
DHI 1494,0+31.6 1006.4+18.3*
TCE 204.546. 3 357.2+£8.2

OVx+N group
1 346.0+21. 64
259.1+7. 248

Sham group

OVx: Ovariectomy; PBO: Placebo; N: Neridronate, * P <C
0. 05 vs Sham group; 2 P<C0. 05 vs OVx+PBO group
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Relative protein expression level
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MMP-1, MMP-3 } MMP-13 % (1 £k m T
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B OVx+N

*
* A\
0.8 *A . x
* i s *
0.6 *A
0.4
TR - c—
0.2
0.04

B-actin —hm
= COL-1 COL-Il MMP-1 MMP-3 MMP-13

2 FAKXBFHL COL- .COL- ,MMP-1,MMP-3 % MMP-13 & 5183 Rix 8
Fig 2 Protein expression of COL-[ , COL-T , MMP-1, MMP-3 and MMP-13 in bone of rats in each group
OVx: Ovariectomy; PBO: Placebo; N: Neridronate; COL-] : Collagen type [; COL-Il: Collagen type II; MMP-1. Matrix
metalloproteinase-1; MMP-3; Matrix metalloproteinase-3; MMP-13; Matrix metalloproteinase-13. * P<C0. 05 vs Sham group; £ P<C0. 05 vs

OVx-+PBO group. n=10, x=%s
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2R : OVx+PBO 441 OVx+N 4K A4 COL-| z 1: . O 250
F COLAI 2 A 3¢ 3k 2 /I T Sham 4 (P <C0. 05); ég_ L
OVx+PBOZH I OVx+N 4 MMP-1 . MMP-3 I % £ 1o} ; TR
MMP-13 &[4 32 35 5t 5 F Sham 41 (P<C0. 05); é’;z . 1
OVx+N 4 KRB HL COL-T HH ik & &+ 06
OVx+PBO 4{(P<C0. 05), COL- [l #: N ki m T £ 04
OVx+PBO 4 {H 2 R4 it & L OVx+ N 4 " 02

00 COL-1 COL-1l  MMP-1  MMP-3 A/L’\/[P-13-

MMP-1, MMP-3 % MMP-13 #H £ ik &K T

[Z 4 R ZH 4 - - _
OVx-+PBO4L(P<0. 05)., B3 &EXRBER COL-1COL- I MMP-L,

MMP-3 }% MMP-13 mRNA f§X RiEZ =
RIS 1 Fig 3 mRNA expression of COL-[ , COL-1 , MMP-1,

MMP-3 and MMP-13 in bone of rats in each group

ASBIFSE R Ty At 7. 51 EE U0 R DK B B B i AL A
TR, FFAIFFEA% 7. T TR B RS 1 T s AR S 1 JEEE A ]
IBAT VR AZ 1 T S AT REAFFE PR AL, 5
Sham ZHAH L, OVx+N 20K BUE 25 BEFE = C/NgE
FARHARFI B /NI O F5 bR A PRI (B S OVx+

OVx: Ovariectomy; PBO: Placebo; N: Neridronate; COL-[: Collagen
type [ COLA[: Collagen type [[; MMP-1: Matrix metalloproteinase-1;

MMP-3; Matrix MMP-13; Matrix

metalloproteinase-3 ;
metalloproteinase-13. * P<C0. 05 vs Sham group; £ P<Z0. 05 vs OVx+

PBO group. n=10, x=%s
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