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WE: Bo MELMEARME | BFBRIE C-HRET Ak (PICP) \H 5K (BCP) Ml I B R T HR R &
KgAK (ICTP) 38 4L, LA R B B840 M B (R 17 R (OPG) MBI F «B R K& L B T Ao & (RANKL) i) 5
HxAEL, Ak B3 ARERESD KR 16 L BN 2 H - BFRXEAS L) MBFRACS
Ryo RANMBMEBRAREHERBMABER, R/5 128,50 RAMEE X KEWRAE(DXA) #ilF
%, ELISA ¥l &t i ¥ PICP .BGP J& ICTP ¥R, qRT-PCR ¥ 5E B & #8418 OPG 1 RANKL mRNA
KL GR SERTFAALE ARENE 2 AGEENRBEEEETHEEE(P<0.01);MF
PICPBGPHIICTP SRBEAF(P<0.01) ; BHMAM RANKL 1) mRNA FXA BN (P <0.05) A
OPG/RANKL L BFEK (P <0.01) , MW & OPG i) mRNA R B X B EMHEH (P >0.05), &ig
LR R2ARMARKALEEE R IR R . OPG/RANKL/RANK R 4 % 4 7] RE 72 LARE & 40
BRERNENFSHFRETEEZREM.
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Experimental study of bone metabolism and gene expression of OPG and RANKL in bone marrow
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Abstract: Objective To observe the changes of serum procollagen type I C-terminal propeptide ( PICP),
osteocalcin ( BGP) , and type | collagen cross-linked telopeptide (1ICTP) in ovariectomized rats, as well as
the expression of osteoprotegerin ( OPG) and the nuclear factor kB receptor activator factor ligand ( RANKL)
in bone marrow cells. Methods Sixteen 3-month-old female SD rats were randomly divided into 2 groups:
the sham-operated control group (n =8) and the ovariectomized group (n =8). Osteoporosis rat model was
established using bilateral ovariectomy. Bone mineral density (BMD) was measured using DXA at the 12"
week after the surgery. Serum concentrations of PICP, BGP and ITCP were measured using ELISA method.
The expression of OPG and RANKL mRNA in bone marrow cells was measured using qRT-PCR. Results
Compared to those in sham group, BMD of the lumbar vertebrae and the femurs in ovariectomized rats
decreased significantly at the 12" week after the surgery (P <0.01). Serum concentrations of PICP, BGP,
and ICTP increased significantly (P <0.01). The expression of RANKL mRNA increased significantly ( P
<0.05), and OPG/RANKL ratio decreased (P < 0.01) No significant difference was observed in
expression of OPG mRNA (P >0.05). Conclusions At the 12th week after ovariectomy, rats show the
characteristics of high bone turnover ratio. OPG/RANKL/RANK system imbalance may play an important
role in bone metabolism characterized by over-reaction of osteoclasts.
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REBRE R, HEARIH RN THLXERGNEYS
BER SR, AN EKE TR, FEEZIREDIN
K BEREMBERFERA FHEREER. BF
FE (bone mineral densist, BMD ) Fj 3k & & & 37 XG f1
MELYNRITRR SndE, HRUE KRR,
FRHRAGEYEERERREYEHR(BGP) | 1
I J5 i R C-3 B BK ( carboxyterminal propeptide of
procollagen type 1,PICP) FlBs 1 BE AR B ( ALP) , LI &
BRWAR &Y T R R R 38 B 3R 2 K I BK ( carboxy-
terminal cross-linked telopeptides of type Icollagen,
ICTP & CTX-I) , H A T BMD, H f8 [ B & 47
X EMEY ST E . OPG/RANKL/RANK &%
HTREFHARIMER DR LEE, KSR E
BB R A S MR R o MK BT
o B # 1k B 5 11 Z (osteoprotegerin, OPG) "', X
Ti#H— % #H it OPG/RANKL/RANK H S EZ SR ETE
EHXHERRRZ T BN ERERER, RITHR
ETEMEKRBEHAKR OPC REE T «B Z{KE
£ T B & ( receptor activator of NF-kB ligand,
RANKL) #EE ER X B EHE

