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1 000 w g/mL R E 89 £ 2Lk T MC3T3-E1 2afi., Western Blot #:m ¥ B - % 3% & ( B -catenin ).
M B-catenin, MBI AFFHHEZE T 2 (Runx2). R B aasrFrsE R T (Osx) &8 &k,
gPCR # Runx2, Osx., II# o /R ZEHAHAE (Col2al). F45% 4 (Ocn). B-catenin mRNA %%,
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gPCR %4k, ZER  FREIRE A% (100, 200, 400, 1 000w g/mL ) ¥t MC3T3-E1 %8z 48 h,
RE A AL B (Runx2. Osx. Col2A1. Ocn. B-catenin) % ik K-F8 247 (P<0.05), MC3T3-E1
3% 7 0 243 (P<0.05), ALP., ARS # & /) 2 323% (P<0.05), f ¥ 400wg/mL £ )2 Lis ik
FRARZWE, % EPRHERTFALREELS 1000pg/mL, MCIT3-E1 2m it K B o 1Lhe /7 B 2% F %
(P<0.05), £J8 400w g/mL £ )2 4LiE % T MC3T3-E1 4a /% 48 h, RNA-seq /7t ik 10 M2 F K A&
B, 2P 6 A LAARA4ANATHELR, QPCR BiE4 I, EF-Hand 454 4-3% 9 (Efcab9 ). X k1E%K
& J1 (Foxj1) mRNA &£ K-F5+% (P<0.05), Ras & & 410k & egobdz F 82 B4 BT 1 (RasGRF1),
2Kk o BEF -9 (GDF9), VA K AR%E G o -3 4 (Colda3 ) mRNA & ik /K -F 87 2 %4 (P<0.05),
g2t ARk (400wg/mL) 464385 Efcab9,FOXj1.RasGRF1,GDF-9, Col4a3 mRNA # ik K -F,
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ABSTRACT Objective To investigate the molecular mechanism of osteoporosis (OP ) in MC3T3-E1
regulated by Zuogui Pill solution. Methods MC3T3-E1 cells were treated with Zuogui Pill solution at
concentrations of 0, 100, 200, 400, and 1 000 wpg/mL. Western Blot was performed to assess the protein
expressions of total B -catenin, active B -catenin, Runt-related transcription factor 2 ( Runx2 ), and osxterix
(Osx) . gPCR was used to detect the mRNA expressions of Runx2, Osx, type I alpha 1 collagen gene
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(Col2a1), osteocalcin (Ocn), and B -catenin. The proliferation activity of MC3T3-E1 cells was measured
using CCK-8 assay, while alkaline phosphatase ( ALP ) staining and alizarin red staining ( ARS ) were used to
evaluate the osteoblast differentiation ability. Differential gene expression related to MC3T3-E1 cell proliferation
and differentiation induced by Zuogui Pill solution was confirmed through qPCR analysis of RNA-Seq results.
Results Different concentrations of Zuogui Pill solutions (0, 100, 200, 400, 1 000 wg/mL ) were used to treat
MC3T3-E1 cells for 48 hours, the expression levels of osteogenic marker genes ( Runx2, Osx, Col2A1, Ocn,
B -catenin ) were significantly increased ( P<0.05) . Additionally, the proliferation rate of MC3T3-E1 cells was
significantly increased ( P<0.05 ), and ALP and ARS showed significant enhancement ( P<0.05) . Notably, the
intervention effect of the 400 . g/mL Zuogui Pill solution was the most prominent among the tested concentrations.
The osteogenic differentiation ability of MC3T3-E1 cells was significantly reduced ( P<0.05 ) when the intervention
concentration of Zuogui Pill solution reached 1 000 wg/mL. After being intervened with 400 p g/mL Zuogui Pill
solution for 48 h, RNA-seq analysis identified 10 genes with the most differential expression, including 6 up-
regulated genes and 4 down-regulated genes. qPCR verification confirmed a significant increase in the mRNA
expression levels of EF-hand calcium-binding domain-containing protein 9 ( Efcab9 ), forkhead box J1 ( Foxj1)
(P<0.05), while the mRNA expression levels of Ras protein specific guanine nucleotide releasing factor 1 ( RasGRF1 ),
growth differentiation factor 9 ( GDF9 ), and achain of type IV collagen ( Col4a3 ) were significantly reduced ( P<0.05 ) .
Conclusion Zuogui Pill solution (400 wg/mL) can regulate the mRNA expression levels of Efcab9, FOXj1,

