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Mechanism of celastrol against hyperuricemic nephropathy based on
metabolomics and intestinal flora
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Abstract: Objective To investigate the effect of celastrol (CEL) on hyperuricemic nephropathy (HN) based on multi-dimensional
strategy of metabolomics and integration of intestinal flora. Methods Adenine combined with ethylamine butanol intragastric
administered mice were used as research objects. Control group, model group, febuxostat group, CEL high-, medium- and low-dose
(2.0, 1.0, 0.5 mg/kg) groups were established. After 14 d of corresponding drug treatment, serum uric acid (UA), urea nitrogen (UREA)
and creatinine (CREA) levels in each group were detected. Hematoxylin-eosin staining was used to observe pathological changes in
kidney tissue. Changes in the intestinal flora of mice were detected by high throughput 16S rDNA sequencing technology. Ultra-high-
performance liquid chromatography-quadrupole time-of-flight-mass spectrometry technology was used to detect level of fecal
endogenous metabolites in mice, and principal component analysis and orthogonal partial least squares-discriminant analysis were used
to screen and identify differential metabolites. MetaAnalyst platform was used for metabolic pathway analysis, while correlation
analysis of intestinal microflora and differentiated metabolites was constructed. Results All doses of CEL can effectively reduce
serum UA levels in HN mice. Notably, high-dose of CEL can significantly reduce serum UREA and CREA levels (P < 0.01, 0.001),
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demonstrating significant renal protection and improvement in renal tissue pathological damage. A total of 45 potential biomarkers

were identified, and a total of six pathways are closely related to HN. CEL was closely associated with alterations in glutamine, linoleic

acid metabolism, glutamate metabolism, pyrimidine metabolism, histidine metabolism, pentose phosphate pathway, and arginine

biosynthesis. The microflora of each CEL dose group had a tendency to recover from that of the control group, in which Lactobacillus,

Helicobacter, Alistipes, Staphylococcus, Alloprevotella and Bacteroides had significant changes. Conclusion CEL can modify

metabolic pathways such as amino acids, energy, and lipids, and it can also regulate the structure of intestinal flora, thereby playing a

role in the treatment of HN.
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A-serum UA level; B-serum UREA level; C-serum CREA level; D-pathological changes of kidneys, arrows represent macrovacuolar degeneration of
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E 1 I UA. UREA. CREA RBALFENT (X+s,n=6)
Fig. 1 Levels of UA, UREA and CREA in serum and pathological analysis of kidney tissues (X £ s, n =6)
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A-OTUs; B, C-relative abundance of species; D-Rarefaction curves; E-Shannon index; F-Rank-abundance curves; G—I-a-diversity index; J—L-B-diversity
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El2 MERBEFEST (Xts,n=6)

Fig. 2 Abundance analysis of gut microbiota (X £ s, n =6)
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Table 1 Significantly differential metabolites

T P84 CELHG CELMG CELLG
F5 Hist (wiikY) tr/s mlz HMDB ID VIP Vs Vs vs Vs
g WO MU BUMM R

1 FET Wil 39.68 279.23 HMDB0000673 18.05 ! 0 1 1
2 IEET IKGHMER 167.63  137.05 HMDBO0000157 14.15 1 ! ! !
3 MET TR 130.82  87.05 HMDBO0000039 14.03 ! 0 1 1
4 IEEF N-ZBEEA % 146.41  154.10 HMDBO0013253 12.68 1 ! ! !
5 HET BN 177.47  251.08 HMDB0000071 10.71 0 ! ! !
6 FET BMHK 28.95 27507 HMDBO0011737 10.64 | 0 1 1
7 EET ME6 269.39  104.11 HMDB0000097  9.66 1 ! ! !
8 IEET XF LIRE 120.44 168.11 HMDBO0002182 8.82 1 ! ! !
9 IEHT W 338.99  132.08 HMDB0000064 8.78 1 ! l !
10 FBF R 8545 111.02 HMDB0000300 8.67 | 1 1 1
11 BT 21-F2 B i I 158.00 331.25 HMDB0004026 7.64 | 0 1 1
12 8T SRR 100.81  149.06 HMDBO0000764 7.40 1 ! ! !
13 BT - 38.82 182.05 HMDB0000017 6.77 1 ! ! !
14 FET HER-2 %8R 100.00 241.08 HMDB0000273 6.61 0 ! ! i
15 IEET HmgnE 191.10  112.05 HMDBO0000630 6.50 ! 0 1 1
16 EBT 170-Z K5 — 7 383.16  297.18 HMDB0001926 6.19 1 ! ! 1
17 BT B 11411  227.07 HMDB0000262 6.00 | 1 1 1
18 IEBST 4-BRM LR ER IR #h 311.35  127.05 HMDB0002024 5.42 ! 0 1 1
19 #EF £ 36.61 523.31 HMDB0000784 5.41 ! 1 1 1
20 IEET 11B-F23E 2 31147 251.18 HMDB0060339 5.04 1 ! l 1
21 IEET 5-HIFEmEnE 585.03  126.08 HMDB0002894 4.92 ! 0 1 1
22 IEET 2-BANE 177.60  275.08 HMDB0000071 4.82 1 ! l 1
23 BT KRHEER P G 10432 31525 HMDBO0061859 4.75 | 1 1 1
24 BT IR IEAZ 168.14  267.08 HMDBO0000195 4.74 | 0 1 1
25 IEET NRBER-FNAR 322,67 237.16 HMDB0014859 4.18 1 ! l 1
26 BT 6-TEHRE i HE R 84.13 257.00 HMDBO0001316 4.12 ! 1 1 1
27 EBF N-ZBE-D--F M 252.58  244.08 HMDB0000212 3.88 1 ! ! !
28 BT HIEL 209.28  151.03 HMDB0000292 3.85 1 ! ! !
29 BT DL-BER 38333  146.05 HMDB0060475 3.64 1 ! ! !
30 BT 16-FRIEAEEIR 7691 27123 HMDB0006294 339 | 1 1 1
31 BT RaER-A R 103.99  331.12 HMDB0000012 3.27 | 1 1 1
32 IEBET 5,6- & -5-F 4 pR s 15295  129.07 HMDB0000079  2.90 ! 0 1 1
33 BT AR 37207  73.03 HMDB0000237 2.87 | 1 1 1
34 IEET 3-HEEIRIER 233.85 150.08 HMDBO0011600 2.80 | 0 1 1
35 BT BRE 236.94 243.06 HMDB0000767 1.98 | 1 1 1
36 BT =RREFEE IR 201.38 38534 HMDBO0001457 1.98 ! 0 1 1
37 EET W 210.11  124.04 HMDB0001488 1.94 | 0 1 1
38 IEET JRTIR 32046  164.13 HMDB0000301 1.56 1 ! ! !
39 IEBST ME=RE 346.08  253.16 HMDB0000153 1.53 1 ! ! !
40 BT D2-EIE TR 383.32  102.06 HMDB0000452 1.23 | 1 1 1
41 IEET 2-FE A 400.23  269.15 HMDB0000343 120 1 ! ! 1
42 IEET Ne-FH2EIR0ERS 120.65 150.10 HMDB0002099 1.17 ! 0 1 1
43 BT 5Ib-3- P A R 353.60 202.07 HMDB0060484 1.12 0 ! l !
44 EET 6-HEIF I BMM-2GH)-1 3937  166.05 HMDB0036582 1.11 1 ! l !
45 IEET |-HEEE-SN-Hl-3-BEEEL  176.50  506.36  HMDB0010384  1.11 1 ! ! !

“17 R L, L7 R T

“1” indicates up-regulation, “|” indicates down-regulation.
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