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(FHE) BB HE R 4% (THSWD) (&35 F 8 18] 7 T 40 (BMMSCs) BB 2 W8 B 3 e iy LR E A LS, ik &
ShEE 7 K B BMMSCs, BUA K B4 8y BMMSCs 4 %t B (CONTROL) 41 THSWD F i (THSWD) 41 \ THSWD T i + & Bt it & ik e
(GLUL) B 1% 2, i 2 3K 2% @ 3 FB (THSWD+sh-NC 2 THSWD+OE-NC) 4 THSWD T F+GLUL B & 2 1t % 34 (THSWD+sh-GLUL =
THSWD+OE-GLUL)#1, CONTROL #1 )\ BMMSCs 7 4 % 2 3 35 BMMSCs; THSWD 41 Az A\ 100 ng/mL. THSWD 425 fn 3% F 7 ;
THSWD+sh-NC 41 % THSWD+OE-NC #4124 100 ng/mL THSWD 425 & T & , 4 % # % sh-NC ,OE-NC 12 J% % ; THSWD+sh-
GLUL 4AFTHSWD+OE-GLUL 414 100 ng/ml, THSWD 4~ 2 f13% T 5, 2 5 4 4 sh-GLUL,OE-GLUL {877 %, #3t Western blot £
Mg M B BE(ALP) | B BSR4 e B F(Osx) Runt 5% # B F 2(Runx2) (GLULNotch 79 Z5#13 (NICD ) | # £ J8 #£ AL & Notch
R Z& 81 (NOTCH1) BBk A 58 73 1(HES1) 8 A 3k ACT R 5 3 21 42 401 40 045 1 1 L ;qRT-PCR 4231 58 rRNA 5.8S
rRNA . 18S rRNA 28S rRNA 34 ; Fl F I 4 24 38 2= /) A I i 3 THSW D 45 B8 14 £ Ak 5% 7 BMMSCs 9 5% 4 ¥ 5 GLUL; X I CCK-8
A 40 ML VE A7 5 R ] Transwell A6 0 20 fi 3T # BE % HF HEAT € B 007, 465 5 CONTROL 4148t , THSWD 41 BMMSCs # ALP,
Osx Runx2 & B &35 AR An(P<0.01) ;75 % 21 % & BMMSCs £ & 4 8 1 ;THSWD 41 M (R E i % 5 [F1F 55 rRNA 58S rRNA | 18S
rRNA 288 rRNA F 353 n(P<001), W48 43 %447 £ 3L, GLUL 2 THSWD ¥ =42 B 7, 40 i 303 5236 % 3, 5 THSWD+sh-NC
414 t,, THSWD+sh-GLUL 41 BMMSCs 40387 8 /7, ALP Osx Runx2 & &k AT, 40 BT 7 68 A & £ 4 2,55 tRNA 5.85 tRNA
18S rRNA 28S rRNA & NICD NOTCH1 HES1 % i X4 T % (P<0.01); 5 THSWD+OE-NC 41 48}, , THSWD+OE-GLUL #1 BMM-
SCs 4374 it /7 ,ALP Osx Runx2 & A FK 3£ AT, 4 MiE # 4 B &A% ,5S rRNA 5.85 rRNA 18S rRNA 285 rRNA & NICD,
NOTCH1 HES1 % ik K -F## im (P<001), &5i€ THSWD 7 #3Ef 1iH GLUL #y&3A , #7% NOTCH 1= 538y R ik (R R 4
A, T 12 3 BMMSCs A& 8 41,
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(Abstract] Objective To explore the specific mechanisms of Tachong Siwu Decoction (THSWD) in promoting osteogenic
differentiation of bone marrow mesenchymal stem cells (BMMSCs) and affecting fracture healing. Methods BMMSCs from rats were
cultured in vitro. Well-growing BMMSCs were selected and divided into the following groups: the control (CONTROL) group, the
THSWD intervention (THSWD) group, the THSWD intervention+glutamine synthetase (GLUL) knockdown or overexpression blank
control (THSWD+sh-NC or THSWD+OE-NC) group, and the THSWD intervention+GLUL knockdown or overexpression (THSWD+sh—
GLUL or THSWD+OE-GLUL) group. Cells in the CONTROL group were cultured in complete BMSC medium. The THSWD group
was treated with 100 ng/mL. THSWD-containing serum. The THSWD+sh-NC and THSWD+OE-NC groups were incubated with 100
ng/mL. THSWD—containing serum and then transfected with sh-NC and OE-NC lentiviruses, respectively. The THSWD+sh-GLUL
and THSWD+OE-GLUL groups were also treated with 100 ng/ml. THSWD-containing serum followed by transduction with sh-GLUL
and OE-GLUL lentiviruses, respectively. The protein expression levels of alkaline phosphatase (ALP), Osterix (Osx), runt-related
transcription factor 2 (Runx2), GLUL, NOTCH intracellular domain (NICD), neurogenic locus notch homolog protein 1 (NOTCHI1),
and hairy and enhancer of split-1 (HES1) were detected by Western blot. Mineralization was assessed using Alizarin Red staining.
The expression of 5S rRNA, 58S rRNA, 18S rRNA, and 28S rRNA was measured via qRT-PCR. Network pharmacology analysis
was employed to predict and identify GLUL as a key target through which THSWD regulates ribosome biogenesis to affect
BMMSCs. Cell viability was evaluated using the CCK-8 assay, and cell migration distance was quantified using the Transwell assay.
Results Compared with the CONTROL group, the expression levels of ALP, Osx, and Runx2 significantly increased in the THSWD
group (P<0.01). Alizarin Red staining results were positive in BMMSCs of the THSWD group. The expression of key ribosome
biogenesis factors, including 5S rRNA, 5.8S rRNA, 18S rRNA, and 28S rRNA, was also markedly upregulated in the THSWD group
(P<0.01). Network pharmacology analysis identified GLUL as a key target of THSWD. Cellular validation experiments showed that,
compared with the THSWD +sh-NC group, the THSWD +sh -GLUL group exhibited decreased cell proliferation ability, protein
expression levels of ALP, Osx, and Runx2, cell migration capacity and wound healing rate, expression of 55/5.85/185/28S rRNAs,
and protein expression levels of NICD, NOTCH1, and HESI (all P<0.01). Conversely, compared with the THSWD+OE-NC group, the
THSWD+OE-GLUL group showed increases in all these parameters (all P<0.01). Conclusion THSWD may promote osteogenic
differentiation of BMMSCs by upregulating the expression of GLUL, activating the expression of the NOTCH signaling pathway, and
thereby enhancing ribosome biogenesis.

