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Qihuang Jianpi Zishen Granule ameliorates renal injury in patients with systemic lupus

erythematosus by regulating immunometabolic reprogramming of macrophages
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Abstract: Objective To investigate the mechanism of Qihuang Jianpi Zishen Granule (QJZG) for regulating macrophage
polarization in renal damage in patients with systemic lupus erythematosus (SLE). Methods Public databases were used to
screen the targets of QJZG, SLE and renal damage. An active ingredient-target network and a protein-protein interaction
network were constructed followed by molecular docking. Sixty-two SLE patients were randomized into QJZG treatment
group and control group (n=31), with 30 healthy individuals as the normal control group. Macrophage polarization markers
(iNOS and Arg-1) and AMPK/ULK1 pathway molecules were detected using Western blotting and RT-qPCR, and the changes
in renal function, immune indicators, and TCM syndrome scores of the participants were evaluated. Results Three key active
ingredients of QJZG (quercetin, kaempferol, and 7-O-methylisoflavanone) and 9 core targets were identified, and the target
genes were enriched in the TNF, HIF-1, and mTOR pathways. Molecular docking showed strong binding of the active
compounds of QJZG with HIF-1a and mTOR. In SLE patients, QJZG treatment significantly improved their renal function,
regulated the immune function (increasing CD4/CD8" ratio and reducing CD8" T cells), and reduced TCM syndrome scores.
QJZG treatment also significantly downregulated iNOS, mTOR, and HIF-1a expressions and upregulated Arg-1, AMPK, and
ULK1 expression in SLE patients. Conclusion QJZG alleviated renal damage in SLE patients through a mechanism involving
multiple components and targets. The active ingredients of QJZG regulate macrophage polarization possibly by activating the
AMPK/ULK1 pathway via binding to their targets including HIF-1ac and mTOR.

Keywords: Qihuang Jianpi Zishen Granules; systemic lupus erythematosus; M1/M2 polarization of macrophages; AMPK/ULK1
signaling pathway; network pharmacology
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Fig.1 Venn diagram showing intersection between the targets
of active ingredients of Qihuang Jianpi Zishen Granule (QJZG)
and the disease.
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Fig.2 Component-target network.
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Tab.2 Core target information : 20 HF ik
Ggene name Protein name Degree E;?;?:r éél: %Us, 16]&&!@(@2&%/@3 ﬁ%éﬁ% , ﬁ'@{f’% 5 SLE ll%j:ﬁ
TP53 Tumor protein p53 40 Q12888 S A O B P A S (HIF-1o.mTOR) , K 41
MAPK1 Mitogen-activated protein kinase 1 30 094737 Xﬂ?ﬁ&*% QJZG %ﬁ%ﬁkﬁ(ﬁ-{ﬁ%‘% N IJJZ%%‘ \7—O-EF[ %
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Fig.5 KEGG pathway enrichment analysis.
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Tab. 3 Molecular docking results of the active components
against the core module targets

Key ingtedients Target Affinity (kcal/mol)
Quercetin HIF-1a -7.0

mTOR -7.0
Kaempferol HIF-1a -7.0

mTOR -6.7
7-O-methylisomucronulatol HIF-1a -6.7

mTOR -6.0

233 HmUEBFERA MG EE O RARE AT
J& AR E Y INOS FE ik i P, 1T Arg-1 8 H5R
ik FFH(P<0.01), SXTRRZIAEL , A4 INOS By ik
AT A, Arg-1 FIFRIR R T I W (P<0.01,
#6.E7).

23.4 Z2AmRNA Rk S8y kss SRR 4L, SLE

RS, AN !
% !

Elo EiEtta s SRR R 5 F xR E

F4 MABEPEIEFERIAILLE
Tab.4 Comparison of TCM syndrome scores between the two
groups of SLE patients (n=31, Mean+SD)

TCM syndrome scores

Group

Pre-treatment Post-treatment
Control 22.29+42.27 16.87£1.77**
Observation 21.32+2.21 12.68+1.49%+4%

*%P<(.01 vs pre-treatment. ““P<0.01 vs control group.

