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Abstract: Objective To explore the effect and mechanism of Yinyanghuo (Epimedii Folium) and Niizhenzi (Ligustri Lucidi Fructus)
on Buguzhi (Psoraleae Fructus)-induced liver injury in a rat model of kidney-yin deficiency based on the theory of “heterogeneous
medicinals mutual restriction”. Methods The liver injury rats with kidney-yin deficiency model induced by Psoraleae Fructus was
taken as a reference, Epimedii Folium and Ligustri Lucidi Fructus were respectively given for intervention, the changes in indicators
of kidney-yin deficiency were evaluated by through body weight, anal temperature, fecal water content and cyclic adenosine
monophosphate (cAMP)/cyclic guanosine monophosphate (¢cGMP) ratio in serum. The changes in liver function were evaluated by
measuring the activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in serum, as well as by staining liver
tissue with hematoxylin eosin (HE). Metabolomics, association analysis, ROC analysis and Kyoto encyclopedia of genes and genomes
(KEGG) pathway enrichment analysis were combined to elucidate potential mechanisms. Results Epimedii Folium significantly
decreased body weight and fecal water content in model rats (P < 0.05, 0.01), significantly increased anal temperature, cAMP/cGMP
ratio and activities of ALT, AST (P < 0.05, 0.001), aggravated the infiltration of inflammatory cells in liver and exacerbated liver
damage. Ligustri Lucidi Fructus significantly reversed the above changes. Metabolomics identified 17 common metabolites that were
differentially regulated between Epimedii Folium and Ligustri Lucidi Fructus. Association analysis and ROC analysis further revealed
six differential metabolites with good diagnostic efficacy, including ceramide and taurocholic acid, mainly involving eight pathways
such as linoleic acid metabolism and sphingolipid metabolism. In addition, Epimedii Folium could significantly increase the levels of
inflammatory factors such as interleukin-1B (IL-1pB), IL-6, tumor necrosis factor-a (TNF-a) in serum of model rats (P < 0.05), and
decrease anti-inflammatory factor IL-10 level. Ligustri Lucidi Fructus reversed the above changes. Conclusion Epimedii Folium and
Ligustri Lucidi Fructus may affect the levels of inflammatory cytokines by differentially regulating liver linoleic acid metabolism,
leading to differences in toxicity/efficacy in liver of rats with kidney-yin deficiency induced by Psoraleae Fructus. This study provides
experimental basis for the theory of “heterogeneous medicinals mutual restriction” in traditional Chinese medicine, and provides
reference for the research on reducing toxicity and increasing efficiency of Psoraleae Fructus.
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Fig. 1 Effects of Epimedii Folium and Ligustri Lucidi Fructus on yin-deficiency-related indicators in liver injury model rats

with kidney-yin deficiency induced by Psoraleae Fructus (X £ s, n =6)
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A-liver index; B, C-activities of ALT and AST in serum; D-liver HE staining (x 200), orange arrows indicate hepatocellular vacuolar degeneration, red

arrows indicate focal infiltration of lymphocytes and granulocytes.
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EFEMLAFIAE RIS SH SIAERRIFRGREFTINEER XTI (X+5)

Fig. 2 Effects of Epimedii Folium and Ligustri Lucidi Fructus on liver function-related indicators in liver injury model rats

with kidney-yin deficiency induced by Psoraleae Fructus (X £ S)
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A, C-OPLS-DA score plots and permutation test results of model group vs Epimedii Folium group in positive and negative ion modes; B, D-OPLS-DA

score plots and permutation test results of model group vs Ligustri Lucidi Fructus group in positive and negative ion modes.
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Fig. 3 OPLS-DA plot and permutation test analysis of liver metabolism in each group
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Table 1 Differential metabolites regulated by Epimedii Folium and Ligustri Lucidi Fructus in liver metabolism of model rats

s BT miz fR/min  KEGG ID LY EETE A v B ool A vs BRI
1 BT 5825103 152195  CO00195  #ZMEE T Vv
2 BT 7385072 107297  CO0242 LA i 1
3 BT 2751241  0.8116  C00350  WhMIEMEE 2 Bk T !

4 T 883.5341 132841  C00449  FERFEE V¥ [
5 BT 4962739 58138  C00500 fHGE T [
6 BT 4982895 7.1726  C00626 WSk LEE 1 [
7 BT 4472029  7.0090  COl1164  7-Jii S H E EE I 17
8 BT 3132743 92551  CO1595  WRiHER 1 1
9 BT 4962738 63824 (01838  fEfiE 1 [
10 BT 3292476 13.6112  C03033  B-D-Fi&iWERsEaTF V¥ [
11 5 2881196 13104  C05122  ‘FfHER 1 1
12 IFZEF 184.0721 0.8172  CO05463 AWM ENEER T 17
13 IEBET 5832577 7.8952  Cl11132  2-FH&( SEMERR-3-HT bR BT 1 T
14 1FZEF 3853436 8.8668 (C13828 - TR MM L EEE % i V
15 EET 2863110 112127 CI5516  ‘Rf#AE = 4AUHEE V¥ [
16 I[EBET 6764022 102196 Cl6513  —+ B HMGER (22r-3) 1 1
17 EET 2992955 10.6911 C21016  #&hiE T 1
P BRI, RN SRAMIIE: "P<0.05 MP<0.01 #P<0.001.

1 indicates an increase, | indicates a decrease; P < 0.05 #P<0.01

##P <0.001 vs model group.
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Fig. 4 Heatmap of differential metabolites regulated by Epimedii Folium and Ligustri Lucidi Fructus in liver metabolism of

model rats
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Color depth represents correlation strength, red color represents positive correlation, blue color represents negative correlation; * indicates significance of
correlation with activities of ALT and AST in serum, "P<0.05 "P<0.01 "™P<0.001.
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Fig. 5 Heatmap of correlation analysis between shared differential metabolites and activities of ALT and AST in serum
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Fig. 6 ROC curve analysis (A, B) and Venn analysis (C) of differential metabolites
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