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Mechanisms of Tezhi Jiegu Pills against osteoporosis based on chemical profiling
and experimental validation

LIU Na!-2, YANG Zhaojie*, WU Ying?®, SHEN Ruifang®, WU Dan?, TENG Junyan! >

(1. Henan Integrative Medicine Hospital, Zhengzhou 450004, China; 2. Hunan University of Chinese Medicine, Changsha 410208; 3. Henan Provincial Luoyang Orthopedic Hospital,
Zhengzhou 450016)

Abstract  Objective To investigate the mechanism by which Tezhi Jiegu Pills combat osteoporosis and to provide
experimental evidence for their clinical application. Methods The chemical components of Tezhi Jiegu Pills were identified
using UPLC-HRMS combined with database analysis. Network pharmacology was employed to predict the core components,
potential targets, and key pathways. Molecular docking was performed to validate the binding affinity between the key
components and hub targets. Drug-containing serum was prepared, and in vitro experiments, including cell counting kit-8
assay, alizarin red S staining, and tartrate-resistant acid phosphatase staining, were conducted to evaluate cell proliferation and
differentiation. Reverse transcription quantitative PCR (RT-qPCR) was performed to measure the mRNA expression levels of
TP53, PIK3CA, STAT3, SRC, and AKT1, while Western blot was utilized to evaluate the abundance of phosphorylated AKT
(P-AKT), phosphorylated PI3K (P-PI3K), PTEN, interleukin (IL)-6, tumor necrosis factor-o, and IL-1p to verify the predicted
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mechanisms. Results A total of 147 compounds and 1,215 putative targets were identified in Tezhi Jiegu Pills; after merging
with 2,284 osteoporosis-related targets, 346 overlapping targets were obtained. The core hubs (7P53, PIK3CA, PIK3R1,
STAT3, SRC, and AKT1) were selected; the main active components were baicalein, isoquercitrin, ginsenoside Rgl,
coniferaldehyde, apigenin 5-O-glucoside, and ginsenoside Rh4. Kyoto Encyclopedia of Genes and Genomes analysis revealed
that the drug exerts its anti-osteoporotic effect principally through PI3K/AKT signaling, with molecular docking showing
stable binding between the core compounds and hub targets. Drug-containing serum promoted MC3T3 proliferation while
suppressing RAW264.7 viability. RT-qPCR confirmed that mRNA levels of TP53, PIK3CA, STAT3, SRC, and AKT1 were
significantly reduced. Western blot further demonstrated that P-AKT, P-PI3K, and the inflammatory cytokines IL-6, TNF-a,
and IL-1P were significantly down-regulated in RAW264.7 cells (P<0.05), whereas the tumor-suppressor PTEN was up-
regulated (P<0.05). Conclusions Tezhi Jiegu Pills are likely to exert their therapeutic effect against osteoporosis mainly by
inhibiting phosphorylated AKT and PI3K as well as pro-inflammatory cytokines, thereby modulating PI3K/AKT signaling.
Key words  Tezhi Jiegu Pills; osteoporosis; network pharmacology; PI3K/AKT signaling; molecular docking
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Mol H AT, PHEEIRYT ABUE R SRR BTG A, BA —EI7 8, HEKIMEHE HEEA R
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R G EE BTG B BB AASE T TP SR A, s R AERE S FUECEAS, AR
HHHIERIGR 0, Rl Bed AR AR R IR BB BB R R PHEERERE S T RIRIKRAER T, |
22, Wi, BEEA, RO aR, S, M. B0, BE R RS S8y, =8 &
AR Hopfl B i SE 14 kP G4k, 27 UA S, WS, KebnA. s UREw
Ay ERARAR L Zel . BEAONE, AMIFE . SEEE: LR AR, MK T ZRID L2, RS
i H, VRIS DB AR, Mok, REHUBSIES . SEE . WAGH, HESHE.
RS RE . S a2, TR S ILE G . B R E . AR A A R, BERF A R
CH RS HEME, OGRS AR R BRI R S IR FLUESE, %7 R AR
B EMEE BT, RN MEIR TR R, B T S RSB BB AARE (IR YT R th R AF
() 8L FH A 503140, SR, H AT O TR B AR 9T 3 AR R TG IR T RO S, H 2R s R A K R
Ge/E AP M AR e B B, IR AEAR KRR RS B2y 1 Holim RS 5 AR S0P IR N K JE o

