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Abstract 

Background: Myricetin has been demonstrated to inhibit inflammation in a variety of diseases, but little 

is known about its characters in acute lung injury (ALI). In this study, we aimed to investigate the 

protective effects of myricetin on inflammation in lipopolysaccharide (LPS)-stimulated RAW 264.7 

cells and a LPS-induced lung injury model. 

Methods: Specifically, we investigated its effects on lung edema and histological damage by lung W/D 

weight ratio, HE staining and Evans Blue dye. Then macrophage activation was detected by evaluating 

the TNF-α, IL-6 and IL-1β mRNA and protein iNOS and COX-2. Myricetin was used to detect the 

impact on the inflammatory responses in LPS-induced RAW264.7 cells with the same manners in 

mouse model. Finally, NF-κB and MAPK signaling pathways were investigated with Western blot 

assay in LPS-induced RAW264.7 cells.  

Results: Myricetin significantly inhibited the production of the pro-inflammatory cytokines in vitro and 

in vivo. The in vivo experiments showed that pretreatment with Myricetin markedly attenuated the 

development of pulmonary edema, histological severities and macrophage activation in mice with ALI. 

The underlying mechanisms were further demonstrated in vitro that myricetin exerted an 

anti-inflammatory effect through suppressing the NF-κB p65 and AKT activation in NF-κB pathway 

and JNK, p-ERK and p38 in mitogen-activated protein kinases signaling pathway.  

Conclusion: Myricetin alleviated ALI by inhibiting macrophage activation, and inhibited inflammation 

in vitro and in vivo. It may be a potential therapeutic candidate for the prevention of inflammatory 

diseases. 
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Introduction 

Acute lung injury (ALI) is defined as an intense and severe inflammatory process in lung, which leads 

to a considerably high morbidity and mortality in critical patients (Jeyaseelan et al., 2004). ALI is 

usually considered to be induced by direct causes (e.g. aspiration pneumonia and inhalation injury) and 

indirect ones (e.g. sepsis, pancreatitis, and blood transfusion) that are related to inflammatory processes 

including neutrophil accumulation into the alveoli, pulmonary interstitial edema,  alveolar epithelium 

injury, as well as increase of micro-vascular endothelial permeability (Jeyaseelan et al., 2004; Wu et al., 

2016). 

 

Pulmonary exposure of lipopolysaccharide (LPS) which is known as endotoxin, is a composition 

derived from the outer membranes of Gram-negative bacteria, has been reported to trigger 

macrophages activation and inflammatory cells leakage, especially neutrophils (Idell, 2003; Jeyaseelan 

et al., 2004). Previous studies demonstrated that LPS activated inflammatory signaling pathway nuclear 

factor-kappa B (NF-κB) and mitogen-activated protein kinase (MAPK) (Hayden and Ghosh, 2008; 

Schuliga, 2015). Accumulating evidence supports that the activation of the above two signaling 

pathway in lung tissue is up-regulated in mice processed LPS-induced ALI (Lv et al., 2017; Wu et al., 

2016), while inhibitors of these signaling pathway not only suppressed the influx of neutrophils but 

also alleviated lung edema (Everhart et al., 2006; Lin et al., 2015; Santos et al., 2018). 

 

Myricetin (3,3′,4′,5,5′,7-hexahydroxyflavone) is an abundant flavonoid compound extracted from 

natural ingredients such as berries, herbs and vegetables (Salvamani et al., 2014). It contributes to the 

prevention and/or delay of various pathological processes including cancer, neurodegenerative diseases, 

and inflammatory disorders (Choi et al., 2017; Domitrovic et al., 2015). However, little is concerned 

about its preventive response on LPS-induced lung injury. In the present study, we investigated the 

anti-inflammatory influences of myricetin in RAW 264.7 macrophages and the protective activity in 

LPS-induced acute lung injury mouse model. The purpose of this research was to estimate the 

prophylaxis function of myrecitin on LPS-induced lung injury in vitro and in vivo, and elucidate the 

underlying mechanism. 

 

Materials and methods 
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Reagent 

Myricetin with a purity of 99% was purchased from PufeiDe Bio-Technology (Chengdu, China). 

