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Abstract: Objective To explore the effect of iron on bone resorption before and after ovariectomy in mice. Methods A mouse
model of high iron accumulation was established. The mice were randomly divided into SHAM group, OVX group, and F + OVX
group. After 2-week iron intervention, the mice were ovariectomized. Body weight of the mice was examined before and after
ovariectomy. Serum ferritin (Fer) , gene expression of TRAP, CTR, MMP9, cathepsin K, ERa, and ERB were detected. The
distal femur was analyzed using 3-D micro-CT. Bone marrow-derived cells were extracted from the femurs of each group for
osteoclast culturing. Tartrate resistant acid phosphatase ( TRAP) staining was performed to observe the osteoclast differentiation.
Results Body weight of the mice between each group was not significantly different. The serum Fer was significantly high in F +
OVX group (P <0.05). Micro-CT analysis indicated that BMD and other parameters were not different between SHAM group and
iron-treated group in the presence of estrogen (P >0.05). However, BMD in F + OVX group was much lower than that in OVX
group (P <0.05). Semi-quantitative RT-PCR showed that the expressions of TRAP, CTR, MMP9, and cathepsin K were not
significantly different between the 2 groups in the presence of estrogen. The expressions was increased significantly in F + OVX

group than in OVX group (P <0.05). ERP significantly decreased after ovariotomy, while the expression of ERa showed no
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difference. Results of TRAP staining suggested that the number of TRAP positive cells was not different before ovariectomy, but it

was higher in F + OVX group than that in OVX group (P <0.05). Conclusion FAC has little effect on bone resorption in the

presence of estrogen. FAC significantly increases osteoclast activity after ovariectomy.
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1.1 MK

Micro-CT ( SKYSCAN, 1176 %) | i #% 1% ( Bio-
tech 24 7)) ,Gene Amp PCR System 9700PCR 1% ( ABI
O] R R E D ML (Thermo A ), HL Ik AY
( Bio-RadPowerPPAC200 ) , & Bt %0 52 W B ik 56
(ELISA) i Gk # 1 (Fer) ( Abnova) , MIMKIR K B
(Sigma) , KA 5 (E25E AL 2= F AR AR ,
AR (PEKXEE4AHRAF), a-MEM
(Gibeo) , B MG 4= L7 ( Gibeo) , 40 L K ¥ M-CSF |
RANKL( PeproTech 28 &) , Ui A1 R R M 0 12 Bt U
W (sigma) .
1.2 shWord Rk

VEHOHEPE 8 JE1% ICR /NEL 35 H (IR M K225 5
S iRa) RE (25 2 1) g, B/ EBEL N
BFARLAL(SHAM 4,14 ) mak 2341 (F + OVX
H.,14 H) EHHOVX 4H,7 H), F+0VX HfT
MR IR B N s v B, 770 R 0. 05 g/kg, B JE] 2 K,
38 J& SHAM 4 F1 OVX 41 LRI RE 7 Ak 45
SR K, 8 JAJE (0 d) AbsE 7 H SHAM
AT HF+0VX 4/, B g s e bras
ARSI B3 28 A AR B v R PR B /N B TR 1 5
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S, HRMLYE e IR B bR AR ARG I e = MEE R T, =5
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Fig.1 Diagram of grouping

1.3 fRARHisE

25 20 /)N BRI T A ) 28 SR, TH R RSPl S/
KT, S 4% KAEBELL T ml/100 g 7&K
@$,ﬁjﬂ§f*ﬁilﬂl 1 ml,3 000 r/min B 20 min, B
JZEIME ARG, OSB3 258 J
FINLIAL, I3 B R B URAFAE - 80°C VKA# .
1.4 IR

Pt 3K 928 W S G 0 1 975 4K B 11 ( Fer ), ELAARH:
VEL AR UL EA 15 61T
1.5 S s SRA WEEE IO (RT-PCR) Rl

BOSU A & TWRA T B0 1 h, Bl & AR
H SN A B2 S BB R, ST R T ml
1) Trizol 12X 7 ¥ ff By A, 42 B RNA 5 100 % 5%
cDNA, T —40 CHRAF, AT I G B 5% BN B B HS A
B, B SOWARFR 20 pwL: N7 2 x Taq PCR mix 10 pL,
Water ( nuclease-free) 7 pL, I FIFGI¥14 1 uL,
PCR {1, CTR [ 25144 94 °C 30 5,55 C 30 s,
72 °C 30 s,35 P ; ER-a . ER-B, TRAP . MMP9 |
cathepsin K FZJ% 251424 94 °C 30 5,58 °C 30 5,72 °C
30 5,33 DHIR, TEHE B EEIE FL UK, 43 BT 45 A
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. 5IYIRYE Genebank 5 Primer 5 %11, i A
T SHERGIWEI KT RN 1,
%1 PB-actin, TRAP CTR MMP9 cathepsin K,ERa ,ERB 3t
550 B 3§ R/
Table 1 The gene primers and molecular size of B-actin,
TRAP, CTR, MMP9, cathepsin K, ERa, and ERB
A 51975 bp
TRAP