AT FC S d i i RO AR U -5 2 FE S HE Cultra performance liquid chromatography- high
resolution mass spectrometry, UPLC-HRMS) Z3 #7454 & FUi 5 G VE sy, 0 1T 58 6 D) & 24 7 2
5o, PN HOCHREE B 5 Sd e, A E il AR T B SR I AT IR UE, B TE N R G 1 R R
HE AR IT B BUBRAA S (R 22 TR, D I PR S FH 2 1 S B0 AR 4

1 #MRFTE

1.1 SLIg#ftat
1.1.1 L3Rz

SCISVER 16 A SPF MEME Wistar KR, 8 WS, #AFiE 220~240 g, WHIL TKAELDAF
[SCXK (i) 2020-00017. zh¥1E =7 B 500 ML 95 H O A H 23 0 SEEG B P RO [SY XK () 2024-
0002], EMPEMESE 7 d, HE 22~26 °C, FXHEE 50%~60%, 12 h/12 h /MGG . A5G 1 E 5K 0
I8 O A L SEES Sh ) B S A I 25 I B A dE (TACUC-202404011) ,  SE56 i F8 o 8 41
3R JE,
1.1.2 48A8

BCE BT AR MC3T3 (X2 EME ARG IR A w], B85 STCC20026P) A & Hi 14 4 i
RAW264.7 CEERAE/RAEVFHEARAR, 5. CL-0190) .
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1.2 FERFI S5H
RS E ML (T B 48 BH IE B B B ) 7 s L ) R 23R i, bl SCs: B2l 220120267)
DMEM & g3k, JRA- g . — 10%H PAGE O # R & . RNA IRBURF). Anti-IL-6
antibody ( U 4 RAEMRI AR A A, T85: G4524. G8003. G2177-50T . CR2501053 .
AC241218200) ; CCK-8 Kol & (KEEZECHEMEARFRAA, 1]75: MA0218) ; PRI S 4
EIR AP A TR PR 4 W R BF  (tartrate-resistant acid phosphatase, TRAP) Zeft ikl & (b REEF
BAEMWRAA, ’5: Gl450; GI1492) ; BCA EHWRAM & (L EANHLED A, ]’S:
CW0014S) ; Anti-PTEN antibody (HS IEREAEMH A AR A, 5 : R381415) ; Anti-P-AKT
antibody. Anti-P-PI3K antibody. Anti-TNF-a antibody. Anti-IL-1B antibody. B-actin antibody (#{ =
JEAY R ARER AT, $5: 80455-1-RR; 20584-1-AP; 17590-1-AP; 16806-1-AP; 66009-1-I1G) ;
cDNA & k7 & qPCR W5fl& (HMIEREA R KROERAF, 5. E047-0113. E096-
01A) o FIEAGRE AL CEE A AR OHLES, TGL-20M) ; S iGNl GRIIEFERHE £
[, F-060SD) ; JitimdkZ ey ( LT in R ARAR, TYXH-D ; 2 KEFR{C (Thermo Fisher
Scientific, 3¢ &, Multiskan GO) ; & H ¥ B M3k 1 (Bio-Rad Laboratories, Inc., £ [H, 164-
5050) ; CFX96 s} € &= %¢ )t PCR {¢ (Bio-Rad Laboratories, Inc., FZ[E, CFX96 Touch) . =25 ffT
SIS LA LAY TREBRMER AT S/, WE 1,
21 RT-qPCR F (958 3 10 51 HE 15

Table 1 Primer sequence information for RT-qPCR target genes

LR 445 FHI(5°-3%) K J¥/bp
Gene name Sequence (5°-3°) Length /bp
TP53-F TATCCTTACCATCATCACACT 21
TP53-R CACAAACACGAACCTCAA 18
PIK3CA-F TTGATTGTGATTAGTAAGG 19
PIK3CA-R AAGGTTGATGAAGAGATT 18
PIK3R1-F TGAGGTATATTAGGCAATCT 20
PIK3R1-R TGAGGTATATTAGGCAATCT 20
STAT3-F GTTGGTGTTTCATAATCTCTT 21
STAT3-R GAAGGTTGTGCTGATAGA 18
SRC-F AAGCTGAGGCATGAGAAG 18
SRC-R TGTACTCCGTGACGATGT 18
AKTI-F TATTGTGAAGGAGGGTTG 18
AKTI-R ATTCTTGAGGAGGAAGTAG 19
GAPDH-F GGGAAGAAGTGAATGAAA 18
GAPDH-R TTAGTGTAAGAGTGTAATCG 20