Primary antibodies (ERK1/2, p-ERK1/2, AKT, p-AKT, P38, p-P38, JNK1/2, p-JNK1/2, NF-κB-p65, 

and NF-κB-p-p65) were procued from Cell Signaling Technology (Boston, USA). Primary antibodies 

COX-2 and iNOS were obtained from Abcam (Cambridge, UK), Primary antibody β-actin and 

HRP-conjugated anti-mouse or anti-rabbit secondary antibodies were acquired from Bosterbio (USA)  

 

Animals  

BALB/C mice in both gender (8–10 weeks of age, 25–30 g weight) were purchased from the 

Experimental Animals Center of Norman Bethune Medical College of Jilin University (Changchun, 

PRC). The mice were separated by sex gender and maintained under a same pathogen-free condition 

for 1 week before the start of experiment. Animals were maintained at 22-24 °C with an artificial 

12h/12h day/night cycle. All the animals was provided with adequate food and drink. 

 

Animal treatment  

One hundred and twenty BALB/C mice were distributed into five treatment groups: (i) sham group 

(n=24), treated with 20μL PBS; (ii) LPS group, subject to LPS (50 μg) dissolved in 20μL PBS via 

intranasal administration to induce ALI; (iii) LPS+Myr groups (n=24 per group), subject to LPS and 

2.5, 5and 10 mg/kg myricetin, respectively. Myricetin was injected intraperitoneally as a pretreatment 

for 1h. Mice of the sham and LPS groups took in an equivalent of vehicle instead. 12hrs after LPS 

treatment, the mice were euthanized by Pentobarbital Sodium injection (1%). The animal treatment was 

conducted within the prescribed limits of Animal Welfare Committee of Jilin University (File No. 

2015047).  

 

Lung wet-dry weight (W/D) ratio 

About 12 hrs after intranasal LPS instillment, lung tissues from 4 mice per group not subjected to 

BALF (Bronchoalveolar Lavage Fluid) were excised. The surface liquid of lung  section was drained 

with clean filter paper carefully and then record as the wet weight.  Stored them in a thermostatic drier 

at constant 80°C for 48 hrs then the dry weight were obtained. The W/D ratio was calculated to 

evaluate the moisture content of lung tissue. 
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MPO activity measurement 

MPO activity was measured to monitor the parenchymal infiltration of macrophages and neutrophils. 

In this study MPO activity was assayed with a commercial test kit (Jiancheng bioengineering institute, 

A044, Nanjing, PRC). Briefly, mice were killed 12 hrs after LPS treatment by diethyl ether deep 

anesthesia. Lung tissues were collected and weighted and then homogenized with reagent in the test kit 

followed by centrifuged according to the specification. The supernatant of cell-free extracts were 

collected afterwards and stored in -20°C before usage. Terminate the reaction and measure the 

absobance at 450 nm in a microplate reader.  

 

HE staining 

Histopathologic evaluation was processed to the mice that not undergo the collection of BALF. The 

collected lung tissue was soaked in 10% neutral buffered formalin for 24hrs to immobilize the structure 

at first, embedded in paraffin subsequently , sliced at the thickness of 5μm and ultimately stained with 

hematoxylin and eosin (H&E).  

 

Lung barrier permeability 

The mice were injected with 2% EBD (100 mg/kg, Sigma-Aldrich) via the tail vein 30 min before 

euthanization. After euthanization, the lung tissues were removed en bloc and homogenized, and the 

homogenate was incubated at 37 °C for 24 hrs. Then blue dye was performed at 620 nm by using a 

microplate reader. 

 

Cell culture and treatment  

RAW264.7 mouse macrophage were acquired from the China Cell Line Bank (Beijing, PRC) .Cells 

were resuscitated and cultured in DMEM complete medium containing 10% fetal bovine serum (Gibco, 

USA) at 37°C in thermostatic incubator with 5% CO2. After revive from cryopreservation and 

continuous cell culture, cells in logarithmic growth phase were placed in 6-well plate and cultured 

overnight. After that change the medium to serum-free medium hence the cells were starved for 4hrs. 

Then the cells were pretreated with different gradient concentrations (12.5μM,25μM,50μM and 100μM) 

of myricetin about 1 hr, afterwards incubating with LPS (1μg/mL) for 12 hrs. Subsequently, the 
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serum-free solution was extracted and centrifuged at 10000g maintained 4°C for 15min to collect the 

supernatant. TNF-α, IL-6 and IL-1β secreted extracellular were measured using BioLegend ELISA kit 

(San Diego, USA), follow the producer’s specification. 

 

MTT assay for cell viability 

RAW 264.7 cell suspension were purfuse into 96-well plates containing 100 μL of DMEM at a density 

of 5×105 cells/mL. The mixture was incubated in an thermostatic chamber at 37°C in 5% CO2 for 1 hr. 

