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Abstract: Based on UPLC-Q-orbitrap-MS and biological network analysis tools, the mechanism of Xihuang
Pill in improving hyperplasia of mammary glands was systematically analyzed. The rat model of hyperplasia of
mammary glands was established by intramuscular injection of estradiol benzoate and progesterone. LC-MS tissue
metabolomics was used to explore the key metabolites and metabolic pathways of Xihuang Pill in improving
hyperplasia of mammary glands in rat. The network analysis of the key metabolites regulated by Xihuang Pill was
carried out by integrating biological network analysis tools, focusing on the key metabolic pathways, and exploring
the potential targets of Xihuang Pill to improve hyperplasia of mammary glands. Compared with the control group,
there were significant differences in the content of 49 differential metabolites in the tissues of the model group (P <
0.05). Xihuang Pills could significantly call back 17 metabolites such as L-alanine, threonine, indole-3-carboxylic
aldehyde, lysine, arginine, alanylleucine, glycyltyrosine, y-glutamyl leucine, vitamin B3, serine leucine, threonine
leucine, isoleucine glutamic acid, y-glutamyl tyrosine, decanoyl-L-carnitine, uric acid, leucylleucine, S-adenosyl-
methionine. Further network analysis and literature research on the key metabolites regulated by Xihuang Pills
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showed that the AGE-RAGE signaling pathway may be one of the important pathways for Xihuang Pills to
improve hyperplasia of mammary glands. STAT3, MAPK1, EGFR, CASP3, CASP8, PRKCA and JUN in the AGE-
RAGE signaling pathway may be potential targets for Xihuang Pills to improve hyperplasia of mammary glands.

The animal experiment operations involved in this paper follow the provisions of the Animal Ethics Committee of

Gansu University of Traditional Chinese Medicine and pass the ethical review of animal experiments (approval

number: 2022-705).
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Figure 1 The average diameter and height of rat breast tissue

(mm). A and B: The average diameter and height of nipple. K:
Control group; M: Model group; G: Xihuang Pill group. n = 6,
x+s."P<0.01lvsK; “P<0.05 %“P<0.0l vsM
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Figure 2 Effects of Xihuang Pill on histopathological changes of mammary glands in rats. Red arrows mean the acinar epithelial vacuolar

degeneration
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Figure 3 PCA score plots of QC samples. A: Positive ion detection modes; B: Negative ion detection modes
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Figure 4 Metabolomics profiling analysis in positive and negative ion detection modes of organization. A, B: PLS-DA score plots; C, D:

PLS-DA validation plots; E, F: OPLS-DA score plots
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Table 1 Differential metabolites in organization which were associated with hyperplasia of mammary glands detected by UPLC-MS/MS.
| or T means the changes of metabolites in model group compared with control group; "P < 0.05, “P < 0.01, model group vs control

