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Abstract: Objective To investigate the regulatory mechanism of nourishing kidney and promoting blood flow decoction on BMP-
2 and Smad-1/5 in the subchondral bone reconstruction of rats with knee osteoarthritis ( KOA). Methods Twenty-four healthy
SPF grade 6-month-old female SD rats were randomly divided into treatment group, model control group, and sham operation
group. The KOA model was established in the treatment group and the model control group with modified Hulth model. After the
model was established, rats in the model control group and the sham operation group received normal saline for 4 weeks, and rats in
the treatment group received the same amount of nourishing kidney and promoting blood flow decoction wit gavage. At the 4th and
8th week after intragastric administration, the expression of BMP-2 and Smad-1/5 in subchondral bone was measured. Results
BV/TV and Tb. N were significantly lower in the sham operation group and treatment group than those in the model control group
(P <0.05), but Tb. Th and Tb. Sp were significantly higher (P <0.05). There was a statistically significant difference between the
sham group and the treatment group in Tb. N, Tb. Th, and Tb. Sp (P <0.05). After 4 weeks of treatment, BMP-2 and Smad-1/5
gray values and the number of positive cells in the treatment group increased compared with those in the model control group (P <

0.05), but they were lower than in the sham operation group. The difference was not statistically significant (P >0.05). After 8
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weeks of treatment, BMP-2, Smad-1/5 gray value, and the number of positive cells increased compared with 4 weeks of treatment

(P <0.05). Conclusion Nourishing kidney and promoting blood flow decoction relieves KOA by increasing the distribution of
BMP-2 and Smad-1/5 in subchondral bone of KOA and improving the metabolism of subchondral bone in KOA.
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HESAGI R,

iR I8 4H (P <0.05) ,7E Tb. Th.Tbh. Sp i @ &
TR BRZH (P <0.05) , BF AR 5EI7 4 Th.

2 #HER ,
N.Tb. Th Th. Sp L%, EZRA G E L (P <
2.1 HHTEHFHLATERN 0.05), WLz&1,
RFARH B A7 BV/TV. Th. N EI BAKT
Fz1 BHABFTEHBITEAIT LB (2 £5)
Table 1 Comparison of bone histomorphometry of the subchondral bone among the groups(x +s)
26 51 BV/TV/% Th. Th/ pm Tb. N/(1/mm) Th. Sp/pum

e FARH 38.10 £3.06 129.55 £9.71 6.45 +£2.10 278.33 £26.08

BERL A AR 20 51.39 2,714 80.24 +8.824 10.08 +1.974 134.54 £29.754

BT A 44.75 £2.99% 116.49 +11.7842 7.98+1.774%4 205.11 £37.344%

B G EREST AP <0.05; ST BAXTH . 2 P <0.05,

2.2 OAEBTHBEAL N BMP2, Smad-1/5 £
Ak

255 4 .8 JH 44 BMP-2 B A b gs 5, LA
1~6,

R i

1 %2555 4 MEE AR E R BMP-2(4
BEHARA, x400)

Fig.1  Immunohistological staining of BMP-2 in the
epiphysis of the tibia in the model control group after 4-

week drug administration ( x400)

2 @EE 4 RRFRAKRS T Hivs BMP-2( G5k
MG, x400)

Fig. 2  Immunohistological staining of BMP-2 in the
epiphysis of the tibia in the sham operation group after 4-

week drug administration ( x 400)

Hi & 1-6, 0] WA ZG 4 J& 3477 41 BMP-2 [H 40
LA 20 90 o TR 2 R, A T AR A D 5
2 8 JA BT SRR A B

U255 4.8 14541 Smad-1/5 EURASALEE R, W
B 7~12,

B3 #5755 4 iR H Ry THim BMP2 (A
L, x400)

Fig. 3
epiphysis of the tibia in the treatment group after 4-week

Immunohistological staining of BMP-2 in the

drug administration ( x400)

B4 42558 AR RA R & T #iss BMP-2( 6
AL, x400)

Fig. 4 Immunohistological staining of BMP-2 in the
epiphysis of the tibia in the model control group after 8-

week drug administration { x400)

HE 7 ~12, 25 4 Ji,0 7 4 Smad-1/5 [H
0 A B AR R TR AL B B R F AR A B
LSRG FR L 2 8 i yr 4 AT B2
WER
2.3 BB A4 BMP-2 IR BB K PH M 20 A~ 4k
AL G R

FHZ5 4 J8 3597 41 BMP-2 JK J3 A B FH P 40 A~
BRI B B (P <0.05) , M8 F R4 A P
W, ZRITGE T FEX(P>0.05); /125 8 Ji.iA
JTHBFBRIX A B EFEWIM(P <0.05) , KEF AR
HIM(P <0.05), W2,
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Fig.5 Immunohistological staining of BMP-2 in the Fig.9 TImmunohistological staining of Smad-1/5 in the
epiphysis of the tibia in the sham operation group after epiphysis of the tibia in the treatment group after 4-week
8-week drug administration ( x400) drug administration ( x400)
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Fig. 6  Immunohistological staining of BMP-2 in the Fig.10 Immunohistological staining of Smad-1/5 in the

epiphysis of the tibia in the treatment group after 8-week epiphysis of the tibia in the model control group after 8-

drug administration ( x 400) week drug administration ( x 400)
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B 7 42505 4 JE B 6 HR LI o R 3 Smad-1/5
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Fig. 7 Immunohistological staining of Smad-1/5 in the