Then the cells were preprocessed with 50 mL of myricetin (12.5–100μM), 1 hr later, the stimulation 

with 50 mL LPS solution(1 mg/mL) was added to each well. After18 hrs, 20μL MTT (5 mg/mL) was 

added per well, and undergo further incubation for another 4 hrs. The supernatant was discarded and 

then DMSO wre added 150 μL/well to lyse the colored crystal. Optical density of the solution was 

detected at 570 nm absorbance on a microplate reader. 

 

Quantitative Real-Time PCR 

The qRT-PCR was carried out according to our previous description (Lv et al., 2016). Briefly, total 

RNA of the RAW264.7 cells was extracted with Tri-reagant (sigma-aldrich, USA) follow the 

manufacturer’s instructions, and the cDNA was generated though a commercial RT-PCR Kit 

(GeneCopoeia, Maryland, USA), and then analyzed with Takara SYBR Green RT-PCR Kit (Takara , 

Kyoto, Japan), and every sample was repeated triple times. Sequence of primers is displayed in Table 1. 

β-actin served as the internal standard.  

 

Statistics  

The results are displayed as mean ± standard deviation (SD). Data were analyzed with statistical 

software SPSS 19.0 (SPSS Inc, USA). The dissimilarity among groups were analyzed by one-way 

analysis of variance (ANOVA). All bar charts were accomplished with GraphPad Prism (v7; GraphPad 

Software, USA). P<0.05 was regarded as statistically significant.  

 

Results 

Myricetin reduced lung histopathological changes induced by LPS 

As shown in Fig.1, the structure of lung parenchyma was almost intact in the sham group. The structure 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted April 11, 2018. ; https://doi.org/10.1101/299420doi: bioRxiv preprint 

https://doi.org/10.1101/299420


7 

 

in LPS group displayed evident pathologic lesions, principally alveolar wall incrassation and alveolar 

disarrangement. In the LPS+Myr groups, histopathologic damage were obviously alleviate by 

myricetin of all concentration(Fig. 1). 

 

Myricetin alleviated LPS-induced lung barrier dysfunction 

LPS-induced ALI was manifested as pulmonary edema caused by lung barrier dysfunction due to the 

change of pulmonary vascular permeability principally. Such process usually accompanied by 

inflammatory cell infiltration in alveoli. In this study, we assessed lung barrier dysfunction by Evans 

blue dye and pulmonary edema though measuring lung W/D ratio, respectively. LPS induced lung 

vascular leakage and myricetin inhibited LPS-induced increase of permeability as evaluated by 

measure Evans blue extravasation into the lung tissue (Fig. 2A and 2B). Lung W/D weight ratio was 

remarkably up-regulated since LPS administration and pre-treatment with myricetin decreased the ratio 

(Fig. 2.C). MPO activity in lung parenchyma showed significant increase following LPS dispose in 

comparison with those of the sham group. Meanwhile, myricetin pretreatment with different 

concentration(1, 2 or 4 mg/kg) could efficaciously decrease the MPO activity of myricetin treateded 

mice compared with the LPS group (P<0.01, Fig. 2D). Therefore, myricetin inhibited the activiation of 

inflammatory cells. 

 

Myrecitn decreased the production of inflammation cytokines in BALF and lung tissues 

Treatment of LPS induced significant elevation of TNF-α, IL-6 and IL-1β in BALF in comparison with 

those in control group, while myricetin pre-treatment could induce significant decrease of these factors 

(Fig. 3A-3C). Expression of TNF-α, IL-6 and IL-1β mRNA by qRT-PCR indicated that myricetin could 

down-regulate the mRNA expression in comparison with those of the LPS group (Fig. 3D-3F).  

 

Effect of myricetin on cell viability and myricetin restrained the inflammatory response in RAW264.7 

cells induced by LPS 

MTT assay was proceeded to estimate cytotoxicity of myricetin with several concentrations 

(12.5mM-100mM). Myricetin showed no cytotoxicity against RAW264.7 under a concentration of 

25mM (Fig. 4A). On this basis, 12.5mM and 25mM were selected for the in vitro experiments. The 

effects of myricetin on the expression of iNOS, COX-2, TNF-α, IL-1β, and IL-6 in genetic level were 
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detected by qRT-PCR. Real-time PCR indicated that myricetin reduced the mRNA expression of 

pro-inflammatory factors TNF-α, IL-6, IL-1β, COX-2 and iNOS induced by LPS(Fig. 4B-4F). Western 

blot indicated that myricetin significantly reduced the expression of COX-2 and iNOS in both high and 

low concentration in protein level (Fig. 4G-4I). Furthermore, ELISA result demonstrated that myricetin 

reduced the generation of TNF-α and IL-6 in LPS-induced RAW264.7 cells (Fig. 5A-5B). 

