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4D-DIA protein and metabolomic analysis of the effects of kaempferol on ovariectomized rats // LIANG Zhou'"’, ZHANG Chi',
PAN Cheng—zhen’, YANG Bo®, PU Zhang=lin', LIU Hua', PENG Jin—hui’, WEN Li—chun’, LING Guan—han®, CHEN Feng'". 1. Guangxi Uni-
versity of Chinese Medicine, Nanning 530000, Guangxi, China; 2. Yulin Integrated Traditional Chinese and Western Medicine Orthopedic
Hospital, Yulin 537599, Guangxi, China

Abstract: [Objective] To study the mechanism of kaempferol against osteoporosis by protein and metabolomics. [Methods] Eighteen

female SD rats were randomly divided into three groups with six animals in each group. After ovariectomy or sham operation performed corre-
spondingly, 40 mg/kg of kaempferol was given intragastrically in the kaempferol group, while distilled water was given intragastrically in the
model group and sham groups. After 12 consecutive weeks of intervention, the rat femur specimens were taken for four—dimensional data—in-
dependent acquisition (4D-DIA) proteomics and broadly targeted metabolomics analysis, combined with bioinformatics to explore the corre-
lation between differential proteins and metabolites and metabolic pathways. [Results] As results of the 4D—DIA proteomics, a total of 12
shared differential proteins were identified among the three groups, and the expression of proteins such as XDH, IBSP, MGP, and F2RL3 was
up-regulated in the kaempferol group (P<0.05). In term of extensively targeted metabolomics, differential expression of 25 metabolites, in-
cluding pantothenic acid and L-arginine—L—alanine, were found among the three groups. The differential proteins and metabolites were joint-
ly involved in vitamin digestion and absorption pathways and metabolic pathways. Specifically, 10 differential metabolites and 3 differential
proteins are closely associated with metabolic pathways. [Conclusion] The kaempferol may exert its anti—osteoporotic effects by modulating

the expression of proteins such as XDH, IBSP, MGP, and F2RL3, regulating the metabolism of amino acids and their metabolites, as well as
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vitamin digestion and absorption pathways.
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1.1 SEEe s S5H K
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6 HIEZmFARMKE BT ARL, K12 HLoE
K ERBERL AT AR ZE R LU AR 20
123 2911

ML 12 J8, WA IR 40 mg/kg bRifEL T 10
RIVEE , BOMARRTARATHEBKHES 7,
1.3 4D-DIA ¥
1.3.1 25 IO IR B i

BB 24 12 AL B B ) I B A R BB
A, SHEARHININA R RS thi (8 mmol/L JRE ),
FE 4CHEEH, 15000 g B0 20 min, WAL LG, it
BCA 25 (5 /Al e S (VR . i) 8 mmol/L JR
ZAE 37°C T 10 mmol/L MDTT i85 45 min, 7625
HIIEZEHH 50 mmol/L L TERE 34 15 mine FIA 4
fETHERABRR B NE, 7E-20CTFUIIE 2 h, &
OJF, AR AR, 37°C TR, LRIk
W C18 ARk T i Eh b B
1.3.2  WAHEAE- R ECBTIEECH  (liquid chromatogra-
phy—mass spectrometry, LC-MS/MS ) yioall

f# ] Pierce K& ik & (Thermo Fisher) #E17
JRE B o B S 1Y 22 IS AR AE B AR 2R il
JH EASY-nLC 1200 A% (FEBR K HIR) Wi
4. BE)a, i timsTOF Pro2 RS (i @ A& 7y
NE]) AT LC-MS/MS 2387 K8 OGS R 3 A
Spectronaut 18, Jf M\ DIA Jiit 4 Fic 4 v 452 5™ 9y 5 -+
Vg, FANEAFRERET 6 MIKE, B IKBGESE 3 4
PRSI T R AT
1.3.3 AEWEEEST

i BRI AR (gene ontology, GO) 1 5t AR H [

1963



5334 545 21 )
2025411 H

T LSRR S
Orthopedic Journal of China

Vol.33,No.21
Nov.2025
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2.1 KREBBALEEAR 4D-DIA & A R4~ 08
211 s E S