11 %2555 8 MRTARARE % Smad-1/5

(e d kg, x400)

Fig. 11  Tmmunohistological staining of Smad-1/5 in
epiphysis of the tibia in the model control group after 4-

the epiphysis of the tibia in the sham operation group

week drug administration ( x 400) ]
after 8-week drug administration ( x400)

R2 FEAKXBEH EWBCE T BMP2 KA & H A0
M H (% +5)
Table 2 BMP-2 gray value and the number of positive cells in

the subchondral bone of the proximal tibia in each group(z +s)

5 BMP-2 5 34K HE H P 44 1~
WFEARHM4 R 60.37 +2. 89 18.32 £2.43
8 AR 4 ABRFERAR T8N Smad-1/5 (% T B4R (4 ) 43.54 £2.924 11.70 £2.284
AL YL, x400) BT (4 ) 57.72 £3.85% 16.74 £3.334
Fig.8 Immunohistological staining of Smad-1/5 in the fi FAL(8 ) 60.24 £2.73 19.89 £2.50
L I . TR (8 ) 43.49 £2.734 12.14 £2.774
epiphysis of the tibia in the sham operation group after 4- ) i
WA M) 88.65+3.614°" 31.53+4.854°*

week drug administration ( x 400)

HSEERASLAPL <0.05; SRR W MAIT . P <
0.05; HiRyr)E 4 AL " P<0.05,
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12 424505 8 AT iR/ T 85 o Smad-1/5 (%
BEALR A, x400)

Fig.12 Immunohistological staining of Smad-1/5 in the
epiphysis of the tibia in the treatment group after 4-week

drug administration ( x400)

2.4 A[ABT B4 20 Smad-1/5 JK BEAE K PH % 40 I 1>
AL R

25 4 F 3697 H Smad-1/5 JK BEE S A M 40 i
AECRERS A N (P <0.05) , I FARAAF
b, 2 R RGiHEE L (P >0.05); 125 8 J,
IRYTERIAXT A B N (P <0.05) , BRIk F
ARAMEM(P <0.05), U3 3,
R3I SHKREESLHEE TS Smad-1/5 IR H & MH ¥
M (xxs)
Table 3 Smad-1/5 gray value and the number of positive cells
in the subchondral bone of the proximal tibia in each

group (x £5)

25 Smad-1/5 S # J J FH A2 41 At A 4
BFEARHE ) 80.87 £3.62 23.18 +3.05
TR B (4 /) 42.54 £3.474 14. 68 = 4. 624
WIrH (4 R) 78.96 +3.51% 22.74 +2,594
BF AL ) 76.88 +2.21 20.78 £5.36
FEATRT B2 (8 J]) 43.98 +3.384 13.18 £3.774

BRI 4H (8 ) 80.24 £2.8442 39.65 +4. 5544~
HE:GRFARAX L, P <0.05; 558 R X BN I, 5P <

0.05; 53¥r)5 4 AStI: " P <0.05,
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WS ABRsE T R TGF-B1 A BMP2 1 T i1
AKTHRBHME B RXTRETREHAME(AC) K
TR ARG Z W BA AR 8 AU RRE . BMP2 SR Y
B HCE IR, T BAE 5 6 B/ B T G R A
WHEWEA,BMP2 JUER—RSENH RIHEFK
B, BE e s B R, B BTN A
EUHATREHAATHUENRE R . A
WEgE O W 40 B S 5 4 8 ( ERKs) | c-Jun
N-ZK 3 25 8 (JNK) BE# 3 /5 1y BMP2 R 35
Smad-1/5/8 R L3858 B8 5 40 Md 531k . BMPs J i
Tl HEREAYFER T EELESHS
# B ( drosophila mothers against decapentaplegic
proteins , Smads ) ff i £ M1 dE Smads 4K i o4 P§ 55 &%
SR E T B ARSI, M BMP2 i 4 5
S Smadl ik £ 5 Runt 4 56 #% 3 B 7 2 (runt-
relatedtranscription factor 2, Runx2 ) 7] L 5 Smadl #1
Smad5 AH . AE F T 3R — S i B A0 R S 1 R A
Uikt R PSS E 4 B E BMP-Smad (% 5
108 S B R 45 AR A0 P A R B S O T, LA
‘i B (8] € BT 20 Ji ( MSCs ) [ 51 48 Hi 2 1k i IR
40 MR B8 RE AR R T AL B O DL R O S
2R M BB R AT, i R TR R
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TV .Tb. N, Th. Th Th. Sp 7K 5 %7 I 17 LI #4 18] S 47 .
LT R Bl BV/TV  Th. Th /K 3 Fh &, 3% A fig
1E OA FIR By, 2 BB IR I 8 i, BB T B i 4
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i OA B4Rt 7 —ERELEIKRTE., RAARTEZ
X OAERPLHA T — R AR, Wi/ T E
ZHIRIT O R AR DL A — & MR =R 35, XF
HEiam B 2548 A —E WA B, M B 7r i
R Z (R dE 2R B KOA 5 & B 1 & 08 A i e
TR ERE R, MAKCE T aEH pERE IR EEE
LR =R A B HR BRFE LT R I, N 2 T
MBCH T & RS, KT 68 iR YT KOA J30 34 41
PR 21 O, 4N 3 I D7 VA 9T KOA SR AL S0 35 4R
I B R S S