   

Myricetin modulated the phosphorylation of the p38/MAPKs and p65/AKT signaling pathways in 

LPS-induced RAW264.7 cells 

Phosphorylation of critical factors in these signalling pathways could activate pro-inflammatory 

reaction in LPS-induced RAW264.7 cells. Inhibition of these factor could suppress the process. In this 

study, myricetin remarkably associated with phosphorylation of signaling molecule p38, ERK and JNK 

(Fig. 6) of MAPK signaling in LPS-induced cells . Some key factors in signaling pathway AKT were 

measured, which indicated that myricetin also explicitly related to the phosphorylation of p65 and AKT 

(Fig. 7). 

 

Discussion 

ALI is an intense respiratory failure syndrome characterized by uncontrolled inflammatory responses 

generally induced by various pro-inflammatory cytokines which results in pulmonary edema and 

damaged alveolar structure (Lv et al., 2017; Xie et al., 2014). LPS is widely used to induce acute 

inflammation in animal models for the preclinical evaluation of anti-inflammatory drug candidates 

(Ortiz-Diaz et al., 2013; Shu et al., 2014; Wu et al., 2016). Intranasal injection of LPS is a classical 

method to establish mouse models of ALI (Zhang et al., 2011), and the symptoms appears in mice with 

ALI were quite similar to those of human (Proudfoot et al., 2011). Since ALI is a severe clinical 

syndrome with high mortality and no effective drug is available yet, the prevention of ALI is a vital 

therapeutic goal (Rubenfeld and Herridge, 2007). In this paper, we measured the anti-inflammation 

effects of myricetin in in vitro and in vivo. 

 

Myricetin is a natural flavonol commonly contained in vegetables, fruits, tea and red wine that have 

been reported to participate in diverse biological effects with various mechanisms (Kang et al., 2010). 
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The estimated intake of myricetin was 0.98 mg/day for female and 1.1 mg/day for male, respectively 

(Lin et al., 2006). Recent studies revealed that myricetin inhibited cyclooxygenase (COX-2) expression 

and prostaglandin E2 by suppressing NF-κB transcription activation (Lee et al., 2007). In addition, 

myricetin could also inhibit the nuclear translocation of p65, degradation of IκBα, and cellular 

apoptosis in LPS-induced cardiac injury (Zhang et al., 2017). Meanwhile, several studies confirmed 

that NF-κB and MAPKs could mediate inflammatory responses in lung (Santos et al., 2018; Wu et al., 

2016). On this basis, we think it was a possible candidate for treating ALI.  

 

Accumulated experiments proved that over-activated inflammatory cells in alveoli mediated the 

damages of epithelium and vascular endothelium which resulted in barrier dysfunction and the increase 

in vascular permeability as well as pulmonary edema finally (Bhattacharya and Matthay, 2013; Kim et 

al., 2017). The lung epithelium barrier integrity of the mice was tested according to the Evans blue dye 

extravasation assay to reveal the alveolar epithelial completeness. Our data showed that lung W/D 

weight ratio was assessed as an index of pulmonary parenchyma edema and an indicator of vascular 

leakage. Myricetin reduced the W/D weight ratio and the accumulation of Evans blue dye in 

LPS-induce lung injury mice which indicated that myricetin alleviated the vascular and epithelium 

damage caused by LPS. An imbalance of inflammatory cytokines principally TNF-α,IL-6, IL-1β, iNOS 

and COX-2 was observed in BALF in LPS-induced lung injury mouse. MPO, the primary marker of 

neutrophils infiltration in tissues, was also inhibited by myricetin. Pro-inflammatory cytokines initiate 

an inflammatory cascade and promote the migration of neutrophils into the alveoli. In this present study, 

myricetin obviously decreased the production of these cytokines both in vitro and in vivo (Domitrovic 

et al., 2015; Jung et al., 2017; Jung et al., 2008; Walker et al., 2000).  

 

Macrophage activation induced by endotoxin triggers overproduction of inflammatory cytokines (e.g. 

