FEE R E 2014 451 A% 20 %% 1 ] Chin J Osteoporos, January 2014, Vol 20, No. 1
38 Published online www. wanfangdate. com. cn doi;10. 3969/j. issn. 1006-7108. 2014. 01.009

- B -

2R R A R S e N D O 8 U A0 N I

A A

Z4g' FEX AT Ak’ gL xF
1. RIS B R A5 AR R e st
2. EiEEE 2 B B B R P PR 5 4 PR B 2 A% R

FESES. RS89.2  XHKARAT. A XEHS. 10067108(2014) 01-0038-08

WE. BE  HREWE R MRS BB (GIOP) B G5 BERR N 438 M e Uy 4 S it e A fb R . ik 20 20 A%
WEPERTIE 22 K SR REAIL S X BREH S GIOP 41, B2 R 10 H, 4300l T2ELRA (0 A1) (4.8 12 JEATIE 34 Ko JBeiy o i %5 FE 4
5 B WG HR D PR AT | DAZRASE 25 B (BMD) B BEHE I 480 (FF) . 755 8 J& J2 12 JRI S Ab 8 S8 S — A7 B Ba G I 41 i 2 5
W, GER N4 N, PRI S FF A TR S T41E BMD 2465 8 RN A A BEHEF (P H <0.05), TH4 K12
iF, GIOP 21 FF L LI 70 i34 55 35. 9% \75. 2% (P #4 <0.001) , T4 8 J& I 12 JERF GIOP 44t 15 41 e 23 1 e ot B
G357, 1% \35. 4% i B BRI A0 B4R 3 IR AIK 13. 3% 39 15 22. 7% B AR I 20 M 18 AR 43 1] 384 25 30. 8% \53. 8% .,
FF {8 58HE BMD s BMD £ B AR E (r 2351009 = 0. 598 . —0. 675, P ¥4 <0.05) , i FF {85 #0540 o 1 R 2 5
JEIEMIZ(r=0.874,P <0.001) . 45  GIOP WIHHE-#ENRIIE AL LL/INR ST BRI AN AR O 28 & 3930 LA RST R I 4 it 3
BT, REIEIRBOEE S TR E8ENe I & m AR I R 2 —

SRR . WH B PSR M BTG s 158 B 5 B REAR DT ; WL IR PG LB

The time-sequential changes of marrow fat fraction and adipocytes in rabbits with glucocorticoid-
induced osteoporosis

GONG Jian' , LI Guanwu’, TANG Guangyu' , SHAO Hongda', QIU Yuyou', LIU Yong'

1. Department of Radiology, the Affiliated Tenth People’ s Hospital of Tongji University, Shanghai 200072

2. Department of Medical Imaging, Yueyang Hospital of Integrated Chinese and Western Medicine Affiliated to Shanghai University
of Traditional Chinese Medicine, Shanghai, China

Corresponding author; TANG Guanyu, Email; tgyl7@ 126. com

Abstract: Objective To explore the time-sequential changes of marrow fat fraction and adipocytes in rabbits with of
glucocorticoid-induced osteoporosis ( GIOP). Methods Twenty 20-week female New Zealand rabbits were randomly divided into
control group and GIOP group, and each group had 10 rabbits. Bone mineral density (BMD) and the marrow fat fraction (FF) of
the left proximal femur and the L;-1., vertebrae were detected using dual energy X-ray absorptiometry and magnetic resonance
spectroscopy (MRS) at the baseline (Oweek) , the 4" the 8", and the 12" week, respectively. At the 8" week and the 12" week,
half rabbits were executed and the quantitative analysis of bone marrow adipocytes was performed. Results At the 4" week, the
FF in 2 groups showed significant difference, while the significant difference of BMD between 2 groups appeared at the 8" week (P
<0.05). At the 4" week and the 12" week, FF in GIOP group showed a significant increase (35.9% and 75.2% , respectively) ,
comparing with that in baseline (P <0.05). At the 8" week and the 12" week, the marrow adipocyte density ( Ad. D) in GIOP
group increased by 57. 1% and 35.4% , respectively, comparing with that in control group. On the contrary, a reduction ( —
13.3%) at the 8"week and an increase ( +22.7% ) at the 12" week of the adipocyte mean diameter ( Ad. MD) were observed in
GIOP group comparing with that in control group ( P <0.05). The percentage area of marrow adipocytes in the GIOP group was
62.8 +8.7% at the 8" week and 79.2 +7. 7% at the 12" week, respectively, and both were significantly higher than that in control
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group (P <0.05) The value of FF was moderately negatively correlated with BMD of the lumbar vertebrae and the proximal femur