1 #EFMAEZ

L1 Rz Rio4d

3 A k4@ R SPF Gtk SD KK 16 X {hHE 245
~300 g, T REEZEXKIHY P L, FATIES
SCXK( ) 2008-0002, /@ 5 F = if 24C ~26C, H
XHE 45% ~65% ,12 h [AIfR R FIE P, LK
X S Y AL B AF& P A A R AL F BB AR A 1
(RTEFLBIYNESUTEL)ER FREE
WS RBTABRFRAMFERL, BHE 8
Ho
L2 By RBKRRERAMER

7% 7K& RBE 0. 5 ml/100 g B& e v 5, R A AR 2
JEBMEML, TS F%1.0 cm HHFE 1.0 cm 4
BEEERHE, EERFTERRUAGTKLA 1.0

em YO, UIFEKRAMUA, FABE. THBRE
BAOGRHAARMER, BARIABNLR“E
FERE” D RAR G IS FH IR, WELE 3%
MR FERABERBHEABEHEGO. &
FARARBINAFRENE, RN ERAE SRR
iR, RgFH 4 REXTHITH%, &4 SD
KRBT EERRSE, > EEF, BERAE
fh 1% B0, 151 25 B P B
1.3 AU RAR

Rig12 FBIAKRR 7% K& &AE 0.5 ml/
100 g R F S RBE A L ERMASE, 0BT
4CIKFHFE 3 /et )5, FIB AL 2500 5%/ 4CHE
020 4380, IR BT WA % EP LT - 80C
AR KA SR A7 ELISA 8231, KR WAL 38 J5 B 3
BMAMES, BREOUNR DT SHAFHET
O BB RERAAEEREKERI K AXET
ARASWEE KM TH R TP EY, RESHEE,
2.5 ml — M TC B 5T 4% il B DMEM (23R K /R
AP G E R A, 1S NWK049S ) 6 5 3
1 ml REMEEERE B HEBBHALE 2 ml
HEET, LT - 80C BIKE KR F# qRT-PCR
K, BUALFE SR K RA M RE M 4 BEHE, 2B R
BSAR A EKRENES NG ROE,
T -20CKBARGFHMBER.
1.4 RKEMEBHEBRIIEY S EWNE

Ifi ¥ #5 4 PICP ICTP X BGP 43 7| Fi 3£ H RB
43 % K B PICP ELISA Kit, ICTP ELISA Kit, BGP
ELISA Kit # ELISA A &8 H#47,
L5 EHAKREEAN

BHEAHBEHARERANBEERRKERA
Trizol ( 3£ [ Invitrogen 23 7] ) BV R EUE RNA, L
B-actin 35 M8 ,SYBRGreen [ ( 35 [ Biorad 2} &) )
FRie=#¥ . SD KB OPG . RANKL K B-actin ¥ R ¥
MR MERB MEZEEYHEARERAA
Mo

F£1 LERFIDRITHOT

Table 1 Details of primers

Bk B 1 FEF PHFEHRE
OPG 5’ GCCCAGACGAGATTGAGAGA 3’ ( L¥F) 160bp
5’ ACGGTTTTGGGAAAGTGGTA 3’ (T ##)
RANKL 5’ CCGTGCAAAGGGAATTACAA 3’ (E¥) 150bp
5’ GGATGTCGGCAGCATTGAT 3’ (F#f)
B-actin 5’ AGGGAAATCGTGCGTGACAT 3’ ( L) 150bp
5’ AGGGAAATCGTGCGTGACAT 3’ ( i)
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L St 95 C WA 5 434 ,95C A& H 15 #,
60°C iR k 15 #,72°C ZE{d 32 F;40 MNEIF (72°C
RN HKRERAES). MBMES . HE 60C ~
95C, L% B-actin HiX} E & OPG.RANKL % H
Rk,

1.6 BHEENE

BinAX TEEKERBERFERZESH,
Fi 2 E @RI (GE) /A 7 PRODIGY LUNAR XUHE X £
BHEEN, HERENEMEERAE B AMERA
FE3H /NS DR A AT
L7 Sit¥ar

