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Abstract 

Background: Sepsis is a major clinical problem and the leading cause of death in patients in intensive care units 
worldwide.  

Objective: The present study aimed to explore whether pterostilbene (PTS) could protect mice against experimental 
endotoxemia. 

Methodology: Forty-eight mice were randomly divided into 4 groups and challenged with LPS. Mouse mortality was 
observed twice daily for 7 days and survival rates were reported. Mice were randomly treated with pterostilbene or 
vehicle intraperitoneally (i.p.). One hour later, the animals were exposed to LPS (20 mg/kg). Cytokine responses were 
then assessed in serum isolated from blood collected after LPS administration to the mice. 

Results: The results showed that pterostilbene significantly reduced mouse body weight loss and attenuated 
inflammatory responses by inhibiting TNF-α, IL-6 and IL-1β production in mice exposed to LPS.  

Conclusion: This study highlights the role of pterostilbene in the pathogenesis of LPS-induced sepsis and its potential 
in the treatment of patients with sepsis. 
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1. Introduction

Sepsis is a major clinical problem and the leading cause of morbidity and mortality in modern intensive care units. 
Several studies have provided epidemiological data on sepsis in patients in the developed world [1-6]. The septic shock 
is characterized by an excessive inflammatory response associated with high mortality [7-9].  

Macrophages are one of the key types of cells involved in the pathogenesis of sepsis and exert effects by secreting 
inflammatory cytokines [10]. Lipopolysaccharide is the main constituent of the outer membrane of Gram-negative 
bacteria and is a key pathogen-associated molecular pattern in septic shock. It promotes septic shock via the activation 
of macrophage cell surface receptor Toll-like receptor 4 (TLR4), which leads to the secretion of proinflammatory 
cytokines including tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and interleukin-1β (IL-1β) [11-14]. A better 
understanding of sepsis pathology and the development of new therapies are essential to meaningfully improve the 
status of sepsis care. 

Natural products from traditional Chinese medicines constitute a significant portion of the pharmaceutical market today 
owing to their numerous biological activities. Polyphenols are bioactive compounds that extensively existed in plant 
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foods and have many health-promoting effects by the different mechanisms, such as antioxidation, anti-inflammation, 
immunomodulation, and modulating gut microbiota [15-17].  

Pterostilbene (PTS, figure 1) is a representative of stilbene compounds that can be found naturally in blueberries and 
red sandalwood [18]. It has been reported as an effective antioxidant and anti-inflammatory agent. The effects of 
pterostilbene have been known to ameliorate the immediate inflammatory responses in TNFα (tumor necrosis factor 
alpha)-induced pancreatitis through down-regulation of Stat3 and the secretion of lipase and inflammatory cytokines 
IL-1β (interleukin-1 beta) and IL-6 (interleukin-6) [19-20]. In another cell model, pterostilbene down-regulates 
inflammatory iNOS and COX-2 gene expression in macrophages by inhibiting NFκB activation through interfering with 
the activation of PI3K/Akt/IKK (IκB kinase) and MAPK [21]. Furthermore, many studies have shown that pterostilbene 
can suppress the expression of several genes and their inflammatory products in LPS -stimulated RAW 264.7 
macrophages and peritoneal macrophages from mice. Authors suggest that garcinol and pterostilbene may provide 
novel and useful applications to reduce the chronic inflammatory properties of adipocytes. In the TNF-α-induced 3T3-
L1 adipocyte model, pterostilbene with garcinol suppressed phosphorylation of p-IκBα and p-p65. In a coculture model 
of 3T3-L1 adipocytes and RAW 264.7 macrophages, it suppressed IL-6 and TNF-α secretion and proinflammatory mRNA 
expression and also reduced the migration of macrophages toward adipocytes [22].  It has been known that any means 
to regulate an excessive systemic inflammatory response would be a promising and beneficial strategy leading to a 
mitigation of endotoxic sepsis. Although research has shown the multispectrum pharmacological benefits of 
pterostilbene for the treatment of various chronic diseases, its potential effect on septic shock remains unclear. 
Therefore in this study, we first studied the role of pterostilbene in septic shock and then explored its capacity to provide 
a survival advantage in the presence of LPS-induced endotoxemia. 