IL-6 and TNF-α) that are closely related to the pathogenesis of ALI (Lee et al., 2016). Hence, 

RAW264.7 macrophage cell line was cultured to imitate the inflammation in alveoli (Chowdhury et al., 

2017). ELISA result demonstrated that LPS markedly up-regulated the levels of TNF-α and IL-6 in the 

culture medium. No significant differences were observed in IL-1β level in the supernatant of the cell 

culture. Real-time PCR indicated that myricetin dramatically inhibited LPS-induced inflammation by 

reducing the production of COX-2, iNOS, TNF-α, IL-6 and IL-1β in genetic level. Nevertheless, the 
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underlying mechanism of myricetin suppressed inflammation is still unknown. NF-κB is considered the 

representative proinflammatory signaling factor based on its character in the expression of genes 

including cytokines, chemokines, and adhesion molecules (Lawrence, 2009). NF-κB is activated by 

Toll-like receptors (TLRs) during bacterial and/or viral infection (Hayden and Ghosh, 2008; Sohn et al., 

2005). The inhibition of NF-κB/AKT and p38/MAPK signaling could suppress the expression of 

pro-inflammatory mediators. Hence, to lucubrate possible mechanism of myricetin inhibited 

inflammatory response induced by LPS in RAW264.7, further measurement of  the protein level of 

NF-κB/AKT and p38/MAPK signaling pathways were performed. The data showed the protective 

effects of myricetin were associated with inhibition of both NF-κB/AKT and p38/MAPK signaling 

pathways. 

 

Conclusions 

In summary, myricetin offers a protective role against LPS-induced ALI. High dose of myricetin 

markedly ameliorated pulmonary edema and inflammation caused by LPS intranasal instillation in 

mouse model. In future, we will create a new model with primary cells to provide more solid evidence 

about the ant inflammatory effect of myricetin. 

 

List of abbreviations 

 

ALI: Acute lung injury; LPS: lipopolysaccharide; NF-Κb: nuclear factor-kappa B; MAPK: 

mitogen-activated protein kinase; COX-2: cyclooxygenase; TLRs: Toll-like receptors; H&E: 
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Acknowledgments 

This work was supported by National Natural Science Foundation of China (81672297). 

Conflict of interest 

No competing interests declared.  

Authors' contributions 

HW wrote the manuscript; ZJ and GP revised the manuscript; HSY, SZZ, WQ did the data analysis; 

MGP, GTT did the data collection. 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted April 11, 2018. ; https://doi.org/10.1101/299420doi: bioRxiv preprint 

https://doi.org/10.1101/299420


11 

 

Funding 

This research received no specific grant from any funding agency in the public, commercial or 

not-for-profit sectors. 

  

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted April 11, 2018. ; https://doi.org/10.1101/299420doi: bioRxiv preprint 

https://doi.org/10.1101/299420


12 

 

References 

 Bhattacharya, J. and Matthay, M. A. (2013). Regulation and repair of the alveolar-capillary 

barrier in acute lung injury. Annu Rev Physiol 75, 593-615. 

 Choi, K. C., Son, Y. O., Hwang, J. M., Kim, B. T., Chae, M. and Lee, J. C. (2017). Antioxidant, 

anti-inflammatory and anti-septic potential of phenolic acids and flavonoid fractions isolated from 

Lolium multiflorum. Pharm Biol 55, 611-619. 

 Chowdhury, A. N., Vo, H. T., Olang, S., Mappus, E., Peterson, B., Hlavac, N., Harvey, T. and 

Dean, D. (2017). A Customizable Chamber for Measuring Cell Migration. J Vis Exp. 

 Domitrovic, R., Rashed, K., Cvijanovic, O., Vladimir-Knezevic, S., Skoda, M. and Visnic, A. 

(2015). Myricitrin exhibits antioxidant, anti-inflammatory and antifibrotic activity in carbon 

tetrachloride-intoxicated mice. Chem Biol Interact 230, 21-9. 

 Everhart, M. B., Han, W., Sherrill, T. P., Arutiunov, M., Polosukhin, V. V., Burke, J. R., 

Sadikot, R. T., Christman, J. W., Yull, F. E. and Blackwell, T. S. (2006). Duration and Intensity of 

NF- B Activity Determine the Severity of Endotoxin-Induced Acute Lung Injury. The Journal of 

Immunology 176, 4995-5005. 

 Hayden, M. S. and Ghosh, S. (2008). Shared principles in NF-kappaB signaling. Cell 132, 

344-62. 

 Idell, S. (2003). Coagulation, fibrinolysis, and fibrin deposition in acute lung injury. Crit Care 

Med 31, S213-20. 

 Jeyaseelan, S., Chu, H. W., Young, S. K. and Worthen, G. S. (2004). Transcriptional profiling 

of lipopolysaccharide-induced acute lung injury. Infect Immun 72, 7247-56. 

