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[ Abstract ] Objective: To evaluate the intervention effect of Bushen Tongluo formula on zebrafish

osteoporosis model and to clarify its regulation of autophagy mechanism on osteoclast differentiation. Method: The
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260 young zebrafishes (3 dpf) were selected, the zebrafish osteoporosis model was established with 25 mmol-L ™'
prednisolone (Pred) for 3 days, confirming the successful model by calcein staining. The zebrafishes were divided
into control group, Pred group (25 mmol-L "), etidronate disodium (ED) group (300 mg-L~"), Bushen (BS)
group (180 mg-L "), Tongluo (TL) group (30 mg-L "), and Bushen Tongluo ( BSTL) group (210 mg-L™"),
40 tails per group. After intervened with medicine for 4 days, the calcein staining was adopted to count the
vertebral bone fluorescence area of zebrafish, Real-time PCR was adopted to detect the mRNA expression of akaline
phosphatase ( ALP) , bone morphogenetic protein 2b ( BMP-2b) , runt-related protein 2 (Runx2) and cathepsin K
(CTSK ), phosphorus and tartrate-resistant acid phosphatase ( TRAP ), nuclear factor of activated T-cells,
cytoplasmic-1 ( NFATC-1). Divided RAW264.7 cells into control, Rankl induction (10 wg-L™'), BS
(180 mg-L "), TL (30 mg-L™"), and BSTL group (210 mg-L™"') after they were cultured to 80% -90%
density. The expression of actin ring was detected by phalloidin cytoskeleton staining. The mRNA expression of
TRAP, CTSK and autophagy-related genes 5 ( ATGS) , autophagy-related genes 7 ( ATG7) , and ubiquitin-binding
protein p62 ( p62) were detected by Real-time PCR. Result; Compared with the control group in wivo, the
vertebral area and ALP, BMP-2b, and Runx2 expression of zebrafish in the Pred group were significantly decreased
(P<0.01), and CTSK, TRAP, and NFATC-1 expression of zebrafish were significantly increased (P <0.01).
Compared with the Pred group, the vertebral area of the TL (P <0.05) and BSTL group (P <0.01) increased
significantly. The expressions of ALP, BMP-2b, and Runx2 in the BS, TL, and BSTL group were significant
increased (P <0.01). The expression of CTSK, TRAP, and NFATC-1 in BSTL group were significant decreased
(P<0.05, P<0.01). Compared with the control group in vitro, the number of actin rings (P <0.01) and
CTSK, TRAP, ATGS5 (P <0.01) expression and ATG7, p62 (P <0.01) expression were significantly increased
in the Rankl-induced group. Compared with the Rankl induction group, the number of actin rings and CTSK and
TRAP expression were significantly decreased in the BS, TL, and BSTL group (P <0.05, P <0.01), while the
expression of ATG5, ATG7, and p62 were significant decreased in the BSTL group (P <0.05). Conclusion:
BSTL can significantly improve prednisolone-induced zebrafish osteoporosis and inhibit osteoclast differentiation by
reducing autophagy-related gene expression.
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Table 1 Primer sequences of PCR
Bk JPH(5'-3") KB /bp

ALP i GGCCTTACATGAAGCTGTGG 3712
T GTTTCCTCGTGGTGTGTAGC

BMP-2b 3 CGGTCAACTCCAACATTCCC 2 001
NiF ATTGTTCTCATCGGCAACCG

Runx2 i GTGGAGATCATAGCGGACCA 1 750
i CTCCCAGAGCCACAACCTTA

CTSK 3 CGTCACTTCGGTGAAGAACC 1595
Tif ACAGTCCA-CCAGGTTCTGAG

TRAP i GGCGAAGTC-CAAAGCTGATT 1 690
i CGGATATGGACCACACTGGA

NFATC-1 i CCAAGGTGGTGTTTGTGGAG 2991
NiF CTGGCTTCTCTTCCGCTTTC

GAPDH 3 TGGTGCTGGTATTGCTCTCA 1329
N ATGGGAGAATGGTCGCGTAT

CTSK i CAGTAGCCACGCTTCCTATCC 1583
T ACTGGGTGTCCAGCATTTCC

TRAP i CTGAACACCACGAGAGTCCT 1 683
T TCAGTTGGTGTGGGCATACT

ATG5 ¥ GGAACCACCTTGAGTCAGGA 2 317
i AGTG-GTCCTGTGTGTCTCAG

ATG7 b3 TCCGTTGAAGTCCTCTGCTT 3925
T CCACTGAGGTTCACCATCCT

p62 3 CCTGCCTTCCGTCTTCTGTA 1916
i TGGTCCAGGGTTTCTTACTCC

GAPDH 3% GGTTGT-CTCCTGCGACTTCA 1296

Fi# TGGTCCAGGGTTTCTTACTCC

3 dpfJFif, = FHAM A 0. 1% DMSO [ 55 F5 5k, #5
BRI AN A & 25 mmol - L™ Pred 3% 353 (% 0.1%
DMSO) , & #55 2 d J5 B ZH AL 6 Rt Dt %) 45
AR R Y 0 ST S8 T B S 0 HEE SO T AR A
RYZH 802 A ME B 2O TRNAR 12 2% N B, Tk ) A
et

