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Abstract

BACKGROUND: Previous studies have found that Jiangu Formula can play a dual role in anti-osteoporosis therapy by inhibiting bone resorption and promoting

bone formation, but its mechanism of action has not been elucidated.

OBJECTIVE: To investigate the effect of Jiangu Formula on the coupling mechanism between bone resorption and bone formation at the cellular and molecular

levels.

METHODS: Serum containing Jiangu Formula was prepared and its toxicity to bone marrow derived macrophages was determined using MTT assay. The cell
proliferation ability of MC3T3-E1 cells that treated Jiangu Formula medicated serum was measured by using cell counting kit-8 method. Tartrate resistant acid
phosphatase staining was used to determine the bone resorption inhibition effect of serum containing Jiangu Formula on osteoclast differentiation. The Jiangu
Fang conditional culture medium was prepared and the promoting effect of the conditional culture medium on bone formation of MC3T3-E1 was determined
through alkaline phosphatase staining. The effect of serum containing Jiangu Formula on the mRNA levels of osteoclast associated sphingosine kinase 2,
collagen triple helix repeat containing 1, and slit homolog 3 coupled genes, as well as the effect of conditioned culture medium on the mRNA levels of bone
formation related secreted phosphoprotein 1, alkaline phosphatase, Sp7 transcription factor, and secreted protein acidic and rich in cysteine genes, were

determined by RT-gPCR method.

RESULTS AND CONCLUSION: (1) The MTT and cell counting kit-8 methods showed that serum containing Jiangu Formula had no significant cytotoxic effects

at a concentration of < 5%. (2) Tartrate resistant acid phosphatase staining results indicated that serum containing Jiangu Formula dose-dependently inhibited
osteoclast differentiation at 2.5%, 1.25%, and 0.63% concentrations. (3) The alkaline phosphatase staining results showed that the osteoclast conditioned
medium of Jiangu Formula promoted osteoblast differentiation in a dose-dependent manner. (4) In addition, RT-qPCR results showed that serum containing
0.63% Jiangu Formula could increase the mRNA levels of osteoclast derived slit homolog 3 and sphingosine kinase 2 coupling factors, and the conditional
culture medium could increase the mRNA expression levels of bone formation related secreted phosphoprotein 1, Sp7 transcription factor, and secreted protein
acidic and rich in cysteine. To conclude, the serum containing Jiangu Formula can promote bone formation while inhibiting bone resorption, and its mechanism
may be related to the mRNA expression of the coupling factors osteoclast derived slit homolog 3 and sphingosine kinase 2 that promote bone resorption and

bone formation.

Key words: Jiangu Formula; bone resorption; bone formation; osteoporosis; coupling; osteoclasts; osteoblasts; bone homeostasis; engineered tissue

construction
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BE I AR 417 R A AR 0 45 7 A R 7,
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1 #RlF153% Materials and methods

1.1 &3t RSN T FSE S

1.2 AfIE) BoHeE S2ES T 2021 4F 10 A & 2023 £ 5 AfE
JTRAR R ERe b 2525 B (R ) B AT E S

1.3 ##t

131 #Y MEMESD KR 10 K, 3 &, 4K &
(280.65+20.32) g, SLEBNWIEHSIUES: 44007200089088;
MEE C57BL/6 /MR, 6-8 JHI S, fA & 18-20g, SEIRZ)
Y& k& ES: 44007200088576. SEIGEIMIIH )T RAE
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SEISENIH L, AEFFVFRTIES . SCXK (%) 2018-0002. )
WIS IAES: [ ARE TR IR TRER AR S BE SPF R sh sk
I [ B FH VP ATIE S SYXK( 2 )2020-0059]. SZie 5 %
K] RBE P ER (TREP RS TR TR ) 3)
VSIS H R L o ik iE, kiS5 A 048880, SIG it FRIE
6 7 1 bR m i o O T Wit B S5 48 F] i 1E &
FREGIAR) FIAH K [ KR

1.3.2 4iiffs MC3T3-E1 4fid, W H g Ief-AE YR
NG

1.3.3 Z§5 B (M5 20200615): HRERNEET A
RBEVNAEBRAT (5. 210901). AW H ) 44 254
AF AR (T N1421514), T 4R 4@ H U4 /e o
R AR AT (5. 2104001). ¥hE AR [ S IR L
TR B BRA ] (#iL5: 200401). NS H &+
AR AT (5. 2107003), 240 B4 E 2R
FrAMRAT (#5: 2109004). A MBEN E ) KA 22
WHRAR (#5: 21100103), B HER & ELEN
5.63 g; FICHBERRMNIGE iR A AR A (2% =
98%, flt'5: 2006518175).