(r=-0.598 and - 0.675, respectively, P <0.05), while highly negatively correlated with the percentage area of marrow

adipocytes (r=0.874, P <0.05). Conclusion Marrow adipogenesis is characterizes by the accumulation of small sized marrow

adipocytes at the early stage of GIOP, while at the late stage of GIOP it is characterized by the accumulation of large sized

adipocytes. MRS is a method to dynamically evaluate the sequential changes of marrow fat content.
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GIOP #7120 AL FH 3 8 ( methylprednisolone Sodium
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em’ , FHHAAE HUE 76 KV, HLF 0. 15 mA , 4
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H Lo Lowe 2 BIFE G BRI IR, MRS U (1445 1
PEFI OV, FF(EM &= ERYE CV R 2.18%
1.4 BRIk A

e B A R S Leica VKRV ALV 56
RV 4 pm AT AR A Y4 (H&E) ,
Hum e s B, SR Leica Q-win Plus 4347 %
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55431 FF (B BMD ‘B R fIg 155 40 e e AR A AH DG4
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Table 1 Changes of body weight (kg) of the rabbits

at different time in two groups (x *s)

H4% 4 J 8 J 127

4™ yveek 8™ week 12" week

iRl

Baseline

X IR 4
2.90£0.18 3.09+0.17 3.12+0.18

Control group

3.20+0.16

GIOP 41
GIOP group

2.83+0.22 2.90+0.22 2.94£0.21 2.95+0.20

2.2 SR RBeE i M 1344 B AR

32 AORRI PN BRZL K GIOP 21 SE 56 e i
v M 134ABMD {H H#, GIOP A i om 5 13-
LABMD 847 M R, HL 2582 00 5 (%) J7 2553 Bt ik
78, GIOP 5 v BMD K 1344 BMD 4H N 4% i
[ s 2 5 i E MR L, 56 4.8 R XT iR 4H BMD

T2 WASRARAIT 5 1344 KB BMD HUA (v £5)
Table 2 Comparison of BMD of L;-1, vertebrae and the left proximal femur of rabbitsat different

time between two groups (xiis)

HELk 41 8 J& 12 &
S8 x| Baselin 4 eek 8" week 12" week
Parameters Groups
BMD(g/cm?)  BMD(g/cm®)  ABMD(%) BMD(g/cm?)  ABMD(%)  BMD(g/em?) ABMD(% )
Uik
=gl 0.350 £0.018 0.351 £0.017 0.3+1.1 0.352+0.017 0.6+1.3 0.356 +0.017 1.0£1.0
Control group
L
o
Proximal
GloP 4 . #
femur BMD 0.353 £0.018 0.337£0.019 -4.5+2.0 0.306 £0.020 " -13.2 +3.1 0.303 +£0. 020 -14.0£4.2
GIOP group
X IR 2H
. 0.260 +0.015 0.261 +0.015 0.7+1.5 0.263 +0.014 L1113 0.266 +0.018 2.6+1.7
. Control group
T 34 F )
L3414 BMD
GIoP 4 . *
0.263 +0.015 0.246 £0.017 -6.4+2.7 0.225+0.021 “-14.4 4.1 0.210 £0.019 -19.8 £3.8

GIOP group

 ABMD R 534 LA BMD S ANE /3, *P <0.01, " P <0. 001 ( A i) 5 5 21 e #%)

ABMD represents the percentage of change with respect to baseline conditions.

#P <0.01 and * P <0.001compared to control group.
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o e TR BMD A, {HZH N 45 B[] 55 BMD 22
STGEH 2 (P 34950.05) . 465 8 JETTUG , Mg E
JBEH T BMD K 1344 BMD 45 B EvEgiit2r 2
S (PY<0.01) , 554 JEI X BRLL BB U035 BMD 5
1344 BMD 43 948 B4R 14 55 0. 6% 1. 1% 45 12
R PR ZH B v BMD 5 1344 BMD 43 Jil4 3
LRI 1. 0% (2. 6% ;1 GIOP 426 4 JEI i E A i
Uit BMD 5 1344 BMD 43l 5 3 4k i [F A1 4. 5%
6.4% 55 12 JRIIE GIOP 41 i i 3% BMD 5 1314
BMD 735l L FEAIR 14. 0% \19. 8% .,

