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Age-related changes of bone biological indices in rats  GAO Jianjun , ZHQU Yi , GU Shuzhu , et al. Department
of Bone Metabolishm , Institute of Radiation Medicine , Fudan University , Shanghai 200032, China

[Abstract] Objective To study the age-related changes in density, biomechanics and mineral contents of
rat femur and lumbar vertebrae. Methods The density and volume of rat femur and lumbar vertebrae (L) were
measured by Archimedes principle. The mechanical property of femur and vertebrae were evaluated by the three-
point bending test and the compression test separately. Ca, Mg and P levels in bone extract were analyzed and cal-
culated by biochemical methods. Results The bone density increased with age, and the peaks appeared in 7-12
months of age, followed by a rapid decrease at 12-16 months of age for femur and after 16 months of age for lumbar
vertebrae. The mechanical strength increaced to 252-263 and 198N at the age of 12 months for lumbar vertebrae
and femur of females, respectively, then slowed down. The levels of Ca and P showed diphasetransition with age , and
the peak appeared at 7 months of age, while the Mg level was constant. Conclusion The biological indices of
skeleton vary diphasically with age. The bone density is stabilized of 7-12 months of age with improvement of its
mechanical property; thereafter, the bone loss occurs possibly in a rapid and transient way at beginning, and slows
down after 18 months of age.
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2 HhARESWK - BERKE, U 11% 55
3 (1 ml/100 g P E ) 18 Fee SO 8 J5 3030 ki i 4 3E , B
BRI B MG 4 BEHE, B 4CHHER A (NS) H,
BUA DA B AR R M A (L), BV BR A B PY R 5 4
AR, hHBRES ,4CKMEE 48 h, TEAEYEEE
% (Metter Toledo AG204 B I+ ) LB EHESE
B EER, REMBEM L, /54,8 NS P 4C
B %, T 8 E Y 1% Wi L (Instron 5543 &,
RE )N BATRE = KB 8RR
BHRR, CERAMRER LFE, B 10%=4
LEBPERENS I M EEBRBREE T a4k
FrALCH SL 7170A B WK Ca(SF R BRAKH 1) (Mg
(CHEEREHAE) M P(BERLAE) S R%K
BAhHBMNARTE, FAMNSRERENRE, U
WREBRMASREE.

3. it B - BIBERU 7+ s R, EZRR
Al one-way ANOVA(a =0.05) 5 i1 4it 404
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KEBREMEREEAFHNE 2 ABUEHFHERS
EEEWEBE(P>0.05), i KBAEKBE R
A 18 A (B 1), B8 F M ) W (A X 8]
HT~12 Ak, BRTHEEANRE K 85% (F
D, 7 AR B EBReLEn, LR 1~3 AR
ndE, REEEFIE A MM 0.25(8)M0.24
(H)g/em®, R 3~7 AMERS~7F. 27~12
A H e E B (- ¥ e M 1.429 FREYE 1.399
/e’ ) EBEER BN, I 12 ~ 16 A 8B BB
KB HPREFEFHEAEX 0.0178(# )
0.0115(B ) g/cm’ , AR EBRK 1.2% M 0.8%,
16 ABRUEERAHEB, AIRERFEZ21~3 A
B B 38 hn (ME AR 3948 A M0 0.196 A1 0.104
g/em’) M3~7 A HEQ M (E AWM 0.0213 A
0.0215 g/em®) 5,358 7 ~ 12 AR {H (1.207
1.204 g/em’), 12 ARG HREER,HLI16~18 A
BELD, BEKXE S FEAEX 0.031 f10.063
g/em’ AREHEEN 2.6%0 5.2%., BEREE
ERER TRE, W18 AREEMRMTHRE(P, <
005), EEHFHUHINERELET%*EX(P>
0.05),

21 ARBRENEEAATEENBLSR

B 5] B (g/em’) B (g/cm®)

