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CLP ARJAIESES d EEVE S 25 sl S 1 AR PR R K, 58 5 R 2 SR AEA /N R SRR LTS AN AE AL 2o a8 T2 A ) s e
i o PR 2 % (blood urea nitrogen, BUN) FIALET Cereatinine, CRED ¥R, UL K 28 e H Ik (glutathione, GSH) it o AL S (catalase,
CAT) ST BE 71 (total antioxidant capacity, T-AOC) FITA % (malondialdehyde, MDA)7K-F . HE e (a1t 15 Ik 2H 205 2 2~
AR, WO 3L R BB W 5% — & 25E (dihydroethidium, DHE) %4 €2 [ 15 2H 23 1% 14 4 (reactive oxygen species, ROS) 7K *F-
ELISA F1 RT-qPCR ;30 11 7 1B I 25 23 i 98 SR BE A1~ (tumor necrosis factor, TNF)-a« A1 2 (interleukin, IL)-1BH11L-6 f7K
*F. Western blot #&ll NLR ZX Ji% Pyrin 38,5 [ 3(NLR family pyrin domain containing protein 3, NLRP3) % i /IMA A% Al -F--k B (nu-
clear factor kappa-B, NF-«kB) {5 5 il % 85 [ ik . th4h, HIE 2 B Uipopolysaccharide, LPS)/i 1 =1 2 (adenosinetriphosphate;,
ATP) 355 N /N E 28 i (human kidney-2, HK-2) @ 2 AR SRR BRAERLAY , 73 9 NC 20 L LPS/ATP 25 . LPS/ATP+MON £ NL-
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AURHEEA B EE . 5 CLP AL, CLP+MON 2H TNF-o IL-1 B IL-6 /K °F- 5 25 P&, GSHL CAT AT T-AOC /K F- T, MDA
FIROS & &2 % N . Western blot 45 R 7R, 5 CLP 204 k., CLP+MON 4 NLRP3. Caspase- 1+ Cleaved-caspase-1 1 p-NF-«B
P65 5 HRIE T T B, # A 1« B #1525 A « (ihibitor of nuclear factor kappa-B, IkBa) I B 14, b4, 5 LPS/ATP+MON
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T B /N S-AKT R T R R .
[RBRIR] /K& 220 s MRERAEAH ¢ U B H2473 : NLRP3 i /MA; NF-kB
[HESES] R692;R285.5 [XEIRESRS] A [XEHS] 1007-4368(2025)01-1-12
doi: 10.7655/NYDXBNSN240608

Monotropein improves sepsis - associated acute kidney injury and dysfunction by
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[Abstract] Objective: To investigate the effect of monotropein (MON) on sepsis-associated acute kidney injury (S-AKID) induced by
cecum ligation and puncture (CLP) in mice and the underlying mechanisms. Methods: A total of 90 BALB/c mice were randomly
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divided into a negative control (NC) group, a Sham group, a CLP group, a CLP+MON group, a Sham+MON group, and a CLP+
dexamethasone (DEX) group. Drug or equivalent saline was injected intraperitoneally once daily for consecutive five days after CLP.
After all mice were euthanized on day 5, serum and kidney tissues were collected for subsequent experiments. Blood urea nitrogen
(BUN) and creatinine (CRE) concentrations in the serum were detected by biochemical kits, as well as renal oxidative stress related
indicators, such as glutathione (GSH) , catalase (CAT) , total antioxidant capacity (T-AOC) and malondialdehyde (MDA) levels. The
pathological changes of renal tissues were observed by the H&E staining, and the levels of reactive oxygen species (ROS) in renal
tissues stained with dihydroethidium (DHE) were observed by laser confocal microscopy. The levels of tumor necrosis factor- o (TNF -
o), interleukin (IL) -1 and IL-6 in the serum and kidney tissues were detected by ELISA and RT-qPCR. Western blot was used to
detect the protein expression levels of NLR family pyrin domain containing protein 3(NLRP3) inflammasome and nuclear factor kappa-
B (NF-kB) signaling pathway. In addition, lipopolysaccharide (LPS)/adenosine triphosphate (ATP) was used to induce HK-2 cells to
establish an in vitro sepsis model. Cell experiments were divided into a NC group, a LPS/ATP group, a LPS/ATP+MON group, a
NLRP3% + LPS/ATP+MON group and a IKKB” + LPS/ATP+MON group. CCK-8 was used to detect the cell viability, and ELISA was
used to detect the secretion of inflammatory cytokines in HK-2 cells. Results: Compared with the CLP group, the survival rate of mice
in the CLP+MON group was significantly increased, the appearance of renal tissues was restored from black to bright red, the serum
BUN and CRE levels were significantly decreased, and the abnormal pathological changes of renal tissues with increased inflammatory
cells were significantly improved. Compared with the CLP group, the levels of TNF-o, IL- 13, and IL-6 were significantly decreased,
GSH, CAT, and T-AOC levels were increased, and MDA and ROS levels were significantly decreased in the MON treatment group.
Western blot results showed that compared with the CLP group, the expression levels of NLRP3, Caspase-1, Cleaved-Caspase-1, and
p-NF-kB P65 protein in the CLP+MON group decreased significantly, but the expression levels of ihibitor of nuclear factor kappa-B a
(IkBa) increased significantly. In addition, NLRP3%+LPS/ATP+MON group and IKKB*+LPS/ATP+MON group activated NLRP3
inflammasome and NF-«kB pathway, and reversed the inhibitory effect of MON on inflammatory cytokines in the LPS/ATP-stimulated
HK-2 cells, compared with the LPS/ATP+MON group. Conclusion: MON reduces the release of inflammatory factors by inhibiting the
NF-kB/NLRP3 inflammasome pathway to improve mouse S-AKI and dysfunction.
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(Sigma-Aldrich A 7], £ [H) ; & £ W& (dihydroethid-
ium, DHED \ RIPA - 2 3 I 410 1) 771 B 1 g 400
i 75 - BCA 2 17 % B Il € 157 & « DAPT 4t € Al
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A: Chemical structure formula of Monotropein. B: Experimental procedure.
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Figure 1 Chemical structure formula of MON and experimental design flow chart
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Sham CLP