1.3 KW AHZE
1.3.1 HFHlEFIANULERD 5T

K H] UPLC-HRMS 73 H7 R5 il #6F AL I 2By o AR 40% T EE4R I, 22 16 000 r/min B0 15
min JFH EIER, 4 °CIRAF. R HSS-T3 (A (100 mmx2.1 mm, 1.8 pm) FEAT4F B, HiREEHI7E
35 °C, L 0.1%HIR/AK (A) LG (B) NWLai, BEEEVEM . B EST Ik 4 & 78 (3R
(90~1300 m/z) , BAEIRE 320 °C, MHRAREEL 370 °C. HRABEAT TCMSP Je H 24 B R 7%
i o
1.3.2 #HlEE AW S iFiE

B S e 45 I 5 PubChem (https://www.pubchem.ncbi.nlm.nih.gov/), Swiss Target Prediction
Chttp://www.swisstargetprediction.ch/) A} TCMSP Chttps://old.tcmsp-e.com/ tcmsp.php) 4 FE B S,
it 108 12 52 77 15 11 G0 VR E PT REHE AL
133 ERERENESEFFHEEAEAXEARE

£ GeneCards ( https://www.genecards.org/ ) . OMIM ( https:/omim.org/ ) . TTD
Chttp://db.idrblab.net/ttd/) A PharmGKB Chttps://www.pharmgkb.org/) ¥ & th 48 2 5 5 17 B R i ¥
RE13 B AH R AIHE &S . ] Venny 2.1.0 Chttps://bioinfogp.cnb.csic.es/ tools/venny/) , fifiik w5
PiW) IR S AR HE R, RIVRR A5 15 ALVR T B LA F) VS FE 3T A
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1.3.4 HEMEBHBEEIER ( protein-protein interaction, PPI ) 4% K i ik 4% 0 0 25

YT HE i N STRING Chttps://string-db.org/) ¥ & 4] PP1 4% I, I BEMM A “A
K7, EFEE/NEEAERAS 2 0,900, VARIER SR EAS B R ACEH S F A Cytoscape 3.10.0
P, TEIEHEBRAMEE R G, W& ST IR R EAA BT A CytoNCA #fiff, HL
T R BRI FE B AL R IR bR v, R4S S A K AR O B R
1.3.5 GO 5 KEGG BB E &S

T bioinformatics.com.cn “F- £, AWFFEXZ 0L S 3E4T T GO A1 KEGG & HE 04T, HiRKI=E
FDR<0.05 & 3 4 AT I/ IE . EH T GO iR EMHEA AT 10 M4 H s KEGG 4 b i ik 7 HE44
AT 20 (1) 35 2 08 B dE 47 nT AL o
1.3.6 ZHEGIEMEHES S

JEIT Cytoscape 3.10.0 3RAFAIEE 1 «Hr 24 -pl o0 - 80 55 - - I B 2 E AR, LRSI E
T3 2 Ay B [RIAE FH () 24 B 2 Dl
1.3.7 & Fxi#

7£ PubChem Chttps://pubchem.ncbi.nlm.nih.gov/) E#f T ok O B ) mol2 #% X . 7£ PDB
B Eh FEE AW pdb XCF, fHH PyMOL (v2.4.1; https://www.pymol.org/) FITFX/K, FFRAGFN
pdb #%30. i AutoDockTools 1.5.7 Bk AF#E4T 4y T X2 3 34T AT M4k .

138 $FHEBALEHNFNH &

K ERBEAL A ot B FRE i e L, R 8 R, e THEhIEeE L (14.58 g/kg A1 0.9% 5 10
BN (10 mL/kg) EHFAHE 7 do TRKEBSZ 1 h 5, BEEEN 1%KEZH (40 mgkg) MK
PR, HEMEESMCRIL, 2008 LiER, + 56 °CKiE 30 min, FEMTH 0.22 um JEME IS8
B o BIIE D AT 25%RFIEH. 5% P HIEHMN 10%m7EH 4 H, 745 F-20°C.