[0;D)] M 3.3 L 1:d -3¢
1 0.758+0.0711"*"* 0.707+0.015"* * 0.925£0.163* ** 0.875+0.072" **
3 1.267£0.076" " * 1.190£0.076° * * 1.131 £ 0.045 1.083+£0.087"*
7 1.418+0.018* 1.371 £+ 0.039 1.216 £ 0.031 1.169 £ 0.034

12 1.437 £0.019 1.426 + 0.020 1.198 + 0.051 1.239 + 0.038

16 1.366 £ 0.044 1.380 £ 0.190 1.221+ 0.087 1.191 + 0.080

18 1.357+0.029" * 1.382 £ 0.024 1.159 £+ 0.108 1.065+0.006" *
20 1.375+0.044 1.376 +0.038 1.152+0.023 1.115+0.0347
24 1.38810.08‘1 1.375 £ 0.031 1.170 £ 0.099 1.105 £+ 0.049"

512 ABEE"P<0.05°"P<0.01,"" " P<0.001; F] IS L * P <0.05
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0.01), BMEKBERMENL, BEELT 12 AR,
BT HHRMN 198.29 N, BERERE HETH
T, 2R EBEH(P<0.05)(E2), BEFEBEKX
RERERE N ELA TR, FHEAMM 1SN, E A
AR 211 N, BEKXKBBRERS 12 16 ARRH—
BN 157 NEEAR K, 24 ARTERF 150 N
Ef. BREABHRAREREZN, BERRRHE
BAREA R AMEE 12 AR 252~263 NE&E


http://www.cqvip.com

pEERRAEE 204 %E5 A5 1089 28 Chin J Osteoporos, May.2004 Vol 10, No.2

145

W% ,24 A SRR 138 ~ 149 N, MEVEE R HH
B(12~18 HB)TRIBERK(A 10 NA), mHE

400 r
350 |
300 F
250 |
200
150 |
100 [
50 |
0 " L L N L M

3 7 12 16 18 20 24
A

—-— g —o—8

ABREKOH (D

BE=

PETE BB B (18 ~ 20 A ) T REMR BEREWI B (4 30
NR) BRENERTBE

400 - —e—i
350
300
250
200
150 [
100
50
0 . . ; N

3 7 12 16 18 20 24
(9D

BRESEASRE (N

B2 BREZSAERARG MEREESBRRXRF MR EL

3.Ca.Mg M1 P BT KRBT Ca FEMEA
WA WM, 7 A B®E 0.2165(M ) 1 0.1578
(B)mg/mm’,7 ~ 12 HEHr B TR R , ¥ 35 AW
8.5%(ME) M 8.7% (HE), AFG MR 0.11 ~
0.13 mg/mm’, MREHEHEW K, P SETMBERS
Ca—%(r=0.97002) , K 7~12 AR AW E FEH
B, AR 11% (8 ) 1 13% (%), LS B B Bg
AEFA(P>0.05),FBERZE 24 A 0.0451 #
0.0159 mg/mm’, FIABARBE Cafi P A EMHE
R TEE(E 2). B Ca BN 7 ApigE
27 0.2959 ~ 0.3511 mg/mm® , G LMK E 24 A

1 # 0.2005 ~ 0.2034 mg/mm’( P <0.001) , 3 H ¥
P1.8% ~2.5%. PEETHBES /N, 16~24 A
BERERTE 0.0793 ~ 0.0930 mg/mm’ Z [H, F &
BREAAB (K3, BBP caoP ESHIE 1A
2. 28(ME)M23(HE)ZEWH LFAZE 16 AW
370)M 12 AN 4.7T(E)SEWERZE 24 A
geath 2.4 (M) 2.8(HE), BEHES CaP R
21~2.7, A K, BAR Mg SETKR 1 AR
EHSTE28KFH (25K 3 AN 3.5 f13.2
), AR ERFE/NMEBE, BEEREHEHERE L