.......................
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A:The survival curve of mice in each group. B: Pictures of fresh kidneys of mice in each group. P < 0.01 and ™"P < 0.001(n=15).
El2 MON X} S-AKI/NRAFER K B AESN LB FE
Figure 2 Effects of MON on the survival rate and kidney appearance in the S-AKI mice
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A, B:Levels of BUN and CRE in the serum in each group of mice. C: HE staining images of mice kidney tissues(X100). Scale bar=100 um. Black box-

es indicated severe inflammatory cell infiltration and blue boxes indicated moderate inflammatory cell infiltration. D : The renal tissue pathological dam-

age score. Compared with the sham group, P < 0.001; compared with the CLP group,*P < 0.05,"P < 0.01, and **P < 0.001(n=6).
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Figure 3 Effects of MON on the kidney dysfunction and histopathological injury in the S-AKI mice
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Figure 4 Effects of MON on kidney oxidative stress related indicators in the S-AKI mice
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A: ROS levels in the kidney tissues were measured by the DHE staining, where the red fluorescence signal indicates ROS accumulation. Scale

bar = 100 wm. B: The mean fluorescence intensity of ROS was quantified using Image J software. Compared with the sham group,

pared with the CLP group, P < 0.001(n=3).
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Figure 5 Effect of MON on the kidney ROS levels in the S-AKI mice
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A-C: The mRNA expression levels of TNF-a(A), IL-18 (B) and IL-6(C) in the kidney tissues were measured by RT-qPCR. D-F: ELISA was

used to measure the secretion levels of TNF-a(D), IL-18(E) and IL-6(F) in the serum of mice. Compared with the sham group, "

with the CLP group, P < 0.05,"P < 0.01, and "P < 0.001 (n=6).
6 MON X S-AKI /)R B4R LRFN M F AP IR &

“P <0.001; compared

RUAREE FRRAAY R0

Figure 6 Effects of MON on the release of pro-inflammatory cytokines in kidney tissues and the serum of the S-AKI mice
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A: Western blot was used to detect the protein expressions of NLRP3, Caspase-1, and Cleaved-Caspase-1 in the kidney. B=D: Quantification of NL-

RP3(B), Caspase-1(C), and Cleaved-Caspase-1(D) protein expression levels. E: Western blot was used to detect the protein expression levels of p-NF-
kB P65 and IkBa in the kidney. F, G: Quantification of p-NF-kB P65(F) and IkBa(G) protein expression. Compared with the sham group, ‘P < 0.05,
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Figure7 Effects of MON on NLRP3 inflammasome activation and NF-«B signaling pathway in the kidney of the S-AKI mice
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A: CCK-8 assay was used to determine the safe concentration of MON in HK-2 cells. B: Western blot was used to detect the expression levels of

NLRP3 protein in HK-2 cells transfected with pCMV-NLRP3 (human)-3XFLAG-Neo plasmid(n=3). C: Western blot was used to detect the expression

levels of IKKB protein in HK-2 cells transfected with pCMV-Myc-Ikbkb (human) plasmid (n=3). D-F: ELISA was used to measure the secretion levels
of TNF-a(D), IL-1B(E) and IL-6(F) in HK-2 cells of the NC, LPS/ATP, LPS/ATP+MON, NLRP3"+LPS/ATP+MON, and IKKB"*+LPS/ATP+MON
groups (n=6). Compared with the NC group, ‘P < 0.05, "P < 0.01, and ""P < 0.001; compared with the LPS/ATP group, “*P < 0.001; compared with the

LPS/ATP+MON group, “P < 0.05 and ““P < 0.01.
=8

MON % LPS/ATP #35 #9 HK-2 £0 Bt b 2 AE 2R B T 43 b B 2201

Figure 8 Effects of MON on the secretion of inflammatory cytokines in the LPS/ATP-stimulated HK-2 cells
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