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BE. [BH] W B RE Y (osteoporosis, OP) B KBRS . W F kB (nuclear factor—kappa B, NF-
kB) /B[54 B -9 (matrix metalloproteinases, MMP-9) {5 il B8 . [ 3% ] 52 2 SD Mt K REEHL S M BT R4
RORIZE | BB B P, 13 Ko BR TR F ARG, HABKBRIIVIBR UGN, 10 J5)5 A shy i@ Bes g +
ARACBE, (BTFARLL BRI 4, T ABE K BB 2T 0.05 pwe/kg BFTEA0EE; PHEZBRELZG T 200 mg/ke FHZEES , 1
Wid, %12 i, 47 BMD 58 CT @ sAaill, JFmdil . fibrdid mRNA AR LA, [&R] 4325 12 85, BMD
[(0.3120.06) g/em’ vs (0.26+0.06) g/em? vs (0.25+0.05) glem® vs (0.1920.04) g/em?, P<0.001], B /NEE%L [(5.5+0.6) mm ™' vs (4.7£0.6) mm”'
vs (4.5+0.5) mm™ vs (3.020.4) mm™', P<0.001] FlH /NG JEEFE [(78.5+5.4) wm vs (72.3+4.7) wm vs (70.8%5.0) wm vs (46.9+3.8) pm, P<
0.001] F = ZEARARIK IS BT AR ST R By > B AL B SBOINA], ZRASTE L, MEEM 5 E, PINP, BGP Ml ALP f& =
AR Hy . ABFARASFHE B> BB SHA , ZRAEFHITE L (P<0.05), MilfiliE TNF-a . 1L-6 il IL-8 F{IE & SRk
¥y BFARUA<FHE A <HUBEH <AL, 2FG5E L (P<0.05) . EHEAREY KNI HE, NF-kB p6S 1 MMP ()
mRNA DURCEE (238 RS 2 S IR B R . TP ARA <PHE B < B LBl <], ZFIWAGITE L (P<0.05). [&ig]
FZERRERA W 2l OP BT REUE 3 . B CT ML AN IS B e R, T NF-xB/MMP9 {5 5l bR B M 1%k

KGR HREAEEYT, B, B0, T «B (NF-«B), FEFiGJEEAM-9 (MMP-9)
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Effect of paeonol on bone metabolism in osteoporotic fracture in rats // LI Hong—ru, ZHAO Qing—hui, WANG Yong—hui, ZHOU
Jing, CHEN Ting—rui. a. Department of Pharmacy; b. Department of Traumatic Orthopedics, Central Hospital of Zhumadian City, Zhumadi-
an 463000, China

Abstract: [Objective] To investigate the effects of paeonol on bone metabolism, involving nuclear faction—kappa B (NF-kB) / matrix

metalloproteinases—9 (MMP-9) signaling pathway, in osteoporotic fracture in rat. [Methods] A total of 52 SD female rats were randomly di-
vided into the sham operation (SO) group, model group, calcitriol group and paeonol group, with 13 in each group. Except those in the SO
group, all the rats underwent bilateral total ovariectomy (OVX), and all animals underwent operation to establish femur fracture with inter-
nal fixation 10 weeks later. The sham operation group and model group were respectively given normal saline, while the calcitriol group was
given 0.05 pg/kg alfacalcitol, and the paeonol group was given 200 mg/kg paeonol intragastrically once a day for 12 weeks. The BMD and
bone microCT were conducted, and serum makers, signaling pathway markers mRNA and protein expression were detected. [ Results] At 12
weeks after drug administration, the BMD [(0.31£0.06) g/em’ vs (0.26+0.06) g/cm’ vs (0.25+0.05) g/cm® vs (0.19+0.04) g/cm®, P<0.001], the
trabecular number (Th.N) [(5.5£0.6) mm™" vs (4.7£0.6) mm™' vs (4.5£0.5) mm™" vs (3.0£0.4) mm™', P<0.001] and bone trabecular thickness
(Th.Th) [(78.5+5.4) pm ws (72.3+4.7) um vs (70.8+5.0) pm vs (46.9+3.8) um, P<0.001] were ranked from high to low as follows: the SO
group>the paeonol group>the calcitriol group>the model group with statistically significant differences. In terms of serum detections, the
PINP, BGP and ALP were ranked in descending order as the SO group>the paeonol group>the calcitriol group>the model group with statisti-
cally significant differences (P<0.05), while the serum TNF-a, IL-6 and IL.-8 were in the order from low to high: the SO group<the paeonol
group<the calcitriol group<the model group with statistically significant differences(P<0.05). In terms of signaling pathway marker detec-
tion, both the mRNA and protein expressions of NF=kB p65 and MMP ranked as follows: the SO group<the paeonol group<the calcitriol
group<the model group, which all were statistically significant (P<0.05). [Conclusion] The paeonol does significantly improve bone mineral

