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Abstract: Objective To study the effect of TGF-B1/Smad4 signaling pathway on ovariectomized osteoporosis rats, and to
analyze the intervention mechanism of acupuncture therapy on bone marrow microenvironment in rats. Methods A total of 60 SPF
female Wistar rats were randomly divided into blank group ( Group A), model group ( Group B), acupuncture group ( Group C)
and estradiol group ( Group D), with 15 rats in each group. Except Group A, other rats were ovariectomized to establish
osteoporosis animal models. After the recipe was successfully modeled, Group C was alternately given electroacupuncture stimulation

” o«

of “Shenshu” “Sanyinjiao” “ Guanyuan” and “Zusanli”, 15 minutes each time, once a day. Group D was treated with estradiol

valerate according to the equivalent dose of human and mice for 12 weeks. The changes of bone metabolism related markers in
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serum, bone mineral density and trabecular microstructure of distal femur were compared and analyzed; the expression levels of
Runx2, PPAR v, TGF-B1, Smad4 protein and mRNA in bone tissue of distal femur were compared. Results After modeling,
compared with the blank group, the bone mineral density of rats in each group was significantly decreased ( P<0.05), and the
serum levels of bone metabolism markers CBF-a1, BALP, PINP, OC, CTX-I were significantly increased ( P<0.05) ; the relative
bone volume fraction (BV/TV) ,bone trabecular separation( Tb.Sp) , trabecular thickness( Tb.Th) ,the number of trabeculae ( TB.
N), connection density (Conn.d) and structural model index ( SMI) were significantly increased ( P<0.05); the expression of
Runx 2, PPARy, TGF-B1, Smad 4 protein and mRNA in distal femur decreased ( P<0.05). After 12 weeks of intervention,
compared with the model group, the microstructure of trabecular bone in the estradiol group and the acupuncture group was
significantly improved, and the expressions of Runx 2, PPARy, TGF-B1, Smad 4 protein and mRNA in the bone tissue of distal
femur were increased ( P <0.05), and the acupuncture group was significantly better than the estradiol group (P < 0.01).
Conclusion Acupuncture at “Shenshu” “Sanyinjiao” “Guanyuan” and “Zusanli” can improve bone marrow microenvironment,
improve bone trabecular microstructure and increase bone mass in ovariectomized rats. The mechanism may be related to the

regulation of TGF-1/Smad 4 signaling pathway by acupuncture.
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1.1.1 SZEREhY . ve8 3 H i SPF 42 M P Wistar K
B 60 HL, PR (200+20) g, th Y o S 25K 2% 5
530 0 oL BRAK L )9 A IS SCXK (1) 2019-
0001, 3% Wi PEIR 5% 1 JA IR JF 1 SC 0 it e . AT 52 4%

HRrhEA R A= Y S e & SRt o, S g it
BEABEHEFEREREESTRZEZRNS
(NHNRC) ) ¥ 8 5]

11,2 i) S A% A « 4 B ALMORNEE (NC12775, 6
] StoeltingCo.) , HANS-200A H &Y (BRI A ).
PR HE A (E 2 HESE J20191038, A% < 1 mgx21
A, H ). Runx2 $i f& (it 5. XGK100552 ),
PPAR~y Hi i (#it5 : WLO1800) , TGF-B1 Hufk (it :
YS-0086R ) ,Smad4 $i 44k (it 5 : XY-0585R) , &3 1l
1 2[5 BioVision; BALP ELISAKit( #it-5 : E202006) .
CBF-a1 ELISAKit( #t5:E202905) .CTX-I ELISAKit
(#EE:E202012) .PINP ELISAKit(#t 2 :E202010) |
OC ELISAKit( #t 5 : E202014) , ¥ [ VL. 75 1136 4
Y. Benchmark Plus B %0 28 4 A ( 3¢ B FEIR K
HRBHE AR ; LR W iR CT SR RS (75 1)
F Inveon, fH [ ) ; 8] & M £ 206 8 5 5 ( H A&,
Olympus ) ; H % B (5 E osteosys) o

1.2 Ji

L2.1 zh¥srl 5 8 60 H K R B BE L2
TP 4 H S HEH (A H) ARBLE (B H) B
H(CH) MM 4 (D4, B4 15 R, &
PR LG, A a4 oh, HAb K B2 |k
(81 L MRIPEL, # 7 OP BIHI R, ks it
T TWRIT 12 J.

