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(HEZE] B8 BT E AREE 7 X U B VTR R (OVX) % S BB IR 55 48 K BUIE 2285 (LPS) [ Toll B A7 fA& 4( TLR4) /B FE
4N 4346 K 11 88( MyD88) /% % 5t I F -k B(NF-xB) {5 %5 i B 1952 M . 77 3% K 60 HL SPF 4% 6 7 i iy i e R BLBB AL 2 1 - R
A1, BRI AL, N R ME WAL, AN AR R b R R AL A O OVX AR, RS 1AL A b Bk 8 B, AR M 4 4
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MyD88,NF-«B p65 mRNA /K- K il [ AH 3¢ 24 I F A i A 2 (IL)-18,1L-6 mRNA (35, &R : 5EFARA LK R
Y I 7 LPS /K , 15 2H 41 TLR4,MyD88, p-NF-«B p65 % 1715 K F , TLR4,MyD88 ,NF-«B p65,1L-18,1L-6 mRNA /K - 1] I}
B TF 5 (P<0.05) 3 SR AL LA, IR ME I AL AN RN B Ak i R B 4Ll Vs LPS UK, i 4141 TLR4, MyD88, p-NF-«B p65
i) 4 [ %3k, TLR4, MyD88, NF-«kB p65 mRNA /K-, DL KN il 44 (K - IL-18, IL-6 mRNA JK P47 A [f] 72 BE B AR (P<0.05) .
L5 AN B AR 7 AT LARE AR 1% LPS 5 & , %45 TLR4/MyD88/NF-«B i # H' TLR4,MyD88,NF-«B p65,p-NF-«B p65 ) mRNA
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[ Abstract] Objective: To explore the effect of Bushen Huatan prescription on serum
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lipopolysaccharide (LPS) and Toll-like receptor 4 (TLR4)/ myeloid cell differentiation protein 88 (MyD88)/
nuclear transcription factor- kB (NF- kB) signaling pathway in rats with ovariectomy-induced osteoporosis.
Method: Sixty SPF 6-month-old female rats were randomly divided into sham operation group, model group,
estradiol valerate group and Bushen Huatan prescription low, medium and high dose groups.One week after
modeling by bilateral ovariectomy, 8 rats in each group were selected to receive intragastric administration. The
estradiol valerate group was given 0.184 mg-kg' by gavage, and Bushen Huatan prescription low, middle and
high dose groups were given 4.7, 9.4 and 18.8 g-kg' by gavage, sham operation group and model group were
given 0.9% saline 4 mL by gavage respectively. After 12 weeks of intervention, the rats were sacrificed for
detection.Serum LPS was detected by enzyme linked immunosorbent assay (ELISA), while protein expressions
of TLR4, MyD88 and phosphorylated (p)-NF-«B p65 in bone tissue were detected by Western blot, and the
mRNA expressions of TLR4, MyD88, NF-«kB p65, IL-183, and IL-6 in bone tissue were detected by quantitative
real-time polymerase chain reaction( PCR).Result: Compared with sham operation group, the serum LPS level
as well as protein expression of TLR4, MyD88, p-NF-«B p65 and mRNA expression of TLR4, MyD88, NF-«B
p65, IL-18, and IL-6 significantly increased in model group(P<0.05).Compared with the model group, serum
LPS level, protein expression of TLR4, MyD88, and p-NF-«B p65, mRNA levels of TLR4, MyD&88, and
NF-«B p65 in bone tissues as well as downstream inflammatory factors IL-18, IL-6 mRNA expression decreased
to different degrees in estradiol valerate group and Bushen Huatan prescription high dose group (P<0.05).
Conclusion: Bushen Huatan prescription can reduce serum LPS content, regulate mRNA and protein
expression of TLR4, MyD88, NF- kB p65 and p-NF- kB p65 in TLR4/MyD88/NF- kB pathway, and
down-regulate mRNA levels of IL-18 and IL-6 in bone tissues to improve bone microstructure and inhibit the
development of postmenopausal osteoporosis (PMOP).

