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Effects of Unloading induced Denervation on Trabecular Bone of Growing Mice;
Gender-difference
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The aim of this study was fo investigate, through a longitudinal tracking, whether gender
influences morphological characteristics on frabeucular bone of tibia during unloading. 12 male
and 15 female ICR mice at 6 week of age were used and randomly allocated into two groups in
each gender; unloading and normal group, respectively. Mice in unloading group were operated
on denervation (sciatic neurectomy). The tibiae were scanned by using in vivo micro-computed
fomography (micro-CT) at 0 day (before denervation) and after 14 days. Structural parameters
and BMD on tibia were measured. In female, BV/TV (65%), Tb.Th (5%), Tb.N (61%) and BMD
(62%) were significantly decreased and BS/BV (17%), Tb.Sp (54%), SMI (19%) and Tb.Pf (75%)
were significantly increased after unloading (p<0.05). In male, BV/TV (1%) and Tb.N (10%) were
significantly decreased and SMI (5%) was significantly increased after unloading (p<0.05). In
addition, trabeuclar bone loss of female was significantly bigger than that of male (p<0.05). These
results indicated that effects of unloading on trabecular bone in growing mice might have
difference between female and male, although unloading result in loss of quantity and quality on
trabecular bone both female and male.
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Table 1 Structural parameters and BMD of trabecular bone (Mean + SD)

BV/TV (%) BS/BV(l/mm) Tb.Th(mm) Tb.Sp(mm)

Tb.N(1/mm)

Tb.Pf(1/mm) SMI BMD(mg/cms)

day 0 day 14 day 0 day 14 day 0 day 14 day 0

day 14 day 0 day 14 day0 day 14 day 0 day 14

day 0 day 14

9.16
+1.24

9.02
+1.23

90.03
+4.91

75.26
+3.32

0.06
+0.00

0.07
+0.00

0.23
+0.02

UM 0.27

9.79
+2.78

11.02
+2.13

83.60
+7.6

72.00
+6.09

0.07
+0.00

0.07
=0.00

0.24
+0.04

NM 0.27

12.97
+3.33

4.61
+0.79

71.65
+5.26

83.66
+6.50

0.07
+0.00

0.07
+0.00

0.25
+0.05

UF 0.39

13.36
+2.63

10.90
+1.87

68.99
+5.45

65.98
+4.64

0.08
+0.00

0.07
+0.00

0.25
+0.02

NF 0.34

+0.03

+0.04

+0.06

+0.04

0.12
=0.01

0.11
+0.01

2398
+2.02

242 253
+0.07 =0.10

1.42
+0.17

1.27
+0.19

24.92
+2.51
236

+0.10

0.12
+0.02

0.12
+0.02

2.40
=0.11

23.49
+4.24

20.30
+3.03

1.47
+0.39

1.54
+0.27
0.14
+0.03

0.05
+0.01

223 2.64
+0.13 +0.09

17.73
+3.65

30.01
£3.31

1.84
+0.43

0.69
+0.10
0.14
+0.02

0.11
+0.02

16.82
+3.23

17.53
+2.99

2,19 227
+0.12 £0.10

1.88
=0.30

1.44
+0.23

UM : Unloading Male, NM : Normal Male, UF : Unloading Female, NF : Normal Female, BV/TV : bone volume
fraction, BS/BV : bone specific surface, Tb.Th : trabecular thickness, Tb.Sp : trabecular seperation, Tb.N : trabecular
number, Tb.Pf : trabecular bone pattern factor, SMI : structure model index, BMD : bone mineral density
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Fig. 1 Structural parameters in trabecular bone at 0 day (a) BV/TV, (b) BS/BV, (¢) Tb.Th, (d) Tb.Sp, (e) Tb.N, (f) Tb.Pf,
(g) SML, (h) BMD, *: vs. Male (p<0.05)
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th(p<0.05). Tb.Pf = UM T°] 3%, NM o] 13% 7+ 9} g xpo] 7k A THp<0.05).
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Fig. 2 The relative variations of structural parameters in trabecular bone, {a) BV/TV, (b) BS/BV, (¢) Tb.Th, (d) Tb.Sp, (¢)
Tb.N, (f) Tb.PE, (g) SMI, and (h) BMD, *: vs. Normal group in each gender (p<0.05), 1: vs. Male in unloading
group after 14 days of denervation (p<0.05)
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Z1o] 5%, n}ﬂO] 19% S7H8tglen, of & & A}
olo & ol AFol7h AU THp<0.05). BMD = &
2ol 6%, ¥l 62% T3 Lw, o] F I A}

o= R Aol 7h A ATHPp<0.05).

