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WE AR ATEH LS L4 %EE-2(bone morphogenetic protein-2, BMP-2)/SMAD41z 5 i
BRARTT o F MR 23 TV (tarasaponin IV, TRS)ABR X B 37 (AF) K R & 2 A BUE T R 44 %5
. MEAFAR KR, FH LAY AAFLE. TRSIKKEZ Z8(TRS-L4R). TRS ¥ /K Z 20 (TRS-M4R).
TRS & /R 40 (TRS-H4E). TRS-H+BMP4F #4747 (Noggin)4, 51X 2 R AT H 69 E7 K R AR
F K 4E(Sham#l). BeBK %% K M X34 (enzyme linked immunosorbent assay, ELISA )& &40 X H
P B 2 E AR E Y [RuntAd X 4% 3 B -F -2(Runt-related transcription factor 2, Runx2). BMP-2. #kl%
B4 Bf (alkaline phosphatase, ALP). 4% B F«xBZ ARk ALE F Btk (receptor activator of nuclear factor
kappa B ligand, RANKL)]#97K-F ; #%3t B AT E 4248 (Micro-CT)A | &40 K R s B ks M T AL
["F % JZ (bone mineral density, BMD). B 4&#24-#%(bone volume fraction, BV/TV). & /s # 4k (number
of trabeculae, Tb.N). ‘B /> & /3 & (thickness of trabeculae, Tb.Th)]; 7 A% —# 4L (hematoxylin-eosin,
HE)A= 4178 & B4 5% B4 B (tartrate resistant acid phosphatase, TRAP) 3 &, 7% 4 5 A& &40 K R /B o 40
LR &F L TACBRBE L6945 ; Western blothe M| &40 X # Runx2. ALP. RANKL. BMP-2
Fo SMAD4% & Z A KT, 5 ShamZBA8H , AFZE X Runx2. BMP-2. ALP. SMAD4% ik K-F &
BMD. BV/TV. Tb.N. Tb.Th/K-F R % 4fk, RANKLE X K-FFesk B ta i & 2 FH 5, BF Nl
JE ek K BAT I RIS (P<0.05); 5 AFZA48k, TRS-L. TRS-M. TRS-HZ8 X & Runx2. BMP-2.
ALP. SMAD4% A K-FZBMD. BV/TV. Tb.N. Tb.ThK-F:Z#7+t 5 , RANKLE £ K-F Foak B
O BT AR, SR N B AR KT &#T T &, L&A A2 E 5 TRSIKE £ 1E 1 (P<0.05);
5 TRS-HZL48 1 , TRS-H+NogginZl X & Runx2. BMP-2. ALP. SMAD4#i4/K-F%BMD. BV/TV.
Tb.N. Tb.Th/K-F 2 A%, RANKLAAKPFFosl B a0t & 25 &, BRF R E Ak K B AT L5
&(P<0.05). TRS™T &1 1L i % BMP-2/SMADA4Z 53 34, A2t AF X R H & & 50304 80F 0 Ie e 75 k.

XHER R HAREAFTIV; BMP-2/SMADA(S 5 I/ M B8 4T, 1 S i 4

The Effects of Tarasaponin IV on Bone Regeneration

and Osteoclast Formation in Rats

JIA Dezheng, LUO Xuefeng, YANG Xinwen™
(Emergency Trauma Center Emergency Trauma Surgery, First Affiliated Hospital of Xinjiang Medical University, Urumqi 830013, China)