group; VIP: Variable importance in the projection

Name HMDB ID t,/min m/z Adduct type Formula P VIP Trend
Pyroglutamic acid 0000267 2.89 128.03 [M-HJ C.H,NO, 0.043° 1.53 1
Arginine 0000517 1.25 175.12 [M+H]" CH,N,0, 0.002" 2.07 1
Tryptophan 0013609 536 205.10 [M+H] C,H,,N,0, 0.023° 1.69 1
Phosphoric acid 0001429 1.49 96.96 [M-H] H,0,P 0.026° 1.60 1
Uracil 0000300 4.25 113.03 [M+H] C,HN,0, 0.037° 1.57 1
16-Hydroxyhexadecanoic acid 0006294 11.03 271.23 [M-H] C,H,,0, 0.003™ 2.00 1
Glutamine 0003423 1.26 147.08 [M+H]" C,H,,N,0, 0.015" 1.75 1
Threonine 0000167 1.28 120.07 [M+H] C,H,NO, 0.008" 1.85 1
sn-Glycero-3-phosphocholine 0000086 1.28 258.11 M7 C.H, NOP 0.039" 1.54 1
Uric acid 0000289 2.80 169.03 [M+H]" C.HN,O, 0.032° 1.59 !
Piperine 0029377 2.93 286.15 [M+H-H,0]" C,,H,,NO, 0.013° 1.72 1
1-Hexylamine 0032323 13.39 102.13 [M+H] CH,N 0.026° 1.66 1
Lysine 0301757 1.11 147.11 [M+H]" CH,N,0, 0.002" 2.07 1
7-Glutamy! leucine 0011171 5.33 261.14 [M+H]" C,H,)N,0, 0.002" 2.07 1
Serine 0000187 1.24 104.03 [M-H] C,H.NO, 0.029° 1.60 1
2-Hydroxybutyric acid 0000008 4.00 103.04 [M-H] C,H,0, 0.043° 1.52 1
Pantothenic acid 0000210 5.23 20.12 [M+H]" C,H,,NO;, 0.000" 220 1
3,4-Dihydroxy-L-phenylalanine 0000181 1.33 198.08 [M+Na]” C,H, NO, 0.022° 1.64 1
Arachidonic acid 0001043 1130 305.25 [M+H]" C,,H,,0, 0.026° 1.61 1
Indole-3-carboxyaldehyde 0029737 5.35 146.06 [M+H]' C,H,NO 0.004"  2.00 1
Azelaic acid 0000784 6.55 187.10 [M-H] C,H, 0, 0.023° 1.65 1
Melibiose 0000048 1.35 365.10 [M+Na]" C,H,,0, 0.015° 1.74 1
Threonyl leucine 0029065 524 23315 [M+H]" C,H,\N,0, 0.004™ 1.94 1
Alanyl leucine 0028691 520  203.14 [M+H] C,H,\N,0, 0.019° 1.69 1
Serylleucine 0029043 5.21 219.13 [M+H] C,H,\N,0, 0.003"  2.01 1
N-Acetylneuraminic acid 0000230 1.37 308.10 [M-H] C, H,NO, 0.024" 1.65 1
5,6-Dihydro-5-methyluracil 0000079 1.38 129.07 [M+H] C,HN,0, 0.007" 1.87 1
N,N-Dimethylarginine 0001539 1.40 203.15 [M+H] CH,N,0, 0.011" 1.82 1
Isatin 0061933 2.54 148.04 [M+H] CH,NO, 0.018° 1.72 }
S-Adenosyl-methionine 0001185 134 399.14 [M+H]" C,;H,,N,0,8 0.010° 1.86 1
Rhodinyl acetate 0037186 7.14 216.20 [M+NH,]’ C,,H,,0, 0.003" 1.99 }
1-Hydroxypyrene 0013139 1.23 219.08 [M+NH,]" C,H,0 0.038’ 1.62 1
L-Alanine 0000161 1.27 88.04 [M-H] C,H,NO, 0.005" 1.90 1
Dehydrotumulosic acid 0250960 11.98 48536 [M+Na]" C, H,0, 0.023 1.68 !
Quinic acid 0003072 5.08 193.07 [M+K]* C.H,0, 0.023° 1.67 1
Riboflavin 0000244 558  377.14 [M+H]' C,,H,N,O, 0.012° 1.78 1
Glutamylthreoine 0028829 1.88  249.11 [M+H] C,H,N,0, 0.015° 1.75 1
Leucylleucine 0028933 5.48 245.19 [M+H] C,,H,\N,0, 0.002" 2.08 1
Glycyltyrosine 0028853 5.13 239.10 [M+H]" C,H,N,0, 0.010° 1.84 1
1,3,7-Trimethyluric acid 0002123 1.40 209.07 [M+Hac-H]" C.H,N,O, 0.032" 1.59 1
Isoleucylglutamate 0028906 5.11 261.14 [M+H]" C,H,,N,O, 0.035" 1.59 1
7-Glutamyl tyrosine 0011741 5.18 311.12 [M+H] C,H,N,0, 0.009" 1.84 1
Propyl gallate 0033835 1.23 235.06 [M+Na]" C,H,,0, 0.027° 1.68 1
Decanoyl-L-carnitine 0000651 7.49 316.25 [M+H] C,,H,,NO, 0.016" 1.71 1
Creatine phosphate 0001511 1.31 212.04 [M+H]" C,H,)N,O,P 0.028" 1.65 !
Isorhamnetin 3-galactoside 0301761 1.36 477.14 [M-H] C,H,,0, 0.007" 1.89 1
Medicagenic acid 0034551 10.22 501.32 [M-H] C,,H,0, 0.007" 1.90 1
Pyrrhoxanthinol 0035696 6.42 570.34 [M+2H]*" C,,H, 0, 0.018" 1.70 1
5-O-methyllicoricidin 0034184 8.76 43724 [M-HJ C,,H,,0. 0.028° 1.59 1
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RS VR T SZAAAH AR, RTI0E 5 40 M A7 35 98 RE AN A gy FE v 2 S HE RN, NF-xB B 12 48 AE 40 i R
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Figure 5 Relative peak areas of the potential biomarkers in organization regulated by Xihuang Pill. n = 6, x + 5. P < 0.05, "P < 0.01,

Hk

P <0.001
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Figure 6 Metabolic pathway analysis of differential metabolites. A: Model group vs control group; B: Xihuang Pill group vs model group.

a: Riboflavin metabolism; b: Arachidonic acid Metabolism; c: Glycine, serine and threoinemetabolism; d: Aminoacyl-tRNA biosynthesis; e:

Tyrosine metabolism; f: Pyrimidine metabolism; g: Arginine biosynthesis; h: Cysteine and methionine metabolism; i: Arginine and proline

metabolism; j: Glycerophospholipid metabolism
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Figure 7 The network of analysis of KEGG for the anti-breast
hyperplasia effect of Xihuang Pill. The top six pathways are AGE-
RAGE signaling pathway in diabetic complications, bladder
cancer, proteoglycans in cancer, lipid and atherosclerosis, human

cytomegalovirus infection, and renin secretion
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Figure 8 Protein-protein interaction network diagram of related
targets of Xihuang Pill in the treatment of breast hyperplasia.
STAT3: Signal transducer and activator of transcription 3; MAPK1:
Mitogen-activated protein kinase kinase 1; SRC: Proto-oncogene
tyrosine-protein kinase Src; EGFR: Epidermal growth factor
receptor; CASP3: Cysteine aspartate-specific protease 3; CASPS8:
Cysteine aspartate-specific protease 8; PRKCA: Protein kinase C-
alpha; JUN: Transcription factor AP-1; LCK: Lymphocyte specific
protein tyrosine kinase; ITGB1: Integrin betal
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Figure 9 The prediction results of biological network and metabolomics, the pathogenesis of breast hyperplasia, and the corresponding

mechanism diagram of the previous research results of the research group. NF-«B: Nuclear factor xkB; ROS: Reactive oxygen species; PI3K/

Akt/mTOR: Phosphoinositide 3-kinase/protein kinase B/mammalian target of rapamycin; VEGF: Vascular endothelial growth factor; ERa:

Estrogen receptor a; PR: Progestrone receptor; MDA: Malondialdehyde; SOD: Superoxide dismutase; Bax/Bcl-2: Bel-associated x protein/B

cell lymphoma-2; bFGF: Basic fibroblast growth factor; PCNA: Proliferating cell nuclear antigen
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