1.2.2 THi:A B AKRRS THH&EEBEKE
B C A ek 10T, & T A Hl BAS e KR,
T FE AR AL, B A A AL JS , AL,
U, R B 2 mA L2 Hz/100 Hz, &K 15 min, 1 3R/
d;D 2 4% BN R0 & 245 T 30 IR M — B 50 pg/
(kg d)EF, G957 12 . AB 4 KR H 1A
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1.2.3 B EYS 20 E o K RALSE S O B
B 2 mL, & FEOHLR, 802642 10 om, 3 E
3 000 r/min, &.0> 10 min, B FiE# , % FH ELISA 3%
KN M 3 AP B R S R BRI 8% PR B ( bone specific
alkaline phosphatase, BALP ) | % 4% & I T -al ( core
binding factor-al, CBF-a1) . T B Jii& JE # 5 K o Ik
( cterminal type 1 collagen telopeptide , CTX-1) I IR
e JE &, B v BT K ( procollagen type 1 amino-terminal
peptide , PINP) . B §5 % ( osteocalcin, OC) & & /K F
12,4 B /NR G BN E R Miero-CT
0 B B4 R A B s T i . TR
P A A JBE B 2 3 A AR T 2 B B ARy 2 JE A A
IR LR X I8, (region of interest, ROI) , 2 B B 1% %K},
FH B 7R B AT 84 ( advanced bone analysis, ABA
) ME B H SV G R 2R AR, AL 35 - A X i AR AR
(BV/TV) . H/NRJEE (Tbh.Th) | & £ % & ( Conn.
D) E/NRESEE(Th.Sp) H/NREE (Th.N) (4
MR R R (SMT) 3 3 F 8% B A 20 07 &% K LR
2% ( bone mineral density, BMD) Z5 4k, Fr A ¥ 1k
S3 ATl R — 2 A 5E s

1.2.5 TUNEL %45 1) BB 7 3 40 M 08 115 40« I
BHRBILTHATHHEET 4 2RV EERN
B 24 b, A [F] v BE BRI R K S, HEAT 00 4
VB B 5 AR A B T OR ARG P BT R @ 15 min )5
[ 7K 3% B 10 min , 3@ 57 TUNEL 32 71 & 46 R [/ 20
WO R A A e oA O, OB R A R T
WL EE 20 B U T O

1.2.6 RT-PCR ¥ #& M TGF-B1., Smad4., Runx2 .
PPARy mRNA ik : #2 I0& 20 K B B 3 o 58 20 B
A RNA Sl 423855 B 52 BOA [ 40 K LA 4 2R
Hr G RNA, Kl RNA 46 B % 7 5 F Takara 3% %% 3%
TR & S AR cDNA, B J Primer5. 0 311514
FF5],RT-PCR % K M & 2 K LA [A) 40 21 o TGF-
B1.Smad4 Runx2 ,PPARy mRNA FiRE, HaheE-3-
Wl i 2L 8 (GAPDH) 1y N 2% BR LR 279 )7
Bt BdE. FIMIEIIE 1,

1.2.7 Western blot #:4& ] TGF-B1,Smad4 Runx2 .
PPARy H H L R KR ALFE S , L3 HOCH B A T
Ui (B 4 4H 4L BT W, N A RIPA 344 % o i &
TEVK I 30 min, 2 HU 4H K BUFHA PR SH S il
A BCA e i) &l g S H R A AL P&
BB E . 8 B 5 SDS-PAGE #E47 45 & 73 %,
RIGH 2 PDVF B E JFE T 4 CHHEM—H(1

S00) FFE LA, BEWRIE B INHMUR 1 E ALY BB AR &
B —Hi(1 2 500) , HIRTHEH 2 he ECL LK 2
J& R BT QuantityOne X 85 1 AH X 2 35 7K F #E 47
or¥T .

®1 PCR 595
Table 1 PCR primer sequence

Gk 3 (5'-3") KE/bp
3% GAGCCATCACTTGTCCAGCGCA
TGF-1 181

T#F GCATCCTTAGAAAGGCTICGCCTA

Smadd %% CAAGAGTATCATCTTGGCGACAGCAAT 192
e i GTCAAGTGTTGTGAGAGACATTAGGTG

i TGCTGCCTTAGAAATGTCCGA
Runx2 . 148
T CCTAGAAACGCTCACCCAAG

PPAR ¥ CCTGATCATCAGACTGGACT 206
K N GTCCGCACTGAAATGTGACG

-1 GGCACTCAAGAGGGTCAATAC
GAPDH N 137
T TCACTACATCCAGCACACAGCA

1.3 S hik

N FH SPSS 22. 0 S8 38R 4 i A7 B0 HE v AT L 1T
BOBLLA B B+ FRfE 25 (x5 ) Fon, PR 4 (8] LA 43 1) 52
s kg, Z M AR R R Iy 240, L P {E
<0.05 WERAGIHFE L,

