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X HRZH A EL P B3 (P <0.05) s 7E-5 T B 97 (7 ~ 28 d) , PTH 25 25 41 Hh i) Jl 8 Al 56 2 [H] Cbfa-1, Col-1 ,OCN | ALP
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Effects of exogenous PTH1-34 on healing of bone fracture in mice

Xie Yangli, Su Nan, Jin Min, Zhao Ling, Chen Lin (State Key Laboratory of Trauma, Burns and Combined Injury, Center of bone
Metabolism and Repair, Institute of Surgery Research, Daping Hospital, Third Military Medical University, Chongqing, 400042, China)

[ Abstract ] Objective To investigate whether exogenous parathyroid hormone ( PTH) can stimulate
bone fracture healing. Methods Closed proximal tibia fracture was created and stabilized with an intramedul-
lary pin in 60 2-month-old mice. The 50 surviving mice were randomly and equally divided into PTH treatment
group and control group. Mice of different groups received a daily injection of PTH1-34 (80 wg/kg) or saline
for 1 to 28 d post-fracture, and the concentration of serum calcium and phosphorus were measured and callus
tissue properties was analyzed at 1, 2 and 3 weeks post-fracture by radiography and histology. Total RNA was
extracted from callus tissues, and the expression levels of bone formation-related genes were evaluated by real-
time PCR. Results The serum calcium and phosphorus levels were not significant different between 2 groups.
In 7 d post-fracture, cartilaginous callus areas were increased in PTH-treated mice compared with that of control
mice. In contrast, in 14 d post-fracture, the remnant cartilaginous callus areas were smaller in PTH-treated
mice than that in control mice. The remnant fibrous bone areas in marrow cavity were also reduced in PTH-trea-
ted mice compared to control mice in 21 d after fracture. In the early stages of fracture (3 to 7 d), compared
with the control group, the PCNA and IGF-1 mRNA expressions were obviously increased in PTH treatment
group. In the middle and late (7 to 28 d) stages of fracture, compared with the control group, the Chfa-1,
Col-1, OCN, ALP mRNA expressions were significant increased in PTH treatment group. Conclusion These
results indicate that exogenous PTH enhances bone fracture healing in terms of increasing callus areas, endo-
chondral bone formation and osteoblastic bone formation, possibly through upregulating PCNA | IGF-1, Cbfa-1,
Col-1, OCN, and ALP at different stage of the healing process.
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AR 52 IR 2 ( parathyroid hormone , PTH) X & & F)
YERRSE 4%, BEREAR F B T2 A, SCRE A2 2 IR L, 3 AR
WA GH T mMAR, PF5E LM, Frstt
A2 T AN PTH GBS 05 W WA, 1 1) D P AR 51
BT ANEYE PTH RE i a< 584 1 5 & 40 i ) 54 e
PEEE BRI 2 BT R B, 1S
Sk B Gt # v, PTHL-34 G238 -8 Jii 1) T8 18 Fn
HRPLGE B . B B AT PTH A2t /N BUE rin & 4
FHLRI A 5 P @Gk B G A L il L
A B B R T S 0 R 2 A e e
G BRAE T R . DAE T A B ) 70 5T A M A T
Az LAY ( osteogenic cell ) 55 AT B 45016k B 40 g
FRIER BN BB 7E - r @ & o B vh k45 5 & 2R
FHY) . BB R i ( alkaline phosphatase , ALP) F1 T 7
JEE I ( collagen 1, Col-1) J2& i B 20 M 1% P 1) e S5 1k 4
P A% 55 R 1 (Chfal )y Runx2 ZR 65 s A 1,
PR RSB 20 RN A0 A Y 3 5 5 oAk TR S R AR AR
KA F-I(insulin-like growth factor-1, IGF-1) t#¥ JiF 3£
TEARRE B B VE R 25+ EE Y . N
THRYE PTH X /N RB T8 G 09 40 FHLE FRATRIH /N
SRR TR, fe R PR G AR PTH-34 , 32
WML PTH 597 @A i B ool 3 @ & 52 ), 2 A5
MR 5B AU A0 A DG BE PR 6 38 7K P 1 52 ), DA
MAES TR IR 2 PTH X/ BB 8 A A1
L, BT PTHI-34 3607 a9 i G 3 e ks .