Abstract  This study investigates the effects of TRS (tarasaponin IV) on bone reconstruction and osteoclast
formation in rats with AF (ankle fractures) via the BMP-2 (bone morphogenetic protein-2)/SMAD4 signaling path-
way. AF models were established in rats, which were then randomly divided into the AF group, TRS-L (low-con-
centration TRS) group, TRS-M (medium-concentration TRS) group, TRS-H (high-concentration TRS) group, and
TRS-H+Noggin (BMP-specific inhibitor) group. Additionally, a sham operation group (Sham group) consisting of
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normal rats without fractures was included. ELISA (enzyme linked immunosorbent assay) was used to detect bone
remodeling markers [Runx2 (Runt-related transcription factor 2), BMP-2, ALP (alkaline phosphatase), RANKL (re-
ceptor activator of nuclear factor kappa B ligand)] in serum of rats in each group. Micro-CT was used to detect the
microstructural changes of bone trabeculae of rats in each group [BMD (bone mineral density), BV/TV (bone vol-
ume fraction), Tb.N (number of trabeculae), and Tb.Th (thickness of trabeculae)]. The HE (hematoxylin-eosin) and
TRAP (tartrate resistant acid phosphatase) staining methods were used to detect the morphological and pathologi-
cal changes of callus tissue and the number of osteoclasts of rats in each group. Western blot was used to detect the
Runx2, ALP, RANKL, BMP-2, and SMADA4 proteins in each group. Compared with the Sham group, the AF group
showed great decreased in Runx2, BMP-2, ALP, SMAD4, BMD, BV/TV, Tb.N, Tb.Th, great increases in RANKL
and osteoclast count, and conspicuous decreased in ankle stiffness and maximum load (P<0.05). Compared with
the AF group, the TRS-L, TRS-M, and TRS-H groups showed gradual increases in Runx2, BMP-2, ALP, SMAD4,
BMD, BV/TV, Tb.N, Tb.Th in rats, gradual decreased in RANKL and osteoclast count, and gradual increases in
ankle stiffness and maximum load, and the degree of change in each indicator was directly proportional to TRS con-
centration (P<0.05). Compared with the TRS-H group, the TRS-H+Noggin group showed conspicuous decreased
in Runx2, BMP-2, ALP, SMAD4, BMD, BV/TV, Tb.N, Tb.Th, conspicuous increased in RANKL and osteoclast

count, and great decreases in ankle stiffness and maximum load (P<0.05). TRS may promote bone remodeling and

inhibit osteoclast formation in AF rats by activating BMP-2/SMAD4 signaling pathway.
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B ARG 21T AFA R RSN, UK
Kbk Z i LR, RAREIRIE TG A
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W, BRI IR BB R AF . ASHIE T J7 R 3R15 5758
e B 52 5 — I g = Bt s A6 B 25 53 2= b (2024-
MER-23).
1.2 FER5

FERAA L.
1.3 AFKRERREN

FH B B LG 2 o0 K BROBEAT I s v S, BRI IS VH
BEACBEOR BRUEROCTT , R FL LU B & [ 7 T TR
&, AT RN e, AT 900, EN
BAAAFYIT emK IO, BFTHET . /viE e
3THIFMEE TN B, AR KR, s2 A0 .
ARIGHELEIR, BRSNS 2 EmE. AJaH X4&HM
P, FFERSCHT BB YT, HAT P b R R IR B4
Az, AR A A I e B2 HOE S K RO T
AR (Sham), fEAFN BN MY emP) DG, A2
KM EEEE . A KR T TR AR
B 7 AT e
1.4 AR GHNIE

@RI AF K SRBENL 2> Jy AFZ4H . TRSAK
W H(TRS-L4). TRSHIRSZZH(TRS-M4). TRS
R E 4 (TRS-H4L ). TRS-H+Noggin4l. TRS-
L. TRS-M. TRS-HZ K &7 5 #& 334 25, 50+
100 mg/kgf) TRS; TRS-H+NogginZHiEH} 100 mg/kg

) TRSH12 mL/kgf] Noggin(50 ng/mL)!""; AFZLAN
ShamZH K B 455 K [F) — Bsf [ i Jis 3 5 45 8 1 A 2
KA KR LS 7). Bd12H, & H B4 F—
N [R) Y S — IR, 32404 .
1.5 BEKRREFNDRMELAZWL

RIRL 255 24 h, MG 1 02 b 22 44 JRR T K
B, R DU BN E T FARG, WX . A
FTH AL Z 44 (Micro-Computed Tomography,
Micro-CT )R I #5245 K B H i b BA K2 Sham2H A8 [ 37
BRI, 3 =YX, ) CTAnE 5
BT 1T % & (bone mass density, BMD). ‘& /&FH
/3% (bone volume fraction, BV/TV). ‘B /N (tra-
becular number, Tb.N). ‘& /N2 JE [ (trabecular thick-
ness, Tb.Th).
1.6 ELISAENME & EZBXFE

