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polar moment of inertia (pMOI)9] #& =A3}Act.
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2E Ao dojR AFE+E= one-way ANOVA (the
post-hoc Student-Newman-Keuls) 2] ®Ho 2 f-o]4 7]
ARBEAT, 259 FAE T £ TFHA] oz el
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3. A3el =9

HhesE olgd TEAA Adel dF A7) o
BIE3 glont WA ol ke wulsh AP )
3 o, 58] 447) FRolN e Wah A ws
Sut) B AFelie 4Fge] 497) FRelA PAp
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847) A k2Tl 2 Gyel Akl ZAL F
B2 718 wsh APl ofle Fol YA 2AE
oA frol 99l gastelont 857 2 1250k Folt
QSIThTable 1. A% % Aol 77 B o] AT 53
S AR 2l T R sk gEA esic
(Table 2). AR 2t ol B ) ALPe] S5 W

Table 1. Time-related Changes in Grip Strength after Gamma-irradiation
with 2 Gy in 4-week-old Mice.

Group 4 weeks 8 weeks 12 weeks
Sham 1.42+0.05 1.42%+0.05 1.44%+0.15
IR 1.24%0.03* 1.25%0.17 1.45%0.11

Data are expressed as means + SD (n=6) of maximum load (N).
*P<0.05, vs sham group at corresponding times.

Table 2. Time-related Changes in Body Weight, Tibia Weight and Length
after Gamma-irradiation with 2 Gy in 4-week-old Mice.

Time after Body Tibia
irradiation weight(g) Weight Length
(mg) (mm)
4 weeks
Sham 20.5%1.6 40.012.2 17.7+0.5
IR 20.7£0.7 38.8%12.5 16,810, 4*
8 weeks
Sham 24.1+1.0 46,5+4.7 18.5%0.4
IR 24,7115 40.81+2.9 18.0£0.5
12 weeks
Sham 25.8+1.8 45.4%+3.3 18.5+0.4
IR 26,2125 43,2433 18.1+0.4

Data are expressed as means + SD (n=6).
*P<0.05, vs sham group at corresponding times.

AN 9] 79 ) R fE 34N SEREY

Table 3. Time-related Changes in Serum Alkaline Phosphatase (ALP) af-

ter Gamma-irradiation with 2 Gy in 4-week-old Mice.

Group 4 weeks 8 weeks 12 weeks
Sham 506.0 = 382 4143 £ 220 447.4 £ 95.1
IR 431.0 £ 91.0 3060.5 = 340 442.0 £ 228

Data (IU/L) are expressed as means = SD (n=6).

Table 4. Time-related Changes in Trabecular and Cortical Bone Properties
after Gamma-irradiation with 2 Gy in 4-week-old Mice Tibia.

Parameter 4 weeks 8 weeks 12 weeks
Trabecular bone
BV/TV (%)
Sham 11.12+2.06 15.26+3,37 20.43%5.63
IR 8.60t1.74 8.9512.15* 13.51+6.29
Th.Th (#m)
Sham 69.774£2.62 74101479 80.69+8.65
IR 69.35+1.86  64,9312,52*  75,02%6,91*
Tb.N (1 - mm™)
Sham 1.59£0.29 2.04%0.33 2.5010.45
IR 1.25%+0.25 1.37%0.29* 1.76%0.65
Tb.Sp (#m)
Sham 370190 298+62 268+40
IR 426169 390+67 388+121
Th.Pf (1 - mm™)
Sham 14,631+2.28 11.08£2.91 5.9243 47
IR 16.02%1.95 18.19£2,95* 10.19%+4.31
SMI
Sham 1.77%0.11 1.56%0.10 1.3310.16
IR 1.82+0.09 1.85+0.11 1.50+0.19
BMD (mg - cm”)
Sham 70+41 129+35 191146
IR 67132 70£29* 117+46
Cortical bone
BV (mm?)
Sham 0.689£0.031  0.767+0.062  0.857%0.025
IR 0.704£0.075  0.767£0.049  0.815%0.089
pMOI (mm*)
Sham 0.259£0.034  0.277£0.012  0.321£0.023
IR 0.243%£0.050  0.274%0.039  0.290%0.044

Data are expressed as means + SD (n=6).

"P<0.05, TP<0.01, vs sham group at corresponding times and parameters.
BV/TV: bone volume/tissue volume; Tb.Th: trabecular thickness; Tb.N:
trabecular number; Tb.Sp: trabecular separation; Tb.Pf: trabecular bone
pattern factor; SMI: structure model index; BMD: trabecular volumetric
mineral density; BV: bone volume; pMOI: polar moment of inertia.