[Key words] Bushen Huatan prescription; postmenopausal osteoporosis(PMOP) ; lipopolysaccharide;
Toll-like receptor 4 (TLR4)/ myeloid cell differentiation protein 88 (MyD88) / nuclear transcription factor

(NF-«B) signaling pathway; bone microenvironment; inflammatory cytokines; osteoimmunology

Y 25 J5 5 TR FARE (PMOP) & — Fh 4> B P A% 1
PEE R, I BB O oM 4 2 WP R OKE T
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hn B0 B B, S PMOP H Ja] 8 B ) — 307,

] A #4222 4 ok — 25 PMOP (1) [ 24 By
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K, HE B R S5 R T AL R R 2 KA S )
Ve B A 2 1 & W A O (41845 201909006) .
1.2 RKFI A ANE R T A %22 F 30 g,
X0 g fVFIE 15 g, &INE 15 g, 20 12 g, 11
1 20 g, Jin /K B Ve 45 o4 T iR R 0.94 g-mL (1 24
W (25 04 i Wb A v R B 2h B 4 AR O A A
WAl 2015 45 RRCH A2 A RGN [ 25 ) i, il b
A4 B JE I 8 I 24 M E R TR L IR A AR )
IR M e (FE S 2 DR A A FR A m) M A A ]
it 5 374A) ; LPS [ Bk 5 9% W BRI 2 (ELISA) A5
B & (20X Cusabio 24wl , fit*5- CSB-E14247r) ; %
% it 40 1) ), RIPA 24 it W, 38 50 2L 9 4@ #2 1F T IR
(BCA)HE MR I E & ( B8 = RAEDHARA R
N, HES 4 o S1873, P0013B, P0010) ; # B A
it it 96 (PMISF ) (- Vi Buf 7 T A= A B 35 B 403 5 BR 2
"l 45 P105539) ; 2 1 Marker( 79 5% i F 52 1 15 B
FARABRA T L5 P12103-3) 5/ BB 7 B Hi 44 B-
L 3h & 4 (B-actin) , TLR4 2 HT K Bl —$i , MyD88 %
oK B —bt, BB 1L (p) -NF-kB p65 SRt K B — bt
(£ B CST A Al , #it 5 45 Jill i 37008, 143588,
500108, 6956T) ; B H 1t 42 1k ¥ i (HRP) 5 id - 41
N, HRP AR G2 F B e 0 (s 8 Y
TR B F L5 50510 BA1051,BA1054) ;4 i
k2% & 6 (ECL) IR W (b 3 35 ) 3 5k R B R A B
L AT P1050) 5 trizol (b 5 3L FE S A W B A IR
) LS 252250AX) s HiScript 7 5B 7] , SYBR
Green Master Mix ( j5 5% i MEHE AE W RHH A BR A A,
#5435 R101-01/02, Q111-02) ; 48 B 1 = Wi
(dNTP) ,DNA R & i (KRR AL BHE A R A | L it
S430 LOT#P4325,ET105-01) .
1.3 Y8  C2500-R-230V %I &5 3 55 .0 HL (26
Labnet /A 7 ) ; Flexstation3 24 Jiff 5 1% ( 32 [&] Molecular
Devices 2 &) ) ; w100 %Y 3 /)N B %5 B A I A ( Fi +
ScancoMedical 23 H ) ; DYCZ-40 % i 3k A (b 5L /S
— A% ER )Y ; QuantStudio 6 Y 5L} 5% S iE 1 RS WA
2 ¥ (Real-time PCR)Y (3£ E ABIA ) .
2 Ak
2.1 BRI Koy KR BUGE N PER SR LG,
oo A 0 i B AL 43 R AR TR AL, B AL AT G R
A AN E AL T m R A 10 ], £
B PR P AT AT AR BT AR A R SR LI B )