RasGRF1, GDF-9, and Col4a3, and promote osteoblast proliferation and differentiation of MC3T3-E1 cells.
KEYWORDS Zuogui Pill; MC3T3-E1 cells; transcriptomics; osteogenic differentiation; Chinese herbal

compound; osteoporosis
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B A 25 S RO R AT IR UE, TRAIR T A A IR YT
OP By, BB ZH S5 FHE0, fEik
e 2 AR Akt R

MHEGE
1 ZHfs MC3T3-E1 i ( sCil BUAE YR

HIRAF, 46 100%, 595 : SNL-021),

2 ZiY A (ARG P, %z, 4
W, R, EMRE. 1L, IhgeE . MRt dbad
EE 10 RiEE 1 g, F=hdlt5: 19030018 ), #it
B % (MACKLIN, [, 4l ff: 302.24%, %% %
Q817161 ). ¥ 1 g ZZIHALE T 5 mL 50% L EE i,
BChil B BE R 200 mg/mbL A, & T eSO e
AT i, PR T AR SRR : 190 W,
M 9s, 511 9s, 1 9min, TE 3K, KL
JERZEVALRRCE T 4 CELOAL, 12000 r/min, B0
10 min, BULYW, T 022um JEMELEE, %F 20 T
VKEADRAT, (R R BT SR

3 i AL Es  DMEM #ifig 355 (Hyclone,
F [, 5. SH30022.01B), 4 1MiE (PAN, &
E, %75 P30-3306), CCK-8if #| & (Abclonal,
% HE, 5. RM02823), il Pk #% iz i (alkaline
phosphatase, ALP ) #:{til5 & (Wako, HZA, 1%
51 294-67001), #HHRL Y (alizarin red staining,
ARS) il & (EH =X, THE, 18%5:C0148S),
BCA & M ¥k J¥ Ml & ik % & (Thermo Fisher
Scientific, ZE[E, 175 7NCI3225CH ), ECL #H:R
162 &R &7 Thermo Fisher Scientific, 3¢
FE, 575 340959, 40t / 2H 21 5 RNAFEBGL ] &
(Abclonal, 3£, 475 :RK30120 ), cDNA —#54 A
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#&x (Abclonal, £, 175 RK20429), JuliiEt
PCR #:lit7) € ( Abclonal, [, #%%: RK21203).
Z W& (MACKLIN, v [#, 4% ‘5. A8014554L ),
B (MACKLIN, 1, %5 C15196866 ),

PR RARRELLBIANT - AEwkiR (WM ) B- B3R
1 [non-phospho ( active ) B -Catenin] ( Cell Signaling
Technology, 5[, £7%5:8814S, ket 1:1 000 ),
B -Catenin ( Proteintech, Z&[E, %5 . 51067-2-AP,
MRELL] 1 : 1000 ), JE- ARy S s A5 20 Runt-
related transcription factor 2, Runx2, Cell Signaling
Technology, £ [, 1% 5. 12556S, Hi B L) 1:
1.000), B H 20 B 4E 5 1 5% % A (osxterix, Osx,
Abcam, JzlE, 175 . ab22552, FiksEbfil1:1 000 ),
GAPDH ( Proteintech, 3%[H, %%%5:60004-1-lg,
BEELB 1 :10 000 ), HRP #ric il ZE4i 4 19G ( Abclonal
K, 5. AS014, FREHH 1:50 000 ), HRP #r
LI EH/NE 1gG (Abclonal, [, #8%5: AS003,
ik Hef 1 : 50 000 ),