¥ : TACCTGTGTGGACATGACC 150
U7 : CAGATCCATAGTGAAACCGC

¥ : TGTATAACGCCACGGCAAA 194
T : GGTTCACATTATCACGGTCACA

cathepsin K

MMP9 i . TCCAGTACCAAGACAAAG 182
i : TTGCACTGCACGGTTGAA

CTR 37 : TCAGGAACCACGGAATCCTC 102
T : ACATTCAAGCGGATGCGTCT

FR -« 37 : TTCTGATGATTGGTCTCGTCTG 220
T : ATGATGGATTTGAGGCACACA

ER-B % : ATGATGGTCAGAAGTGGGACAT 250
T % : GTGGGCAAAGAGATGGAAAGTA

B-actin % : TCCTGTGGCATCCACGAAACT 306

T : GAAGCATTTGCGGTGGACGAT

1.6  Micro-CT 34 I i b 47 =4 8 4 N S48
53 HT

BB E , BCA Micro-CT BES M B2, 7F
RN T, ST B2 i =403
i, ST SR B % R (BMD) | A E AR
(BV/TV) ‘B/NZEJEJE (Th. Th) B /NG (Th.
N) .

1.7 EREUEMEE WA ( BMM) 55 5%

Bl YA TR T T 25 AR A AL /N BRAR BB, TC P 4%
PR BGERE EE, BIBRILA AL BT 75% &
FEE 10 min, 1 ml {48 W o — MEM (10%
FBS 100 U/ml HE %K ,100 pg/ml 555 £ ) B IEH .
J& B B BE A b 200 H 9E R 8 S B R T B
FEMAT,MA o - MEM }; 32365555 16 h, %5 15
Fo—R M, MAE 50 ng/mM-CSF 1Y o« -
MEM £33 d J5 B2 ED > BMM,,

1.8 TRAP 3@ f:X} TRAP FHMEZ 14X

W BMM {816 LA 1 x 10° BFEE R0 T 96 FLAR,
4 6 NEFL, A 30 ng/mIM-CSF Fl 50 ng/
mIRANKL ) «-MEM,48 h J5#,96 h J5 7 1 %
Fe FPESRRER [ 5E 3 min, LLZEM) AS-BI BERR 5 R i
VIR B 37 CIFE 1 h, 28 TKBE 3 Ik, 81 & W
{8 R % TRAP BHAEZ0 M40 18

1.9 Siteinik

YRR VA + FRifEZE (v 25) FRon R
BT SPSS 19. 0 HATGE 2250 B, 4] LA
SR 25 07 2200 W1 ( ANOVA ) | 2H 1] 795 5 Lt 5
LSD ¥EAG 5, 40 P9 R A SNK kb A7 5 L%

2 &R

2.1 FA/DMRARELR

2 /N R TE B I 22 5, LA HR SR 4 0k
R RE S E A (IR 2)
10 0d 50d
30
20

Z 5
10
1] 0

10
SHAM F+OVX SHAM OVX F+OVX

Body weight{g)
Body weight(g)
=

B2 SU/NRARE
Fig.2 Body weight of mice in each group

2.2 i Fer Kz H

Elisa #4275 , 5 SHAM 21 %, OVX 4 Fer
TeHH B 255 1 F + OVX 4 Fer /K EH B FE (P <
0.01), LKA 3,

_ 0d 50d
= 400 d S 400 *
ES =)
E300 £ 300
E 200 E 200
2 B
= 100 < 100
3 0 g o0
SHAM  F+OVX g SHAM OVX F+OVX

3 HWIMEYE R
(5 SHAM 4, " P <0.05)

Fig.3 The serum ferritin levels in each group

(*P<0.05 vs SHAM group)