(Keywords] fracture healing; Taohong Siwu Decoction; bone marrow mesenchymal stem cells; ribosome biogenesis; NOTCH
signaling pathway
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B S AL SR F (osterix, Osx) Al Runt AH XA 5%
[ 2(runt-related transcription factor 2, Runx2)%§A¥,
BRI T ZRB TR BMMSCs J80H 70679, i
JIBESE A B, THSWD X 4 90 4] 3= 2l ARAEAR A4
MEAT W 8 2 A P, O P 2000 v o IR L )
BT AR BRI MR , 5 b s 1 Jie 82 WAC R
A KT AR a4 g A0, (B B FH AL A
B, 25 BEHE & A (glutamine synthetase, GLUL)/E
NS5 AN S A BB , AR e 45 40 4 C
RS R I AR B WO ] BEIE i A
BEVRLE Y6 R 20 o3 A i 0, DAL ASAESE
AR A B 1 &, 1 i GLUL AR h 25+
i BMMSCs B 7MY BN X 7 JfF it — 20 4
7 HE S PR A RGE NOTCH 55 18 B 1Y
VEFIBLE , LU by b 2455 5 2288 s B S 4 it
B EE SR S TS

1 ##l

1.1 EIzh¥

24 HU5 JE SPF ZbfErE SD A, B (120
10) g, W AW m 3 ve SR LI s A IR FL L 3h
YIEARIE 5 . 430727221100472812, T4 K B 35
T R s 2 R A — B B B SR s oL
AHFES : SYXK (31)2019-0009,, 47155 4518 IR 20~
24 °C, AHXHBEE 50%~70%,12 h SR 3 I, K
AR SR A R EAOK, SR R LW
P 24 K250 — B B IS e ) S B AR 3 2% D 25 ik T
WIS . ZYFY20231110-15,
12 549