#8 4l K AL (Millipore, 3£ [, A 2. Milli-Q
Advantage A10), H F 43 #1 X °F ( Sartorius, 1
[, #1%. BT25S), # /A ##E4L (Branson, [,
#15. S-450D ), /KEX CO, 4l i &5 7748 ( Thermo
Scientific, ¢[H, %I 8000), £ it 4 i K Bitr
% ( Thermo Scientific, 5[, %5 . Multiskan FC ),
818 5% W iMEs (Olympus, HA, %5 . CKX53),
/NEUSE T HL KA (Bio-Rad, 5[, #U5-. 1658004 ),
B R A2 R iR 758 (Bio-Rad, EE, #1%.
Chemidoc XRS+ ), #izE w1 ( Thermo Scientific,
£ [E, %15 Nanodrop 2000 ), #J¥ PCR {¥ ( Bio-
Rad, £, #1%5-.T100 ), SLHZEwE # PCRAYL (ABI,
[, M5 . Stepone Plus), mRURAHGIEL (158
Gk, HiE, #95 . K2025),

4 VAL AT RO AG

4.1 FRFERIEIH S R PRIU R 4.8 mg,
A 10 mL HEEESS, FCE AL 480 wg/mL RStk
WS, BUbRIES AR 1 mL, A 80% HEE/KE %
2 10 mbL, Hi B 48 p g/mL b i I TR S2; 45 HX
FRUEMIAI S2 0.1, 0.2, 0.5, 1. 2 mL M ilERE
10mL, 4M5IFERK 048, 0.96. 240, 4.80. 960w g/mL
RN A%

4.2 FHHEBE BRI, BRI R,
K 2 FREURE A 1.0381 g, B TA5 mL B.LAE T, A
FHPA 10 mL 50% HI B, ProE i ar, B b H
60 min, A5 AR E BT, H 50% H EEKANE I

R EE, 247, 3000 r/min 2.0 3 min, B EER,
0.22 p m LA DLIE RS 38, B8 & ﬂ@ﬁ@
TSSO 5E o ) 28 25 A AURE S L M Bz 6 IR R 2s
FH I VRORS 25 10 o L ATRAH (543 ,n%ﬁﬁ
X HE A3 T

5 JMHEAIMREFRS T MC3T3-E1 4R A&
10% FBS i1 90% DMEM f4ifigse &R 83T 37 C
5% CO, Y 15 il 15 7% 46 h 15 #:. LA 5x10° 4~/ fL
[ 5% J H2 Pl 2] 6 FLARE SR B A2 A LR T Bl
22 VA AU AE TR FH 15 5% 268 B 4 100, 200, 400,
1 000 wg/mL fHEE+TT4niE, Western Blot, St
7GEH PCR (real-time quantitative PCR, qPCR)
K B -catenin. Runx2. Osx [ [ M LM F2ik,

5.1 Western Bot #: | 75 f1 & 5 HL 7 x 10° 4>
MC3T3-E1 4ifiu /b T 10 cm 53R, AN[EHeE 42
IHAL%H (0. 100, 200, 400, 1000 g/mL) +i
48 h )7, uﬁzﬁxéﬂiﬂ@iﬁf RIPA B Al R S 4
MR, % BCA TR 5 i &b I 50 e 25 5
W, FE 10% SDS-PAGE )5, LA 20 mg
HE, HATHRIKFELED; 5% F i HEHE M 1 h
5, KA ENE AR PVDF E AT — 5 E, 4 C
GG E LA K H FRBUA, TBS/Tween ZZh
Wk PVDF s, MA—dT, =EFE 1 h)E, H
TBS/Tween 2 i VERR, FEALZ LR RGN K
I, RGIF T A KEE, DI BRREASNSER

R AR LU AB s RN AR AR 2RI 7K

52 qPCR K il 5 K % 35 MC3T3-E1 41 fifg LA
1x 10° A /LB BE e T 6 fLARh, AR £
ALY W (0, 100, 200, 400, 1 000wg/mL) i
48 hJ5, WHRANMRTTTE, %R0 / 21215 RNA 42
B0 & v B 5 HEHUCAN I RNA, B 1w g RNA #2118
1002 SRR A B B i S cDNA, IMARE RS 1)
1T QPCR ¥ 34, Skt Wk 1. Fris 5ol R H
2 48 P HE mRNA M AR