density, bone microCT measurement and serum bone metabolism markers, while down-regulate the expression of NF=kB/MMP9 signaling
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pathway markers in OP fractured rats in this study.
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B IRFAME (osteoporosis, OP) 4 & FHZ4FE N
BH®@AJG L, Sl Edr, 8k, SETRUREL
K AHGE AR OP B9 20%, HLVEE
MAFCIER UL = AHEmiE N, OP KA, K&
BTG K B 80% /et ik, Rl 244 )n &
P, GO0 KU Zo PRI A Ay o FT L e XU
N OP Gy, Biif OP M6 B T HA EZAYIR IR |
FELTE S, BENAIT OP KA CHIr i ki,
25 EAMERGR L BRRE, ER IO AN A
HARRRN Y TP BEATE OP F4RYT T H]
BZ, WELOPRET “HE" B S, H
RISE OB, BUED, SMMRERAEA G, H AR B
PRGNS PRI AP IR IR Y, B
WO I . PR R, dbRedisa .. M. BE
PUARER, HLAIE p38 MAPK S5 HHCE BRI LA i)
JREANME AT . SMEONIAE 1 A IE T R DR R
A HLE AT BES Wnt/B—catenin {5550 BN H], [F
IR 3 7 4 J8 5 M B -9 (matrix metalloproteinases,
MMP-9) SEHEFRAC T, BHEAE ™ HRIEFRFF B 1y m]
A ] Toll #E3ZK-4 (toll-like receptor, TLR4) /
A ¥ kB (nuclear factor—kappa B, NF-kB) 155 il
E% ]Z%S 155 HEP 9@-? ﬂ: At A ? —o (tumor necrosis factor— a,
TNF-a) HI72E. MMP-9 Sia s ik, =
5 0P &5 5 NF—kB B A2 0 A I e it S p
T, BB RRAE . RPENESE, T OP Pk
ik ARWFFEE L S TR R OP B AR B A
St NF-xB/MMP9 {551 B #5206, OP B frBiif
SRR A .

1 #MB5FE

1.1 S50

THIE SD MEMER L 52 H, {KH 250~300 g, ~F-
¥] (280.0£15.0) g, HIMTREA SLER s hoeft, IF
AfIES o SYXK (7) 2017-0001, J&T K BUAH G #
YERF LR s e ek . BEYLK L AR F AR .
BRI | Bk 51 A, R 13 Ho
1.2 BRIy

BFARA, FTFFRENE, XF B0 LR R 5 41 2]
Bro HAh =4I, FESUNBREYIRE, £in
ety WOAZE 10 B, i BEE X 2 AU

HREE % PE{E (bone mineral density, BMD) #E170
SE, AEB B BMD fE AR T AR KB BMD -1
B/ 2.5 PR, EER @R .

W I i A R B A O P B s e e, 7 B e G
HEEFTT, tindEs.
1.3 2t

TREYTEEARF R H X R HIAT T, (2T
AR BRI 2T 25 RIA R BIEUKHER , 11
Wi, FESE12 [ R R B AT R B A (4R
T2V B A BRA R 0.05 pg/kg HEH , FHEz B
LT 200 me/kg FHECI  (BRPHIHARA Y EARATERA
Al HERE, ¥1ud, EZE 12 .
14 KFEhR
1.4.1 BMD il

TR ZY 12 F)a, RADWEE X & %2
A 5E £ LR BB E BMD, B Hi-red small ani-
mal
142 7fk CT 4

T2 12 AL FE s ) 5 B 2R BB R R A,
T BB 30 v T X S 3 micro—CT 4813000 5 4% 41
REE/NERG . JRESEE . 2P 18 mm,
AN 385 wA.
1.43 I35

g2 12 IR B, SR AIEER 0T (enzyme—
linked immunosorbent assay, ELISA) i 52 4% 2H I BRI
i 1 AVETR R B i IR (type T procollagen propep-
tide, PINP) ., ‘H452 (bone gla protein, BGP) . Pk
R (alkaline phosphatase, ALP) . HTIP A1 FR IR 1
PR M} (tartrate— resistant acid phosphatase, TRAP) 7K
o R AAE 450 nm A0 X WG B PR AT I E
WA FR M 2R T SR AR EE . TRl 28 iy ELISA I 7€
A AR BIMTE TNF-a. HAIEAN R (Interleukin) —
6. IL-8 7KF- HHICIG & A = se R By A
PR 5 i mEE A I RHEAT PR A A
1.4.4 gRT-PCR £