 Jung, H. Y., Lee, D., Ryu, H. G., Choi, B. H., Go, Y., Lee, N., Lee, D., Son, H. G., Jeon, J., 

Kim, S. H. et al. (2017). Myricetin improves endurance capacity and mitochondrial density by 

activating SIRT1 and PGC-1alpha. Sci Rep 7, 6237. 

 Jung, S. K., Lee, K. W., Byun, S., Kang, N. J., Lim, S. H., Heo, Y. S., Bode, A. M., Bowden, G. 

T., Lee, H. J. and Dong, Z. (2008). Myricetin suppresses UVB-induced skin cancer by targeting Fyn. 

Cancer Res 68, 6021-9. 

 Kang, K. A., Wang, Z. H., Zhang, R., Piao, M. J., Kim, K. C., Kang, S. S., Kim, Y. W., Lee, J., 

Park, D. and Hyun, J. W. (2010). Myricetin protects cells against oxidative stress-induced apoptosis 

via regulation of PI3K/Akt and MAPK signaling pathways. Int J Mol Sci 11, 4348-60. 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted April 11, 2018. ; https://doi.org/10.1101/299420doi: bioRxiv preprint 

https://doi.org/10.1101/299420


13 

 

 Kim, Y. Y., Lee, S., Kim, M. J., Kang, B. C., Dhakal, H., Choi, Y. A., Park, P. H., Choi, H., 

Shin, T. Y., Choi, H. G. et al. (2017). Tyrosol attenuates lipopolysaccharide-induced acute lung injury 

by inhibiting the inflammatory response and maintaining the alveolar capillary barrier. Food Chem 

Toxicol 109, 526-533. 

 Lawrence, T. (2009). The nuclear factor NF-kappaB pathway in inflammation. Cold Spring Harb 

Perspect Biol 1, a001651. 

 Lee, J. W., Park, J. W., Shin, N. R., Park, S. Y., Kwon, O. K., Park, H. A., Lim, Y., Ryu, H. 

W., Yuk, H. J., Kim, J. H. et al. (2016). Picrasma quassiodes (D. Don) Benn. attenuates 

lipopolysaccharide (LPS)-induced acute lung injury. Int J Mol Med 38, 834-44. 

 Lee, K. M., Kang, N. J., Han, J. H., Lee, K. W. and Lee, H. J. (2007). Myricetin 

Down-Regulates Phorbol Ester-Induced Cyclooxygenase-2 Expression in Mouse Epidermal Cells by 

Blocking Activation of Nuclear Factor Kappa B. J Agric Food Chem 55, 9678-9684. 

 Lin, J., Zhang, S. M., Wu, K., Willett, W. C., Fuchs, C. S. and Giovannucci, E. (2006). 

Flavonoid intake and colorectal cancer risk in men and women. Am J Epidemiol 164, 644-51. 

 Lin, M. H., Chen, M. C., Chen, T. H., Chang, H. Y. and Chou, T. C. (2015). Magnolol 

ameliorates lipopolysaccharide-induced acute lung injury in rats through PPAR-gamma-dependent 

inhibition of NF-kB activation. Int Immunopharmacol 28, 270-8. 

 Lv, H., Liu, Q., Wen, Z., Feng, H., Deng, X. and Ci, X. (2017). Xanthohumol ameliorates 

lipopolysaccharide (LPS)-induced acute lung injury via induction of AMPK/GSK3beta-Nrf2 signal 

axis. Redox Biol 12, 311-324. 

 Lv, X. J., Du, Y. W., Hao, Y. Q., Su, Z. Z., Zhang, L., Zhao, L. J. and Zhang, J. (2016). 

RNA-binding motif protein 5 inhibits the proliferation of cigarette smoke-transformed BEAS-2B cells 

through cell cycle arrest and apoptosis. Oncol Rep 35, 2315-27. 

 Ortiz-Diaz, E., Festic, E., Gajic, O. and Levitt, J. E. (2013). Emerging pharmacological 

therapies for prevention and early treatment of acute lung injury. Semin Respir Crit Care Med 34, 

448-58. 

 Proudfoot, A. G., McAuley, D. F., Griffiths, M. J. and Hind, M. (2011). Human models of 

acute lung injury. Dis Model Mech 4, 145-53. 

 Rubenfeld, G. D. and Herridge, M. S. (2007). Epidemiology and outcomes of acute lung injury. 

Chest 131, 554-62. 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted April 11, 2018. ; https://doi.org/10.1101/299420doi: bioRxiv preprint 

https://doi.org/10.1101/299420


14 

 

 Salvamani, S., Gunasekaran, B., Shaharuddin, N. A., Ahmad, S. A. and Shukor, M. Y. (2014). 