 

Figure 1 The chemical structure of Pterostilbene 

2. Materials and methods  

2.1. Chemical and reagents 

Pterostilbene (purity ≥97%) was purchased from Sigma-Aldrich (China). Dimethyl sulfoxide (DMSO) and 
lipopolysaccharide (LPS, Escherichia coli 055:B5) were purchased from Sigma Chemical Co. (San Diego, CA, USA). (TNF)-
α, IL-1β, and IL-6 ELISA kits were purchased from Biolegend (San Diego, CA). 

2.2. Animals 

Eight-week-old male BALB/c mice, weighing approximately 18-20 g, were maintained in an animal facility under 
pathogen-free conditions. Mice were fed a standard ration and water ad libitum, and housed in micro-isolator cages 
under standard conditions (temperature: 24 ± 1°C, relative humidity: 40%-80%). The mice were able to adapt to their 
environment for 2 to 3 days prior to experimentation. 

2.3. Induction of shock and measurement of cytokines concentrations 

Forty-eight mice were divided into four groups (n=12/group) and given LPS (5-40 mg/kg) via a single intraperitoneal 
(IP) injection to select an appropriate concentration of LPS to induce shock. Mouse mortality was observed bi-daily for 
7 days and survival rates were monitored. 
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Mice were randomly divided into five groups: control (vehicle), LPS (20 mg/kg) only and Pterostilbene (10, 20 or 40 
mg/kg) + LPS. Mice were treated with Pterostilbene at different doses (10, 20 or 40 mg/kg) or vehicle (5% of DMSO in 
saline), by the intraperitoneal (i.p.) route. Dose selection of Pterostilbene was made based of the previous studies [23-
25]. One hour later, the animals were exposed to LPS (20 mg/kg).  

Blood was drawn from the tail vein of each mouse at 0, 1, 2, 4 and 8 h after LPS administration, and serum was isolated; 
serum was stored at -70oC. TNF-α, IL-6 and IL-1 concentrations in serum samples were measured by enzyme-linked 
immunosorbent assay (ELISA), using the DuoSet kit from R&D Systems (Minneapolis, MN). 

2.4. Statistical analysis 

Results are presented as means ± SEM. Differences between mean values of normally distributed data were assessed 
with one-way ANOVA (Dunnett's t-test) and two-tailed Student's t-test. Statistical significance was accepted at P<0.05 
or P<0.01. 

3. Results  

3.1. Effect of RT on LPS-induced mortality and cytokine responses  

 

Figure 2 Effects of different doses of LPS in a mouse model of sepsis. The mice were divided into four groups 
(n=12/group) and challenged with LPS (5–40 mg/kg) via a single intraperitoneal (IP) injection. The mice were observed 
for mortality twice a day for 7 days, and survival rates were recorded.  

 

Figure 3 Effect of administration of pterostilbene on LPS-induced sepsis in mice. Mice were divided into five groups 
(control, LPS (20 mg/kg) only, and LPS (20 mg/kg) + 3 treatment groups of pterostilbene) (n= 12/group). **p<0.01 

versus LPS-only group 
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Figure 4 Effects of pterostilbene on the levels of pro-inflammatory cytokines. Mice were injected IP with pterostilbene 
1 h before challenge with the LPS (20 mg/kg) and the blood samples were collected from mice 0, 1, 2, 4, and 8 h after 

LPS challenge. The serum levels of inflammatory cytokines were measured using ELISA. **p<0.01 versus LPS-only 
group 

After LPS injection, the mice exhibited signs of acute septicemia (reduced activity, conjunctivitis, diarrhea, lethargy, 
piloerection, huddling etc.). In the groups of mice receiving 5, 10 or 20 mg LPS/kg, mortality rates were 5, 18 and 80% 
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(Figure 2), respectively. Therefore, the LPS 20 mg/kg concentration was selected as the lethal dose inducing septic 
shock. In the following experiments, mice were inoculated with 20 mg LPS/kg. 

To evaluate the benefit of pterostilbene against lethal endotoxemia, its role in the mortality of mice affected by this 
disease was monitored. Consequently, pterostilbene was able to significantly reduce LPS-induced mortality in mice. The 
minimum dose of pterostilbene showed 34% protective effect. Nevertheless, treatment with 20 or 40 mg/kg 
pterostilbene prevented the mice from developing lethal experimental sepsis (64% and 89% protective effect, 
respectively, Figure 3). 

