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Arjunic acid alleviates inflammation via modulating ROS/Keap1/
Nrf2, MAPK and mTOR pathways in LPS-stimulated macrophages

QIN Qiu-yi', LI Lin', WANG Yi-hai'?, XU Jing-wen"*", HE Xiang-jiu"*
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Abstract: Arjunic acid (AR), a main bioactive triterpenoid isolated from acorns, has been reported to exert
pronounced anti-inflammatory activities. However, its anti-inflammatory mechanisms have not been elucidated. In
this study, the model of lipopolysaccharide (LPS)-induced inflammation in RAW264.7 cells were established to
investigate the anti-inflammatory activity of AR. The potent targets and signaling pathway of AR for the treatment
of inflammation-related disease were predicted based on network pharmacology. Furthermore, the expression of
pro-inflammatory cytokines and mediators was determined by Griess assay, enzyme-linked immunosorbent assay
(ELISA), qRT-PCR, and Western blot. The protein expression of NF-xB, MAPK, Nrf2/HO-1, PI3K/Akt/mTOR,
and autophagy signaling pathways were gauged by Western blot. As the result, in the inflammatory model of LPS-
induced RAW264.7 cells, AR could significantly inhibit the expression of pro-inflammatory cytokines and
mediators, suppress the phosphorylation and translocation of NF-xB, and downregulate the phosphorylation of
JNK/ERK signaling pathways. AR also inhibited ROS production and activated the Nrf2/HO-1 signaling pathway
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by degrading Keapl. Furthermore, AR activated autophagic flux by inhibiting the PI3K/Akt/mTOR signaling

pathway. Collectively, AR was a potential natural product for the treatment of inflammation-related diseases.
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Figure 1 Effect of AR on viability in LPS-induced RAW264.7.
A: Chemical structure of AR; B: Cells were treated with series
concentrations of AR (0-80 pmol-L™") and 1 pg-mL"' LPS for 24 h.
The cell viability was measured by MTT. n = 3, x + 5. AR: Arjunic
acid; LPS: Lipopolysaccharide
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Figure 2 AR decreased the pro-inflammatory mediator production in LPS-triggered RAW264.7. Cells were treated with indicated
concentrations of AR and 1 ug-mL™ LPS for 24 h (A, E) or 12 h (B-D, F-1I), respectively. The media were collected, and the concentrations
of NO (A) and IL-1§ (B) were measured by Griess reagent or ELISA kit. The mRNA level of /L-1f (C), IL-6 (D), TNF-a (E), iNOS (F), and
COX-2 (G) were analyzed by qRT-PCR; H: The effect of AR on LPS-stimulated iNOS and COX-2 protein expression was determined by

Western blot assay; I: The expression of iNOS and COX-2 proteins were quantified by densitometry. n = 3, x £ s. P < 0.01 vs control

group; P < 0.05, "P < 0.01 vs LPS group. IL-14: Interleukin-14; IL-6: Interleukin-6; TNF-¢: Tumor necrosis factor-a; iNOS: Inducible

nitric oxide synthase; COX-2: Cyclooxygenase-2; Indo: Indomethacin
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Figure 7 The effect of AR on autophagy in LPS-induced RAW264.7 cells. A: RAW264.7 cells were treated with indicated concentrations
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were determined by Western blot; C, D: The mRNA levels of IL-6 and IL-1§ were determined by qRT-PCR. n = 3, x + 5. "P < 0.05, "P <

0.01 vs control group; P < 0.05,
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Figure 8 AR promoted autophagy in LPS-treated RAW264.7 cells by the PI3K/Akt/mTOR pathway. A: RAW264.7 cells were treated with
indicated concentrations of AR and 1 pg-mL" LPS for 12 h, and the protein levels were analyzed by Western blot; B—-D: RAW264.7 cells

were pretreated with MHY 1485 (10 umol-L™) for 2 h and co-incubated with AR (40 umol-L™") and 1 pug-mL™" LPS for an additional 12 h.
The protein expression levels were determined by Western blot (B). The mRNA levels of /L-6 (C), IL-1f (D) were determined by qRT-PCR.
n=3,x+s "P<0.05%P<0.01 vs control group; P < 0.05, "P < 0.01 vs LPS group; **P < 0.01. mTOR: Mechanistic target of rapamycin
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