THSWD FYZ BURIIG R S 2 0 (R4 48D .
B~ (15 :2019070204) £L4E (A5 . HY19121803) |
A EE (S NY2001902) 422405 (FE 5 : NG191217
01) AT (HES . NG19122401) JI| % (#t5 . SL19112
207 )R b W 9 T8 i v B 2 DR A 5 — B e IS B v 24
By, $RIRZGHEE LGN 2:1:2:2:2:1 FREUVEZ#14E 300 g,
KBL2 R HEERE 2.4 g B2/, /3% BT
—20 CUKFHPRAT A M ZEKAN (IR AR,
FIRAH], 525 . B25793, Hiks . =98%) ,
1.3 EERKFIESME

DMEM/F12 Ki353E iR 4R 17 . BMMSCs 56 415
I BMMSCs BUE 15 o gtk B R R 5%
R ONPL) (RGP R AR A A,

5. PM150312B , 164210-500 ,CM-R131 ,PD-004 ,
PB180120) ; GAPDH HiiA& (ALP Hitik (VLR FERHEY)
W OABRAE 185 AF7021 DF6225); 0sx $i
& Runx2 Hifk  BARFIHESRF 7324 1 (hairy and en-
hancer of split 1, HES1)HA (FZ[E Abcam 24 F], 5%
5 1ab209484  ab236639 ,ab108937) ; Notch il P 45
F935 (Notch intracellular domain, NICD)#iik (£ H
CST 28], 585 :4147)  FHZIR AT A5 Noteh [RIVEZE A
1(neurogenic locus Notch homolog protein 1, NOTCHI)
obk 2EY TR =9 (BRI =AY H ARG BR A H]
505 :20687-1-AP SA00001-2) ; GLULATLAA | H it
2 BAPTIR IR | ¥4 &R 40 (3% [E Sigma A H], 5.
SAB5700213.49752 ,A5533) ; TRIzol iR 7 & ( 3¢ &
Thermo Fisher/A ], 55 :15596018CN) ; B A [ fi#
cDNA I HEHY Prime—Script T i & SYBR iR
Taq DNA R A Wil & ( H A Takara 22 F], 185 .
RRO047A RR420A),

M TAEG (TR IR S AT PR A &, A
5 :SI-CJ-2FD) ; 88 Wi (Z2 v 2 i 50k AL AT
B, S AE2000) 5 CO, 20 I 5% 3246 (T M A3
WA BRA T, KIS . NU-5810E) ; Fli 71X (3% F Bio—
Tek 23 7], 15 . ELX800) ; B ik AL 5% A (Jb st
BRI AR R, A . JY-600HE \ Y-2Y5) ,
2 Fik
2.1 THSWD £#MmiFRH &

24 H 5 JEE SPF Gl SD KB, FHEEHLEL
FRED AL (CONTROL 41) THSWD 41, £
ZH 12 H . THSWD ZH$% 20 o/(kg-d) HEH 45250
CONTROL 2 j# H G R BUE B ER K ¥ HYEE 1
WLIESE 3 d, BEEERIE 1 h, SRR (AR
h 3.5% )RR RS IR E ShliCR I, RS 2 hs,
3 000 r/min &0 15 min(BLLFFREHN 10 em), 575
M3, A IR, 56 CKIE 30 min,0.22 wm JE
BT IEER TR, 434 f5-80 CLRAT .

22 SNBSS

W 52 56 R BURR I I W A B8, FH 75% £ T
B, 7 B KRB BB, SR s R e S v
& B WOBE TR, AP S 10% 64 LG X 1%
BER-BERZNPL, I A ERGE T 70 wm 20
1 g g g I 800 r/min HIES.OHLAE Z
FREWR T ZUEY), ORISR il i AR
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PU,24 h J5 ULES A NG BE T 0, 735450 A U BE 1Y 240 i
B KB FRILVE T 37 °C.5%CO, IRGFEs T 4 2
R | RIGFREE, H AN G, A Rk 5
809% M JBEEE BRI AR, ¥ IR 102 A ARG 57
B B3R5 3 4% BMMSCs JH T-5256
23 YHpaREL