2.3 gt eE i E REAR N A ARk

& 3 MR TR 8] A5 PR AL S50 G R0 L oy FF {EL,
1 R 2H S BB s MRS P, M3 & 1
AL, X RE L R B S 56 Jo] 30 28 1 52 80 R f il
5, (BN A E] A FF 25 52 080408 30 1 GIOP
4 FF H 2T, HLE R WS 2200
7, GIOP ZHZH N 45 I [R] FF (B 25 A 8
B 4 BT, W4 IR FF A BEMGH3 2% (P
=0.003) . 554 JHIER 12 FBIXTRRAL FF BIEZE T
SR 2. 8% 7. 0% |, T GIOP L #5FELEZE I} FF 43
SR 35.9% 75.2%

R3PS S B E T FF AR A (o +5)

Table 3 Comparison of the FF value of the left proximal femur of rabbitsat different time between two groups (x +s)

HLek 4 JH 8 JAl 12 J4
Pl Baseline 4™ week 8" week 12" week

Groups

FF (%) FF(% ) AFF(% ) FF(% ) AFF(% ) FF(% ) AFF(% )
Xf B 21

. 31.5+5.1 32.5+6.5 2.8+9.8 33.9+6.3 7.4+£9.0 34.9 +6.8 7.0£9.2

Control group

4]

GIOP & 31.1+3.8 42.4 +6.3" 35.9+7.3 49.9 +6.8" 61.1+12.8 55.8+7.1° 75.2£16.5

GIOP group

1 AFF 78 5248 LR FE NG 201, *P <0.01, * P <0. 001 ( [A] B} 5 P 26 1L 4%

AFF represents the percentage of change with respect to baseline conditions.

#P <0.01 and * P <0. 001 compared to control group

2.4 SRR I v B RERE T AR E T AT A

F 4 NP S 8 12 JAE AR i 2
M maATas R, SXT AL, GIOP 4155 8 J# |
12 Jei) Fsf BB O PO 4 L 28 2 53 | ¥4 57. 1% \35. 4%
(P ¥ <0.05) ,{H-BHENG 4000724 AR 7RSS 8 J
REAR 13. 3% MiFESS 12 JE A8 22. 7% ., GIOP 41
REWT AN BEAESS 8 JH 55 12 A2 RS+
X (P=0.286), GIOP 4 7E% 8 Ji] .12 JE A 885
o 20 M T R 3 EE A3 % IR K (P 3 <0.05) , H.
GIOP ZH A5 i 4t e 18T B 53 LU AE PR s ) e 22 S A 4
T FEEX(P=0.014), &l 2 AAS[RIE 5 9 40 52 5
G BT - B A 7 200 3 s B R I A S
GIOP FUHHLL/INRST R I 4 e A = TG 0 i B A K
NG TR i o
2.5 BHEFF{E5 BMD B i o B Rl 17 4
FEAHICHE 5347

MRS 5 B &6 FF {55 1314 BMD B 3 o
BMD 22 1 B2 17 AH O, AH 5C R Ao - 0.598 | -
0.675(P 4 <0.05) ;1M FF 185 5-%E 15 7 20 i i A2
BEEFIEME(r=0.874,P <0.001) ,

3 e

AHIFFE B 5 A5 R A G 08 i, — 7 T
AT UL 8 2 S B A o AR sl =
R s, B 3l 4 52 56 o % FH U820 (Reduction ) | 4k
( Refinement ) F1F7 4L, ( Replacement ) A9 77 15, S 4k
SEESENYIAR AN — AR, 55— 7T, Yhin i
FETETT LU S G aRe , it B B0 IR B KRR A
FEARSE I S AR 22 S A ST I L B2