Antiartherosclerotic effects of plant flavonoids. Biomed Res Int 2014, 480258. 

 Santos, L., Rodrigues, G. B., Mota, F. V. B., Franca, M. E. R., de Souza Barbosa, K. P., 

Oliveira, W. H., Rocha, S. W. S., Los, D. B., Silva, A. K. S., Silva, T. G. D. et al. (2018). New 

thiazolidinedione LPSF/GQ-2 inhibits NFkappaB and MAPK activation in LPS-induced acute lung 

inflammation. Int Immunopharmacol 57, 91-101. 

 Schuliga, M. (2015). NF-kappaB Signaling in Chronic Inflammatory Airway Disease. 

Biomolecules 5, 1266-83. 

 Shu, Y. S., Tao, W., Miao, Q. B., Lu, S. C. and Zhu, Y. B. (2014). Galangin dampens mice 

lipopolysaccharide-induced acute lung injury. Inflammation 37, 1661-8. 

 Sohn, R. H., Deming, C. B., Johns, D. C., Champion, H. C., Bian, C., Gardner, K. and Rade, 

J. J. (2005). Regulation of endothelial thrombomodulin expression by inflammatory cytokines is 

mediated by activation of nuclear factor-kappa B. Blood 105, 3910-7. 

 Walker, E. h., Pacold, m. e., perisic, o., stephens, l., Hawkins, p. t., Wymann, m. p. and 

Williams, r. l. (2000). Structural Determinants of Phosphoinositide 3-Kinase Inhibition by Wortmannin, 

LY294002, Quercetin, Myricetin, and Staurosporine. Molecular Cell 6, 909–919. 

 Wu, H., Zhao, G., Jiang, K., Chen, X., Zhu, Z., Qiu, C., Li, C. and Deng, G. (2016). 

Plantamajoside ameliorates lipopolysaccharide-induced acute lung injury via suppressing NF-kappaB 

and MAPK activation. Int Immunopharmacol 35, 315-322. 

 Xie, X., Sun, S., Zhong, W., Soromou, L. W., Zhou, X., Wei, M., Ren, Y. and Ding, Y. (2014). 

Zingerone attenuates lipopolysaccharide-induced acute lung injury in mice. Int Immunopharmacol 19, 

103-9. 

 Zhang, B., Liu, Z. Y., Li, Y. Y., Luo, Y., Liu, M. L., Dong, H. Y., Wang, Y. X., Liu, Y., Zhao, P. 

T., Jin, F. G. et al. (2011). Antiinflammatory effects of matrine in LPS-induced acute lung injury in 

mice. Eur J Pharm Sci 44, 573-9. 

 Zhang, N., Feng, H., Liao, H. H., Chen, S., Yang, Z., Deng, W. and Tang, Q. Z. (2017). 

Myricetin attenuated LPS induced cardiac injury in vivo and in vitro. Phytother Res. 

   

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted April 11, 2018. ; https://doi.org/10.1101/299420doi: bioRxiv preprint 

https://doi.org/10.1101/299420


15 

 

Figure legends 

Figure 1 Effects of myricetin on histological changes in lung tissues from mice with 

lipopolysaccharide (LPS)-induced acute lung injury (ALI). All mice were randomly divided into 

five groups and each groups contain 12 mice: the sham-operated group; LPS treatment group; LPS and 

myricetin (2.5, 5 and 10 mg/kg) treatment group. Myricetin was dissolved in sterile saline containing 5% 

Tween 80 (v/v). Myricetin (2.5, 5 or 10mg/kg) was intraperitoneal injected 1 hr prior to administration 

of LPS. LPS (50 μg) was dissolved in 20μL PBS and then administrated intranasally to induce acute 

lung injury Lungs from each experimental group were processed for histological evaluation at 6 h after 

LPS challenge respectively. Representative histological section of the lungs was stained by 

hematoxylin and eosin (HE staining, magnification 100, scale bars = 200μm).  

Figure 2 Myricetin alleviated LPS-induced lung barrier dysfunction and edema. (A) Analysis of 

LPS-induced lung injury and barrier dysfunction. The mice were intravenously injected with Evans 

blue dye (50 mg/kg) 1hr before termination. An increase was noticed in lung vascular permeability 

based on the accumulation of Evans blue dye in the lung tissue. (B) Bar graph indicated the 

quantitative analysis of Evans blue dye extracted from tissue sample. (C) The lung W/D weight ratio 

was determined at 12 hrs after LPS challenge. (D) MPO activity in lung tissues was measured at 12 hrs 

after LPS challenge. Similar results were obtained from three independent experiments. All data are 

presented as means ± SD. #P < 0.05 compared to the sham group, *P < 0.05 compared to the LPS 

group. 