1 HRE 7%

1.1 2EZRXA A

PTH1-34( Anaspec, 3 [ ) , Trizol ( Invitrogen , 38 [#] ) , 100 ¥4 5%
iX7F) & (Exscript, TaKaRa, H A%), & & PCR Jz b ik ¥ &
(SYBR™ Premix Ex Tag™ Kit, TaKaRa, H 7<), PCR {¥ ( Eppen-
dorf , fE ) , SEMHEESE f PCR X (Stratagene, ) , 4 [ )i/
5B (Beckman, £ [E ) , s #) i & X SGAHL (FAXITRON, 3%
F) , M ECFRLR X L85 (Giotto, E R o
1.2 ShHpBER R 4528

2 A ket SPE 2 CSTBL/6J /N (25 =4 K2z RIT R
Bt BF IR AMRHIF SR T S 86 s 0 ) 60 W, S5 G Pl il 4
AR 7 32 o A R B A T il 1% % B L A AR
1 ml/kg FIENE ST, R/ RS8R RRER IS , & K JH S /NRA
T, /N BT M SC T I IT 20 8 mm AT 1, AR U5
1 ml 27G A0 AN RIB B AR KR, A= BE K .
AR 0.3 mm B G5 B9 22 45 S 8 N 181 58 BT A /D BUIE B
JE BT AR /N U BB T IR, A B LA S, TR
o 1/3 AR BB By iR B, AEA DI O, s/ BUA IR
TEATRIAY ARSI 50 R R BRALECT 35 4 S v R 2
A PTH 45254 (n =25), PTH 44254043 H 2 F 1§ PTH1-34
(80 pgrkg) , X RELH 45 T4 BEAE AR K

1.3 B3R H AR SR R AT A LR AE

RIGIHEAE T RIER SR, Bl 22 ~24 C8E 60% , &
WIS AN TE SHER LA K R, /NRAT A G Eh, T
Y H, WEHIRBEE N . K H , Giotto FFDM R GE %t/ AT
X R, MBI B T E¥9r5 7.14.21 d 128 d 4k
SN BOLE AT IR BAT S i X & v Rt , w125 PP B i
ARG, 2R B €, Z M Z /% (EDTA) Bii45, 16 2
MK, A TR R 5 pm, 8 BT [ SR Y £, S5
FEHAA SV B A
1.4 fF P Ca PO4 4T

HY7)57.14 21 d F128 d IRAEEUALALRSE/ MR 4 °C ,2 500 1/min
B0 10 min 4385 L7 , F Beckman DXC800 4= H zf 4= {b 43 H711%
F M3 S AT (n =8) .
1.5 % RNA $2I %45 %

TELA% B ) 050 0 A 00 2 B B T b bR 4% 0.3 mm A0 BY R
I, AT RS B 2R AR NA 1 ml Trizol W1, AL HL RNA
SN EEH D(260)/D (280 ) JE[EE 1.8 ~2.0,
BT pg B RNA AR, 2 B st 70 6 ) 10 B 43 16 1 7 3
SRR
1.6 FuF% k% 2E PCR A&

WA IEE M50 DA TAY TRAE AR (%
1) o 51935 Invitrogen A F]A . PCR R4 5 L il K 9 1
FAFEE S A i PCR RO IR & U 5T, SR M3 45
LA EEESE 3 K. PH44:95 C 30 5595 C 55,57 C
20 5,72 C 15 5,40 MEH (§744) ;95 C 30 5,57 C 30 5,95 C
30 s, qER PCR XA )45 5 i i 424307, 15 20 35 i £ IR
fift 2R FEA BYIEER R {E (cycle threshold, Ct) {H. & hrdrAs H
A3 D (1 22 28 08 B FH L 7 (9 SR8 38 A 255 2 (1 (cyclophillin
A) EFE R HTRIE, BIACH Sy H 095 E AR T RS 5 H 5
FARERPE, ACL= Clyggum — Clegapnnn 2o K5 B I SE R ZE AL L)
Foah 2 SN 272 I E R R R, i - AACL=
RZ T,

*1 BmEEMFIRENHBRRE

AR ey AR FIerE
(C) (bp)

Cyclophilin A iF ¥4 :5'-CGAGCTCTGAGCACTGGAGA-3’ 55 82
2 U :5'-TGGCGTGTAAAGTCACCACC-3'

OPG 1E Y4 :5'-TCCCTTGCCCTGACCACTCTT-3 56 152
2 U :5'-CAGGTAACGCCCTTCCTCACA-3'

RANKL 1F X4 :5"-CCGAGACTACGGCAAGTACC-3 55 206
2 S :5'-GCGCTCGAAAGTACAGGAAC-3’

Chfa-1 E X :5'-CCTGAACTCTGCACCAAGTC-3' 54 232
2 U :5'-GAGGTGGCAGTGTCATCATC-3'

IGF-1 1E Y4 :5'-GTGGACCGAGGGGCTTTTACTTC-3' &0 246
2 Ut :5'-TTTGCAGCTTCGTTTICTTGTTTG-3'