To assess the effects of pterostilbene, levels of endotoxemia-related pro-inflammatory cytokines were measured in 
mouse blood samples. The present study revealed that the expression levels of TNF-α, IL-1b and IL-6 in mice pretreated 
with pterostilbene (40mg/Kg) and challenged with LPS (20mg/Kg) were systematically reduced compared with mice 
given LPS alone (figure 4).   

4. Discussion  

In the current study, we provide evidence indicating that Pterostilbene is able to inhibit inflammatory cytokines in LPS-
challenged mice and improve survival rates of mice in LPS-induced septic shock.  

A number of murine models of sepsis, notably the endotoxemia model, the bacterial injection model, and cecal ligation 
and puncture, have been developed for pathological studies and drug development. The murine LPS injection 
endotoxemia model is widely employed for experimental investigations of sepsis [26-27]. The research protocol 
investigating the effect of Pterostilbene has been used to assess the main preventive and curative attributes of the 
natural product on endotoxemia.  

Septicemia is a highly life-threatening organ dysfunction associated with a dysregulated host response to infection. 
Recognized as a major cause of morbidity and mortality, sepsis and septic shock are major health problems, affecting 
millions of people worldwide every year and killing between one in three and one in six [28-31]. Our experimental 
results indicated that treatment with pterostilbene results in the reduction of LPS-induced septic mortality; therefore, 
our results suggested that pterostilbene can produce ameliorative effects in endotoxemia. 

 LPS activates Toll-like receptor 4 and eventually nuclear factor-kappa B mechanism followed by the release of 
inflammatory cytokines, such as TNF-α, IL-1α/β, IL-6, IL-12, IL-18, and GM-CSF. A large proportion of proinflammatory 
mediators comprising cytokines are responsible for metabolic changes associated with cellular injury. Cytokines are 
chemical mediators of the immune and acute phase responses. TNF-α, IL-1β, and IL-6 are the major mediators of acute 
phase response in humans. Additionally, IL-6 functions as an endogenous pyrogen that stimulates the immune system 
and, in conjunction with TNF-α, can stimulate the synthesis of acute phase proteins [32-34]. Septic syndrome is an acute 
systemic illness associated with shock, coagulopathy and multi-organ dysfunction. Mortality occurs in between 25% 
and 35% of patients with this syndrome. Several studies have shown that the pathogenesis of fatal sepsis remains 
obscure, but is associated with dysregulated induction of inflammatory mediators. The initial manifestations of severe 
sepsis trigger a cascade of events that ultimately contribute to the morbidity and mortality of patients. More specifically, 
compared with the control group, we observed a significant upregulation of endotoxin-induced mortality in LPS-treated 
subjects. Moreover, pre-administration of Pterostilbene (20 mg/kg or 40 mg/kg) was found to provide considerable 
protection [35-40]. In the event of sepsis, the macrophages induce pro-inflammatory cytokines such as interleukin (IL)-
1β, which trigger an innate immune response to pathogens. Initiated by pathogens and cytokines, macrophages 
differentiate into various functional phenotypes and perform different functions, including pathogen elimination, 
cytokine and chemokine production [41-42]. However, Pterostilbene was observed to be effective in reducing 
inflammatory mediators. As our results show, Pterostilbene exhibits a protective role against LPS-induced septic shock 
via inhibition of these cytokines. 

5.   Conclusion  

In this study, our experimental results demonstrated that pterostilbene reduced the LPS-induced mortality of septic 
mice, inhibited the production of proinflammatory cytokines, and ameliorated the symptoms and pathology associated 
with sepsis, suggesting that pterostilbene might have benefits for treating the life-threatening organ dysfunction.  



World Journal of Biology Pharmacy and Health Sciences, 2023, 16(01), 060–066 

65 

Compliance with ethical standards 

Disclosure of conflict of interest 

The authors declare that there is no conflict of interest regarding the publication of this article. 

Statement of ethical approval 

Experiments involving animals were conducted in accordance with experimental practices and standards approved by 
the university's Research Ethics and Animal Welfare Committee.  

References  

[1]  Vincent JL, Sakr Y, Sprung CL, et al.. Sepsis in European intensive care units: results of the SOAP study. Crit Care 
Med 2006; 34:344–53.  

[2] Vincent JL, Rello J, Marshall J, et al.. International study of the prevalence and outcomes of infection in intensive 
care units. JAMA 2009; 302:2323–9.  