AR BRI s ik i, #% & 5 7E 4 °C& At
TEL3 000 xgHy L 30 15 min, BT, AR4E
Runx2. ALP. RANKLI{J ELISA i 7 & 1t W]
TR BRI RE AR, FH B AR O 5 A U I T K
9450 nmALIROGEEAE, JF 1T 5 Runx2. BMP-2,
ALP. RANKLIKF,
L7 EHFENR

X R RV S B BRI AT 22 SR AL B S, B

x1 A SHHER

Table 1 Reagent and antibody information

B EAtS [

Name Catalog number/Lot number Manufacturers

TRS wkq-13148 Sichuan Weikeqi

BMP specific inhibitor head protein (Noggin) HY-P70542 MedChemExpress, United States

TRAP (tartrate-resistant acid phosphatase) staining kit P0332 Beyotime

HE (hematoxylin-eosin) staining kit C0105S Beyotime

ALP (alkaline phosphatase) ab229126 Abcam

BMP-2 ELISA (enzyme linked immunosorbent assay) kit ml102832 Shanghai Enzyme-linked Biotechnology
Runx2 (Runt-related transcription factor 2) ELISA kit ml106179 Shanghai Enzyme-linked Biotechnology
ALP ELISA kit ml095274 Shanghai Enzyme-linked Biotechnology
RANKL (receptor activator of nuclear factor-kB ligand) ELISA kit ~ ml003065 Shanghai Enzyme-linked Biotechnology
BMP-2 TPA4352 Abmart

SMAD4 PA1709 Abmart

Runx2 TA5186 Abmart

RANKL PK85532 Abmart

GAPDH (glyceraldehyde-3-phosphatedehydrogenase) P60037 Abmart

B-actin P30002 Abmart

Goat anti-rabbit IgG H&L ab6702 Abcam
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BRI

o RBRIA T REERICHT, [ e Wi, #H47 =M%
i 72 SE8s . DABROCTT H SN, BE TR 8 mm,
J& 3 20 mm, 105 WIE (B SRR 2K 52 T (1)
KNG e KB A (B Sk AR B2 1) R 02380
1.8 HEZFENEZEmMALTSETHK

F T % 6 HK BRI 28 S B ) B R OGP
BUB L Ay, —10r BT 4% 48 7K BRI R
H 4 °CIE % 3R )G, F10%2 %D 28 AN
SRS A~8 A, L A] e 31 B o B 9 e e o o)
EVEAG B 28 a5 A e A ), WK e U 7R,
B J5 B0 RS (70% 80%- 90%-+ 95%- 100%)
FEiRBIK %2 h~4 h, ~H K& %30 min~60 min,
160 °C~62 °CH iy HHIZ il % 1~2 hIF#E AT A it
. KA 2] (JEEE4 pm~6 pm), 60 °C~65 °C
¥ Fr2 h~4 W) RE R . =0 T ERAE, Jetant
2R . BRI KA S, AT R OR
43 min~8 min, 1% 25 B K 7 1 50F> | W7k R 6
15 min~30 min, FFZLE 430 s£2 min, & Ja &%
K, —FZRIE B, A AR, DS A N SR
HA L AR 5 R T IREA .
1.9 TRAPZ BN EMALKFHBEE

B8 A D, TR 5 7™ A% 44 HE TRAP
Pt XU BT V) e, TR BB T
MEE . RIS . TRAPARICH T ZH 23 i B 20 e,
FHE et R AR, BEMLIEI SN AFEAT LR 714k,
HH P 1E
1.10 Western blot4&: & Hi2H4 F Runx2, ALP,
RANKL. BMP-2F1SMAD4E HKIAER

I R R AR AT I B 2 28, 78 00 B S A
W FIEW . WK FF R 7% (bicinchoninic acid,
BCA)NE & HIKFE e AT #VE M, BA30 ng EAEE
HEAT TE R 00 R A O T e e e LK DA B H I R
TRFEI S R . IR E I 1 h, 2