PCNA 1F X4 :5"-CACCAAATCAAGAGAAAGTT-3' 57 602
J2 X 25" -GAGAATGGAGAGAAAAGAAA-3'

ALP 1E Y4 :5'-CTTGCTGGTGGAAGGAGGCAGG-3' 55 393
2 Uit :5'-GGAGCACAGGAAGTTGGGAC-3'

Col-1 iF X4 :5"-AATGGTGAGACGTGGAAACCCGAG-3' 0 184
JZ X :5'-CGACTCCTACATCTTCTGAGTTTGG-3'

OCN 1E X :5'-TCTGACAAAGCCTTCATGTCC-3' 58 199

J X4 :5'-AAATAGTGATACCGTAGATGCG-3'
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1.6 %itsiik
BHRELL & + s 7%, S SPSS 11. 0 G514 44 %5 19 2R 295
PEATAM ST BEAS B ¢ R G (X)) o

2 HR

2.1 B A AL I AE R

HHT/NRURBEG 2 ~3 h ] 5 IR K= IEF 550,
EGMBATEARSS 3 ~5 d JralR B . /N A fgok i
i gl , ISR s AR5 s 3R 2 0 100% , BUH 50 Ht
AGERGT . ARJEUH X 2R 7R LT3 7R 0, 4 5 )
o R B S R R E R (B 1) .

A:stR 40 ;B PTH 42540
1 BIEBHELRE
2.2 BIHBESEILFEN
FIH X ZeRx/ NRIIE B BT @ S B T AER (1 2) o

BT 14 d, X% REA 545 25 40 38 0 S M, PTH 45 25 2 1
B O A . BTG 21 d, % IR 2 B W A R I
PR BTG W AT I, PTH 4254 Firc BAms, b
TERicE B, BI)E 28 d, A BN e 2 emas.

TR AR
A:% 14 X;B:% 21 X;C.% 28 &
E2 BFFETI42 RINEEREEXEZHFRHA

BYTE T B e R A R 2
5508 B /MBI L, PTH 25 285 20 /] SR B o T AR P
Pt AR I, BYTE 14 d, RHR SRR A O R
PiEE o MO, S50 IR/ B LG, PTH 25 25 28 /) U BB i
[LIE 2V = g €= g ITRSAC R TR D) | 105 44 RibE 7 = g 2 g TR AV
BRI BT 21 d 5 EmiAE TEEER B, S IR/ AR
FE, PTH 25 2541/ R B I 6 A 0 , A /B A7 1) 2
ZUE T B/ BB B h A B VR (1813) .
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AB.C: oA At FIEH T 14 21 59D .E F. 55 % PTH 2354 5% E % 7.14 21 = F %
B3 BREBNEET1421 XEMARFHRENE (GRaBE% x40)
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2.3 PTH &/ Rfa ik %45 B4 0 ok

PP BRI K T 19 O 3 3 2 L e, W
TR PTH 45 254 07 A s 275 4k 5 F PR 10 5 B i
WA F R T W4/ B 3 4% 5K 7% B, PTH % 25441 15
e R0 AT L3 5 8 P 4) B4 /I RLGE 45 3 %
BT RAL, FLUA S22 5 (P >0.05)

A 30p 4
BPTH -
g 25| -
S
220
15}
=
o
10}
050
00— 14 21 28
t/d
B 45-
<4.0- EPTH
S35 —ing _
£ 30
25
s 2.0-
o
Z15-
1.0-
0.5-
=" 21 28
t/d

4 A 25- ¢ m PTH
mPTH b b
2.0 A 2.0 = .
= 1 -
< 1.5 . 13 +
10| - £ 1.0-
0.5 0.5

2.4 PTH #0847 &3 42 F 40 % R B mRNA &
ik K6 7R

5% LA LL , ZE B TR 28 3 K TGF-1 14 58 M 20 MU A% i i
(proliferating cell nuclear antigen, PCNA) mRNA [ 7K 3F- B I} 1%
A(P <0.05) , #5728 81%5 7 K, b5 & 8 T (& 5A B) ; PTH
PG P45 4 T F a-1 (core-binding factor a-1,Cbfa-1) , [ A
SR (collagen 1, Col-1) B %5 2 (osteocalcin, OCN) mRNA [ 7K
SFNETE 1S W35 T, B2 2w IS A 4 ] (18
5C.D) ; Bf B 52 fifF ( alkaline phosphatase, ALP) mRNA 7K JA
HITREH 3 KITRA 25, R BB f5 4 4 JA (& SE) s
K «B Z ARG AR 5 B/ 1 PR 3R HUAE (receptor activator of
NF-kB ligand/ osteoprotegerin, RANKL/OPG) ) FL{E M &5 ¥1)5 2f
1 IR A G422 5 (P <0.05) 55 2 Ji 22 S ik B e K, Bl S
ZeiN, BSR4 4 (K S5F) .