TRIzol 75 & B4 2 K BB B B BE41 21E RNA,
Wik S5 1 nDNA, PCR 473, J™H4% BRG] 43
#47. NF-xB p65 L FiiE51 #4058 5° —CATAC-
GCTGACCCTAGCCTG-3" | 57 —TTTCTTCAATCCG-
GTGGCGA-3"; MMP-9 b F#5 4153 5° -GCC-
GACTTATGTGGTCTTCC-3", 5 -GCTTCTCTCCCAT
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CATCTGG-3", A GAPDH NWNZ, H b FiEs|¥o
k5" ~GAAGCTGGTCATCAACGGGA-3". 5° -G
GCGGAGATGATGACCCTTT-3" . #H X Z % . 50C
120s, 95°C 10 min, 95. Z:fH 2-A ACT Ei15H NF-
kB p65. MMP9 mRNA MIXt ik,
1.4.5 Western Blot il

SRR E AR R, S R B SR AR
o, BRI AR K B ERE LIS AR U T
BCA 35 PR & 2 e B2 . S ar vk B
RN e e BE I, FELUKERAE: 80 V HLUK 150 min.
300 mA i 155 5] PVDF [, TBST 28 0o T
AR AW o8 B P, BEA BP0 T
120 min, ZJ5 539 A#EfR{L (p) —-NF-kB p65.
MMP9 —Ht ((RFRELEI N 12 1000 Fiks), 4°CHim i
o YH TBST 2 MR VERE 4 I, 5 min/AR, JIA 1:
5000 F B 90, ERESF 1 he WG A ECL
A, SR, BER USRS US T, B-actin
HNZ, Image J XA EEE A B2 BT/ 4T

1.5 Giteahk

i ] SPSS 24.0 AT gt 27 0. TP
PLx s 3N, PORHRIESAR, ST Ry
ZA3HT, PR LR LSD B2, P<0.05 N 2% 54 5E
EI-38

2 & =R

2.1 BMD 58 CT & mtia il

DUZH K B BMD 588 CT & S A4 51 032 1,
2524 12 J8J5 BMD H = 2K R BRTFARE>F
iy 2> F AL B >R, 2R A SR X (P<
0.05) o ‘H/NERH & 2AMKYCH : RFARLSFHE
H>EILBEASEARIA, 2R A FITE L (P<0.05),
B /NGRIE B B A R - AR TR > PR W 2>
HAEESEAIL, ZRAGITE X (P<0.05); 1iH
NGB AR RARYC . TP ARA <P By <1k
M <AV, ZRAGIE L (P<0.05).

£ 1 MAXRBMD 58 CT EEHXMELE ( ©+s)

Table 1 Comparison of bone mineral density and bone micro—CT measurements among the four groups (% +s)

Eist7y BFARA (n=13) HRIZE (n=13) HAEEA (n=13) FHEBEL (n=13) PAE
BMD (g/cm?) 0.31+0.06 0.19+0.04 0.25+0.05 0.26+0.06 <0.001
B/NEEL (mm™) 5.5+0.6 3.0+0.4 4.5+0.5 4.7+0.6 <0.001
B/NGEJELEE (lum) 78.545.4 46.9+3.8 70.8+5.0 72.3+4.7 <0.001
/NGB (mm) 0.23+0.04 0.37+0.07 0.26+0.05 0.25+0.06 <0.001

2.2 IR

Y5245 12 JE G SR 25 5 L2 2. PINP H & &2
RISy BT AR > B 3 20 > Al i 4 >R A
ZFRA GRS (P<0.05); I BGP H = EARMKIK
e ABFARAS P By > B A B>, 22 57h

it L (P<0.05); IfLiE ALP HE 2Kl : B
FARESPF By > E AR SERIA , 2R A5
X (P<0.05), Milfilis TNF-a . IL-6 F1 IL-8 H{E %
ERIR Y R s AR AR <H Rz B 4] < B P B 2 < #5570
4, ZFA5TEL (P<0.05).

F2 MAXRMBFERCIELER (2 2s)

Table 2 Comparison of serum markers among the four groups (% +s)

Bty BFAA (n=13) PRI (n=13) HEEA (n=13) FHEBH (n=13) PAE
PINP (g/L) 93.6x13.0 26.5+6.2 80.7£10.5 82.4+11.3 <0.001
BGP (ug/L) 2.1:02 0.9+0.2 1.6+0.3 1.7+0.4 <0.001
ALP (U/L) 201.0+23.6 112.4+12.7 175.2+15.4 180.3+18.6 <0.001
TRAP (ng/L) 1.5:0.4 2.8+0.6 2.0+0.5 1.8+0.4 <0.001
TNF-o (pg/ml) 4.0+1.3 20.4+4.6 8.6+£2.3 8.0+2.9 <0.001
1L—6 (pg/ml) 1.7+0.4 3.5:0.8 2.2+0.6 2.0+0.5 <0.001
IL-8 (pg/ml) 2.9+0.7 123124 5.0+1.3 4712 <0.001
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23 AR mRNA FZE HE AR

525 12 IR B AR B mRAN FIEE AR 25 5 I
% 3. NF-kB p65 il MMP [ mRNA ik % 255
ARy . FARA <2 < UBELH <RI, 22

SAGIE L (P<0.05), p-NF-kB p65 1 MMP9 &
HR A R R S ARUCN . T ARA < By <H ik
MELH <M, 225 A gt L (P<0.05).