4. &

B ﬁ?oﬂﬁ‘ AN AR, FR AANA F
FARAAEE AN wRE BHE mUP
5 AW AUE BANAA G4 WHE BE
ST el me 1 WsE viasyc

TEANEEAAEE APs7] Hol(day 0) LA
A Z 2] BV/TV, Tb.Th, Tb.N & F3 o] B3t
FostA 2 @& Bloem TbPf, SMI & #<3
A L s BHG olE Fio o4y dFR H
TR Fo Hlsﬂ =%ol o ”}9—“1 gl
al

A

& AAF=7](reproductive cycle)ol] <4
3l 93t Aoz AzZHa ¢ M
ANk, A8g 1A AgeA W vk glok
R BRI 44T HAF T2 %
Bel wskg mwagt o0 A% PRAT @
719l WF BV/TV, Tb.Th, Tb.N, BMD £ 2|34
#4393 BS/BV, Tb.Pf 9 SMI k-2 fr<l3tA &
QL ol BRez Astel Y B 34
Q izt fadn dAyel WoiI F aFe

Fel7k g T2 PSS Yedth 53 BSBY
o Z7 2 & 724 vt vEY ¥

Z 39 (mineralized) = AFY FEHel A
(erosion)o] o] WA LS UL &

2RE AEF(@esorption)” HIE3LA
o gk EJ olet ZE A
o] Ry A ®IEE vERlE o]
FA0l A T AFFIE FUE)
o7 JAATL? o2 HE ol FHEE
Z &4 ddle 74 E¥(perforation) T} 3f
gkol A (trabecular thining)®] 7 54 & 5’_1,:—
g8 4 Ut} olet ZE AWEY TX
N WstERE AR HUF 4

rlr =

0,
o Mo

i%nEer
3 e Lo

3

Pﬁ rﬂ

—_

ol
A

N
%
o3
o
>
o,
1u3)
3
o
ok
2
N T
oo
ﬁ‘%
%0
Boso
‘E-E
(o3

ke
é 0
i
ek

Z71eke] W Fo ¥FHA £A4AF F LT F
$HEel H3E dode AL HIT F AT
o|2EE FRN FEIE HY AFTE FY
AZL &g 4 UJuhP AN 4Fe] W3
9= t24 BS/BV ¥ o E Fx23 I vHe
o3t zolrt giTh ol=H W wAE&L W3}
7 9848 45T 4 UG o]Z2FH FAY F
B2 3 & &4 U+ 4RI} E "=2A F
2 HEFTY gholEe EAS RYS AT
ATh olEA BRI 7 uIFe ¥4 4F
EAS fasie o2 A% W FErr s
A& 4 ot
w3k

.

g

g5 F2H stetuHEe) WsEg v
tae o, 93l dskge o & %A ¥
ol2X PRI gAY Wel o 2
o % itk o Aze B3
e Ee] Wl o Ade
Yoz Ao ol ge
58 29 3
Eﬂ R Al
o] FHBFE BRI HBZo] B
MR ATl AeT FHe
| 71Ee) A7ug o oY AE ALY
2o o]g} e HolB Rol: Aoz Amdn
_z[_)‘14

50
52

off o 0 rg ok H

R
rl
L

ftjo
&
—r
g
to, o

ot Ho | M ook
o °§~ e o
P A (e
[+
2 Tl
N i)
B ol st
|0
f
2
v
)
Eepen
-11
of

RN OE R oo & 2 N o of Y Kl
i 5

P

o

¥ A7 AREE TR 94 #A9
of HuTe FAA 4 B YA EHS Qo



o
HJ
ox
ue
Ok
1o
ol

5% M 26 103 pp. 122-128

October 2009 / 128

ITERAQ WEE derAw I wE Ax
542 A me gEE #Addgit o=
FFREA AL FHS stel wAsts wo
A7) g ey 2 Ang A% o

: By dRel we ojm g Wt
do7leAe e FA8L2 A7 Fasd.