3 it

BB AN IR PTHL-34 788 3 f & i B vh i 4
A, B AT 3 o %k E A s/ BE] 8K 45 7 PTHL-34
80 wg/ (kg + d) , A N 70 9 A8 PHER 7K 98 47 % 0L
8o RWABCFEIR TR 4 25 4B R N R
B R4y, AR FEE TR 7 d PTH 432541
/NI i T AR IR 22 s AE B TS 7 d R 14 d,
20 20 2L AR B Ot ORI e AR AR 1 X R 2
Z B 14 d PTH 45 25 41 3R AR ECR i B0 IR 2 i b5
TG 21 d, PTH 25 25 41 5 AR S 2L el /b, - s ik
AFRE . i, [alEkE T PTHI-34 80 pg/ (kg - d)

mRNA

& D 25)
= PTH b

a
~ ; 15 T
1.0 I 101 =
0.5 ’_I 0.
0 ' ' S R W

1 3 7 14 21 28
t/d

)

(=]
©

©

mRNA
n

-

mRNA

(=]

N

" 14

t/d t/d
b })E 251 5 F
m PTH a b
1 1.5}¢ |
-«
£
CIREY
0.5
21 28

t/d

A: IGF-1; B: PCNA; C: Cbfa-1; D: OCN; E: ALP; F. RANKL/OPG }t14
a: P<0.05, b:P<0.01, 548 o I8 & 64 5F 18 20 b 4%
E S5 PTHXEHRETREPFETEREEXERERIXKTEHZI
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AT DR S AT A 2 R P CE T R, i A B
AL LB T A LT B B A2 A& B, PTH-34 A5
M /)N BUR) L TR A5 AR, DL & SR 4R %, PTHL-34 fi¢
MR AE AN T 1M 35 5 AR i i) A8 A, v RE 2 B
T R E AR B TR

SETT R N BF ST & R PTH A 3 5 8 iR 32
IGF-1 FyRT5 . PRAMIFFE 4 & B IGF-1 AT LU ik
B AT %) 15 5 R A3 Ak, I L3 0 e TR A4 A g, B D
IGF-1 fg 4 i PTH & i I It (9 5 BN ALP B985 1
IGF-1 5 IGF-IR & A f B /N BT PTH A9 42 1 B 1
BEA TS o DA EBFSE3R R, IGF-1 1y Al A 2 A1 57 4
PTH R BT @A 1 — o Ol . AR RN 5
XTHRAIAH L, PTH 25 25 40 T (1) IGF-1 mRNA M E 47 J5
553 Rt B, ER RS 7T REFIRFEK,
Bifi 5 2 B 980N 5 [R) B PCNA mRNA 72847555 3 Rk
IR RZE 5, MG 25 58 Widl /. PCNA iy 1858 P
YHMIAZ P, SR T A R R 40 LAY 3 A A 0, 1T
IGF-1 A7 4 1 ol B 40 L 15 8 A A VR o SEmt i i 4
5T @~ PTH 5l 38 nl B 40 Mg (%) 34 58 m LLAS K fi T
IGF-1""")  PCNA 1 IGF-1 75 fk & 3 R — %, 275
PCNA ()75 4k Al B8 J2& IGF-1 1 PTH P4 Fh A [a] g 42 B
o LANRAT A Y5 A RIEF], PTH 25 2520 /)N [)
CE AR A Chfa-1, Col-1 ,OCN | ALP B I /& F %
HEZH /IR, 3K AT RBAR & T 1 4 AL 58 5 40 A i 35
A E UL, 7E B 3T @ G B v, (B Bk 45 7 PTHI-34 W]
VIS8 n ol 200 B e e 5 0 4, B i S A fR
B JS P T DA T T 405 v A %) e 46, i
THEITNE G, X5 H MR 8RR 3
gt

HITWE AT EE B HEENDRE, Eixd
IR A W W = 1] B A B P e e
PR I 3R A 138 A6 RANKL OPG (1) HE AR St X015 441
MR T SR R ST RS 7 K, BB A0 M T
£ PTH ja Y7 4L i s F X IR AL, B e 56 14 RER
IRBNER R WG W AR . X T BB R E T T @A i 7
i, PTH 3@ 1 38415 OPG Fil RANKL 1% 2 35 R A2 9F il
S 6 % B A, s 2L 2 e

g5 LAk, ANEYE PTH AT DUt e 251540 20 i) 354
FE B R A AL, B A A SR AR S B T
SR AT BTG A — S R RN N
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