2 AMPK mRNA.ULKI mRNA % ik 7K 3 [ Ik (P<
0.01) ,mTOR mRNA , HIF-1ae mRNA % ik /K 3 T+ 5
(P<0.01) . ZIRY7 A, 4L & 1) AMPK mRNA J
ULK1 mRNA # ik Y8 B 42 & , i mTOR mRNA 5
HIF-la mRNA F9FRIEFEAR(P<0.01) . AHECT X IRA
WEL4H 7F AMPK mRNA 5 ULK1 mRNA F AT
T H A%, [FEf mTOR mRNA & HIF-1a mRNA [FJf%
RO BE L T 2 (P<0.01,3 7).

Fig.6 Molecular docking patterns between highly active components and the core module targets. A: HIF-la+quercetin.B:
mTOR+quercetin. C: HIF-la+tkaempferol. D: mTOR+kaempferol. E: HIF-1a+7-O-methylisomucronulatol. F: mTOR+7-O-

methylisomucronulatol.
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&5 FLHBE CREABUNeGFRIELEL
Tab.5 Comparison of CREA, BUN, eGFR between the two groups of SLE patients (n=31, Mean+SD)

Control Observation
Index
Pre-treatment Post-treatment Pre-treatment Post-treatment
CREA 76.55+14.22 70.01+10.55** 77.50+14.84 64.15+8.85%*44
BUN 13.95+3.85 8.45+1.45%% 13.03+3.35 6.50+1.45%%54
eGFR 93.36+15.30 109.78£17.02%%* 93.60+20.46 124.50+30.50%*44

#%P<(0.01 vs pre-treatment; ““P<0.01 vs control group.

*®6 WABEINOS. Arg-1 FILLE
Tab.6 Comparison of iNOS and Arg-1 between the two groups of SLE patients (n=31, Mean+SD)

Control Observation
Index
Pre-treatment Post-treatment Pre-treatment Post-treatment
iNOS 1.07+0.08 0.83+0.05** 1.08+0.08 0.5240.07**4%
Arg-1 0.59+0.09 0.82+0.04** 0.60+0.08 1.15£0.06%*44

*%P<(.01 vs pre-treatment; ““P<0.01 vs control group.
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Fig.7 Macrophage marker protein expression in the two groups of
SLE patients. A: Control group (before treatment). B: Control group
(after treatment). C: QJZG treatment group (before treatment). D:
QJZG treatment group (after treatment).

*7 &4HAMPK.mTOR HIF-1a,ULK1KELE:
Tab.7 Comparison of AMPK, mTOR, HIF-1a, and ULK1 among the 3 groups of participants (Mean+SD)

Normal (n=30) Control (n=31) Observation (n=31)
Index
Pre-treatment  Post-treatment Pre-treatment Post-treatment Pre-treatment Post-treatment
AMPK 1.65+0.61 - 0.86+£0.2244 1.26+0.55%* 0.93+0.2244 1.50+£0.24%%44
mTOR 0.73+0.27 - 1.17£0.2744 1.00+0.07%* 1.24+0.274% 0.85+0.13%*44
HIF-1a 0.45+0.10 - 0.77+£0.1744 0.65+0.15%% 0.80+0.16%4 0.48+0.12%%44
ULK1 2.45+0.83 - 1.18+0.5344 1.63+0.82%* 1.13+0.3744 2.11£0.79%*44

*%P<().01 vs pre-treatment; ““P<0.01 vs control group; **P<0.05 vs Normal group.

*8 MABREREINGEISIRAILLE

Tab.8 Comparison of immune function related indicators between the two groups of SLE patients (n=31, Mean+SD)

Control Observation
Index
Pre-treatment Post-treatment Pre-treatment Post-treatment
CD4'(%) 26.05+5.77 44.54+5.66%* 25.67+5.31 57.12+5.41%%44
CD8'(%) 46.45+9.87 30.32+3.87%* 44.66+9.38 24.044£2.27%* 54
CD4°/CD8" 0.56+0.03 1.47+0.04%* 0.58+0.04 2.38+0.02%*44

#%P<().01 vs pre-treatment; ““P<0.01 vs control group.
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