KAGH FHEA A Haversian FHFE T,
ATV N GIOP sh#fsiAy . BMD 47588 2 H
GURZ M= o /N ey O = N 1 i B NS SO B e
KER OP 2R E(E , ¥ 18 WHO HEFE OP 21K
BRAE IEARIESR T 2350 (T-Score ) (B FTIIAS 1
BMD B 25 [A] 4 53] 1) BMD 06 {8 3 DA ) 1 1) 0 1
BMD HFREZE) VE K OP 20z Wik ¥ T-Score
< -2.5SD #25 OP, 7EASLE 1, GIOP 41 5L 46 f
BMD [ 5 55 56 J A A < 52 i o 1k R IR 3 FE 56 4
JEIEF BMD £ SR BRZLA T RRAIG (P 2 ) 25 5%
JCHA B 255 250 8 JAHE, GIOP 41 S5 S IEHE BMD
B JBegr i v BMD P800 B4 BMD i WA, 1155
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(a [&] g %oF R 5 12 Bk 2k & BN 1.3 ppm Ab oK g B B 7 T 4. 65 ppm HEFEHJ%;b ~d B~ GIOP 41 3¢
24 12 JEII RE LR IR S i IS R AT Y e | L K W i S U ) )
Fig.1 MRS of the proximal femur of rabbits at different time in two groups
a: the MRS at the 12" week in control group, showing that the water peak at 1.3 ppm was significantly higher
than the lipid peak at 4.7 ppm; b-d:the MRS at the baseline, the 4" week, and the 12™ week , respectively, in
GIOP group, showing that the amplitude of lipid peak increased until the inversion of water peak/lipid peak
R4 ARG 8 12 AN A B AR (x £ 5)
Table 4 Quantitative analysis of the marrow adipocytes of rabbits at the 8" week and the
12" week in two groups (x %)
it 1] 5 28 PORiEi| GIOP 41
. . . 3 P-values
Time point Parameter Control group GIOP group
L g g s ) % 2
AR ARER (No. /mu”) 32.6+6.3 51.2+6.7 -4.230 0.004
adipocyte density
8 L e e 1 T S 1 4%
sﬁ JA P 5 i Hﬂﬂ@{iﬁm (pm) 195.3 +14.8 169.4 £12.2 2.890 0.023
8" week adipocyte mean diameter
L e e i 4 115/ 9
A SURAALRE BUS 53 L (%) 48.0+8.5 62.8+8.7 -2.556 0.038
percentage adipocyte volume per marrow volume
JBL g s s Prodiis 2
P 17 0L 2 (No. /) 33.9£6.8 45.9+7.9 ~2.582 0.033
adipocyte density
%012 JE JEL g gl 'é S 44 424
- & FBARDTANR P S FLAR (am) 195.517.9 239.8 +5. 8 -5.254 0. 001
127 week adipocyte mean diameter
L R T i i A
AR I A BB 53 L (% ) 51.5£9.0 79.2£7.7°  -5.222 0.001

percentage adipocyte volume per marrow volume

Lt R GIOP A AN S EAESE 8 5% 12 I BRA G245 (P 1<0.05)

#and * denote a significant difference in GIOP group at different time points (12" week vs. 8" week)
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B2 AEI L S S B i
ac BN BRALES 8 J4 (12 JARS b d B GIOP ZHAH R I ] s 200 Jr 181, 7R GIOP U3 DL/ RO g Wi
YA SN R T B LAR R BE W Al ) (HE Je 6, x 400 %)

Fig.2 Representative serial sections of marrow adipocytes of rabbits at different time in two groups
(HE staining, x400)

a and c;the bone marrow sections at the 8" week and thel2™ week in control group; b and d; the bone marrow

S A ' 240 I S BRT) e P

sections of at the 8" week and thel2™ week in control group, showing the characteristic of the accumulation of

small sized marrow adipocytes at the early stage of GIOP and the accumulation of large sized adipocytes at the late

stage of GIOP).

T-Score AJHIY) < 2.5 SD, [, AT LAIAHE 8 &
I 4 GIOP B2 2, Castaneda 25" BF5E &
B, R 234 LT B 538 2% mT Aol 1 s e
I [i] P i AR, DR T SRR a5 OP B3N, {H
S WS E B Z S0 OP 50 M E 5 S oP
P BILEI R E]  SRE— AN A 2SO AL + B i %
CESHEA T OP BRI & BEMEA Rralt— 2 0F5% .
FE E T, A PR M R IR R A S
—FP AV, A 35T B A, & e fR i A i
AR, S NS B T4 o TR 1 i R
T SR AN A A B A, R R
GIOP (¥ EEZLJ A, Fe 3l A o R R S0 0 K o it
RN TS R CE A D RE A R R 2
i 55 0 F 200 e 40 A 2 ) f 4L S — b B 1) 7 4
60, M B T 2% R A Ak ki o3 A 1) 1 i ] e o
T2 e e R D AR Ak . LR CAAT