PR 2 6 LAk, LR 4x10° >4t
F 37 C.5%CO, 0F 3R , 1540 M m &
ik 70%~80% i FEATEE Y  FE YL 2~4 h W5 R AL
TR TN TG SR, Bl 2 mL, 13555
B in AGE 5 9 GLUL #AER/XT B 1855 5 (sh-GLUL/
sh—-NC) 5gid k7% B K (OE-GLUL/OE-NC) , %
BEFEHUIL AT 37 °C.5%CO, 543 5 h, AR vk i
) RNA FIEE 5, 3853 qRT-PCR  Western blot3:
IlE GLUL mRNA FIE I FRIAK-, 18 aEs
P e T R IR B AL R A FRA A e 22751
R, shGLUL-1 1E [ 514 :gatccCAGCAAGTTCCC-
ACTTGAACActegag TGTTCAAGTGGGAACTTGCTG-
tttttg; shGLUL~1 2 7] 5| %) : aattcaaaaaCAGCAAGTTC-
CCACTTGAACActegagTGTTCAAGTGGGAACTTGCT-
Gg; T a8 8 . pLVX—shRNA2—puro; GLUL-OE 1FE [i7]
5] #) .GGACTCAGATCTCGAGgccaccATGGC CAC CT-
CAGCAAGTTC;GLUL-OE J% 1] 5| %) : TAGAGTCG-
CGGGATCCTTAGTTCTTGTATTGGAAGGGCTCG ;
FikZ5 3 . pLVX—puro,
24 HHEE5FM

X HEZL (CONTROL 4H) : L BMMSCs 5¢ 415775
Ki3% BMMSCs; THSWD 2043 k45 (X R 41 (THSWD
2H) GLUL mff %) B 4H (THSWD+sh—NC 40 ) #IGLUL
i 235 % BEZH (THSWD+OE-NC £H ) : BMMSCs 4 Jifd
TET25 B 38 P B 55 2 80% A, il A 100 ng/mL
THSWD & 25 IfiL 7 , THSWD AN kb B | 56 4% 19 26 43
58 F sh—-NC .OE-NC X F& 18 55 % 5% Y BMMSCs,
TSR 24 h 5, PR R SR AR A THSWD 4058

R EERG S 24 h, @K GLUL M-S THSWD

T4 (THSWD+sh-GLUL 4H) i #&ik GLUL FIgtA
THSWD +TiZH (THSWD+OE-GLUL £H ) :BMMSCs i
JAE T25 Bi 38 R 3R 2 80%fil A, iNA 100 ng/mL
THSWD & 2517 , 70 5I# FH sh-GLUL OE-GLUL2
JEEF Y BMMSCs, T 1555 24 h J5 | FRIGHE SR
5Bl BMMSCs 4158 235 SR HARSLEE R 24 h, Kk

FEEEFR LIS 300xg #4010 min, Fef5HH 022 pum
(UE T DR R S AR, AR SR WO T
S BERE
2.5 CCK-8 &l

2 6x10* >/mL (%5 F2K BMMSCs 41 i 2 7 T
96 FLARH B G FRMBAERE FR46 (37 °C,5% CO,)Hh
WikESE 24 h, [AEHLIIA 10 wL CCK-8 ¥, 7E 1%
FAANIEE 2 h, BER{X5E 450 nm AERMOGEE
2.6 qRT-PCR #&ill

FIIH TRIzol 127 & AR Fh 42 HUE RNA, {
FEE SR F AR 1 wg B RNA FAE cDNA A )
K, 35 SYBR il Taq DNA B TqRT-
PCR 0 , B 7] 2249 J5 i H B BL AL B 14 RNA
(rRNA) AN RIA T, SIFAI LR 1,

