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Gout, a chronic inflammatory arthritic disease, is characterized by hyperuricemia. Gout can be induced
by an inflammatory response to monosodium urate (MSU) crystals mediated by pro-inflammatory
cytokine release following activation of the NOD-like receptor protein 3 (NLRP3) inflammasome.
Many sulfur-containing phytochemical compounds in garlic (4llium sativum L.) are considered active
ingredients because of their potential pharmacological benefits for various diseases, but their efficacy
in NLRP3 inflammasome activation-mediated gout has not been demonstrated. In this study, we inves-
tigated whether diallyl disulfide (DADS) and diallyl trisulfide (DATS), representative garlic-derived
sulfur compounds, have an inhibitory effect on MSU-induced NLRP3 inflammasome activation. Our
results showed that under non-cytotoxic conditions, DADS and DATS significantly blocked nitric
oxide production and interleukin (IL)-1B release in response to MSU in lipopolysaccharide (LPS)-
primed RAW 264.7 macrophages. DADS and DATS also attenuated enhanced expression of NLRP3
and its adapter protein, apoptosis-associated speck-like protein, which was associated with down-
regulation of and caspase-1 p20 and IL-1f expression, suggesting that MSU-induced LRP3 in-
flammasome activation was counteracted by DADS and DATS. Furthermore, DADS and DATS
blocked oxidative stress, an upstream event for NLRP3 inflammasome activation, as evidenced by
the fact that they scavenged reactive oxygen species (ROS) production. Taken together, our findings
demonstrate that DADS and DATS suppressed NLRP3 inflammasome activation by inhibiting the
ROS/NLRP3 pathway and that they have potential as treatments for NLRP3-dependent gouty arthritis.
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Fig. 1. Effects of DADS, DATS, LPS and MSU treatment alone or their combination on cell viability of RAW 264.7 macrophages.
(A-D) RAW 264.7 cells were treated with different concentrations of DADS, DATS and MSU alone for 24 hr (A-C),
or pretreated with or without LPS (0.25 or 0.5 pg/ml) for 2 hr before 500 pg/ml MSU stimulation for 24 hr (D). (E
and F) RAW 264.7 cells pretreated or not with DASA and DATS (20 pM) for 1 hr were treated with LPS (0.5 pg/ml)
for 2 hr and further treated with MSU (500 pg/ml) for 24 hr. Cell viability was analyzed using the MTT assay. Each
value indicates the mean+ SD of three independent experiments (*p<0.05 compared to control).
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Fig. 2. Inhibitory effects of DADS and DATS on MSU-induced production of NO and IL-1f in LPS-primed RAW 264.7
macrophages. RAW 264.7 cells were treated with LPS (0.5 pg/ml) for 2 hr and further stimulated with MSU (500
ug/ml) for 24 hr. DASA and DATS (20 uM) was used to treat cells for 1 hr before LPS treatment in RAW 264.7
cells. (A and D) The level of NO production was investigated using Griess reagent. (C and D) IL-1P secretion was
calculated using an ELISA kit. Data are the mean = SD from three independent experiments (~ p<0.001 compared to
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Fig. 3. Inhibitory effects of DADS and DATS on MSU-induced
activation of XO in LPS-primed RAW 264.7 macro-
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Fig. 4. Inhibitory effects of DADS and DATS on MSU-induced
NLRP3 inflammasome activation in LPS-primed RAW
264.7 macrophages. RAW 264.7 cells were treated with
LPS (0.5 pg/ml) for 2 hr and further stimulated with
MSU (500 pg/ml) for 24 hr. DASA and DATS (20
uM) was used to treat cells for 1 hr before LPS treat-
ment in RAW 264.7 cells. (A) After treatment, repre-
sentative images of NLRP3 (green) and ASC immuno-
fluorescence (red) observed under a fluorescence mi-
croscope are shown. The location of the nucleus was
indicated by counterstaining with DAPI (blue). (B)
After extracting cell lysate of each treatment group,
expression levels of IL-1B and cleaved caspase-1 (p20)
proteins were investigated through immunoblotting.
Actin was used as a loading control.
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Fig. 5. Inhibitory effects of DADS and DATS on MSU-induced
ROS generation in LPS-primed RAW 264.7 macro-
phages. RAW 264.7 cells were treated with LPS (0.5
pg/ml) for 2 hr and further stimulated with MSU (500
pg/ml) for 2 hr. DASA and DATS (20 pM) was used
to treat cells for 1 hr before LPS treatment in RAW
264.7 cells. ROS generation was detected using a DCF-
DA probe and quantified by flow cytometry. (A) Num-
bers indicate the percentage of DCF-positive cells in
the gate. (B) Densitometric analysis was used to quanti-
fy the levels of ROS. The results represent the mean
+ SD for three experiments (***p<0.001 compared to
control; **p<0.001 compared to LPS + MSU).
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