1.3.9 CCK-8 ;% #& M 4R MC3T3 1 RAW264.7 BYIE3EF M

40 MC3T3. RAW264.7 435 T o-MEM. DMEM miidE g bz . DLAEFL 1x10% 40 b
T 96 LM, IFEABEEENL A 5 4 A (10%064- M5 mhE IR o SHB (EW M
M) 2.5%EFNEA . 5% R 10%m75 EH . A ERCE 450 nm K FELREE, 555
MELHML 0hy 24 hy 48 he 72 h G /75
1.3.10 HEL S e

MC3T3 ARl T 6 FLIF IR, BEFZERE N 2x105/4L, HEfIne4ai i 2 mL. HF4afd K
AR 80%~95%Mf, Wi RA B FREL, ®Hih 2 mL EiE S atFwat, 4 48~72 h Hf#e 1
WA PR EES SRR, SR 7 d )5, SR @ MAMN & ZiME, 48T 21 d 5T
RS Jeft, PRl FFEFRE, PBS P 2 K, 4% 2 RHEZIREE 30 min, FHIK PBS H¥k 2
o BEERFLINA 1 mL R4S Juifll, =IEOLIFE 30 min, FELWEMA PBS R E G, HE
BRILE, ERME FWHEHmE.

1.3.11 TRAP £

RAW264.7 40ffi4% 2x10%/mL B2 M T 24 FLA, BEFLIIA 500 uL K5723E, FRAE: FR1E405
MiEE ., f#H 100 ng/mL RANKL [K-FLLK 25 ng/mL M-CS KT8 i 51 56 &85 72 3 m N FLikcH
2~3 d ¥R 1R, BESE 3 RBAWIFEMNS MG, B3 dHiong, S E8E 7 K. W)
FEBi RS, DL PBS ZEMOBIRTE 2 RGN, N 4%% WS = IR E E 15 min, FF % H R PBS U
2 Wo Ml TRAP etk S AE F re BC il s S TAEWE, BEFLINA 500 L, 37 CHEEYEH¥E 30 min.
SN SE R R R Y, PBS Pk 2 Ik, BB MR . TRAP FHMEANM (Ra . & 3 MU bk
U A% ) 1 R R 4 A
1.3.12 RT-gPCR 4 #f

YA 5 RNA £ TRIzon ¥ RIEEUG , R W 1LSL0E cDNA Wik 5% ) qPCR §7 31 . 10056 5% e b 2%
£ 4: 50 °CHFE 15 min. 85 °CKIG WA %EE 5s, WJaT 4 °CE{F. qPCR BITSE B E N: 95 °CTil
AZPE 1 min, BEJG 40 MEIRK) 95 °CAEME 20 s. 60 °CiE K 20 s. 72 °CIE{H 30 s. ST HHE DL 2-48Ct %k
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HEAT AN T .
1.3.13 Western blot SE3&

ffH BCA & A& E RAW264.7 A H & &. KM 10%KER PAGE 77 &EHE, H
¥R E 045 um fLA21) PVDF . #BE5E)E, PL S%B IR0k T =i &4 FEM 1 h, BEEIA—
T4 CBEENR. —PiRmFLLf i F: P-AKT (1:5 000) . P-PI3K (1:1 000) . PTEN (1:1 000) .
IL-6 (1:2 000) . TNF-a (1:2 000) . IL-1p (1:10 000) . P-actin (1:5 000) . % H LA TBST 22
Ve 3%, BHIK 10 min, JIANMIN —H QLEEFT SR IgG 1:5 000, 12EPi/NER 1gG 1:5 000D , iR
A 1 ho R TBST ¥k 3 )5, KM ECL 2GS B A . {FH Image) 1.54 g 73418 A 25 58
%, BAREARREKFIH—HN B-actin.
1.4 FitFEFE

U MR F GraphPad Prism 10.1.2 #AFBAT G030, DUFIBAREE (x +5) BRE
M. ZHMZERLWBRHBKZEGT Z7H (One-way ANOVA) , AHEIFHIHLLEINI R LSD-r £
(J725%) 5 Games-Howell #5546 (7 ZEAFE) « P<0.05 A ANEREG G ¥R L.