2.3 RPETSCHK I BE B A E SOG AR 3 A
D) F B 4 B 5 # BEAL 73 O Pred 41, ED 21, #p
HmEHMANE WA, A S0 B, K HAR
Pred 4145 2 2 A28 ED 4145 T &% 25 mmol - L'
Pred #1 300 mg- L' ED (3% 35 5, (b F A5 T &
25 mmol-L ™" Pred 1 180 mg- L~ #p & J7 1Y 3% 57 3 |
YA T4 25 mmol-L™" Pred #1 30 mg-LfIiﬁéﬁ
D5 B R IR 3L K0 B 3l 4% 40 45 T & 25 mmol - L' Pred
1210 mg- L™ 4B 25 7 (14 85 9% 3%, BT A 40 590 24
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0.1% DMSO, 445254 d 5, T4 9 dpf & 4H %
BIE 20 BIE A IE # BE S fa dE A B B R e 8 40 I
FEGE 1T 45 21 B T M 28 T AL
2.4 MTT thaykfaill RAW264. 7 4iffdis 5 Bk
KR RAW264. 7 4 s T Ff A5 24 h #2259 Ho
BT 45 25 . 25 L4, B4 (3,30,60,180,360,
720 mg - L'), i % 41 (0.5, 6, 10, 30, 60,
120 mg-L~") B #b ' 3 4 40 (3. 5,35,70,210, 420,
840 mg-L™") M4 EE 6 MEIL, TAZT 48 h R
FH MTT b €5, 35 46 D0 248 J 35 7
2.5  FITC F5ic U 28 0 K G o 305 40 I 1 -1 4 7%
BUIRAS A A RAW264. 7 4 il T F A5 24 h 434
%5 [ 41, Rankl (10 pg - L7") i 5 41, 4 B )5
(180 mg-L_') + Rankl 20,8 %5 7 (30 mg-L_l) +
Rankl 2 & 4B 4% 77 (210 mg-L~") + Rankl 2, %
HELE 3 NG, EEEBEIFAA T4 d, #E17
FITC FRic YL 2 3R Mk ge ¢ K 0 45 20 2F 2k 0L 3h 2%
FIIR R A
2.6 ST EE HE PCR( Real-time PCR) A6 ) B £
i 2 RAW264. 7 4 ifg 2 mRNA £ik W% 4 K&
T Th 2 R B T e gl A, S AL, AL 20 B L v
BF25 25 T T 55 9 dpf J&5 ] trizol 24 fif W42 HUA 21
RNA ,RAW264. 7 4fi jfl 15 15 K 45 25 J7 2L R wip, 1 10
4 dfF 40U 20 RNA IR 2 RNA YR BE 30 3% 5
W K % : RNA + RNase-Free Water = 12 plL, DNA
4 pL/ % R WRE 5 cDNA 20 pL, §7 3 5O 1K &
20 pl, 2 4 1F:95 C 5 min, 95 C 10 5,60 C
30 s, 3 40 AMEIR BN 25 A0 BN I 22 i Al
B2k, 1154 mRNA MR K 2 749 %R
2.7 GEitE At SR SPSS 20. 0 3EAT RS Ak 2
SYHT, BT BRI 2+ s FROR PALIR] LA 1
o 50, 4[] Lo Al P B R O 22 e T idE AT e 3t B R
Ko FIr 24855, P <0.05 N 2 57 A G it 2
3 #R
3.1 XS MARKAERmN ik M)
i AR K J il 2 Wk B, 3 R 2 i R E IR L
EilEA., SR BN, 55 A K, #NE A E
360 mg- L™ i W N BE D 0 A T R AR £, i
90 mg-L™' K& 180 mg- L™" i & ¥ FF F 6 T~ )& B 4
A B AL AE 60 mg- L R VR R AR TS R AR £,
FE 15 mg- L' J2 30 mg- L~" i e i F A6 T R A
b ¥ B3 45 7 AE 420 mg- L7 TRV E R AR TS B AL
%, f 105 mg-L ™" & 210 mg-L ™" B Sk i FAET-
- 82 .