£2 BENEIAEE C PR Mg &R

& 8 Ca( pg/ mm®) P(pg/mm’) Mg( p1g/ mm’)
(A) | 3:3 Bt 33 33 3¢ . 3:3
1 & 1 150 + 18 143 £21** 65.7+8.6"" 61.8+7.9"" 5.1+0.3 4.910.2
3 177+52" " 147 +28" " * 78.5+£25""" 54+£9.5"" 35:1" 3.1+0.5
7 217¢10" " 400 158+13" " " 89.8+66" """ S51.4:116""" 4.4+02""""*"  34+0.3"
12 124+ 27° 9018 39.9+13 18.912.5 2.9+0.4° 2.1+0.2
16 116 + 14* 73:13 36.5+5.1*** 16.4£3.5 2.6:0.3" 1.7£0.3
18 131+18*"* 50+8 43.6+10.1° 14.4£3.6 28.10.3 1.4+4.3
20 12415 47+ 8 43.9+1.4 15.2+30.5 3£0.2 2213
24 110 £ 11 45125 45.1+10 15.9+20.6 3:0.4 1.3:0.4
FEE 1 129:+42.1°" 154+ 42.9 72.1+25 87.6+21.7 16.6+8.9" " 14.7+58"""
3 232+32.4 244 + 47.8" 86.8+12.3 93.7+19.8 4.7+£2.7 4.6+4.1
7 351+67.4""" 296 +34.6" " " 133.2+26.2° " 111.9+13.6" 7+3.8 5.2+2.4
12 292 +48.1 257 +24.3 108.7 + 17.3 103.5+8.8" 4.7+2 3.1£0.9
16 234+ 16.8 206 +22.5 85.9+6 79.7+9.1 3.7+¢1.5 31:0.4
18 255+43.8 232+17.2" 93+15.7 93+9.2 4.6+1.5 2.8+0.8
20 21+19.6 210 + 18.5 89.5+9.4 93.3+9.3 42%1.3 2.5+0.8
24 201+17.0 203 +13.0 79.3+1.1 9.5+1.4 23.8+1.2 2.3£1.0

H:516 ARILE P<0.05," " P<0.01," " P<0.001; A A RAHRILLE* P<0.05,°*P<0.01,"** P<0.001

15 B -

i3 B B & (Modeling) 1 B H B (Remodeling ) 1&
B BHALTAKMARANESGTRES . E5HER,

ERBEMAGCEHERTEYESE, ALFEM
BEMEHEERFRER RIRELEN LA
BEEBO—RIAEY, BTFEALBRREEL
RO RLEE, LA SD K R 9 X & A LR BF ST B b B 4


http://www.cqvip.com

146 PEARAMREE 20045 AB 10#H 28 Chin J Osteop

,May.2004 Vol 10,No.2

Yr£ W1 IE B AR B 30 B 3R AR MU B 5T FBY 36 25 W o
ROEEFRD, LRHYWA R FMERENEE
A FNREERY A LR RAA RS S
ST LA R LR B S MHE

REGENERERARNERSY A Rk
BRI, BT A S Xt SD #E#E X
BT R G R KA, EHE BMD S5457 4 A A4
VG, 13 ARBTF BRI, RE 9 A FHEE
&, Rt 9 A EAEKEIL BREREZHE, AN
B SD AREREXAFABT I ARY., RTAHH
REWNEBE 2 AREHERMNS, FXER
58 7 O B At B B A K (BRI K ) 0 1 T 5 45
B 12 A (Y 18 A i (), B R EERMAEN
F7~12 Ak, 5XMME K HEFEMEKE 6 ~ 12
AREE LTI REBEEEREMN6~21 ARER
MUl 16 AREEREBRABER RTREER
ZRE 12 AR FFUBRHRRE Z R NRIE, 18 A
RUGREEZELAKR, BERRRUENHRE
AR BERAHDT HHRAE 12 A8 () f
18 Al(HEH) MR TERBEAR, KR AH%¥
SHREMBEREANEY NEIRHOER, 12
ARE/PBREE(SEE—), W P & BHX 4%
BE, B+ CoP WEMM, KREAFHE. &
FTREFRTARK, 1 ABRKRER Mg SERA
FAIRBS KM RTHLE X,