2 #ER

2.1 HHERANLZER S

K H UPLC-HRMS i AR X el 28 kA7 I OB PR N &k o, IR, B PRl
e AT T AT R 38T, I -5 M OB B e SCHRBEAT L o #r, S I 2R . B RE
147 Mea (B 1D .

E: A EETEGUTEER; B: HETETRER.

P 1 UPLC-HRMS 7315 il 56 B AL B AL 2 1 2y

Note. A, Base-peak chromatogram in positive-ion mode. B, Base-peak chromatogram in negative-ion mode.

Figure 1 Chemical profiling of Tezhi Jiegu Pills by UPLC-HRMS
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it & I GeneCards. OMIM. TTD F1 PharmGKB ¥4 2, RS HUIG RImAHCHE S, BT
RIGFEAE 2 284 ANH FBAAEAR CHE A0 (& 2A) o el E LA L2 M 147 MEE1E TCMSP
ﬁﬁﬁ*ﬁ*iﬁﬁ JE 3 A Swiss Target Prediction Fl PubChem #4748 55 Fiill|, L4532 1 215 NE
ERL S (K 2B) o il FHRE SIS, LIRS 346 N .

e A B RBAMEA SRR A B 5B R R R R AN B B R E A SR L R S A
2 R B U R A B ST AT A G A T R

Note. A, Osteoporosis-related targets. B, Venn diagram of the active compounds of Tezhi Jiegu Pills and osteoporosis-related targets.
Figure 2 Venn diagram showing the overlap between active ingredients of Tezhi Jiegu Pills and osteoporosis-related targets

2.3 BB =B PPI M4kt

KRS B AL PUE BUBAGE A 346 METEIRITHE A SN STRING ¥ G #EAT 0 #r, 1325 A/ PPI
HAEMZ K, F A Cytoscape 3.10.0 B, a4 266 415 mifl 936 %14 (B 3A) . @it CytoNCA
i/ 1 B (degree centrality, DC) . (betweenness centrality, BC) Al % % & ( closeness
centrality, CC) HIHALE5r 7 4. 147.126 F1 0.265. 4 DC. BC Al CC 18 KT Ar f i britt, I
RPEEAEHET, AW 7 81 AN B AU (4R 81 /N R 422 4%k, K 3B) o HAHEAFERTM
WK TPS3. PIK3CA STAT3. SRC. AKT1.

poves XOH PO RARIOMAgoq NR3c1 KBKB MMP9 papy
A oo acca B GeND1 IGFBP3
g L FGFR1 MM
roctin v
v d PO ORDZ NRIHA cosy PoEss ITGAZ8 ATR
_— R w8 L o & -
= & 5 ™
B . - @ PRKCB. ) JAKL
csFim s e AcE B ey itk RXRA PTK2, Apke . PRKDC
sors2 = cou oA P oraps HIF1A JAK2
o% ) o ITGB3 . GSTP1
ADORAZA o = AGTRZ
M8 o ® oM 1KBKG KDM1A
stosnt o A Pk
-1 - o s a e HSPAS
ik ¢
B & wsoniez .
= cipin i THRE TNF CYP19A1
ABCB11 e - PLAT . -
...... & Ao ABL1 NFE2L2
e ani SIRTH
oo
= e aw FGF2 2
I e R S ot B BcL2
s W NS e LYN VCAM1
& e K1 Sl Y2681 i
P ALOX15 ° cxeLs
son o @ e e
ot o ron o oo KAT28 SaTi ) GAPDH
POEAD = .o} unt r -
3 B R i o ROCK1 Fos. GREBBP A8
e e sp roceRs e B Eh A s
o n
wown AT B |\ & NTRK? cmnes TR
" An A @ PTGS2 CXCR4
e & ) rrces
s o s e ATM AR
W2 WA ey Wi A% £ ICAM1
e o CYP1AZ PONA
b - ESR2 118 Raps1 CHUR 2644

e Ac R UGUE BB AN E A R BE S PPLIIZR I B 45 Ml B U R s A 0T 08 5 ) SR B R A
3 REE A LI BB IE AR SCEL AT PPT N 2%

Note. A, PPI network of anti-osteoporotic targets associated with Tezhi Jiegu Pills. B, Key targets screened for anti-osteoporotic activity of
Tezhi Jiegu Pills.