2.3 fE S PCR KR & #H OGS 4845
WEVA R AFAERT (0 d) , Bk CTR 5, SHAM 415 F
+ OVX A HENB TS 222575 (P >0.05) , i
WEBLRAFAERT, FAC X WO ma £ 5, 50d B i
B A SEHL K TRAP . cathepsin K ,CTR \MMP9 ik #4
PO N F + OVX 4 > OVX 40 > SHAM 4H (P <
0.05) , a2 ke = I, 4 ) it B 4t B 43 fL 7
PR E I (WL 4 £ 2)
2.4 JBH Micro-CT $14
XoF 4% 20 /0N BRI 8 S B BT B 64T Micro-CT £
SR R MR A IEOLT (0 d) , AL IR
TeGeitaf 25 7 MMM R B = 1) (50 d) , 5 SHAM



56 o [ R B R 2

201541 HE521 55 1 Chin ) Osteoporos, January 2015, Vol 21, No. 1

%2 TRAP.CTR MMP-9  cathepsin K .ERa \ERB TEA& Y041 15 B-actin (G FE HUAR (Rl — ] 40, 55 SHAM ZHAR L, P <

0.05,™ P<0.01;5 OVX AL, 7P <0.05)

Table 2 The optical density ration of TRAP, CTR, MMP-9, cathepsin K, ERa, and ERB/B-actin in each experimental group ( * P
<0.05,™ P <0.01 vs SHAM group;*P <0.05 vs OVX group at the same time point)

0d 50 d
HH

SHAM #H F+0VX 4 SHAM #H OVX 4H F+0VX 4
TRAP 0.085 £0.032 0. 080 +£0. 027 0.097 £0. 027 0.361 £0.045 ™ 0.554 £0. 044 **
cathepsin K 0.092 £0. 028 0.098 £0. 025 0.111 £0.033 0.530 0. 047 ** 0.661 0. 042 **
CTR 0.248 £0. 029 0.357 £0.035 " 0.272 £0. 031 0.414 +0.039 ** 0.710 +0. 040 **
MMP9 0. 185 £0. 036 0.236 £0. 031 0.201 £0. 049 0.380 +£0.047 * 0.545 +0. 042 *#
ERB 0.262 £0.043 0.231 £0. 036 0.285 £0.032 0.096 +0.033 ** 0.120 0. 035 *
ERa 0.296 +0. 049 0.315 £0. 044 0.241 +£0. 061 0.277 £0.055 0.344 +0. 064

0d s0d 0d

F+OVX

SHAM SHAM  OVX

F+OVX

4 RT-PCR 4l TRAP . cathepsin K,CTR ,MMP9
ERB.ERa FFHFIA

Fig.4 The expression of TRAP, cathepsin K, CTR,
MMP9, ERB, and ERa detected using RT-PCR

AL, OVX A B/NRARHAA  F + OVX i /NGE T
TngiAs ELEE TR (WE S) . MRS T
SRR PR MER R B = 1 (50d) , 55 SHAM ZHAH
OVX 4 B A5 % B {5 ( BMD ) B R B3 50 (BV/
TV) B /NRJEREE (Th. th) B /NEHCE (Th. N) ¥R
(P <0.05);F + OVX 45 OVX 4 b %, BMD
Tb. th . BV/TV . Th. N % F[&(P <0.05) (W 3),
2.5 BEEFEYNMI TRAP Yefady

HREFETPIAL TRAP BH M40 i Jo BH & 25 5% (1A
6) , I TEMEPL R AR I B0 T, X 1 1 40 Mg 7%

SHAM

B 5 B s b oA = 2 A [A]
Fig.5 The three-dimention reconstruction of cancelous

bone area in the distal femur

PEFCIAA R, F234 5, OVX 41 TRAP FHYE4H 148 F
+OVX /(P <0.05) , WE 7, a M & — HIH
e BT A A e S AR BEVE Rt &S R

3 e

(DR NINEE PRy il M o R S A o E 2
MR R A — R RGN . 2053
Fikn (18 R B AR Lo w LAY R, H 3 20
e R AT ERCE A OSS E
R E AR IERCR  l 255 U R ER, B

£3 BE Micro-CT S A P Y22 5 (Rl — A &, 5 SHAM 4, " P <0.05, ™ P <0.01;5 OVX 414k, " P <0.05)
Table 3 Comparison of micro-CT structural parameters of the femur among each group ( * P <0.05,™ P <0.01 vs SHAM, *P <. 05

vs OVX)
SH 0d 50 d
SHAM F+0VX SHAM OVX F+0VX
BMD ( mg/mm?*) 0. 188 +0. 060 0. 187 £0. 029 0.197 £0. 072 0.114 £0.013 " 0.902 +0. 064 *
BV/TV(% ) 20.371 +£6.616 17.510 £9.372 22.158 +9. 144 10. 598 £2. 605 * 7.072 £0.299 **
Th. N(N/mm) 2.131 £0.522 1.926 +1. 080 2.238 £0.673 1.110 £0.220 " 0.879 £0.014 ™