Figure 3 Myriceitn inhibited the activation of inflammation cells in an LPS-induced ALI mouse 

model. (A-C) The level of cytokines in BALF (n = 4 per group). (D-F) The mRNA expression of IL-6, 

IL-1β and TNF-α in lung tissues (n = 4 per group). Data were show as means ± SD. ##P < 0.01 

compared to the sham group, *P < 0.05 and **P < 0.01 compared to the LPS group. 

Figure 4 Myricetin suppressed the LPS-induced inflammatory response in RAW264.7 cells. (A) 

Effects of myricetin on RAW264.7 cell viability (n = 5). (B-F) The RAW264.7 cells were stimulated 

with LPS for 4 hrs after pretreating with myricein for 1 hr, and then cells were collected with Trizol. The 

mRNA expression of TNF-α, IL-6, IL-1β, COX-2 and iNOS was detected by qRT-PCR (n = 3). The 

protein levels of COX-2 and iNOS was analyzed by western (G-I) (n = 3). Data were shown as means ± 

SD. ###P < 0.001 compared to the no-treatment group (NT), *P < 0.05, **P < 0.01 and ***P < 0.001 

compared to the LPS group. 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted April 11, 2018. ; https://doi.org/10.1101/299420doi: bioRxiv preprint 

https://doi.org/10.1101/299420


16 

 

Figure 5 Myricetin inhibited the the secretion of cytokines. RAW264.7 cells were stimulated with 

LPS for 12 hrs after pretreating with myricetin for 1 hr, and then the supernatant was collected. The 

protein levels of TNF-α, IL-6 and was analyzed by ELISA (A-B) (n = 3). Data were shown as means ± 

SD. #P < 0.05 compared to the no-treatment group (NT), *P < 0.05, compared to the LPS group. 

Figure 6 Myricetin inhibited the phosphorylation of JNK, p-ERK and p38. (A) Western blot 

analysis for the phosphorylation of JNK, ERK and p38 (n = 3). Cells were pretreated with various 

concentrations of myricetin (12.5 and 25mM) for 1 hr, followed by stimulation with LPS for 1 hr before 

harvested. Western blot analysis was performed using antibodies against phospho- or total forms of JNK, 

ERK and p38. (B-D) Quantification of western blot data ofp- JNK, p-ERK and p-p38. Data are shown as 

means ± SD. #P < 0.05 and ##P < 0.01 compared to the NT group, *P < 0.05 and compared to the LPS 

group. 

Figure 7 Myricetin inhibited the phosphorylation of AKT and NF-κB p65. (A) Western blot analysis 

for the phosphorylation of AKT and NF-κB p65 (n = 3). Cells were pretreated with various 

concentrations of myricetin (12.5 and 25mM) for 1 hr, followed by stimulation with LPS for 1 hr before 

harvested. Western blot analysis was performed using antibodies against phospho- or total forms of AKT 

and NF-κB p65. (B, C) The relative densitometry of p-AKT and p-NF-κB p65 (relative to normal). Data 

were shown as means ± SD. #P < 0.05 compared to NT, * P< 0.05 compared to the LPS group. 
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Table 1 The primer sequences of TNF-α, IL-1β, IL-6, iNOS, COX-2 and β-actin (mice) 

Gene Sequence Length (bp) 

TNF-α 
(F): 5’-GCAACTGCTGCACGAAATC-3’ 

(R): 5’-CTGCTTGTCCTCTGCCCAC-3’ 
136 

IL-1β 
(F): 5’-GTTCCCATTAGACAACTGCACTACAG-3’ 

(R): 5’-GTCGTTGCTTGGTTCTCCTTGTA-3’ 
139 

IL-6 
(F): 5’-CCAGAAACCGCTATGAAGTTCC-3’ 

(R): 5’-GTTGGGAGTGGTATCCTCTGTGA-3’ 
138 

iNOS 
(F): 5’-GAACTGTAGCACAGCACAGGAAAT-3’ 

(R): 5’-CGTACCGGATGAGCTGTGAAT-3’ 
158 

COX-2 
(F): 5’-CAGTTTATGTTGTCTGTCCAGAGTTTC-3’ 

(R): 5’-CCAGCACTTCACCCATCAGTT-3’ 
127 

β-actin 
(F): 5’-GTCAGGTCATCACTATCGGCAAT-3’ 

(R): 5’-AGAGGTCTTTACGGATGTCAACGT-3’ 
147 
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