GitHERH x s ¥R, A SPSS 17.0 for
windows G 1T K4 F it T B, T AR B ETES
HHFEFHERR WANBHERA KRR,

2 &R

2.1 KKIHYHESH

FRAERKBEBE, KB EEAR , HHEALER
¥
2.2 EMEXREBELL

FEE SD KR 2w R BBHEERTALH
HHETR(P<0.01);F 4 BERTHEEMANET
AHBEHE FHEP<0.01), (AFE1)

x®1 WARBREMEHE
BEEHE(i+s, n=8, g/cm’)
Table 1 Comparison of BMD of the femurs and the

lumbar spine between the two groups(x +s, n =8, g/cm?®)

4 51 REB®E HBAERBTEE
BFERA 0.242 +0.078 0.208 +0.137
F LR E 0.182 £0.098 " 0.154 £0. 158 **

H:S5EFAR4MALE, P<0.05, 5BEFRALE, ™ P<0.01
*P <0.05, vs. sham-operated group; ** P < 0.01, vs. sham-

operated group

2.3 EXBIHEARMLBFBHBETEDEL
EMEAMEFREBERYEHRRES
PICP 7l BGP S EHBFAAH B (P <0.01),
RSB EHRTEY ICTP SERBRTFAA
I BHEE(P<0.01), (RFE2)
2.4 EHPE KK S84 M OPG fl RANKL % H £
KREWET 12 A& RANKL 1
mRNA %t R B R (1.911 £0.390) , HixH B F AR
4(1.426 £0.260) , AR ERFARKITERE (P <
0.05), {HE OPG i mRNA 2 5N 8140 3£ 15 i) HH X %
KEER (3.111 £0.998), 518 F R4 (4.405 =

2.625) Mk, H LG HFER(P>0.05), MEKEX
KR OPG Mixt #1585 RANKL #ixf X BH H It
{8 J5 # 47 G it % 43 ¥, % 99 8L 41 OPG/RANKL 2y
(1.604 £0.306) , # X} B F R4 (2.938 +£1.141),
g REM(P<0.01), (WE 1 FHE2)

£2 PHKRMA PICP BGP,

ICTP (2 +s, n=8 pg/L)
Table 2 Comparison of serum PICP, BGP,
and ICTP between the two groups(x s, n =8 pg/L)

k| i # PICP It #% BGP it 7% ICTP
BEARM  7.590£1.238 916. 618 £ 55.995 6.204 +0.477
F6EA  9.620:1.038* 1047.0.49 £70.552"  7.190 £0.696°*

E5BRFARLLE, P<0.05, 5EFRALE, © P<0.01
*P<0.05, vs. sham-operated group; ** P <0.01, vs. sham-

operated group

75¢
7.0}
6.5}
, 607
T 55
2 5ot
S a5
S 40 7
% 3.5}
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B 25t
& 20}
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Sham Group
0QVX Group

N\

{

RANKL

1 S840 OPG #1 RANKL mRNA FikA L
. 5BFARALE, " P<0.05
Fig.1 hanges of RANKL and OPG mRNA
expression in bone marrow cells

* P <0.05, vs. sham-operated group

aOPG/RANKL

L

OPG/RANKL

Sham group

2 BN OPC 5 RANKL HEZAL
H 5BFRLILE, ™ P<0.01
Fig.2 Changes of OPG and RANKL ratio
in bone marrow cells

** P <0.01, vs. sham-operated group
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3 Wit

FZHE R BRAENER R T 19669 4
Savill § &Y, BE AN RLELR )G B B HE R
auHyRR™ XEANSHSEYEER (FDA)
R DA MR (WTO) o 7 15 F 1 05 Ao
REZEERARE ., BFRAABRBEHKR S
HARGBIFAARME, EHEE B KB4
ZaERER M TRAR a8, HiEX
R2~3 ARCEMRA, 12 AREHANLEY, &
BREAMN0~40 K, ALBRER I ARAR
U0 E 12 S5 WEE X &R (DXA ) il BEHE
MBREBEE EREZPHERANRTEEEYR
EEMEARETR, R FAREERS.

