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The processing mechanism of epimedium fried with suet oil to warm
kidney and enhance yang based on UPLC-Q-TOF-MS metabonomics
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Abstract: The metabonomics method was used to explore the processing and synergistic mechanism of epime-
dium fried with suet oil in warming the kidney and enhancing yang. The kidney-yang deficiency rat model was
established by injection of hydrocortisone. Then the UPLC-Q-TOF-MS (ultra-performance liquid chromatography
with quadrupole time-of-flight tandem mass spectrometry) metabolomics method was combined with multivariate
statistical analysis methods and univariate statistical analysis to screen and identify kidney-yang deficiency poten-
tial biomarkers in plasma and urine samples. Finally the metabolic regulation mechanism of suet oil group, the
epimedium raw product group, the epimedium heating product group, and the epimedium fried with suet oil group
improved kidney-yang deficiency was analyzed. The results showed that the plasma and urine metabolism of rats
with kidney-yang deficiency induced by hydrocortisone showed obvious trajectory changes. 15 biomarkers related
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to kidney-yang deficiency were identified in plasma and urine, involving 5 metabolic pathways, namely glycero-
phospholipid metabolism, sphingolipid metabolism, sulfur metabolism, glyoxylate acid and dicarboxylate metabo-
lism, and cysteine and methionine metabolism. The metabolic pathway of epimedium fried with suet oil warming
kidney and promoting yang involved glycerophospholipid metabolism, cysteine and methionine metabolism, and
the two processing factors of epimedium fried with suet oil "heating" and "suet oil" enhanced its function of warming
the kidney and promoting yang by regulating glycerophospholipid metabolism, cysteine and methionine metabolism,
respectively. In this way, the processing and synergistic mechanism of epimedium fried with suet oil was clarified.
The animal experiments involved in this article comply with ethical standards and have been approved by the
Animal Ethics Committee of Jiangsu Provincial Academy of Chinese Medicine (approval number: AEWC-

20200702-119).
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Figure 1  Total ion chromatogram of QC sample. A: Plasma, B:
Urine. 1: LysoPC(15:0); 2: PE(22:4(7Z,10Z,132,16Z)/22:5(7Z,10Z,
137,16Z,192)); 3: Glucosylceramide (d18:1/9Z-18:1); 4: PI1(18:3
(92,127,157)/18:0); 5: P1(18:0/18:0); 6: 5'-Methylthioadenosine;
7: 4-Hydroxyphenylacetylglutamine; 8: alpha-N-Phenylacetyl-L-
glutamine; 9: 4-Hydroxy-5-phenyltetrahydro-1, 3-oxazin-2-one;
10: Aminoparathion; 11: Flecainide; 12: Hydroxypyruvic acid; 13:
Ascorbic acid; 14: Adenosine phosphosulfate; 15: beta-Cortolone
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Figure 2 PCA scores plots of plasma and urine samples in rats. Control: Control group; Model: Model group; YZY: Suet oil group; SP:

Epimedium raw product group; JRP: Epimedium heating product group; ZP: Epimedium fried with suet oil group. (control group vs model

group. A: Plasma; B: Urine, the PCA scores plots of six group; C: Plasma; D: Urine)
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Figure 3  Screening of biomarkers in rats with kidney-yang deficiency. (control group vs model group, A: Plasma OPLS-DA scores plots;
B: Urine OPLS-DA scores plots; C: Plasma OPLS-DA replacement test; D: Urine OPLS-DA replacement test; E: Plasma S-plot; F: Urine S-plot)
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Figure 4 The levels of potential biomarkers of kidney-yang deficiency in each group. (compared with the control group, "P < 0.05;

compared with the model group, “P < 0.05)
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Figure 5 Pathways analysis of potential biomarkers. A: Plasma metabolic pathway analysis; B: Urine metabolic pathway analysis
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