1.3.4 FEZR5  Penicillin-Streptomycin X1 [ Corning
(4t Z: 30002321); W Z H il B -3- B R B S B
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH) f
MREHBZEERE, WEETAEY TERGAERAR; 4
1% W B 3% [H Gibco( Ik 5: 2254367R); o-MEM #% 77 it
W B 3% [ Gibeo( flk*5: 8121307); [ Wik 4H i 52 V& ) B A
T8 [ 2 [ Sigma( 4t 5. 315-02); MTT & & 7 16 B
RKFEE (LS. M1020); £ RNA $2HUR 77 Trigol 14 E b
HAE B A EARAR AR (#5: NEP019-2); SYBR
GREEN PRO TAQ HS T V& & qPCR iR 75 & 6 H 3 R i 48 4
(#t5: AG11701); miE i T 4577504 H 3% [ PYTHONBIO
A (5. 20220104); U A7 BR R 14 1% R Il 4 4 71
&)W H SIGMA-ALORICH /A #] ( #t % : SLBZ5562); BCIP/
NBT B M o i e g o LA A W H B = R A A (#E 5
121820210304); P4 R4 S 4k H SIGMA-ALORICH /3 7]
(#5: MKCC2711).

1.3.5 FEAYA DMI8 (5] B %Ot i W B 15 [H Leica
7y #; Varioskan Flash %Y 4= 7 K £ Ih 8 B A5 X H 3£
Thermo /4 7]; C1000 %Y % ¢ 52 & PCR A #% 4 H 3£ [H
Bio-Rad /A #]; StepOnePlus SEi} 3% Y6 € & PCR X H £ H
Thermo A #]; Class II Type B2 Y A4:= 922 4= 45 W [ Hr 3
Esco A F]; HH-6 HU R AE IR /K IG# I B &1 & AR
FRZAF]; RWDS510 /N4 BRI HLIE B R DI Bk A A= dw A
HAKRAA .

14 Fik

141 A@EJ7RBURIS & T SRR IR O
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OB B 7 R4 Y SRR A T 2 R 2 AR A )
KR L R 30 min J5, KR A RNR IR A T b
KKBZINE, BTG 2 h, 2 A 250 ik
ik, T4 25730 min 5, UG IEBCES: R
Jek 2 KL B TS IR A & 5 A 24BN 5.63 g/g IR E
BT -20 CAEEH .

142 {EEHEAMIEAH & SH4METH&S% C0ikiE
frszas ik . O SD KR 10 K, 45, K54k
WU 2 753, Fadm 5 Ja R RBENL 2 2 4, 45 W,
2 HHL T 10 mU/(kg-d) A FRERKHEE , {8 7 &2 i
2 TR 7 E 25 10.8 g/(kg-d) HEF (I AR E R (b
2 H) e p) s —rh 2 K IR R A 2 E 1, RS ¢
DI ERRT T 0T R ARRTI AL RS, 53
KRG R 2 350 B N A2 2 5.4 g/kg, MR SZIRE T T 4
7] 10.8 g/kg /& 2 fEIGIREROGN &, 7S5 30Hk [23]); @
RS L JE G, SR 7d; OEH 7 REB 1L
J&, M4 H RWD510 /NEIRRIEHL, LA 3% S Fbe AR K B
7 K URR TS f5 L =5 2 JikCR I 1 77 v 3R B &5 2 4 ;. @
3000 r/min &> 10 min, BUMiE: G 56 C/KM KIES
ZjliE 30 min J5, HIERRTE, BE -20 CAEREH.
143 HHEFEEWRMERERLEE S5 CiE N 7
29, HY C57BL/6 /MR, f# Fl RWD510 /)B4 iR B AL,
DL 3% SRR /N R, RE/ N BRI S W Ak 8, BTk
U H 75% CREH T, B RE . BUNRRE &
BEANA, FH 7 30 ng/mL [5G 41 it 4 V& B IR 1 1 56 4 %
FrHE (B2 10% To R G A4 I« 1% BT a-MEM-
KR IR ) T CO, BE A B %, 7F B 40 i £ VK ) 3%
7 AR R, B i 0 v 1 BB 905 5 ek 4 B e %
735 ORI EE . M HE . H I G A0 i 5 VR 3 TR
24 h J5 77 A IR G R T 400 i B 2 S R R 4 T 4
1S5