2 HE

2.1 KRR EY R

SR AR, SR REREE &R EY
BALP .CBF-a1 .PINP .OC & & W] & [&E (P<0.05) ,
CTX-1 & & B F5 (P<0.05) s THUAYT 12 FJ5,
SRR L, M TR OR RN ET il 41 K B BALP
CBF-a1 .CTX-1,PINP ,OC ¥3E 8 B TR AL (P<
0.05), HAH I 0 F M —FEA B B (P<0.01), WL
%2,
2.2 REE/NEREEH T %

S A i, HAH KR &S BMD . BV/
TV .Tb.N.Tbh.Th Conn.D Th.Sp . SMI ¥J t ¥l A [] £
FEBAR (P<0.05) ;81 12 FlJ5, SR A e, i
TR R ROFIET Il 41 K L BMD  BV/TV ([ Th.N | Tbh.
Th,Conn. D, Tbh.Sp . SMI 2 AR BEE R 2 (P<
0.05) ; Horp £F I 40+ sk SR {8 T M4 (P<
0.01)., W33,
2.3 R IR O it A0 A T O R

TUNEL 3 fa 32 7R I .98 00 Oy 1E % 4 Ml A%, 4 £
KRBT EMEMEME, St RAER
R, AEHAKRBEHSIER, 650 BIR
KR A5 S e Y63 2, B BB 40 M RN 40 i
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Table 2 Comparison of the contents of bone metabolism markers in each group of rats( ug/L, &+s,n=15)

25 3] BALP CBF-al CTX-I PINP ocC

AH 23.41+12. 04 49.64+10. 15 14.75+4.09 32.67£12.52 19.75x10. 36
B4 15.41+10.06 20.26+12. 63" 20.08+7.14% 21.82£10. 03" 10. 77+8. 69 *
c4 20.07+11. 73" 44 37.22£13.08" 24 15.74£5.11* 44 28.92+10. 07" 44 17.15+10.11*~4
D 4 17.41£10.55" % 32.16x11.75" 4 17.45+3.15° 4 24.76+11.55" 4 13.62+11. 17" %
P{a 0. 000 0. 000 0. 000 0. 000 0. 000

5 AHHE, T P<0.05; 5 BALLER, 2 P<0.05 ;55 D WAL, 4 P<0.01,

®3 REB/DRMEH L (225,0=15)

Table 3 Comparison of trabecular microstructure in rats(x+s,n=15)

gl BMD/ ( g/cm2 ) BV/TV/% Th.N/cm™' Th.Th /pm Conn.D/em™? Tb.Sp/cm’1 SMI

A% 0. 187+0. 025 0. 48+0. 08 7.150. 21 64.75+10. 56 87.71=15. 41 0.25:0.11 0.7920. 11
B4 0. 131x0. 009 * 0.210.11°* 3.1120. 14" 28.19+11.45°" 49,76+10.35% 0.74£0.06" 1.23+0.03 "
C4 0.149+0. 0124 0.41£0.12"%  6.21£0.17**%  56.64+10.48" 24 79,57+11.58" 24 0.41x0.17"24 0.85+0.18* 24
D41 0.147£0.015* % 0.27+0.14*%  3.99:0.08"%  41.77+10.83" % 53.06+18.78*%  0.55x0.12"% 1.01£0.12" 2
PiE 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000

5 A E S, T P<0.05; 5 BB, P<0.05 ;5 D 4%, 4 P<0.01,

D
1 R BB B 320 40 M O L

Fig.1 Comparison of cell apoptosis in the distal femur of rats

WA M BRI C BRI D I e

2.4 KEBHLHHTHEF TCF-1, Smadd,
Runx2 . PPARy mRNA ik & L&
5 qd i, 4 8K G R R E mhw A

2 TGF-B1,Smad4 mRNA FLEHE T H(P<
0.05) ,Runx2 . PPARy mRNA £iF&HE FF (P<
0.05) ; SRIBA e, T 12 )5, ST H KR
JBe B v B R b TGF-B1 Smadd KA B & E It
(P<0.05),Runx2 ,PPARy mRNA KA BEWHE T &
(P<0.05) 5 o rb &1 50 20 e — 15 28 o B o o i
HEH TGF-B1,Smad4 , Runx2 , PPARy mRNA #)3&
BHCRAL TR (P<0.05) 5501 2 9] 0 1 —
EE2H (P<0.01), L3 4,