Figure 3 PPI network of targets related to Tezhi Jiegu Pills in the treatment of osteoporosis
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2.4 GO #1 KEGG HEEEE S

¥ 346 MACEERE SAE David B4R E#AT GO EHE 5. GO BESIEE 3 N, 75HlAEYD
iL#2 (biological process, BP) . 4iffi2 > (cellular component, CC) F143rFIhfE (molecular function,
MF) o BP FEW K/ ¥ (SRS R R KEREERE. N GTPase 55 A H %5
(] 4A) o CC FEFEMMMIPT. L. MRRIEEN. IREAPRETE (K 4B) . MF £
BEEPEES BB EE . B/IRAEEEES (KB40 o [, & 346 NACEERE S TE David i
FE# AT KEGG B4 (B 4D) o KEGG & 5 % 35 1 5w il % EUA S iE il B% . PI3K-AKT {55
W% AGE-RAGE {5 5id %, X 56id % nl B8/ Rl 3 AR E DUE 0B AL i 1 OCHE I8 1

E: A: GO B4 BP UIREREEL; B: GO B4 CC IhfglEth, C: GO E4 MF B, D: A AN KEGG B4 B HAKE JiE K
SRR, BRARARONIENZ 56 Ak, BERAERZ,

4 RF e RUPTE B AAE 1Y GO 1 KEGG Thfig s 2 43 #r 1
Note. A, GO enrichment—BP module. B, GO enrichment—CC module. C, GO enrichment—-MF module. D, KEGG enrichment plot for the
intersected targets. Y-axis: pathway name; X-axis: ratio of participating genes. Larger dots indicate more genes.

Figure 4 GO and KEGG functional enrichment analyses of Tezhi Jiegu Pills against osteoporosis

2.5 ZHEIEMBZBRE ST

iZH Cytoscape 3.10.0 BfFex i “ 254)-p oy -HE - -8 8% 7 ZAETAEMZ (& 5) o fEZM%
o, AT BARER A, ORI, B GBS N A RS LAY R, NI IEARER
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Figure 5 Association network of drug, component, target, disease, pathway
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Note. The darker the color of the heat-map cell, the lower (more favorable) the binding energy.

Figure 6 Heat-map of the molecular-docking results between the key components of Tezhi Jiegu Pills and the core osteoporotic targets
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Note. A, Docking conformation of AKT1 with apigenin-5-O-glucoside (binding energy: -10.4 kcal/mol). B, Docking conformation of AKT1
with ginsenoside Rgl (binding energy: -9.7 kcal/mol). C, Docking conformation of PIK3CA with apigenin-5-O-glucoside (binding energy: -
9.6 kcal/mol). D, Docking conformation of PIK3CA with ginsenoside Rh4 (binding energy: -9.2 kcal/mol). E, Docking conformation of
PIK3CA with baicalein (binding energy: -8.4 kcal/mol). F, Docking conformation of PIK3CA with isoquercitrin (binding energy: -8.4
kcal/mol).

Figure 7 Optimal docking poses of the key components in Tezhi Jiegu Pills with the core osteoporotic targets
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Note. A, Proliferation of MC3T3 cells at 0 h, 24 h, 48 h, and 72 h. B, Proliferation of RAW264.7 cells at 0 h, 24 h, 48 h, and 72 h. Compared
with the control group, *P<0.05, *"P<0.01, *"P<0.001.

Figure 8 Cell proliferation at different time points assessed by CCK-8 assay
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Note. A, Phenotypic validation of the effects of different drug doses on MC3T3 cells (10x). B, Quantitative statistics of the percentage of

MC3TS3 positive cell area. C, Phenotypic validation of the effects of different drug doses on RAW264.7 cells. D, Quantitative statistics of the
percentage of RAW264.7 positive cell area. Compared with the control group, “P<0.01.

Figure 9 Phenotypic validation of the effects of different doses of Tezhi Jiegu Pills drug-containing serum on cells
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Figure 10 Effects of different doses of Tezhi Jiegu Pills on the PI3K/AKT signaling pathway and related target genes in RAW264.7 cells
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