SERBAY BE AL 2, Ho A 4L 3 47 XU OVX ., &% 3
B3 TE A7 8 A8, AR TR BRKOK A BRI, 25 2 1%
J& . T 10% 7K A S0 30 mL - kg I8 6 1 5 R 47 JRR %
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JRR T 4 R BRUART RS 31 2 DY i, P BB R =X
2501 B AR (R T R 2 7 O 5 B U B (R A AR R
BEWE L. Sy EZEE A0 n A K Se 3 d 7 1 Ik
T H R K 2007 U-kg', IF 1 3%, % U)W 88K
BRI Sh A A A L .
22 FHiHFE RE1ENERKRIET 4 5,5
R 5 B A A A R B R AR ™ 0 A R R, B
HAEE 8 H IR 25, SELE AR 45 25 ik,
I PR ME AT R ME P 0.184 mg-kg!, AN Ak
RTAR L A R i AL 5 ) 7 4.7,9.4,18.8 gokg!
HNE A T B TF R 5 A 4L T 0.9% E B ER K
4mL¥EH. D E&A BHESLHA 1R, LG
128, 7551208 ,F 10% /KA &8 30 mL-kg' J& bk
i b FE R BRI 3 3l kR BV 5 B BRUBE i T
URAT 45 H -80 °CUR AT o
2.3 KR AR
2.3.1 i LPS & W4l 3 000 remin”, B0
10 min, #0242 16 cm, UL 100 wL, # i LPS
10700 5 16 BH 5 A G b LPS A
2.3.2  ZE IR G i (Western blot) A6 I B 41 21
TLR4,MyDS88,p-NF-«kB p65 & [1# 1k F PMSF, B
1% il 410 1) 7] F RIPA 24 W 4% 12 1: 100 B9 L 4] 1 i
200 WL 24, AR A 15 412U B ) 3R A R A (EP)
AP BT UK L 30 min T4 4R . BRI 4 °C
T 12 000 rmin™, B> 5 min, &0 12 cm, 15 2]
TR TUaCRE S B R 46 2% i (PBS ) i B 20 %
Jei, F BCA i 11 a3 57 0 e 2 1 VR B2 Wk K T 1k
BB E AN . BE AR 40 pg, 5 Maker A
REAL, JE T 1E R 80,120 V 2 1.5 W F1 4385, 20 3
TEARF A R 2 PVDF i, TLR4(200 mA , 120 min;
300 mA, 15 min),B-actin, MyD88(200 mA ,90 min),
p-NF-kB p65(200 mA , 120 min) . JH& A 5% IS5,
WY TBST 32 L PVDF I 2 h, 35 P ¥ 4% B8 A [] L 461
i B¢ — HL (TLR4, 1: 1 000; MyD88, p-NF-«B p65,
1:2 000;B-actin, 1:500) ,’ PVDF {2 i Horp 4 °Cid
W o 552 KFH TBST PR S ¥k, 29K 5 min. P4 TBST
P2 15 TR B B0, IR ZE FE K B 2 h 5 H TBST 5847
Ve . T ECLAR A PVDV B |28 G €8, | JT1 o e fi
B, XA TR TR A S e s s MRl A
51 J5 , H BandScan 43 M i 7 K BEAH -
2.3.3 Real-time PCR fu W & 41 41 1 TLR4,
MyD88, NF- kB p65, IL-18, IL-6 mRNA [ & ik
UK 7 B 42U i 249 100 mg, FH trizol 15 32 B
ZH 41k RNA, 10 5% 5 i cDNA K5 75 3] 1) cDNA Fii Bf
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10 i, B4 pL S8 J5 I A 100 wmol Y 1% T il 519
% 0.4 uL, SYBR Green/FlouresceingPCR Master
Mix 10 pL, H,O 5.2 pL, i ¥ 2 ¥ % 2 & 50 °C
2 min, 95 °C 10 min; 95 °C 30 s,60 °C 30 s, T & 40
ANEER o T I -3- B 2 I AU G (GAPDH) /E
S BE A5 20 Bl DL 2k AT e b T B A
LA ik o 517 A AL st R AR )
AFRME, R L,