6 CCK-8 k& £ Il 4f g 7% 73 MC3T3-E1 41 fitg
L 3 x 10°% FL 1 5% B 2 /0 96 fLARH, A4l 6 =
fL, 4 I & H 0, 100, 200, 400, 1 000 pg/mL
2V ALY VT 100 48 h, L rR A 3 ol 40 it ) LA Al
AWM W, DL 400 pg/mL Z5 05 AL i T
MC3T3-E1 4iiffi, 0. 6. 12% 24. 48. 72 hillZfis
FETE 77, $5 8 CCK-8 1l U 540 I A 4 FERE T
YHRARXE T a0 - AMEARRTE ) (%= (5
B0 )—( 23 FAXTHED /(BTN IE — 28 (XTI | x 100%.

7 ALP KARS 4 5 #50 MC3T3-E1 41 iz LA
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F1 SR PCR 5WFFI%

B EmGIYFES (587 —37) G 9ps) (587 —37) 1R (bp)
Runx2 AACGATCTGAGATTTGTGGGC CCTGCGTGGGATTTCTTGGTT 42
Osx ATGGCGTCCTCTCTGCTTG TGAAAGGTCAGCGTATGGCTT 40
Col2a1 GCTCCTCTTAGGGGCCACT CCACGTCTCACCATTGGGG 38
Ocn AGGGAGGATCAAGTCCCG GAACAGACTCCGGCGCTA 36
B -cateinin ATGGAGCCGGACAGAAAAGC CTTGCCACTCAGGGAAGGA 39
Cyp11a AGGTCCTTCAATGAGATCCCTT TCCCTGTAAATGGGGCCATAC 43
Col4a3 CAAAGGCATCAGGGGAATAACT ATCCGTTGCATCCTGGTAAAC 43
Tfep2I1 CAGCCCGAACACTACAACCAG CAGCCGGATTTCATACGACTG 42
Catip CCTCAGGGAGAACTGACCATT TAGAGGCGTGGACCAGTAGAC 42
Efcab9 ACTCCGGGGTGTTTTCTGTG AGGAGGTCAAATATCATCCCGA 42
Ncf2 GCTGCGTGAACACTATCCTGG AGGTCGTACTTCTCCATTCTGTA 44
Pdzk1ip1 TTGGCCTTCAGTCTGCTCG CAGAAGTGGTTGACGGCGAA 39
Foxj1 CCCTGACGACGTGGACTATG GCCGACAGAGTGATCTTGGT 40
RasGRF1 GCCAGAAGACTTGACAACGCT TCAATCTACAGGGATGGTGGAAG 44
Gdf9 TCTTAGTAGCCTTAGCTCTCAGG TGTCAGTCCCATCTACAGGCA 44

1: Col2atl: M o1 JE&EIHE (type 1 alpha 1 collagen gene, Col2a1); Ocn: #4541 (osteocalcin, Ocn); Cyplia: 4ifi(n %
P450 i 11 WK A W5t 1 (cytochrome P450 family 11 subfamily a member 1, Cyp11a); Col4a3: IV o -3 4% (Achain of type
IV collagen, Col4a3 ) ; Tfcp2l1: ;5% KT CP2-like 1 (transcription factor CP2-like 1, Tfcp2l1); Catip: £F & & 4416 TTC17 A HAEFHEH
( ciliogenesis associated TTC17 interacting protein, Catip ); Efcab9: EF-Hand £54% {1k 9( EF-hand calcium-binding domain-containing protein 9,
Efcab9 ) ; Ncf2: ki i 1% 7 2 (neutrophil cytosolic factor 2, Ncf2 ) ; Pdzk1ip1: PDZK1 M1 HAE M 1 1 (PDZK1 interacting protein

1, Pdzk1ip1); Foxj1: XLHEE 1 J1 (forkhead box J1, Foxj1); RasGRF1: Ras & 4% 570 & B4 % H R BRI T 1 ( Ras protein specific
guanine nucleotide releasing factor 1, RasGRF1 ) ; GDF-9: Z: K43kHF -9 ( growth differentiation factor 9, GDF9)