BHRERARNERREE

A SRIR B BE VR B4 SR YR T CS57BL/6 /N R

BEREFHZE  RAAE BN R AT RAK IR, R 05 40 i 4% o
D]~ i 45 e 41 90 5 U 0 A 7 L R

EaEas K a-MEM SR 92 56 AT 85 97

AR FEFRILU AT S 10% HR 2 LiE « 1% XU IR 2 fifa 42 7% 31
G5

FRREEFRATE R R 24 h BRI E REIR E VRIS, BEEDHSRIT A S5

HAEAE 1R YR FE TS o 4 s S JE AR, AR ARE A

MRS E TE B W20 i A2 7 M R R, B R4 M A P B B R
RGN A RE S 7705 T ORI B . BB, 5 e £ i A o i R
TR 24 b JE AR U R A P T PR A0 A 1 S8 R i A
556

RIEBEHE SHITTRE) HRABHE R () RE PR A TRBAT TR )

YIS AC B e i, eSSy 048880




HAEE

pEERTERE @2

Chinese Journal of Tissue Engineering Research  www.CITER.com

1.4.4 MTT yEIE il 7 o SR E R 4e f i 2 X
1.4.3 BRI E IR E VRN, DL 1x10° A / FLE R i
Rl ¥ 96 fLIRHH, AMAACE CO, B R RS IR 24 h )R, LA
2 3 MR AL, MRAE 96 FLAR AT, BEAL 4.
B R HRA AL, 25 24 20 49 S I N AS R R FE Ak i 7 & 24
I 7% (10%, 5%, 2.5%, 1.25%, 0.63%, 0.33%)°", 4k &
R 24 h, BfifE, M MTT 206 0040 f 7705 . 40
B3, BEFLIA 20 uL(5 mg/mUMTT %k, BT 37 C#;
FAEHIEE 4 h, SRS MTT &34 5 R s 5 s,
FEFLINIA 150 pL DMSO $iEH% 15 min, {5 JECHI45 & 7870 T Al o
5T 490 nm PSR AR, THE AR TE S
1.4.5 CCK-8 v | & {g & J7 X j & 4H W 3 58 (1) 52 il
MC3T3-E1 4l LA 1x10* 4™ / FLEEFIT 96 FLAR 1, 597 24 h
Ja, DA 3 AN ALNEAL, ARE 96 FLAR 1 HEAE, BEAL
. BRAS XTI AN, NS A9 B AR 1 5 24 1
7% (10%, 5%, 2.5%, 1.25%, 0.63%, 0.33%)>", 4k % 1%
F¢ 24 ho 18 CCK-8 17 FH Ut B H L 7%, 3l )
FEFLINN 10 uL CCK-8 TAER, AMuREFRAArh gk aliEs% 1h,
55T 450 nm PRI E IROY BE AR -