&1 PCR3I#MFF
Table 1 Primer sequence of PCR

EiE7) Jr31(5'-3") KB /bp
GAPDH |3 GAAGCTGGTCATCAACGGGA 175
T GGCGGAGATGATGACCCTTT
TLR4 |3 GAGGACTGGGTGAGAAACGA 169
T AGATACACCAACGGCTCTGG

MyD88 ¥ TCGACGCCTTCATCTGCTAC 177
Tif CCATGCGACGACACCTTTTC

NF-«B p65 _Liif CATACGCTGACCCTAGCCTG 135
Tif TTTCTTCAATCCGGTGGCGA

IL-6 ¥ GTTGCCTTCTTGGGACTGATG 102
Tiif TACTGGTCTGTTGTGGGTGGT

IL-18 i CTGTGACTCGTGGGATGATG 117

Fif AGGGATTTTGTCGTTGCTTG

2.4 GiibsEOrik R SPSS 23.0 #4748 it 2k 4y
BT, S5 50 LA s R, A1) FU 3R B R 250 22
I3 M, P<0.05 %R 22 5 A Gt w E L.

3 £R

3.0 #EARE X OVX K RIS LPS (e m 5
i T A T A, 455 AU 2H R B A9 I LPS ¥k 5 B R T
15 (P<0.05) ; S5 BIRVA L A%, R i — B 20 5 40 Ak
P& 7 4% 500 B 4 Y I35 LPS B Mk R PR ) R
A (P<0.05) 3 5t — E WY MR BEARHS I . L3 2.

F2 WELEAIOVXKRMELPSHFM (x£5,n=8)

Table 2 Effect of Bushen Huatan prescription on serum LPS of

OVX rats (x£s,n=8) pg-L!
21 5 /g kg! LPS
fir FA 1.22+0.12
LAY 2.11£0.19"
IR TR M e 1.84x10* 1.60+0.142
AR J7 4.7 1.81+0.11%
9.4 1.67+0.16%
18.8 1.62+0.352

ST AR A Y P<0.05; S HIR AL 4 2 P<0.05(F£ 3,4 17]) o

3.2 #NE AR T X OVX K BUE 4 41 b TLR4,
MyD88,p-NF-«kB p65 ik H &L SEFR4LL
o, OB 4 KR 4 44 TLR4, MyDSS,
p-NF-«B p65 & [ 5 % 3k W 8 T+ 5 (P<0.05) ; 5
T2 BB, SR ME — RE 41 TLR4, MyD88, p-NF-«B
p65 (12 11 3R 35 & W] W B AR (P<0.05) , #b B AL 58 7
& ) & 40 TLR4, MyD88, p-NF-«B p65 15 [ £ ik ¥
AR REMBEM, Xhd mhladz2 8685
T L (P<0.05), WE 1,53,

65 kDa

p-NF-xB P65 — — pe—

p-actin

I S S S 2 D
A B C D E F

A BT AR B BRI C. SRR ME 2 5 D~F. 0 B AR T IG
e 77 A 41

1 #BUEFIOVX KRB HL P TLR4, MyD88, p-NF-«B
p65 & B R ik IKK T

Fig. 1 Electrophoresis of TLR4, MyD88, p-NF-«B p65 proteins in

bone tissue of OVX rats with intrinsic involvement

F3 HBUEFXNOVX KR EHLF TLR4, MyD8S, p-NF-«B
p65s ERREMFM (F+s5,n=8)

Table 3  Effect of Bushen Huatan prescription on protein
expressions of TLR4, MyD88, p-NF-«B p6S5 in bone tissue of OVX

rats (x+s,n=8)

anmiveke gl O e
i F A 0.42+£0.07  0.36+0.06  0.16+0.02
L 1.09+0.11Y  0.87+0.07"  0.53+0.08"
M 1.84x10% 0.70£0.092  0.58+0.052  0.20+0.022
HNEBE T 47 0.88+0.052  0.71+0.07  0.21+0.06

9.4 0.84+0.072  0.69+0.04>  0.24+0.07>

18.8 0.72+0.062  0.68+0.022  0.29+0.06%

3.3 4b B Ak K 97 R OVX K BB 4H 40 b TLR4,
MyD88,NF-«kB p65,IL-18,IL-6 mRNA Fik# 5
BRF AR A, BEAY 4 1 20 21 TLR4,MyD88, NF-
kB p65 mRNA 7K ¥ B & | F+(P<0.05) . HHLAI 4
oA, % R ME — P 4H A9 TLR4, MyD88, NF-«B p65
mRNA 7K 2 B i T B (P<0.05) ; #b B AL 58 b 5 1
20 TLR4, NF- kB p65 mRNA /K “F B & F [
(P<0.05) ; #M & 1k ¥ & 7 & 4 TLR4, MyDS88,
NF-«B p65 mRNA 7K VB & F B (P<0.05) , 25 5+ H
A ity B o A AR I & I & 2 TLR4,
MyD88 ,NF-xB p65 mRNA K- # T a3, 2 —
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E YU FEACE . LR 4.