37} QIith(Table 3). siwm W3}l oA 7P =
A& 8F HE Zale] Wt el e, BV/TV 4
BMD2| Hitx 7|Fog wFAMzTo| uls] Ztzt
41.3% B 45, 7%= 85 7MY w2 S4He ARE B
ACh(Fig. 1, Table 4). x'dwe] -9 A &2 717t F
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Fig. 1. Micro-CT images of the tibia for control (A, B) and irradiated (C,
D) C3H/HeN mice. Sectional view (A, C) and reconstructed
three-dimensional image (B, D).

Table 5. Dose-related Changes in Grip Strength at 8 Weeks after

Gamma-irradiation in 4-week-old Mice.

Irradiation dose Grip strength (N)

Sham 1.521+0.197
0.5 Gy 1.459%0.207
1.0 Gy 1.324%0,101
2.0 Gy 1.613%0,132
4.0 Gy 1.592+0,142

Data are expressed as means + SD (n=6).

Table 6. Dose-related Changes in Body Weight, Tibia Weight and Length

at 8 Weeks after Gamma-irradiation in 4-week-old Mice.

Tibia
Irradiation Body weight -
dose @© Weight Length
(mg) (mm)
Sham 26.311.3 50.0+6.6 19.1+0.6
0.5 Gy 25.9%+1.9 46,4%2.6 18.7%0.4
1.0 Gy 26,1%1.4 51.4%4.4 18.8%0.3
2.0 Gy 25.6+1.7 45.242.6 18.8%0.4
4.0 Gy 24.9+1.9 46,0%6.1 18.74+0.6

Data are expressed as means + SD (n=6).

Table 7. Dose-related Changes in Serum Alkaline Phosphatase (ALP)

Levels at 8 Weeks after Gamma-irradiation in 4-week-old Mice.

Irradiation dose ALP (IU/L)
Sham 500 *+ 41
0.5 Gy 453 + 104
1.0 Gy 418 * 71
2.0 Gy 473 + 30
4.0 Gy 475 + 36

Data are expressed as means + SD (n=6).

Aol gigict
el WA el 87 F u sk 49
oA, ohd, A, AEE] T D Pol= WAL 24P

Z Z7)e) o220l Hal= ¢IYtH(Table 5-6). ZFEA|E
o] 45 Uehlis @34 ALP X0l WA 2A

o 9&2 Wsh= QItH(Table 7). afdm w3} Bz
Al 1 GyFE te] AxE 2249 ¥skE JERie
™, BV/TV 3 BMD®] i3] 7[Eo 2 HZA 2Tl
Hlel] 247k 31.8% 9 2510 FiAe] AnE Hlown,
WA AP F7ell Wk 548 wstekltt. XU
o Ag- AR EA Wl gllth(Table 8). WA
ZAYo| e Mgukg2]S AFESh} linear-quadratic
curvedl] 714 E& AA=E YERRTE A 4] F4e
olgfel Ztt D WA ZARHGy)S YERHL

BV/TV (%) = 0.9584D° - 6.0168D + 20.377 (i =
0.9461)
BMD (mg - cm™) = 8.8115D” - 56,197D + 194.41 (r*
= 0.9997)

st B4 S S TRAP 141 F Wil
AE G4 Zo] SolA HlzA} BT oF 36%e] o
e Elew, MR 2Pl the wsh Mu}
(Table 9),

A2 4CTE AEY PING 7159 Wl met 27
AERA e W m ATz P S| Thsa 5
Stk AHAAFE ol 88 T HAH ST Tl
ARE vgo R we AT HgHw gov, F47
o], 4, B84 2 ool o3 Wl WS 5 24 o
Toll T APwdz AgHa Irh19,20],

2 Gy b 24F 5 ARVt whe ws) B A9
7oA Wit Age= W

olr 85 Fof oFH, Zo] 53t o7

3P} §i21om, ALPLE AR ARl o3t Wsh= glof
R ARE A G s ol ek 24
T 8FHH thre] AmolM FoAd e Shdo] B
= Aes A A o] Mgk AEEA ot
on glRr sumel Wale Ane] 71Fo g Bty
holl21], WAM =& F ARl whe Wit i 2

shg A IERe) ARGl og 24 B
AAL HIAL A B 8F V) AXsE Ao 2 AR EH QT
AR wF F 1250 1Y Ee B2 ekl 44