1.4.6 {8 J7 B 40 M 23 A ) S AN 2% A i TR Rk o
7% B REVR BRI 5 20 ng/mL B4R i A VR A
(1] a-MEM 5% 4= 3% 9% Je il 4 R B, I L 1x10* 4 / fL
WM T 96 LR . R 24 h )5, DA 3 MEAL
AL, KRG 96 FLAR M HEAT BENL 4L, 43 2 LR R
. BRI, BTOCBERENA (1 umol/L). & M. .
R (2 & A 2.5%. 1.25% F10.63% 2 24 .35 ).
B AR IR AN, A4 100 ng/mL #% K T kB 24K I%
AR T/ (receptor activator of nuclear factor-kB ligand,
RANKL) JEAT 85 40 B 43 A6 75 5, RIS I N AH B2 (1) 24 47 33
ITF . BRI, LR 5d 5, BE A 15 B
WSCHE 5 2B 20 B A A RE 1K) 3BT, 3 A Amicon 38
B ISR 2 R A AR 1/10, FELL PBS HEAT VAR
B, 2J5, H40g/L ZERHEEEEMM, FHLPUNARR
P P Tl R T % 2 R G U B P AT e 2, B 5 P SR A
8= 3PN A TR IR ME B IR BERH 4R i . 1H SR AL
I A A B AR R P TR, iR .

147 W - BB A EERDIREI E  MC3T3-E1 41 i LA
3x10° AN / LB BRI T 24 FLAR D, 1557 24 h JE AL 24,
SN AN IR AL BRI, BT S BEIR AN AL (1 umol/L).
7w s IRFIEA (50 EH 2.5%. 1.25% F10.63%
THIME ). FEAXNRAE ST 2REIREE, R XA
APHR S IR BE TR, AR 10%
SRR, BNIRERE 3R, BREH 1 K
TR, HELEREFE T d JiT, #4218 BCIP/NBT B4 % L 1 (alkaline
phosphatase, ALP) {25 77l &0 15 BH 5 1 07 32 0T 4 i P9 1)

ALP AT e, Jet G B T B SRl R v
iR,

1.4.8 ABILIA 1 AR 40 2 A0 B R A K I e 408
1.4.6 1 1.4.7 $#R 775, BE 40H A BB S A5 7
BT MC3T3-E1 i 20746 7 d J5, >R F PBS 44 i
THYE 1, LI 1 mL Trizol $2I4HMLE RNA; Ffi/S,
2% PCR A @R AE UL B 7%, 1% mRNA 5%
cDNA; #¢ 5, HX 0.5 ug cDNA, #8 #E (5x)PrimeScript RT
Master Mix sz #5127 & U B P A IE 8 1 S Bk,
FEIN RT-qPCR st H IS R AT 3G . A DU H 0 ik
DA] 0, 955 B 24 P 73 06 10 1 32 B T2 o P 8 TG s [R) S B
2(Sphingosine kinase 2, SPHK2). CTHRC1 f0I SLIT3, DA
T AR HE B 40 B AL I AL 4396 TR B R 25 (9 1(secreted
phosphoprotein 1, SPP1), SP7 ¥ 3%[A T (Sp7 transcription
factor, SP7 i osterix) FIFR I & & 2= IE & R 20 Wb 7Y 4 14
(secreted protein acidic and cysteine rich, SPARC), %iHRiz
F 27 VRS2 H I B RS ) 2 K] GADPH [ AH X 2
ke, HERLIYFIIER 1R,

# 1 | RT-qPCR HMVEREFF
Table 1 | Target gene sequences for RT-qPCR

HER ElEZL 2]l

SPHK2-F 5'CTA CAC GGT TAC TTG GAG AAT GAAC3'
SPHK2-R 5'TTT GGT GTT GGA CAG GAT GA 3'
CTHRC1-F 5'GTG CCC GAG TTA GTG CCT GTT AAAA 3’
CTHRC1-R 5'TCA TGT GCG GTC CACAGA GA 3'
SLIT3-F 5' AGG AGT CTA ACA ACG GCAGCCT 3'
SLIT3-R 5'GTG GTA CAC CTC AGT CTC GAAG 3'
SPP1-F 5' CTGA CCC ATC TCA GAAGCAG 3'

SPP1-R 5' CATG GCT TTC ATT GGAATTG 3'

ALP-F 5' GCA GAA ACC GAA GAA AGG AG 3'
ALP-R 5' CCG ATT TCT CAT CCT CCA AT 3'