R R BN, 5SRFARALE HEAHAEH
41 IL-18, IL-6 mRNA (1) % ik K F B & b F+ (P<
0.05), SBIRIA] AL, IR ME — P 2H B 2H 2 IL-
18,IL-6 mRNA [ 4 i5 /K F- #4 B i F F% (P<0.05) ;

AN Ak 98 75 IR ) B 4 TL-6 mRNA 4 3 3k 7K F BH i
T FE(P<0.05) 5 #MEF AR D7 v L ) s 4 IL-18,IL-6
mRNA /K01 B F R (P<0.05) . #hEFAk9% J7 4 5 i
4 IL-18,1L-6 mRNA K368 TS, 2 —E N
FlEARB ., W4,

x4 FIEUEFTOVXKRBEAL B TLR4,MyD88,NF-«B p65,IL-18,1L-6 mRNA & ik HI 80 (X+s,n=8)
Table 4 Effect of Bushen Huatan prescription on protein expressions of TLR4, MyD88, NF-«B p65, IL-18,IL-6 mRNA in bone tissue of

OVX rats (x+s5,n=8)

21 5 FlH /g kg! TLR4 MyD88 NF-«B p65 IL-18 IL-6
[FEREN 1.36+0.22 4.51%0.11 3.12+0.38 1.03+0.18 1.09+0.18
(s 2.99+0.36" 7.98+0.12" 3.89+0.27" 2.39+0.37Y 3.33+0.39"
TR 1.84x10 1.68+0.132 5.56+0.092 3.27+0.28% 1.54+0.11"2 1.72+0.13"2
A0 B AR 4.7 2.65+0.28 6.83+0.15 3.75+0.49 1.96+0.26 2.96+0.322
9.4 2.21+0.322 6.72+0.08 3.73£0.532 1.66+0.18 2.18+0.232
18.8 1.90+0.132 5.93+0.102 3.34+0.432 1.64+0.21% 1.95+0.282
4 itit A RIENBALE W0 T30, 25 40 T8 B oo 0% A A A7

T [543 ¥R P8 K 19 PMOP 3%, HIB 7P 259 &
Ay B R AT ) R0 RN R R 0 2 R LR R R
X OHRFZ MR I & X L2y A H 45 A
A 25 SRR R T I Bl P UL R 2 1 25 ) 3 AR
A 25 38 i g 3 Al B A8 R B T 8 XU K B ] 4
JH S5 W 0] 780 (3 i [ 5 2 18 0 VS AE b e XU g T
A B 24 1 Sk B I LR € N O B 3R T
3, 76 803 PMOP B I R S IR O 1 97 %80
A 2 531583 PMOP (B H WIRYT 7% . PMOP JLX}
LI B 44, AR Al LR L RTRE R, T A R b B
CEOETCBRG IR AL DU R O AR, B IR
IR N E RSN NY RN 2 A R RS €7 S RN
o0 AR B SR B DY B ) 78 5T T 40 il (BMISC)
M4 53 Ak R 0, 285 B b s 08 D B0 1 BRI 4 o AD
LR 3697 PMOP, il & (AR B 40 H ) h b & g L 5
CPHIZ 0 ) v B I L, o Ak 2% i A b B Ak 2R
T T DL RS AR IR MR DAAR A A
HiH % 221, Do R JELRE AR 2n il Ll A DL g R
M, % 8 WA, 2 REAT M . 207 24K b
P20 BE A 9 © 20 UE S A0 B AR Jr mT LA
41 BMSC BUH /6 BEAR B 4l 81 8o 7
7K F e 5 AR, Bl i PMOP.,

BEAEOF IR IN B SO 5 v R E (R 7K O 38 5
T BOE W T T SRR T AR G
T RSN R, MR ZRET, &9
i T8 B R R EL B T B A B, W s i
2 PR B M A 5% o T L e B 0 A i e A
JBEH A T B A4 LPS AT AR 3 40 B A 5% 5 2 A0 4%

. 74 .