4 x10° 4~/ FLAY 26 B $2 A0 T 6 FLAR Y, 43R 0.
100, 200, 400, 1 000 wg/mL 4b¥ 7 KJ5, Lkt
FRHE, I PBS PR 11K, 4% ZEHEEREE 20 min,
ARKUE 3G, WALIMAEEPERL S Pl
o ALP Qi 1 mL, iYL 20 min, REYE5ERK
J& , HRZRRKFE UG, RS 7 D AR
BE L i Image J B4 ABH 40 AR

8 HLIH{E B A

81 FEALLFE o MC3T3-E1 4% iR 4 x 107 4L
S AT 6 FLIRUG , T 37 CUNf A B
YA A SEGR 2 SR R, SO A A0 o AR BE Ry
400 w g/mL ZE VAU, X BEZL DN A 24 i S5 AR
() 50% £ (Opg/mbL Z2H LA ), 4kEERs 774000
48 h, FEfiduMuls R, PBS YRR, ALt
T 1 mL Trizol 2@ 40, K 247 W 4E 21 1.5 mL
B0, AR A B W R RNA RS
RNA itk A 4% 5, dRE T AL T SALy

82 xRFIXIEHSH K H DEGSeq 41
Mr 22 5+ 3 15 3 A (differentially exptessed genes,
DEGs ), DEGs fiiitt A 2% 2: 7454k (fold change )
LI & g4’ (Padj, ¥F1E2Z A MIP ) 1 E 8 e
FEAR; 3 H 1 |log, Fold.€hange| = 1 #i1 g<0.05.[#
DEGs fE 0 ! % DEGs,

8.3 %X A 1Kk it (gene onotology, GO) 4
Br o R LT K6 36 %) DEGs #E17 GO 4347, LIk
1EJ5 1 q<0.05 24 B8, 1 2 AR GO 459k
JHA

9 Gt RJH SPSS 19.0 #fFiE 74t
SENRREE, BORAERLL X £ s s, PR FER T
SEFEAR RS, IR ST AR, AT 22 AN SR
KB IEAE ¢ K50, Z 4R iR B R 225
¥r, DL o =0.05 K7k ifi,P<0.05 H 2% A Gt L,

# =X
1 ZEVALI A RO E SR (K1) 220

—— RES>EE-SR-0522-ZETE-1 Ch3 Lop BE3 Ri360nm
—— RER> EE-ER-0522> ZGW-50% FBE Chagrp BE3 IRK360nm
— 3 83 &#s60mm

fESImAU]

0 10 20 30 40
EgiE[min]

N VISR PRSI TS €1 G N R
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H: A Western Blot #1455 ; HAEIRIE N qPCR R4 85 5 0w o/mL ZE LI T L%, *P<0.05, **P<0.01
B 2 ZFALERAT MC3T3-E1 48 1 iibr = N By 52w

FURE b i Wt B 2R AR BRI R) 4 18.05 min, St &=
X R SR — B, M RS A 2 A T 1Y A
B A P BERS  EaE E T, 7R S R BRI
% BA S TR R A 7 B R DL T . 28 E AL W b &
At Z g, B AN T 2 5 e

2 ZEVAIUETRAEE MC3T3-E1 40 it il B 20 i 43
AR B A i 25 4 (&1 2)  Western Blot £l
KI5 0pg/mbL A2 H LW T 1 L4, 100, 400,
1 000 . g/mL 72 V3 HL s 9+ F i 35 P B -catenin £
1235 7 55, 200, 400w g/mL 25 9 AL W T I
i} Runx2 % 1 % 15 7+ &, 100, 200, 400w g/mL
Ze 5 ALV Wt TR Osx 2 1 %3k & (P<0.05,
P<0.01), & B-catenin & AS IR 255
i+2 % X (P>0.05), qPCR #ll % 1, 200. 400.
1000 pg/mL ZeH AL T Runx2, Osx mRNA
P35 FF s, 400, 1 000w g/mb 22 05 FU ¥ W T 751 st
Col2a1. Ocn mRNA F# iA1= (P<0.05, P<0.01),
B -catenin mMRNA KA IR EE A L, =R TSI+
=X (P>0.05),