TRS-L

M —$HT Runx2(1:1 000). ALP(1:2 000). RANKL
(1:1 000)s BMP-2(1:1 000). SMAD4(1:1 000)-
GAPDH(1:1 000). B-actin(1:5 000), T4 °CHEIRIE &
. Ve, =R E Z$0(1:5 000) 1 h, FKBE
Ja TR B B UE B Aotz A
2 IR AH
111 %itE

fiiFH SPSS 25.04¢ it A% Bdls #EAT 0 7, i
BB DT 2 B b e 7 (eks) TR, X T 24
FEAKRE LR, R B2 07 2 40 # 07, alad
LSD-rka 3 #E 4T & H Z 1A P P LL e . 4 PAE /DT
0.05F, INAZE T EA G = X

2 H#HR
2.1 FHEKRRBNRMEWNTE

5 Sham4 b, AFZH K 5B i 41 231 BMD .
BV/TV. Tb.N. Tb.Th/K~F & & &1L (P<0.05); 5
AFZHH, TRS-L. TRS-M. TRS-HZLBMD. BV/TV.
Tb.N. Tb.Th/K FBE TRSH & )t 5 1 3% 7 B A
(P<0.05); 5 TRS-H#41 Lk, TRS-H+NogginZi BMD+
BV/TV. Tb.N. Tb.Th7K~ & 3% F#(IK (P<0.05). W,
KRR,
22 FAEKRRBEEREXEFHITL

5 Sham L, AFZH K B IMLIE H Runx2. BMP-
2. ALP/K & EFBFAK, RANKL/K & EF &
(P<0.05); 5 AF41Lt, TRS-L. TRS-M. TRS-H#41
Runx2. BMP-2. ALP/K- &3 F &, RANKLIK
2 BRI (P<0.05), H AR AR R 5 57 40 1t
(P<0.05); 5 TRS-H41 Lt , TRS-H+Noggin4l Runx2.
BMP-2. ALP/K- i35 FEAIK , RANKL/K 53 Ft i
(P<0.05). W3,
23 FERKREMNZIEIREEE

L5 Sham#H b, AFZH K U R WIBE S 2%

TRS-M TRS-H

TRS-H+Noggin

E1 &EAKEMicro-CT=4EZE

Fig.1 Micro-CT three-dimensional reconstruction images of the rat groups
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*P<0.05, 5Sham41LL; “P<0.05, 5AF4LLL; “P<0.05, 5TRS-LALLL; ©P<0.05, 5TRS-M4LLL; “P<0.05, 5TRS-H4LLL . n=12.
*P<(.05 compared with Sham group; “P<0.05 compared with AF group; “P<0.05 compared with TRS-L group; “P<0.05 compared with TRS-M

group; “P<0.05 compared with TRS-H group. n=12.

B2 FEAARBETHEMEALBMD,. BV/TV. Th.N. Th.ThtL#k
Fig.2 Comparison of bone mineral density, bone volume/total volume, trabecular number,

and trabecular thickness in the ankle joint tissues of rats
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A KA W R BE TRS IR E () FF i it 3 3 T
(P<0.05); 5 TRS-HZH L, TRS-H+Noggin4 & K %,
fir s WIRE 5535 PR (P<0.05) . WL El4.
24 FBHEKRBEMALREETL
ShamZH K BE/INRIOH, HEFIHESS, [MER D,
HERETW Y 5 Sham4L b, AFZH - /NEEEH/0 B
B, HEFI AL, MIFE R IFA R Wi, H el A
A KEZ; 5 AF4LEL, TRS-L. TRS-M. TRS-H41
HNRHERNZ , B, SIS, HEPR%
TRS-H+NogginZH ##; T TRS-HA., & /NREARGN, #1
HED, 25 E . WES.
25 BEKREMALHEMBHE
L5 Sham#H bt AFZH K B9 25 23 i 40 B
B E N (P<0.05); 5 AF4LEL, TRS-L. TRS-M.
TRS-HZH A 20 o H5 B8 TRSHR T 1 T v 1T 32 T
/b (P<0.05); 5 TRS-H4L L, TRS-H+NogginZL il 5 4f