W i, LPS 85 JF JUE A1 iz 3 1 Bz 40 B 3 00 19 g 22 4 445
HEAMGN . BEHEEEEARUNRLPS E &
KR i85 LPS Bk 45 &, LUE F 9% TLR4 L
Ao TLR4AE 5 K e g i & i S R I 32 4K, T
1253 A R Cn R 20 MR A R AR
A A B W AN M ) 7T 5T T 40 D 4% ) , TLR4 RE
b5 A 8 20 7 AR A E AR T TR AR . LPS
5 Re 2 W45 6 8 0 SRR 76 b L % W2 1 2 i - Toll
i E 8 CD4 1 BN L, 5 40 i B ) TLR4/
MD-2 Z R & & Wi BIIF 45 & f TLR4 SE R AL,
5B AL Z J5 1 TLR4 5 Toll/IL-1 % & M 3¢ & H
(TIRAP) 1Y 5 14 AR AR H] , 5 MyD88 1Y 2 B ity 25
A, A S MyD88 1 T il {5 5 1% 5, MyD88 3£ 4
IL-1 52 {8 AH GG 4 (IRAK4) I i Fo w12 1k, IRAK
I NSRS 4 N R B I N TR % Ny
3, 5 o SR B8 R 27 AR R 56 R T -6 (TRAF-6) 24
&, 8 TRAF-6 12 R4k, 5 56 A0 AR K 7 B0 Vs 1
(TAK1) , b E KW 7 B IS fL Bl 45 & 1 1
(TAB1)JE i, IRAK-TRAF6-TAK1-TAB1-TAB2 & &
Yy, RG24 T % IRAK K TAB1, TAB2 114 5 i
Ak 11 % 85, & M B TRAF6-TAK1-TABI-TAB2 & &
Wk AR, 305 TR W NF-«B 30 4 30 (TKK) .
IKKB/IKKy/NEMO J¥ B (%) &2 & P04 1% 7 5 I F B
P46 35 (1 (IkBaw) 19 3. 35 38 15 007 45 1) 22 S IR s 1R A
i T B fiff 520, B JBCHE I 461 1 pS0-p6S I JE B i) —
R NF-xB ZRARR AL G, 45 A 50 5L 5 00 i e
&L, g IL-18, TNF-o  SE B4 7 1 1 Jm . A
G| K Se KA pe NP wUAR B R 8 5 i) B R AL
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AT L K R B5 | M7E LPS & AR LTt
X 5 JTA S B9 245 R — 20 [ 8
TLR4,MyD88, p-NF-«B p65 7 [1 % ik 55 NF-«B p65
mRNA , il i F 7 & 4E [ 1 IL-18,IL-6 mRNA fif ik
I A UESE T A 2 SR AEME R B = RS TLR4/
MyD88/NF-«B i % 23 8 o BE G o A 9E R SE 51
WEEH IL-18 5 IL-6 & 4E B AT 4E F T B Wi 40 A A%
SR ML S e A, 5 | S 1 R G N e RS AC
2O IL-18 MINIL-6 ] 755 By Gl A B v i 40
65 35 0 200 A T 400 i 45 430 B 22 NF -k B 32 R 6 AL R 7
e A 1T W 48 L 4 % 38 DXL 27 S T fil 3 CD4' T
20 6 ) 38 B 2, DT R S T 4 ) A AT il T
i, A 30 Ao 9/ A 2R T AR 04 5 i, 0 s R
TGN I Al B 2, 5] & PMOP. Al L,
PMOP ) % & % Ji£ 5 TLR4/MyD88/NF-«B i [ it i<
JEE 0 B DRE G, RS K 468 T B A 28 B i PMOP
MEER N Z—,

R A2 Y B B A L 2 R I RN B R R T RE %
A4 i B R A, FEAR AR AE PR F 7K 0 5 R
Bi v T 40 A S 0 A 98 R, AR IR 9 gk — 2B ik S
#M B AL 5 WT RE J2 38 i 5% e LPS il TLR4/MyD88/
NF-kB 3X — 4 7% 35 5 9% 5 40 R 1% o 50 g & 4%
PER B o A YRR 5 0 55 £h B 058 T fig BT Sk B AR
OVX K B ) LPS 7K %, #l il i B ¥4 3% % TLR4/
MyD88/NF-«B i i , [ K {2 & A 7 IL-18, IL-6 1Y
mRNA %35, 8035 B i R 58, 15 ] Bl i PMOP [ 2L
A, R A 25 4 T — i BRI RN S I S .
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