Tbh. Th(um)

95.940 +5. 996

95.980 +3.238

98.580 +9. 230

89.395 +0.488

80.455 +4.716 *
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SHAM F+OVX

A8
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E6 BRI E A TRAP Yeta2h 5 & FHPE 40 114,100 1% (0 d, 5 SHAM 4iAfLL, “ P <0.05; 5 OVX 414

t,*P <0.05)

Fig.6 TRAP-positive staining and counting of osteoclasts derived from bone marrow, 100 magnification (0 d, * P <0. 05

vs SHAM;* P <0.05 vs OVX)

SHAM OvVX

F+OVX

[T

o v D m S

osteoclast-like cells

50d

SHAM OVX F+OVX

B 7 -EEEEMESE M TRAP Y025 50 K FHPE 40 i 7145, 100 £% (50 d, 5 SHAM 4HAHEL, " P <0.05;5 OVX

HAAL,FP <0.05)

Fig.7 TRAP-positive staining and counting of osteoclasts derived from bone marrow, 100 magnification (50 d, * P <

0.05 vs SHAM;*P <0.05 vs OVX)
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2 (R R R A T R o A B A L 23, DT
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() RS LG, W A b 0 246 22 01 L 228 o7 FH IR
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REEARRARMA P KTk B B 4 22
A4 R K i, 78232 HRT J5 8 B A
JITMGEE . AR TT LUA G, = ke e A e R
e E AL TR, XA R 7R A R v M
R AT LA )k 5 RO B R E

BT LI BE ], ALK M AERSE S BT T )
AR R, K I AH G % B 3L ) TRAP, CTR , MMP9 |
cathepsin K, 33X $6EEPRIAR I 5% B B 10 PR o FH 1Y) 5k
JEHOE PO A R B VE B BRI ( TRAP) , & 2B K
WSO 1 4 BT 1 Y R AP bR AR, TRAP = Al
JEE A 1) R RS TR 4 ) % B0 Oy i B Ak R B T
FATT, RT-PCR 255 W . R L30T 2t T B A
I LF-JC R, 1 7E B e Bk e AL b R (R BR
WMEER ) ,50d J5 Ze 3T T 4 gl 25 B 1 E
PERGIR BRI UE S A MR R AR LT R
35 T A 4 e A ) 9 o R Ak ) R
REJIARIIE . — HBESR B = | HX B i A4 7R
BEZ 5% BRIPE A TS L B, K2 & PCR 453
H ERe 76 3 41 (8] LA TO A 8 25 57, X AT BE S i T
ERa 2504 T J B, B B s b 52 B W o,
it B R N ARSI R BN
Jei /N BRER 2R 1A 2 3R A ] — 131 K7, DA BH 25 30 R
JEM THEME = | @2 BT 0B IR 1E A5 LA
B MAER TR — LA SRR E R LK,
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AR AS PR ARG T MERE TCR /N B AR [R] A
FAC THIFBTHHAH |, 455 & Bk E BUEE /N
BRI IE 3 /N B i RO (H AR S 56 SR M
ICR /INRAE MBI 98 X 5 5 4 B, 2k 35 RO /N R
HH5IERH/NRAZETLIL, X —258 T8 7m T 5
LS RE BUEE = TRA R,

Micro-CT g5 H B 1) = 4e 25 M T 5 280, A Bh
T T TR RS B BLAE A AR B gl i
Micro-CT LR | & B i 2k 5 B/ N BB A1 % 3
(B ERFU B BN /N R R Bl 2
N R R T N T S (RS N o= e T o Y )
T2 5 XS IS A R BUR A
£ 5 UL P P R B S DUER B B B R TEH .
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R ER (145 6 10 4008 T VR BEBG I, Jf 9 I A7 4k 1)
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FIHISEATE B 2 1 ply 31 0 B P 5 AR
AESE T iF NF-kB 38 ) I NF-kB 3l % 2 i fr
i O A OB s s R I SR 5 | AT i o =1
(ROS) 75 = 2R B SRS B K AL o470 8 5 22
MR, MESERAE R — Ml 2259, HA TR A
FIESEARE 12, 2 M i R A7 AE I, B AR 3 o
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P AR AV N B 246 22 i 1 TR AR

25 1 Ak Akt B W £ 0 R R T R A7 K
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BEIRVE A S IR ER , — K ME R A% R i
IVEFE 2 W BRAK, AERFoE ekl S Bl
PR GIAMME 54 3 BTSRRI R , X —4
WESE T AU B b i AL, SO %o 42k 35 AR -1 I i
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