ARSI JE M SR A PR TR ek
ER, HHNERETH, FC>1.5 8 FC<0.6667, &I
P<0.05 & XN ZEREAT ., ANFEEZTH, FC>
1.5 8 FC<0.6667 & X M 22 58 1. FEILZ M4 S5
AU Z AR R 71 D 2EFEA, 15 574 LHEA
14 A FVHEMA . BRI 58T AR 41 2 8] K 2
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Table 1. Statistical table of differential proteins in each group

il A T EREA
IZS A2 vs BERIZH 57 14 71
FERIZH vs BFARL 325 101 426

x2 HBEERFBAREER

Table 2. Information table of common differential proteins

FCH PH
EGS FEH AR - }

TEHIZ vs T ARLL LLZR A vs REARIZH R vs (RFARM  ILASERA os BEIHIZH
AOASISYOYS XDH 0.229 3.132 0.003 0.004
AOAS8ISZMX9 = 0.365 2.502 0.005 0.011
AOAS8I6AI41 - 0.617 1.504 0.049 0.036
D3Z9R8 ATP5M]J 0.499 1.936 0.009 0.013
D4A7K7 GPR183 0.419 1.669 <0.001 <0.001
F7FLE6 IBSP 0.359 1.875 0.009 0.038
MOR6X7 F2RL3 0.607 1.509 0.010 0.014
MOR7Q2 = 0.635 1.735 0.017 0.009
P08494 MGP 0.457 1.976 0.005 0.018
Q62740 SPP2 0.300 1.769 <0.001 0.014
Q68FP3 CCL6 0.565 1.885 0.009 0.005
Q6AY77 GEMINS 0.655 1.712 0.036 0.024
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Figure 1. Venn diagram of different protein groups. BC, BM
and BT represent femur tissue samples of sham operation

group, model group and kaempferol group, respectively.
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Figure 2. Bubble plot of GO and KEGG functional enrichment.
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Figure 3. Metabolite identification of femur tissue based on principal component analysis and hierarchical cluster analysis. 3a: PCA
based two—dimensional map of bone metabolites; 3b: 3D bone metabolite map based on PCA; 3¢: PCA with multi-difference character-
istics; 3d: Heat maps of bone metabolites for hierarchical cluster analysis. BC, BM and BT represent femur tissue samples of the sham
operation group, model group and kaempferol group respectively, and QC represents quality control samples.
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Figure 4. Metabolite identification of femur tissue based on OPLS—=DA. 4a: OPLS=DA score between sham operation group and model
group; 4b: S—plot between the sham operation group and model group; 4c: OPLS-DA score between the model group and kaempferol

group; 4d: S—plot between model group and kaempferol group. Note: BC, BM and BT represent femur tissue samples of sham operation
group, model group and kaempferol group.
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Table 3. Statistical table of differential metabolite counts

el 2R i T
TR vs R 294 239 55
HETRIL vs 11125 2H 48 8 40

e —T
— I
S — I
P ——
- I
o
g -
- @

class

- @ i
- ~ -

&5 %eiE 2 SRR IE . Sa~5c: T AREFAIEIA 2 6] EiRA R V1R sh 25010 5 5d~56: BT ZH F 1L 251y
P22 ) L JEA R A A A s LIRS LS R, NIERE RS G R R SRR TNHE, 4658
Sy B TSRS log2 FC 480 E AR RIET 10 R

Figure 5. Characterization of differential metabolites. Sa~5c: Dynamic distribution of up—regulated and down-regulated metabolites be-

£
i
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tween sham operation group and model group; 5d~5f: Dynamic distribution of up—regulated and down—regulated metabolites between
model group and kaempferol group; Up—regulated metabolites were shown by red dots, and down-regulated metabolites are shown by
green dots. The green bar was down, the red bar was up; The radar map showed the top 10 metabolites with the largest absolute values

of log2 FC.
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GPR183 5 L-4EMRZ&/City 2 B mMe (24), Figure 6. Venn diagram of differential metabolites among the
three groups.
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Figure 7. Correlation analysis nine quadrant plot. Note: the

-3
Log2FC of prot

horizontal coordinate indicates the protein log2 FC, and the
vertical coordinate indicates the metabolite log2 FC.
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Table 4. Correlation information table of 3 differential proteins
and metabolites

SEPI AR (wCiE7 ;H;; P1H
XDH Ile-His -0.826  <0.001
IBSP Lys—Val -0.804 <0.001
GPR183  L-Histidine -0.807 <0.001
GPR183  2—Deoxyinosine—5"—monophosphate -0.810 <0.001
GPR183  Glu-Ser -0.811 <0.001
GPR183  3-Carboxypropyltrimethylammonium -0.819  <0.001
GPR183  Thr-Glu -0.823  <0.001
GPR183  SDMA -0.836  <0.001
GPR183  Creatine phosphate -0.848  <0.001
GPR183  D-Glucosamine 6-Phosphate -0.883  <0.001
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Figure 8. Protein—metabolism shared pathway analysis. 8a: Bar chart of KEGG enrichment analysis; 8b: CCA analysis of metabolic

pathways.
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