SEollxe] Bai7)eh Blashd, 4] FEolMe B
o 27ldl S BAEHE AR ARHIIT

7t Adepe] AR 2AVE 85 9 AN o, B
o) gk sRebe Wl Ame W} giglon, I
ALPE ZAPARe]EA] wste glo] W7 ARE ety
A gttt el wst %%011*1 1 Gy tre] A%
7b S| Waks yehllen ApdRelEd 29E
Hork Adwe] Wbyt glo] sfwme] Halrh WA o
ok FaAde] dd Axrt € 5 v AlREn. B
AT-] 7IRbelA = Hﬂﬁ]’ﬂ]‘ﬂ_\_/] 279 Wste #FHA
ek, ol/de] Aol A7 sE ol WAl ofgt
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Table 8. Dose-related Changes in Trabecular and Cortical Bone Properties at 8 Weeks after Gamma-irradiation in 4-week-old Mice Tibia.

Irradiation dose (Gy)

Parameter Sham 0.5 1.0 2.0 4.0
Trabecular bone
BV/TV (%) 20.4%1.98 18.3740.84 13.91+2.27* 12.89+0,30* 11,54+3,17*
Tb.Th (#m) 87.5610.28 82.12+4.64 72.06+2.50" 75.97+6.31 71.,46£3 46*
Th.N (1 - mm™) 2.3740.44 2.24%0.10 1.93+0,29 1.71£0.15" 1.6140.38"
Tb.Sp (#m) 267.09%35.15 288.1030.24 308.83%37.93 328.36+45.19" 297.02+56.72
Th.Pf (1 - mm™) 7.27+2.64 7.80+1,56 12,58+3.12" 12,94+1,53* 14.99£3.80*
SMI 1,4610,26 1.45%0.1 1.67+0.18 1,7240,12 1,76+0.21
BMD(mg - cm™) 195+19 168+8" 146+30" 118+17* 110+29*
Cortical bone
BV (mm’) 0.81610,061 0.845%0.092 0.80410,069 0.798+0.083 0.83620.069
pMOI (mm®*) 0.31240.030 0.30240.034 0.29530.038 0.28440.031 0.283+0.027

Data are expressed as means £ SD (n=6).
#P<0.01, 'P<0.05, vs sham group at corresponding times and parameters.

BV/TV: bone volume/tissue volume; Tb.Th: trabecular thickness; Tb.N: trabecular number; Tb.Sp: trabecular separation; Tb.Pf: trabecular bone pattern

factor; SMI: structure model index; BMD: trabecular volumetric mineral density; BV: bone volume; pMOI: polar moment of inertia.

Table 9. Dose-related Changes in Osteoclast Surface as a Percentage of
Total Bone Surface (Oc.S/BS) at 8 Weeks after Gamma-

irradiation in 4-week-old Mice.

Irradiation dose (Gy) Oc.S/BS
0 35.581+5.95
0.5 27.83+13.26
1 49.93%9.36
2 46.79%7.32
4 33.55+12,10

Data are expressed as means = SD (n=06).

HARY =2 3 Za2lo] WA T &4 w= my)
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Establishment of a Murine Model for Radiation-induced Bone Loss in Growing
C3H/HeN Mice
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Abstract - Bone changes are common sequela of irradiation in growing animal. The purpose of this study was to
establish an experimental model of radiation-induced bone loss in growing mice using micro-computed tomography (UCT).
The extent of changes following 2 Gy gamma irradiation (2 Gy - min™) was studied at 4, 8 or 12 weeks after exposure, Mice
that received 0.5, 1.0, 2.0 or 4.0 Gy of gamma-rays were examined 8 weeks after irradiation. Tibiae were analyzed using
UCT. Serum alkaline phosphatase (ALP) and biomechanical properties were measured and the osteoclast surface was
examined. A significant loss of trabecular bone in tibiae was evident 8 weeks after exposure. Measurements performed after
irradiation showed a dose-related decrease in trabecular bone volume fraction (BV/TV) and bone mineral density (BMD),
respectively. The best-fitting dose-response curves were linear-quadratic, Taking the controls into accounts, the lines of best
fit were as follows: BV/TV (%) = 0.9584D*6.0168D+20.377 (# = 0.946, D = dose in Gy) and BMD (mg - cm®) = 8,8115D*
56.197D+194.41 (7 = 0.999, D = dose in Gy). Body weight did not differ among the groups, No dose-dependent differences
were apparent among the groups with regard to mechanical and anatomical properties of tibia, serum ALP and osteoclast
activity. The findings provide the basis required for better understanding of the results that will be obtained in any further
studies of radiation-induced bone responses.

Keywords : Radiation, Bone loss, Murine model, Growing animal, Microcomputed tomography
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