SP7-F 5'CGCTTT GTG CCTTTG AAAT 3'

SP7-R 5'CCG TCA ACG ACG TTATGC 3'

SPARC-F 5'ACATTG CACCACACGTTTCT 3'
SPARC-R 5'ACATTG CACCACACGTTTCT 3'
GADPH-F 5' TCA AGA AGG TGG TGA AGC AG 3'
GADPH-R 5'AGT GGG AGT TGC TGT TGA AGT 3'

FyE: CTHRCL & i Jf = W g 42 &5 1 1; SLIT3: Slit [AlYE4) 3; SPHK2: HH%
B ORG 2; ALP: BRI W B E: SPP1. 4r i BUMERREE 1 1; SP7: SP7 45k [H 1
SPARC: RYEE &It ame i A B 1 .

1.5 2RI FEEETTHE: OFbElEERg
J{IAT MC3T3-E1 4 i i) 3G 5 RE /0 : @B 40 i 234k (R 4l
YR R EY 20 Mo A IB6 1l B 400 M o0 Ak IR 288 s OB B 4
I8 AR R TR R 4 M 43 e A DR B TR PR 3R IB 7K o
1.6 it F o4t 15 SPSS 26.0 F A4k HHE HEAT 7
Fragit, BT IESEVORILL xts FoR, 24 R H1E ik
HIB. Rl 3R U7 %2 93 Ht (One-way ANOVA), 2 ] 35 {93 P L4
i SNK #6556, P < 0.05 ZoRdllal = RE R EMER L. #
F GraphPad Prism 9 5¢ s 4t i+ AT AL IE v b . SCE St
SINECE T MR 25 K558 HG K B B AE M Gt
LR
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2 258 Results

2.1 fEFF A A E 48R B o4 400 A= MC3T3-EL 20/
¥heyon WEL SR, #E T4 240 5, 575
FIHAHEL, 10%, 5% [ 77 & 24 M id 4 8 & M) 78
B I [ 4T i 4755 R (P < 0.01), 2.5%, 1.25%, 0.63% Al
0.33% B 5 7 24 M3 20 B B8 U E W 4 B A7 v R 0%
REMER, PR 2.5% {dE U7 & 25 M35 K LR R B
BBV B AN A K RS R .

WME 2 fioR, @57 T4 24 h 5, 525 A4,
10% [ fgi 7 7 25 L35 535 i) 17 MC3T3-E1 4l i /735 %
(P <0.01), 4% RI{EE 7 & 24 s % MC3T3-E1 4
PEAFIE R A M, $EORTE 5% S UL IR {07 & 24 1
TEXT MC3T3-E1 g AR KA. R, J52Rsest ik A
2.5%.1.25% LA 2 0.63% ) H 75 ¢ 245 ML AR v an s o
(il
2.2 fEFF A B EAT B mie e ¥ RANKL IS
B U 5 20 1 0 L A A R ) BT A TR TR M T
gLt 45 BB 3 s, S5 AR, AR 0B BE T
5 200 B 1 B AS DU TR T 4 A% 0 H = 3 AN
A, SEALAAILL, RO BEER AL AMEE R (2.5% &
i ). (1.25% F A ). K (0.63% £ 2513 )
B 2L P T R 4B A T B B A9 BT (P < 0.01), R
BT PR TR A R A 1 7 B S S Tk il A AR R, R B
T3 R AR S I R 0 o6 A PR A
2.3 2F FHEMIERAST RE mia bt Bl iR
FE R R 7 24 I3 T TRURR 0 AR A S ISR I i
W, R TENL R A T A sy, AR A A
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Figure 1 | The effect of Jiangu Formula drug-containing serum on the
survival rate of bone marrow derived macrophages detected by MTT assay
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Figure 2 | The effect of Jiangu Formula drug-containing serum on the
survival rate of MC3T3-E1 cells detected by cell counting kit-8 method
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Figure 3 | Tartrate-resistant acid phosphatase staining detection
of the effect of Jiangu Formula drug-containing serum on osteoclast
differentiation
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differentiation related mRNA expression detected by RT-qPCR assay
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