2.5 KRRKFIZ W& HHAF TGF-B1, Smadd,
Runx2 . PPARy EHE X E H#

S HEH R, 2 H R B R IR E T B A
Zlrp TGF-B1,Smadd HH KX B Y W T (P<
0.05),Runx2 . PPARy E R R ZEHE FF (P<
0.05) ; SRIBA e, T 12 )5, ST H KR
BB v B H 4P TGF-B1 Smadd EHRILEH T
FEF(P<0.05),Runx2 PPARy EHEXEHET

£ 4 FHL P TGF-B1,Smad4 ,Runx2 PPARy mRNA £k & 4 (xxs,n=15)
Table 4 Comparison of mRNA expressions of TGF-B1, Smad4, Runx2 and PPARy in bone tissue(x+s,n=15)

gl TGF-B1 Smad4 Runx2 PPARYy

A4 3.6320.15 1.26+0.71 1.88+0. 16 0.7520. 11

B 4 0.99+0.57" 0.23+0.78" 4,05+0.22" 1.46+0.13
CH4 2.25+0.35" 44 0.96+0. 14> 24 2.24+0.15* 24 0.99£0. 1424
D4 1.78+0.54" % 0.71£0.03 "% 3.1120.06* % 1.12£0.09* 2
PE 0. 000 0. 000 0. 000 0. 000

5 AHHE, T P<0.05; 5 BALLER, 2 P<0.05 ;55 D WAL, 4 P<0.01,
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e (P<0.05) s Horp B 2 FIME — B 2l R BUBC B o SRR TR B2 (P<0. 05) BT A0 4 B WA T —
H2H 4 TGF-B1.Smad4 . Runx2 . PPARy & [ (1 & FE4H (P<0.01), VLI 2,

TGF-g1 Smad4
2.0 1 2.0 =
1.5 4
1.04
(.54
(L0
Agrouap Bgroup Cgroup D group Agroup Bagroup Cgroup D group
Runx2 PPARy
2.0 - 2.0
L5 1.5 4
1.0 1.0+
0.5+ 0.5+

Agroup Bgroup Cgroup D group Agroup Bgroup Cgroup D group

TGF-B1
Smad4
Runx2
PPARy

GAPDH

A B C D

B2 Arfgimen gt TGF-B1,Smad4 Runx2 PPARy TR H R LR L8
Fig.2 Comparison of TGF-B1, Smad4, Runx2 and PPAR«y protein expression in distal femur
WA LA B BRI Co AR D B2l
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#5202, CBF-al J& T Runt 45k IR 5 K 5 1 1O 5% 5
PR, b A 40 B R S 3R 3R %o RS A0 I 1Y) 4 Ak B
EEEAEN ., DR 45, CBF-al BE % Ak B
40 S Ak, IR 40 B Sh fig TR 3R 55, X B B B B
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= I B e = N R 1 DR A (Sl =
HiL 43 WA B A A B SRR 19, G B A T T s
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MNREHREREEHEUA AN E, X5 FE T
72 BT BT R F

MR EEL S AL )5 B A AE AR
AR H AL B R O B VA R 2 B R R S )
VEF 945 827, Hip Runx2 F1 PPAR~y BE 65115 &
1 [) 75 5T T 448 BB 1] A 24 M R B T 400 X VR A
i, 2EHEMA RIS TN E LR A

F T, TGF-B1 R A B B IR R R Rl AR
TE R H B £ IR A KN T, Smad4 2 TGF-B1
R FZMESTITHEHEE S T2 —, TCF-pl/
Smadd4 {5518 H 7R B BE RN F P IR R b R
HEEEAEN, B2 )G H TG AR K A 5 ' Z L
N (BRI S 4 TGF-B1/Smadd (55
i BRI OP WY B BERCR G A A W . AR 45 R
Vs, KRR ES G BT B 4 808 TCF-pl,
Smad4 ,Runx2 \PPARy 23k & & 8] W 0725, {5 2 #f
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Smadd {5 538 B 7Y Ik, PEITE 0 OP & 38 W B 4%

g5 B BT W BE RS R we 25 B AR BRSO
B HCE A A R AR AR IR TR A AR A
LA AT BE 5 &1 30 4 #2 TGF-B1/Smad4 {5 738 B 3£
XK.
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