DXA BHEPRFARRLNACK B RGN &
FRuE”  RESS L B2 R B BMD,{HA 2 Fr & BMD R
ABRSREB, UK BMD LKA T &
FEH S AT B R S B AR B Y (Bone
turnover markers, BTMs) A] UL %] 6 B4 B 37 XU &
Y xRN ERBEHAERITHOZ W, AR T
BMD , #i-B R BT . H BTMs &%
FEE WA ELn i KR BB FETREGR
EREERELW, B LRBRE . BB RY
H AL b5 E B A BGP PICP, §5 4 8% BR B§ ( alkaline
phosphatase , ALP) , R Bt B R i) X B EW 2
ICTP, 7ZEMEKFER RS, B BIFEY PICP,
BGP FI ICTP % 6 BE4E 7 12 Wi FiF Al 25 W36 97 O R
HtEhr. ARTHEZREH THBERE , BEH
EBRKIIEETTH, FB T BRI S,
B, R 24 B RO TE B BE &, LA 48
BEBMERAEER, ERFBBEARED T
SEm, EARZRS , RIMUEBIRRES 12 A)E
Ifil & PICP .BGP ICTP K& LB FAAF & (P
<0.01), HHEMETHMENRZZFHTH
R E X S5EASYIXBRFRMAFETY 0
A F BB A AE R BB R 3R T B TR AR XA
RSB R ma—5 ",

# 2 )5 B T AN E B B T RE B B T O, MR A
VERBEATREARM LSRR, EER/ BK
40 0 F 3 BB R A O R R R R gt A
RANKL 5 #% H ¥+ kB % {& 1% 1k I} T ( receptor
activator of NF-kB, RANK) {4 & A ESE EEWE
M. T OPG HEiE R 2 4k 1 2 35 Fr 0 ) RANK Hi
RANKL %5 & M T BH 1 B W/ 5% 40 a5 1] B & 4

R £ 434 0T BHL 1 8% B 200 O 38T , 3 B4 B R A
Hig'™, B4 M P oS 40 B . T W B 480 . B o
40 0 5% 40 0 R0 R B 40 B % 1 % 35 RANKL, T
OPG | B 40 M Fo ik SR A i 7= A 120 RATE R
qRT-PCR % B & 7% RANKL #l OPG Ehi £ & F &
BEANM X 5 EAMNRR — 8", qRT-PCR 2347 8
FEREEARE LB, 00 S MK R
RANKL mRNA X BB (P <0.05), BEH 01
F5¥% OPG/RANKL lo# , £ E =AW E T
(P<0.01), {42 OPG mRNA Xk B AEE X
BEFMHE(P>0.05), HHI7E £ ERRERHEL
B BE A  EE R RANKL R A58, B
OPG/RANKL H % T B, 5 30 % i T 40 fg 1 3 B 40
HO 53 AL 345 K B R BB 0, B R T BUB R
BTt BRI, X S RITT R MG H#&
FEYELRA BN, XBREAE ABRARE
#12 A, WEHL S5 AKBLLGHME OPG/
RANKL/RANK % 4t 5 45 05 40 M 2h B 7T 38 9 45 K
ORE RV LR

BB, 2% %55 BB M BT R KIE SR K
ZEG7EL BMD bR “ AR MM E AR
I 9 7 U T B P — R A A A AL S AR
AT ZM, ERMTHRMNERENEEFH
BMD { T, SR BT L 0 1 B R bs . A X
FTHREESBRGRERR, FRES S RH®
YR AGE B E B TR, ERBEUARE
KM AREEE, ATRE 3 A8 KR XU 5
HUTB% 12 [ )5, 3@ L Xt 1 % PICP.BGP ICTP & &
RXTH, BRI RRENEE T EXA RS IEET
P, R TR R M B R SRR R,
OPG/RANKL/RANK RZ A EHH R EEM M. H
T B840 8 RANKL mRNA 2 3% 5 & i i OPG 0
RANKL (36 [ Rk Lol k 45, B A F B R R BT
B BN, RASE P MAEESERE
%o B, BRI S ALKHEMNNARE
BREMESHRESRENES, WS BT
RAVEHF RS LRBH TSR, HER
B AGRENE KT, KU R RS
T NERNHE— SO
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