3 MC3T3-E1 41yl has Rk (K3) 5
Opg/mL 2= 5 JU % W+ i kb #, 100, 200, 400,
1 000 wg/mL 72 V3 3L % W T 7 B 40 B 36 g 35 n
(P<0.05, P<0.01), {HARHESEH 2 #eE>A 1 000 p g/mL
ZEVAALAR T MC3T3-E1 4l A% T 400 . g/ml ¢
JEH S B bRE k. Bk, R 400 p g/mL ¥
HZE I AL T MC3T3-E1 401 72 h, 455 &3,
ZE LA T 12 h 5 MC3T3-E1 4ififd 3% /18 B Tt
W (P<0.07), Hirb 48 h ik MC3T3-E1 4 fif 4 5t R
T

4 MC3T3-E1 40 fits ALP. ARS 4t {1, 1 7:.28
i AR H e (R4 ) WA 22 U3 AL B B 3,

A 150+
—~ skk
° * K ok e
~ 100~
-)g:
Eﬂ]
2 504
g
0 T

) O ) <)
< 3 3 3 &
& o &
B 150+
A A
s L L E
~ 100-
ﬁ\ﬂ_
=
2 50
g
0 T T T T T T

Q‘\ 60 \'I:Q .-1}‘Q b“bQ «'l?

e A AN RN VR BE A2 A U W T Tt MC3T3-E1 4 /il 48 h; B
400 p g/mL ¥ B 22 U U3 i T 51 MC3T3-E1 41 i 72 h; 5 0wg/mL
AW T, "P<0.05, **P<0.01; 5 0pg/mL 2 H ILE
FHi Oh Az, *P<0.01

B 3 CCK-8 ¥l MC3T3-E1 44 ft

ALP. ARS Zt o B2, £ 400 pg/mL B ik 2] 5 U,
1 000 wg/mL B R [%. 5 0 g/mL 223 I T 1
Fbdsz, 200, 400 p g/mL ZEVAALE T HiRT ALP 4L fh
K 200, 400, 1 000 pg/mL ZEVTALIA T Tl ARS
YL P AU i (P<0.05, P<0.01),

5 FEHILATR T HUMC3T3-E1 405 s 54 2%
Ak (B 5) MR EECEkh 2 (FDR<0.05) 91K
i, ESCIRAL X IR AR LA b 4 s 354 A4~
P FORIEN IR 354 2RIk, G
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177 4 BVRSER R A77 AT RZER, ZREE
IR T EARIER R ARk, GO rbras R s, Ly
DEGs T2 & EAE NI . B 1k, BT
FEEAY R, TR DEGs FE EEAE KB LR,
AR B K JE . R N A it 7

xR 2 AL WAL IR MC3T3-E1 4ififiH Top10 () DEGs

HH ID logFC P

Efcab9 ENSMUSG00000044056 2.68783 2.08E-02
Ncf2 ENSMUSG00000026480 2.53966  3.30E-02
Pdzk1ip1 ENSMUSG00000028716 2.10300 4.34E-04
Foxj1 ENSMUSG00000034227 2.04550 2.01E-04
RasGRF1 ENSMUSG00000032356 1.69982  8.12E-06
Gdf9 ENSMUSG00000018238 1.18417  1.44E-02
Cyp11a ENSMUSG00000032323 -6.69539 9.54E-07
Col4a3 ENSMUSG00000079465 -2.47204 1.70E-02
Tfcp2L1 ENSMUSG00000026380 -1.72217  3.33E-02
Catip ENSMUSG00000073650 -1.01072 9.47E-03

N

1,000 p g/mL LN

TE:A N ALP B, ik s A0k n) ALP ;B 2 ARS ¢,
i Sk A A AR TR SIS 1T s 5 0 pg/mL A2 )L T Bkt
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