x1 SIMFEIIER

Table 1 Primer sequence information

ZA N F1¥FE1(5-37) KB bp

5s rRNA 1E[A] : CTACAGCCATACCACCCGGA 20
S 1] : GTATCCCAGGTGGTCTCCCA 20

5.8s TRNA 1E[A] : CTTAGCGGTGGATCACTCGG 20
S 1) : GCAAGTGCGTTCGAAGTGTC 20

18s rRNA 1E[A] : AGCTAATACATGCCGACGGG 20
JZ 1] : TAGGGCAGACGTTCGAATGG 20

28s rRNA 1E[] : CGACCTCAGATCAGACGTGG 20
JZ11] : CCTGTTCACTCGCCGTTACT 20

GAPDH 1E[A] : GCCTTCCGTGTTCCTACCCC 20
JZ 1] : CGCCTGCTTCACCACCTTCT 20

2.7 #AEXIIRELE

B BMMSCs DA 1x10° /™20 /LAY 25 B e A e 6
fLb b, gRiE K3 85%~90%ftA i, F—k e
TR R K T B B, i BRI A 11, T PBS s 4 2
W IFTE S 2% FBS 1100 ng/mL HTFEH 1 a-MEM
HUHRIATRRY PBS HhEs5% BFF 24 .48 h )5, fdi 12
A 22 AR O X 8, I8 Image—Pro Plus
AR DA G A AR A 4 L
2.8 HLARLE

£ CONTROL #H #1 THSWD 4H (100 ng/mL) 75
SE 21 dJ5 4% R E BMMSCs 15 min,
H 0.1%p5 RAAEZ R T Y4 30 min, I PBS #jk
M 2 WAL BRZ AR YUk, RIS A 22 B W28
29 MEHBFEHH

(1)TCMSP 4 )% 43 A THSWD & )7 kA~ |
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ZIAE AR SRAT CYIE N SRR B
2L S LN T B (E IR AR WA B (oral bioa-
vailability, OB) =30% ., 24 ¥ Al {7 (drug-likeness,
DL)>0.2 it THSWD A iE PR 7. FIH Pub-
Chem B4l FEARIUS A3 1 /E FHAE A (2) N GEO %8
T %k GSE18043 (1.5 9 B4k 1.3.7 d BYFE
A3 IXF BEREAS ) Fl GSE178679 1tk Fr (£ 5 3 1k
RS 3 1% BEAEAS ) F A limma £ 6] 45
P B HEAT 22 S FIR 40T, TEARE R (logFCI>1, P<
0.05), (3)CHRARIBUZME A AL B DGR B R 2
T GSE18403 il GSE178679 ith H /3 22 LK (il
ik, (4)KH Cytoscape 3.11.0 F{UAHETHSWD & )7
{14 5 I ME B4315 20 ) L A S DR 0% ) 4% e R 9
JIL 53— 245 0 A DR B L A B T 4 R TEAG T
PRS- 55 245 P 1 5 R RS M) - T ) A S B
IR
2.10 Western blot #:ill

WCHERE S PBS PRI 2 IR, FRIUARIPA 2428
M 247 FH 8%~10%5E /i SDS-PAGE 43 5 AN [F]
MMER Y P R RRBEI T B B RS
% PVDF % I, FH 5%BLHG A=Wt PR R Je F—dit

(FIEA —HL KI5 T4 ; GAPDH R LAy 1:5 000,
ALP Osx .Runx2 .GLUL NICD .NOTCH1 HES1 & B
LA 1:1 000) A TR -5 —HeRl @ X n g —
PURER (PR, TR LB 1:5 000) , fif IS 5% 1L
RGNS IAYEE S o (2 RO BUR O
BT AL, Image) A3 BT8R 11 55 IR BEAAL
211 FitEFH*E

ARSZIGHAE R GraphPad 6.0 AbHE i DL “x+
s"FN T RSMEIR IR A 3 NIl SRS, SR FH A
KR T7 25301 (ANOVA ) #4755 M, P<0.05 A

SHEAGIEE L,

#HR

&40 BMMSCs B9 EEER

5 CONTROL #H 4 ,THSWD ZH ALP Osx Runx2
T HF KK (P<0.01) , BMMSCs e (.45 54
PR, AU AR RS R DR, PRI 1,

3.2 HBAMEIEPZEREREXEFRIEK

3.1

FLeE
5 CONTROL ZH V4, THSWD 2 RNA 5S rRNA |
5.8S rRNA . 18S rRNA 28S rRNA #ik

(P<0.01), UL 2,

K23 T

A CONTROL! THSWD!A CONTROL#L I THSWD*E B SORTRALS B — T_HSWDg.H, .
i N
R’ A0
p -
Hﬁ
GapoH E 36 40a
ALP sx Runx2
Bl 1 %4 BMMSCs BB S IER L
Fig.1 Comparison of osteogenic differentiation of BMMSCs among groups
TE:A. 20 ALP Osx Runx2 2 5/ LB BAS AHBRLL R (45 R (x100) . 5 CONTROL ZH LA, *+P<0.01,
A 3 B 3 C s D s
{‘H%Z- “ﬁ 2 w21 #® 21
" = & &
& = g &
% 1 — =z 14 — —] ‘Zt 1 —_— g 1 ——
€ £ 2 x
2 2 8 ]
0 0- 0