{ & % x & ]

[ 1] David JH. Osteoarthritis Best Practice & Research Clinical[ J].
Rheumatology,2011,25(6) :801-814.

[2] ZEge, Bk, BE,%. It e KRB 32 WAR R W H
HREE TR [T]. b E R RN A&,2017,23(1)
78-83.

[3] SSmbH, B, DR, G B LT 5 3h Wi 8 B 55 i R
[J]. RiBHs 55674 ,2017,6(2) :63-67,75.

[4]

[5]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

IR A, AR, TR TR EE
PEAXB WA m A R TR )], B IEF, 2017 ,29
(5):23-26,30.
Felson DT, Neogi T. Osleoarthrilis: is il a disease of carlilage or of
bone[ J ]. Arthritis Rheum ,2004 ,2 ,341-344.
Kronenberg HM. Developmental regulation of the growth plate
[J]. Nature, 423(2003) 332-336.
Zhou N, Li Q, Lin X, et al. BMP2 induces chondrogenic
differentiation, osteogenic differentiation and endochondral
ossification in stem cells [ J]. Cell Tissue Res, 2016,36 (1)
101-111.
Wang Cuicul, Richard M Silverman, Jie Shen, et al. Distinct
metabolic programs induced by TGF-B1 and BMP2 in human
arlicular chondrocyles with osleoarthritis [ J ]. J Orthopaedic
Translat,2018 |12 .66-73.
Toh WS, Liu H, Heng BC, et al. Combined effects of TGF betal
and BMP2 in serum-free chondrogenic differentiation of
mesenchymal stem cells induced hyaline-like cartilage formation
[J]. Growth Faclors,2005,23(4) :313-321.
Zhu D, Deng X, Han XF, et al. Wedelolactone enhances
osteoblastogenesis  through ERK- and JNK-mediated BMP2
expression and Smad/1/5/8 Phosphorylation [ J ]. Molecules,
2018 ,23(3) :561.
Kim BS,Kang HJ, Park JY, et al. Fucoidan promotes osteoblast
differentiation via JNK- and ERK-dependent BMP2-Smad 1/5/8
signaling in human mesenchymal stem cells[ J]. Exp Mol Med,
2015,47 ;e128.
Derynck R, Zhang YE. Smad-dependent and Smad-independent
pathways inTGF-bela (amily signalling[ J]. Nature,425 (2003 ) .
577-584.
Paarmann Pia,Dérpholz Gina, Fiebig Juliane. Dynamin-dependent
endocylosis of Bone Morphogenelic Prolein2 ( BMP2) and its
receptors is dispensable for the initiation of Smad signaling[ J].
Int J Biochem Cell Biol ,2016,76:51-63.
22 1§ Hj . BMP-Smad 5 558 e #4381 A B 78 BCE 43 1k U 4R
FID]. Ih &R K% ,2013.
Lee MH, Kwon TG, Park HS, el al. BMP-2-induced Oslerix
expression is mediated by DIx5 but is independent of Runx2[]J].
Biochem Biophys Res Commun, 2003,309 (3) :689-694.
Cao X,Chen D. The BMP signaling and in vivo bone formation
[J]. Gene, 2005, 357.1-8.
Aquino-Martinez R, Artigas N, Gamez B, et al. Extracellular
calcium promotes bone formation from bone marrow mesenchymal
stem cells by amplifying the ellects of BMP-2 on SMAD signalling
[J].PL0S One,2017,12(5) ;e0178158.
Hyuck Choi, Byung-Chul Jeong, Min-Suk Kook, et al. Betulinic
acid synergically enhances BMP2-induced bone [ormation via
stimulating Smad 1/5/8 and p38 pathways[)]. J Biomed Sei,
2016,23.45.
AREYL, TR, B, S AN O 7 X B A e R A
SD KRIRAER 4 EEAEE-1 RAFIER E2 9w [J]. = HE
FHCEEE ,2014,41(7) ;212-215.
AUl R MR B, 2. AN B I P 2R IR WA IE
IPREE MR RIS A VRN Meta S3HLT]. 2 55,
2016,27(27) :3810-3814.

(Wekg HHA. 2018-03-06; 15[ H #1. 2018-04-08)