AU o AR N B 45 7 25 W0 AL B B 9] (R -3
Y- ANEELS 61 1:7) MOk PR A B 241180 mg-L~' 3
440 30 mg- L~ B kb B am 45 21 210 mg- L™ B ik
R BE 0 E AR R B W EOE R

3.2 XFBEH M LCEAHOC mRNA RikEm 5
2 UL, Pred 21 BE D) 0 HE - 28 ' T R I R D
(P<0.01), B KrEIHE ALP,BMP-2b & Runx2
mRNA 5 B & AR (P <0.01) , & W fiobr i 2k
CTSK,TRAP % NFATC-1 mRNA %35 B ET & (P <
0.01), 5 Pred 4 b5, 3 4% 20 M B 2¢O 1 FLEH
HM(P <0.05) ,ED 21 K #h VB 38 45 41 A B 2 ' 1 AR
WEWM(P <0.01) ,ED 4 0B 4 38 25 41 S b B
W41 ALP,BMP-2b % Runx2 mRNA ik g 2 F
= (P <0.01) ,ED 20 Ko o#b 3 4% 2 CTSK ik B i
FEAG(P <0.05) , 45 3l 2 41 TRAP % 3k B & F# A%
(P<0.05),ED 40 4B 4 3 4% 20 K kb B 3 45 41
NFATC-1 £k B EEK (P <0.01), WK 1,32,

= =

W E

A. 25 4 5B. Pred 41 ;C. ED 41;D. #h B 41 E. WL 21 F. 405l 45 240
Bl #EF BEARNMEEEAINRSEEETEROHMW(HE
%6, x100)

Fig.1 Effect of Bushen (BS), Tongluo( TL), and Bushentongluo
(BSTL) on vertebrae area of zebrafish (IF, x 100)

3.3 XF RAW264. 7 UMM S A4
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®2 WNBEF EEXEFRIIEBEANRD AHEE R AXER ALP,BMP-2b,Runx2, CTSK, TRAP,NFATC-1 mRNA RiEFM (x £5,n=6)
Table 2 Effect of BS, TL, and BSTL on fluorescence area of vertebrae and expression of ALP, BMP-2b, Runx2, CTSK, TRAP, NFATC-1
mRNA in zebrafish(x +s,n=6)

4154 R M 9% S TR ALP BMP-2b Runx2 CTSK TRAP NFATC-1
25 1 - 0.10 £0. 02 1.01 0. 17 1.02 +£0.20 1.00 +0.08 1.02 £0.21 1.03 £0.27 1.03 £0.22
Pred 25 mmol-L="  0.05£0.01" 0.1920.01"” 0.25+0.01"” 0.31£0.01" 2.33+0.27" 3.46+0.51"  2.88+0.12"
ED 300 mg-L ™' 0.12 £0.04%  0.82+0.02% 0.68+0.05 1.03+0.05” 1.63+0.03> 2.79+0.13 2.22 +0.16%
W 180 mg-L ™! 0.08 0. 03 0.51 £0.04%  0.45+0.03% 0.75+0.01Y 2.70 0. 19 3.12£0.13 2.35 +0.03%
18 4% 30 mg-L~' 0.10 +0. 15  0.51 £0.08* 0.60 £0.09% 0.82+0.04% 2.18 £0.36 2.92 +0. 48 2.40 +0. 11
ANEF L 210 mg-L 7! 0.14 £0.03%  0.67 £0.13%  0.94 £0.15  0.95£0.08> 1.64 £0.24% 2.31 £0.20>  2.39 +0.26