BEE EWHERN Ca SEMEIEREER
RERE TRSHRRERMNBREMAN LS
X, XMitiE 3 ARKRHEBHNERENRN
17.1%, TR B X 61.6%'" . ZE MY S RN

BFg#HT, Bt BB RERTHRAERBRZEK
T AT, 0B B TE 3h S 3h et ) 3R 55 | X S B R]
FXEERAERFEBPRANEAS,

HULEHRATUAN, KREBRRALHRE
EEPHMBAE T ARNCEXARTRERE,7~-12 A
BEERIANENEEHHEE, EEHNESE,
THIBRBRABE T N 2tE#—-S%E, 28
BLUEHAERE.,12~16 AR —FhE
EZRHB, 18 HRLUGEXRBE, Rt el R
BB, & EAFRE, MO EEBERED
&,

$ % X W

1 Martin B. Aging and strength of bone as a structural material. Calcif Tis-
sue Int, 1993,53(Suppl) :534-40.

2 RAW BRR.EHE EFSHTERELARRRAAES
HREPLERE . PEBEARRE,2000,6:26-28.

3 Banu J, Kalu DN. Effects of cerivastatin and parathyroid hormone on the
lumbar vertebra of aging male Sprague-Dawley rats. Bone,2002,31:173-
179.

4 Wang L, Banu J, McMahan CA, et al. Male rodent model of age-related
bone loss in men. Bone, 2001,29:141-148.

5 Iida H, Fukuda S. Age-related changes in bone mineral density, cross-
sectional area and strength at different skeletal sites in male rats. J Vet
Med Sci, 2002,64:29-34,

6 Erben RG. Trabecular and endocortical bone surfaces in the rat; modeling
or remodeling? Anat Rec, 1996,246:39-46.

7 Wang L, McMahan CA, Banu J, et al. Rodent model for investigating
the effects of estrogen on bone and muscle relationship during growth.
Calcif Tissue Int, 2003,72:151-155.

(1B A A : 2003-08-28)

(LEFI15S1RH)

BZ, XERFFRAN, EHEHRETEFHTF
BB 4Rl VEGF mRNA 9%k F VEGF #4ri , o FE
BRIk 4 3F 3 30 5 R B A IR VEGF mRNA B %34 #
VEGF M8 M. 2305 i Bk 4 A9 3 15 37 58 B LlG
PRI R BB i Bk B B, BT R4 3 R LB 4
ffiZziX VEGF mRNA AR R BB HEX, T#
R E MR o & AEHLHEL, b4 5 s B BT I #L
MAAAAER(BRE) RS, I 9L BB ki
B B 5% A IS R VEGF R ERTHT FHEBXRE,

$ £ X W

1 Burchardt A, Burchardt T, Chen MW, et al. Expression of messenger ri-

bonucleic acid splice variants for vascular endothelial growth factor in the
penis of adult rats and humans. Biol Reprod 1999, 60:398-404.

2 Yeh LCC, Lee JC. Osteogenic pron-1 increases gene expression of vascu-
lar endothelial growth factor in primary cultures of fetal rat calvaria cells.
Molecular and Cellular Endocrinol, 1999,153:113-124.

3 Schor AM, Canfield AE, Sutton AB, et al. Perieyte differentiation. Clin
Othop, 1995,313:81-91.

4 Jason A, Babak J, Joshua A, et al. Osteoblast expression of vascular en-
dothelial growth factor is modulated by the extracellular microenviron-
ment. AJP-Cell Physiology, 2000,280: C72-C80.

5 Douglas S, Steinbrech MD, Babak J, et al. Hypoxia regulates VEGF ex-
pression and cellular proliferation by osteoblasts in vitro. Plast Reconstr
Surg,1999,104:738-747.

(% B # :2003-06-20)


http://www.cqvip.com