SRZE G SRR AZ DR 7 I35 A7 O, DT 8] 435 b 9
T R ARG A RN AR I 2R A K AT (1GF -
1) Besg JF Hifs ™ A2 1 1 i S A Wy s e (A
ZAK g( Peroxisome proliferator-activated receptor g2,
PPAR 22) ., PPAR 2 B T REIS AR AL R 258
HhERELS G ol BLOEE T/ rant A5G & -
2 ( core-binding factor «l/runt-related transcription
factor 2, Cbfal/Runx2) F-i] Chfol /Runx2 %% 55
TEEE T LARTRZ A, B AR 7 44
SRR AT T 12 RE R B A5 ), B EL W A
B N BN 7 22U A B R PRI RE A A - Mh 4%
B EA B Z MR T I ER IR R
FAF) AR T B BE 1 0RE 8 B, B R D 22U
OP S AL b AV E RN [ A B 55 s 1L SR 5
KR RERR AL 2 156 2 FI B, FEARSE
Ko, 5 4 JA I B S 6 G IR a0 i A A
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FF (B0 2 M1 o 1 B S BRI I, e S 8 JA
I FF (3G & o B2, 28 4 J5 55 12 JEF Glop
20 FF (5> R I 19 55 35. 9% \75. 2% |, T B
¥ BMD 5 1344 _ BMD 43 il %5 Jk & i B K
19.8% 14.0% 56.4% 4.5% . 1%7W,GIOP 415
5 G B BENR I o i FF (A A3 = 5 E e W el
FARBEAR], XL T 4 Glop & &AL
R R B XU B B T v Y BMID R IR
It H  AWEFE MRS (94558 5 BB s i 240 M 0 pr
R 25 S EAHENIE, GIOP 41 FF {E 3% &5 5 B 56 Ak i 40
MR E o H AR B — AR A, BRI T Al
Pz (a] e S 5 o i B % AME
S, OP FTREIE R TR e AR D E A {a
FRALMERZ R LS, OP N FE B RERE I 25 AR e B
INRRESTEORAIG , 22 W B B 1R 7 A 805 XU 1
A Wehrli 25 BTt B, A A BG4
A3 v 2 TN BT XU ) 2 57 PR

AHIGE ) 3 Ah— T e B TE GIOP FHXH
HIBRE I DL/ ROSE B o 40 e 225388 oy 32 i 7
GIOP AHXT IR IH B B 00 LA K RS BR i 4 ol 3. 7K
HHAEE 25 1 ( Aquaporin , AQP) BEBE A 54l B X 7K
iz, MRES 0 H I A5 A — 28 /NI B Y
gty o AQPT ANAEARFEHLAAR i 1t 1 F i 4
RS R R E AR, i SRR DT 4006, IR
DI IEA | A AR b AR 00 i P 12 D)
G, BB MRS K TR T Re 2 s AQPT Y3
IRTEDL, A OGS 5 IEAE HE 4T, Hara-Chikuma
aaEt TESE AQPT DR BRESR B /0N B 2 B, e 2
P A ke S 50 3 s Dy 200 B R s 7 vl 2 DL
Fi 107 ARG PR ) I 8 5 R D3 A AQPT D) RE R i
T2 55 I P 40 B PR S R P, DA TN T
T =R B, ST AR B DT ik BE AR E
AR A BT S, X e o 45 SR 47, an A
IR B i AR 1D 40 L AQPT Rk, T
TR BN B 5 BLR . BRI Al s
GIOP A J Jig , Wi S i, 76 GIOP AH Xt H. 151 32
BB PPARY2 2 FE RN MIB T R, W 7E 5 1
WILLE AQPT ik b FBLIRYT T 0], MW T A
it — R

FIU R A B R A 9 B I R NS ]
GIOP, AT DL B AL, R AR 9 ~40% . 4
SR SRR EoM B U 3R O I N T S T 5 &
HIFCMA B GIOP ™" | B IRBENT B BAS i
B UURF ARG D5 A 2 3 1T Re e B IRAE kAR ki

Hg T A LR AT B ) ST T
LG A3 Rl 4 e i 1 LA S s S S AT TG
ZEWMEEEICR K L, CAHANREN, 5K
WL S8 B 1.5 me/kg JFHF4E 28 d AT LL B 2
B EREIARS R AEFIRE " B, A
BRI R DI

L TR B R ST — T S 4%
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