1. Chung, K. Y., “Artifical Gravity; Aerospacemedical
Aspect,” Journal of Aerospace Medical Center,
ROKAF, Vol. 53, No. 1, pp. 3-20, 2006.

2. Cavanagh, P. R. and Rice, A. L., “Bone Loss During
Spaceflight,” Cleveland Clinic Press, pp. 2-5, 2007.

3. Cavanagh, P. R, Licata, A. A. and Rice, A. I,
“Exercise and Pharmacological Countermeasures for
Bone Loss During Long-Duration Space Flight,”
Gravitational and Space Biology, Vol. 18, No. 2, pp.
39-58, 2005.

4. Collet, P, Uebethart, D., Vico, L., Moro, L.,
Hartmann, D., Roth, M. and Alexandre, C., “Effects
of 1-and 6-Month Spaceflight on Bone Mass and
Biochemistry in Two Humans,” Bone, Vol. 20, No. 6,
p. 547, 1997.

5. Ames Research Center, “Final Reports of the U.S.
Experiments Flown on the Soviet Biosatellite
Cosmos 2044,” National Aeronautics and Space
Administration, 1994,

6. Morey-Holton, E. R. and Globus, R. K., “Hindlimb
Unloading Rodent Model: Aspects,”
Journal of Applied Physiology, Vol. 92, No. 4, pp.
1367-1377, 2002.

7. Suzue, N., Nikawa, T., Onishi, Y., Yamada, C,
Hirasaka, K., Ogawa, T., Furochi, H., Kosaka, H.,
Ishidoh, K., Gu, H., Takeda, S., Ishimaru, N., Hayashi,
Y., Yamamoto, H., Kishi, K. and Yasui, N., “Ubiquitin
Ligase

Technical

Bone Formation
through Suppression of Igf-I Signaling in Osteoblasts
During Denervation,” Journal of Bone and Mineral
Research, Vol. 21, No. 5, pp. 722-734, 2006.

8. Garces, G and Santandreu, M., “Longitudinal Bone
Growth after Sciatic Denervation in Rats,” Journal of
Bone and Joint Surgery, British Volume, Vol. 70-B,
No. 2, pp. 315-318, 1988.

Cbl-B  Downregulates

10.

11.

12.

13.

14.

Zeng, Q. Q., Jee, W. S., Bigornia, A. E., King, J. G Jr,
D'Souza, S. M., Li, X. J., Ma, Y. F. and Wechter, W. J.,
“Time Responses of Cancellous and Cortical Bones
to Sciatic Neurectomy in Growing Female Rats,”
Bone, Vol. 19, No. 1, pp. 13-21, 1996.

Bikle, D. D., Sakata, T. and Halloran, B. P., “The
Impact of Skeletal Unloading on Bone Formation,”
Gravitational and Space Biology Bulletin, Vol. 16, No.
2, pp. 45-54, 2003.

Jarvinen, T. L., Kannus, P., Pajaméki, 1., Vuohelainen,
T., Tuukkanen, J., Jarvinen, M. and Sievénen, H.,,
“Estrogen Deposits Extra Mineral into Bones of
Female Rats in Puberty, but Simultaneously Seems to
Suppress the Responsiveness of Female Skeleton to
Mechanical Loading,” Bone, Vol. 32, No. 6, pp. 642-
651, 2003,

Hefferan, T. E., Evans, G. L., Lotinun, 8., Zhang, M.,
Morey-Holton, E. and Turner, R. T, “Effect of
Gender on Bone Turnover in Adult Rats During
Simulated Weightlessness,” Journal of Applied
Physiology, Vol. 95, No. 5, pp. 1775-1780, 2003.

and Skerry, T,
Osteoporosis as a Failure of Bone's Adaptation to
Functional Loading: A Hypothesis,” Journal of Bone
and Mineral Research, Vol. 16, No. 11, pp. 1937-1947,
2001.

David, V., Lafage-Proust, M., Laroche, N., Christian,
A., Ruegsegger, P. and Vico, L., “Two-Week
Longitudinal Survey of Bone Architecture Alteration
in the Hindlimb-Unloaded Rat Model of Bone Loss:
Sex Differences,” American Journal of Physiology:
Endocrinology and Metabolism, Vol. 290, No. 3, pp.
E440-E447, 2005.

Lanyon, L. “Postmencpausal