WG EALLEY P <0.01; SHIMA Y P <0.05, P <0.01,

WEE T 20 M TG 0 W FEAR (P < 0.01), 7638 45 41
120 mg- L™ Jo o = W JE R 4036 3 W BT (P <
0.01) , 76 #h 5 3 45 21 840 mg- L ™" J o i vk & F 41
J % 1 3 Tk (P <0.01) o AR 25 W1 IE L (#b 1 -
AN LS 6:1:7) , BEFEANE )7 180 mg- L7,
%7 30 mg- L™ K AN 5E 45 7 210 mg- L7 X
RAW264. 7 241 Jl 3% 77 JC B S 52w 1) 3 ROV B . L
%3,
3.4 X RAW264.7 & fkigm S HAlk
B, Rankl 20 L3 25 1 BR 505 b 35 5 I, B8 A3 A
EFLH CTSK Ml TRAP FX B 25 (P <0.01),
5 Rankl 20 F#5, #h B 20 (38 25 20 oAb B 38 25 41 L8
EANEE B EFRM(P <0.01) , #MEF 4l CTSK 3%
KRR (P <0.05) , TRAP K3k W2 T (P <
0.01), 3 4 41 CTSK % ik @ % %k (P <0.01),
TRAP 3K R (P <0.05) , %M i 4% 41 CTSK
N TRAP RR ¥ FFEMR (P <0.01) , WK 2,5K4,
3.5 XJHFEAAE mRNA RikEm 52 1H RE,
Rankl #H ATG7 K p62 LW B I 5 (P <0.05),
ATGS £ih W E T (P <0.01), 5 Rankl 4 [LHE, £b
BB B A T ATGS Fik (P <0.05) il 45 41 B g
T p62 FKik (P <0.05), W EFME T ATGS FKik
(P <0.01) 1 #h ' 38 45 2 B A0l T ATGT J p62
Fih(P<0.05), W EHME T ATGS ik (P <0.01),
K UITE RAW264. 7 B oAb it F vh, | 2 35 1 i,
A0 38 28 5 AT W Sl 41 ] B R PR e 3, DT o 2
B AL A R R, WS,
4 itig

RO EHRET WIS EMMU, BA
RRUIN R R A 8 A S A T A R R A
KW, BDMES 8 ~9 dpf kB HALH
SE4, S FLE WA AR L, B 8 AR K R R IR
REA OGN 2 5 A0, (0B A S50 R e A

x3 AEARBIRENES EEF R BIELKF I RAW264.7 H
REDMZMmM(x+s,n=3)

Table 3 Effect of different concentrations of BS,TL,and BSTL on
activity of RAW264.7 cells(x +s,n=3)

24 53 J e B /mg- 17! 2 8 3G 1
2 - 0.59 +0.03
A 0.6 0.56 +0. 04

3 0.58 +0.02
30 0.59 +0.02
60 0.55 +0.01
180 0.55+0.03
360 0.47 0. 02"
720 0.41 0.02"
1 480 0.35+0.01"
25 - 1.20 £0.05
S 0.1 1.25 £0.05
0.5 1.22 £0. 04
1 1.18 £0.05
10 1.17 £0.05
30 1.25 £0.03
60 1.26 £0.09
120 1.31 0. 04"
240 1.44 0. 05"
25 14 - 0.61 +0.02
HM B 3 2% 0.7 0.61 +0.03
3.5 0.62 +0.02
35 0.62 +0.03
70 0.58 +0.02
210 0.62 +0.02
420 0.62 +0.02
840 0.67 0. 02"
1 680 0.69 +0.01"

S ARMEZ QA" P <0.01,
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(x100) |

(x400)

AL %5 415 B. Rankl 415 C.4h P 415D il % 4015 E. 4 il 4 241
2 HEBAFEEFRMEERANEEMDMFERM(HRIETL)
Fig.2 Effect of BS, TL, and BSTL on osteoclast activity ( IF)

x4 WMNBHEZKARMNEBELEFIHES MM CTSK, TRAP RIXHHM (x £5,n=3)
Table 4 Effect of BS, TL, and BSTL on expression of CTSK and TRAP in osteoclast(x +s,n =3)

253 e B Mzh&E F % HE CTSK TRAP
2 - 7.00 £2.55 1.00 0. 02 1.09 +0. 42
Rankl 25 mmol - L. ~! 19.25 £3.56" 16.56 £0. 67" 7.47 +2.23"
A 180 mg-L ™! 10.25 £2.28% 10. 39 0. 37% 1.29 +0. 12%
1 4% 30 mg-L~! 8.50 £1.12% 10.23 +£0.31% 3.86 £0.24%
A 3 2% 210 mg-L~! 6.50 +2.18% 7.96 0. 49% 1.50 £0.17%

H. 52 HA kY P<0.01;5 Rankl 41 e # P <0.05,Y P <0.01,
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Table 5 Effect of BS, TL, and BSTL on expression of autophagy genes ATG5, ATG7, and p62 in osteoclast(x +s,n=3)

259 W ATG5 ATG7 p62
S - 1.01 £0. 14 1.01 £0. 16 1.01 £0.09
Rankl 25 mmol-L ™! 1.93 +0. 13% 1.52 +0.26" 1.61+0.31"
Ah B 180 mg-L ™! 2.34 0. 14% 1.56 0. 04 1.32 0. 04
BTES 30 mg-L~! 1.15 +0. 15% 1.20 +0.23 1.08 +0.19%
FINER S 210 mg-L ! 0.83 £0. 08" 0.90 0. 07% 0.98 +0. 04>

F 55 AA K P<0.05,YP<0.01;5 Rankl 40 05> P <0.05, P <0.01,
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