i 50 B2 4 N (P<0.05).  WLIEI6 AT 7.
2.6 FAKXFRBEMLBLFBMP-2, SMAD4, Runx2,
ALP. RANKLZKIEER

5 Sham#i b, AFZH K BB i 41 21+ BMP-
2. SMAD4. Runx2. ALPZH [ EIEKT &%
ik, RANKLE k7K &3 TF 5 (P<0.05); 5 AF4
tt, TRS-L. TRS-M. TRS-H41 BMP-2. SMAD4.
Runx2. ALP# [ FRIAKFT+E, RANKLERIAK
SRR, B EIR BRI (P<0.05); 5 TRS-HALEL,
TRS-H+Noggin4l BMP-2. SMAD4. Runx2. ALP
WARZKTEFBEK, RANKLEZ K BT 5
(P<0.05). W.EI8HIE9.

3 i

AFIE S d15h 2 )1 B 3 S 8UR e R 30 B
B, 3R B0, I R I A R
B AbLL, PERE, BROCANE S IR, B E AR



2812

8 =
6 -
- ® & E
O
g A
%D 4 = #
o
g
5 *
& 5
0 T T T T T T
$ 3 <L <> &
N ¥ S ; =1 &7
S & &y% & ;%9
-
<&
80 =
60 & 8@
o H&
2 40 A
a " #
3 ﬂ
<
204 H ‘ ? [
A
0 T T T T T T
& < P P I
& ¥ & ; =1 &P
S & < S & =
&
&

5L
40 -
#&@
o] #8
7.5] &
220 A
aQ #
oy
Z *
= 10
0 T T T T T T
<& < v XS <> e
N v =1 2 = &0
S & &q_% & S
&
400 =
*
300+ H )
< A
g
@ He
<2004 s
M
Z m
é 100 =1
0 T T T T T T
S vy R
N Nad =1 ) y @50
S
&

#P<(.05, 5 ShamiLL; “P<0.05, 5 AF4LL; “P<0.05, S5 TRS-LALLL; ©P<0.0, 55 TRS-M4LLL; #P<0.05, 5TRS-HA L. n=12.
*P<(.05 compared with Sham group; “P<0.05 compared with AF group; “P<0.05 compared with TRS-L group; ®P<0.05 compared with TRS-M
group; “P<0.05 compared with TRS-H group. n=12.

E3 ZYAARIMAERunx2, BMP-2, ALP, RANKL7KLLES
Fig.3 Comparison of serum levels of Runx2, BMP-2, ALP, and RANKL in rats
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El4 ZERRIRTRAHET. NELR

Fig.4 Comparison of maximum load and stiffness of the ankle bones in rats
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Sham AF TRS-L TRS-M TRS-H+Noggin

Els5 SEXRBMALHERE

Fig.5 HE staining of bone graft tissues in rats

Elo HEARBMELATRAPRE
Fig.6 TRAP staining of bone graft tissues in rats
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*P<0.05, 5 Sham41 Lt; *P<0.05, 5 AF4LL; “P<0.05, 5 TRS-L4LLL; ©P<0.0, 5 5TRS-M41LL; #P<0.05, 5TRS-H4 LK. n=6.
*P<0.05 compared with Sham group; “P<0.05 compared with AF group; “P<0.05 compared with TRS-L group; “P<0.05 compared with TRS-M
group; “P<0.05 compared with TRS-H group. n=6.

E7 SEXREMELHEMEKEMLER

Fig.7 Comparison of osteoclast numbers in bone graft tissues of rats
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Runx2

GAPDH

ALP

RANKL

B-actin

A: Sham4ll; B: AF41; C: TRS-L41; D: TRS-M41; E: TRS-H41; F: TRS-H+Noggin4l .
A: Sham group; B: AF group; C: TRS-L group; D: TRS-M group; E: TRS-H group; F: TRS-H+Noggin group.
[El8 Western blot;EH U B AL FBMP-2, SMAD4, Runx2, ALP, RANKLEHZIEER
Fig.8 Western blot analysis of BMP-2, SMAD4, Runx2, ALP, and RANKL protein expression in bone graft tissues
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Fig.9 Protein expression levels of BMP-2, SMAD4, Runx2, ALP, and RANKL in bone graft tissues of rats
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