#* 3 MAREY mRNA FIZEBREEN (HEXRIEE, 7+s)

Table 3 Comparison of mRNA and protein expressions of bone marrow markers among the four groups (RQ, # +s)

£zt FARA (n=13) KR (n=13) HALEE (n=13) FHEH (n=13) PH
qRT-PCR
NF-kB-p65 3.0£0.4 4.2+0.3 3.5+0.7 3.3+0.5 <0.001
MMP9 1.0+£0.3 2.0+0.5 1.4+0.4 1.3+0.3 <0.001
Western Blot
P-NF-kB-p65 0.15+0.03 0.50+0.10 0.22+0.06 0.20+0.04 <0.001
MMP9 0.4+0.1 1.8+0.3 0.7+0.3 0.6+0.2 <0.001
NF-«B {5538 i S H AR 5 9 RE 5 b 400 i) ml fie il i 240
CIR MR, 75 OP Biah A1 = AHGERR, NF-

WG, FTE>50 ZJHE OP KR 192%, &
P OP il 32.1%, JEBTERY 5 54 M. Bk P
PER BRI TAR LS, W VIBROP LA 2 OoP, H
) 5l BT e AR Bl i, A HUAR TR 4L, AEAZ K
HoAh 2 25 2577 BMD A4 AL, 4878 OP Bk
SUEB ST . AR LRSS AL, B Abmdl . PR s
25 12 )5 BMD {E3 W35, Hoa /N RECH B
Z, BRI SHBRE. BTy (WL
M) 5Py RESR E OP A R BUE B R, IR
INRREIEA, SKE WA Y IRE AR, B
HEIR S OP LA SCH & UM o¢ ', Hrh PINP
Al ELHE R T RIS G R Y ALP S 5 R
B, E AT X BEIR MR AR B R R0 M K A ] Y
B BGP ZURTFALE AN, HKF SR R g
HAMEIEE " TRAP WIS B s 4fa 5, HAKFR
I et B A AL E 1 ©7 ARSEIRE AR EEAL . P
4525 )5 L7 PINP, BGP, ALP /K- AR A2 1 i
EHE, TRAP KPS REAR . SR BTk BB 5 7t
B T 35 RE I 1 AN M, fE R A B, X
AR S P AR BT a S . PUa R R EE
PRAERA G

OP H )@ T2 A AEYRE, 1L, TNF-a SR
HWrz5 op g kd. dFR "™, MMP-9 # k& B7E
OP Jerh KR EEAE R, HAM ] MMP-9 A & 2
P 228 2 PR AN M8 T B rT BB AL ™, -
BEdgl (Aewfb) FEfd, BRI A N AE R
EEEALBE A, NF-kB 2 5 &5 n &,

kB BYE5 57 5. 7E MMP-9 J7 31, MMP-9 %Kik
NF-«kB 520 2V, Sabry M 4§ ™' B9 K8, MMP-9,
NF-«B fm K5 548 & J5 5 R s & 4 A K . Liu
A WESE R WP B W AT S A 1L-18 A5 5 194K
B A0 AR AE AR B O R . AL, A
RFAL, FEARAIMTE TNF-a, 1L-6. IL-8 KFI
WERE . PRI RIETRR S5 OP ‘B Rt
o Hfbmedl . PRy Alayy s s TNF-a, 11—
6. TL-8 /K34 USRI L B B . 3R P e
R R A N, X ATRE 5P P T R
PrEf . MRIERA G, 7o, FBEESE ™ ik
HHPJ 1z 733 35 %50 NF—« B/MMP=9 {553 % 9 ] 34
DA LEER . AMRERMN, FHE B AT A
i #E Wnt/B-catenin, TLR4/MYDSS8/NF-«B {55 5 i
AR AR L VR P PR A 1
VER 7 20, ARSzmed, PRE M 20367 5 IRes B2
411 NF-«B p65. MMP mRNA % ik 5 p— NF-«B
p65. MMP9 /K- LR A 1 ) 3 BRI . $2om )
B B BEAT RLUE . OP B4 K Bl NF-kB/MMP-9 {5553
B, I G RE AR AL Ao

Zr bRk, PR el fgidEat R s NF-kB/MMP-9
{E5EB, M IL-6. IL-8 SR VEFE T, LIIKE i
. BUEAEMP A, SRENEYT OP BT E Y, Tk
IR OP BT B IGIT IS % . (Hl T-E B
KAGFHEE LR L, FF R B 2 5t 52 e oA (5 38
e — 25T
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