CONTROL4 THSWD#H CONTROL# THSWD#L

e 0.
CONTROL# THSWD# CONTROLZL THSWD4L

2 BEZHEEREREXETF 5S rRNA.5.85 rRNA,18S rRNA,28S rRNA Fik7kF b
Fig.2 Comparison of expression levels of ribosome biogenesis—related factors (5S rRNA, 5.8S rRNA, 18S
rRNA, and 28S rRNA) among groups
{E: 5 CONTROL 4 He#E, #+P<0.01,
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3.3 THSWD FEEFMRASRZOAWBEER  BHE—B(E 30), 7ECAFAY 331 b A&A: ik
[iibrin REE AU 1A SRR A BUAH DG 1 25 55

ik TCMSP Bl FE i vk i THSWD &2 7 13 2K B GLUL(K 3D), H HAE B L i REA
A EZIG AR, R PubChem 204 PR32 88 1 B3 LR (K 3E~F) , #—25400r THSWD E 7+
5 423 NS RN, T GSEI8043 N Bl BEIEMERL 5 AR s B R A E R B, B
TEvEH 2 127 AN EA WEME2E R IFEN (logFCI>1,  [IAEAEATLARI R (K 4A) & S50 B0 Hr 20
P<0.05) (Bl 3A); 3 F GSE178679 s A kit PR 1 259 M A L H & 30 THSWD & 7 27
2 444 D EHA W EMEZE LN (logFCI>1,P<0.05, YRR ATEH FHi £ KB R DUEE R E
Kl 3B) FEX T ERWRE T, G 123 225400 B2 Il e s S F R 2 A A
M, B 98 A2 RS TER BRI R s AR Y B & e (/] 4B),

A QSE1804$ B GSE178679
6 ' T ] e
T 35 - FH
5 - kxS 2 EER
34 s 20
0
ol § 15
x e
Q‘ 2 10
1 5
0 0
-4 -2 0 2 4 -10 -5 0 5 10
logFC logFC
C  GSE178679 GSE18043 [y E GSE18043 P=0.006 F GSE178679 P<0.001

2000 10
1750 105
1500 1.0

80
L DEG RiboSis

75 —_—
THSWD
peA P Bk S
3 THSWD BRI AR ZENHT
Fig.3 Network pharmacology analysis of THSWD
AU H GSE18043 22 30011 ; Btk B GSE178679 22 %40 #1 &1 ; C.it A GSE18043 1 GSE178679 H il 2y L X ; DA R A A M) %
H: 22 AN E.GSE18043 i A PR AR S /T & GLUT kB (LA F.GSE178679 i A P MHARISE /4T & GLUT a7k A

J

L

s 7 e

,,vr/‘;?,ﬁﬁiig.
RS
/ ‘\\\

T

7

B4 THSWD FEFMRS-HYEREERBEEEEMEE
Fig.4 Network diagram of THSWD main active ingredients—drug target genes and enriched pathways
T ATE PR - 25 3 A BE TR 45 1] 5 B A0 T 53— 24 R e R IR — i S B P 25 4

RN
.
\\\

o
Y
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3.4 $&4H BMMSCs IhEE R NOTCH {5
A
5 THSWD+sh-NC 1 Fb %, THSWD +sh-GLUL
4 GLUL ik KPR (P<0.01) ; 5 THSWD+OE-
NC 41l # , THSWD+OE-GLUL 4 GLUL 23k 7K F
FHi (P<0.01) , F W R /i %3k GLUL AR 37 A%
(K 5),

5 THSWD+sh-NC 1 Fb %, THSWD +sh—-GLUL
AP FHRE T 72 h S FEAIR(P<0.01) ,ALP Osx
Runx2 % FRKF T8 (P<0.01) , 40 MRS IR A
AEPRAE 24 h A48 h BT RF#(P<0.01),5S rRNA 58S
rRNA 188 rRNA 28S rRNA #jk 2 NICD NOTCHI
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