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Mechanism of Xiangsha Liujunzi decoction in reducing hepatic lipid deposition in rats with
spleen-deficiency and hyperlipidemia based on cuproptosis

LIU Huihui', CHEN Hanxi’, LENG Xue’

(1. Department of Physiology and Psychology, College of Integrated Chinese and Western Medicine, Liaoning University of Traditional Chinese Medicine,
Shenyang 110847, China;2. Department of Biochemistry and Molecular Biology , College of Integrated Chinese and Western Medicine, Liaoning Universi-
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Abstract Objective To investigate the mechanism of Xiangsha Liujunzi decoction in reducing hepatic lipid deposition in rats with
spleen-deficiency and hyperlipidemia based on cuproptosis. Methods Eighteen healthy Sprague Dawley (SD) rats were randomly
divided into normal, spleen-deficiency and hyperlipidemia, and traditional Chinese medicine (TCM) groups. Rats in the spleen-deficiency
and hyperlipidemia group and TCM group were subjected to exhaustive swimming combined with a high-fat diet,while the normal group
was fed an ordinary diet. After 12 weeks of modeling, rats in the TCM group were gavaged with Xiangsha Liujunzi decoction (11.34 g+kg™),
and the other two groups were gavaged with 0.9% sodium chloride solution in corresponding volume. After 4 weeks of intervention, total
cholesterol (TC), triglyceride (TG),high-density lipoprotein cholesterol (HDL-C),low-density lipoprotein cholesterol (LDL-C),and liver
lipid levels were measured. The mRNA expression levels related to cuproptosis were monitored using a PCR Array. Results Compared
with levels in the normal group, the serum levels of TC, TG ,and LDL-C in the spleen-deficiency and hyperlipidemia group were increased (P <
0.01), while HDL-C was decreased (P < 0.01) . Compared with the spleen-deficiency and hyperlipidemia group,the TCM group showed
decreased TC, TG, and LDL-C content (P < 0.01),increased HDL-C content (P < 0.01), and reduced lipid deposition in the liver. 11 dif-
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ferentially expressed genes related to cuproptosis were detected using a PCR Array assay. Seven differentially expressed genes related to

cuproptosis were found in the livers of the spleen-deficiency and hyperlipidemia group compared to those in the normal group ; meanwhile

six differentially expressed genes were found in the TCM group compared with those in the spleen-deficiency and hyperlipidemia group.

Five codifferentially expressed genes were identified among the abovementioned genes. Furthermore , three differentially expressed genes

were found between the two paired comparison groups (= 1 fold or <1 fold),and then DId and Gls were screened out, which could reg-

ulate mitochondrial cuproptosis. The expression levels of DId and Gls were verified by qPCR , which were consistent with our PCR Array.

Conclusion Abnormal expression of DId and Gls related to cuproptosis in the liver may be a potential mechanism of abnormal lipid

metabolism, and may be an important target of Xuanxiangsha Liujunzi decoction in the treatment of spleen-deficiency and hyperlipidemia.

Keywords Xiangsha Liujunzi decoction; spleen-deficiency; hyperlipidemiaj; rat; lipid deposition; cuprotosis
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Tab.1 Serum lipid content of rats in each group (x+s, mmol - L")

Group n TG TC HDL-C LDL-C
Control 6 1322001 0.49 £ 0.01 1.41+0.02 1.40 £ 0.04

SDH 6 1.59 +0.03" 0.74 + 0.03" 0.85+0.11" 1.88 £0.04"
TCM 6 1.37+0.01” 0.55 +0.01” 1.13 +0.03” 1.57 +0.06”

1) P <0.01 vs. control group;2) P < 0.01 vs. SDH group. SDH, spleen-deficiency and hyperlipidemia; TCM, traditional Chinese medicine.

A, control group; B, spleen-deficiency and hyperlipidemia group ; C, TCM group.
E1 ZSHEKRRAFERIOLBREEETMN x400
Fig.1 Morphological changes in liver oil red O staining in each group x 400
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% 5 #3185 A HAwp7b Dlat DId Gls , Lias , Pdhal ,
Sle31al (3P < 0.05) ; 5 L K &5 M 1A 21 b 3%, v
220 ) 25 SRR FE N NDId  Fdx1 ., Gls , Lias . Pdhal

Sle31al (3P < 0.05) o 24~ Fe gl v S [F] i) 22 57 5%
ik JE K SNDId , Gls . Lias . Pdhal \Sle31al . Ak, 1F 3
20 55 119 M e A IR 2H DR e B 10AE 55 24 20 22 )
FbAs, Feh 0 L = 15 F I < A5 AY IR
Cdkn2a .DId . Gls . 2% ARG RS S 1 22 7
FIRIEF DI, Gls . WH2 E2.

®2 BAPETHELEERELE (x+s, n=3)
Tab.2 Expression of cuproptosis-related genes in each group (x +s, n=3)

Group Atp7h Dlat Fdx1 Gls Lias
Control 0.050 = 0.001 0.068 = 0.003 0.415 £0.016 1.843 +0.104 0.011 = 0.003 0.051 = 0.004
SDH 0.042 + 0.004" 0.085 = 0.002” 0.213 £0.013” 2.076 + 0.165 0.022 +0.003" 0.059 = 0.003"
TCM 0.035 = 0.005 0.090 = 0.008 0.557 £0.012" 2.734 +0.034” 0.008 +0.001” 0.045 +0.001”

Group Liptl Mifl Pdhal Pdhb Sle31al
Control 0.005 +0.000 0.050 + 0.006 0.150 + 0.002 0.357 £ 0.042 0.320 = 0.008
SDH 0.004 +0.001 0.043 + 0.002 0.123 + 0.001” 0.459 + 0.073 0.415 +0.023
TCM 0.004 +0.001 0.043 + 0.002 0.204 +0.011" 0.393 +0.014 0.353 £0.013

1)P<0.05,2)P<0.01,3) P <0.001,vs. control group;4) P < 0.001,5) P < 0.01,6) P < 0.05,vs. SDH group. SDH, spleen-deficiency and hyperlipidem-

ia; TCM,traditional Chinese medicine.

log,F'C

log,FC

B

A, control group vs. spleen-deficiency and hyperlipidemia group; B, spleen-deficiency and hyperlipidemia group vs. TCM group.
E2 KEREFETHEXERBENRAEFEL LB (fold &)

Fig.2 Relative expression multiples of cuproptosis-related genes in rats (fold value)
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#3 HAKXRIAEDIA. Gls mMRNAKIA LS
Tab.3 mRNA expression levels of DId and Gis in liver of rats in each group

Group n DLd mRNA Gls mRNA
Control 3 1.000 = 0.030 0.008 = 0.001
SDH 3 0.330 +0.033" 0.015 +0.003”
TCM 3 0.570 +0.016” 0.016 = 0.002

1)P <0.01,2) P <0.05 vs. control group;3) P < 0.01 vs. SDH group. SDH, spleen-deficiency and hyperlipidemia; TCM,, traditional Chinese medicine.
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