[3] Lagu T, Rothberg MB, Shieh MS, et al.. Hospitalizations, costs, and outcomes of severe sepsis in the United States 
2003 to 2007. Crit Care Med 2012; 40:754–61.  

[4] SepNet Critical Care Trials Group. Incidence of severe sepsis and septic shock in German intensive care units: the 
prospective, multicentre INSEP study. Intensive Care Med 2016; 42:1980–9. 

[5] Sakr Y, Elia C, Mascia L, et al.. Epidemiology and outcome of sepsis syndromes in Italian ICUs: a muticentre, 
observational cohort study in the region of Piedmont. Minerva Anestesiol 2013; 79:993–1002.  

[6] Yébenes JC, Ruiz-Rodriguez JC, Ferrer R, et al.. Epidemiology of sepsis in Catalonia: analysis of incidence and 
outcomes in a European setting. Ann Intensive Care 2017; 7:19.  

[7] Gotts JE, Matthay MA. Sepsis: pathophysiology and clinical management. BMJ. 2016;353:i1585. doi: 
10.1136/bmj.i1585 

[8] Dinarello CA. Proinflammatory cytokines. Chest 2000;118:503-8.  

[9] Liu SF, Malik AB. NF-kappa B activation as a pathological mechanism of septic shock and inflammation. Am J 
Physiol Lung Cell Mol Physiol 2006;290:L622-L645.  

[10] de Oliveira Pedrosa Rolim, M. et al. Design, synthesis and pharmacological evaluation of CVIB, a codrug of 
carvacrol and ibuprofen as a novel anti-infammatory agent. Int. Immunopharmacol. 76, 105856. 
https://doi.org/10.1016/j.intimp.2019.105856 (2019). 

[11] Rathinam, V.A.K.; Zhao, Y.; Shao, F. Innate immunity to intracellular LPS. Nat. Immunol. 2019, 20, 527–533.  

[12] Tisoncik, J.R.; Korth, M.J.; Simmons, C.P.; Farrar, J.; Martin, T.R.; Katze, M.G. Into the eye of the cytokine 
storm. Microbiol. Mol. Biol. Rev. 2012, 76, 16–32.  

[13] Hoshino, K.; Takeuchi, O.; Kawai, T.; Sanjo, H.; Ogawa, T.; Takeda, Y.; Takeda, K.; Akira, S. Cutting edge: Toll-like 
receptor 4 (tlr4)-deficient mice are hyporesponsive to lipopolysaccharide: Evidence for tlr4 as the lps gene 
product. J. Immunol. 2016, 197, 3749–3752.  

[14] Fitzgerald, K.A.; Kagan, J.C. Toll-like Receptors and the Control of Immunity. Cell 2020, 180, 1044–1066.  

[15] D. D. Zhou, M. Luo, A. O. Shang et al., “Antioxidant food components for the prevention and treatment of 
cardiovascular diseases: effects, mechanisms, and clinical studies,” Oxidative Medicine and Cellular Longevity, vol. 
2021, Article ID 6627355, 17 pages, 2021. 

[16] M. Vasilopoulou, E. Ioannou, V. Roussis, and N. Chondrogianni, “Modulation of the ubiquitin-proteasome system 
by marine natural products,” Redox Biology, vol. 41, article 101897, 2021. 

[17] Y. Zeng, X. Pu, J. Du et al., “Molecular mechanism of functional ingredients in barley to combat human chronic 
diseases,” Oxidative Medicine and Cellular Longevity, vol. 2020, Article ID 3836172, 26 pages, 2020.  

[18] Cassiano C, Eletto D, Tosco A, Riccio R, Monti MC, Casapullo A. Determining the effect of pterostilbene on insulin 
secretion using chemoproteomics. Molecules. 2020;25(2885) doi: 10.3390/molecules25122885.  

[19] Wen W, Lowe G, Roberts CM, Finlay J, Han ES, Glackin CA, Dellinger TH. Pterostilbene Suppresses Ovarian Cancer 
Growth via Induction of Apoptosis and Blockade of Cell Cycle Progression Involving Inhibition of 
the STAT3 Pathway. Int J Mol Sci. 2018 Jul; 19(7): 1983. Published online 2018 Jul 7. doi: 10.3390/ijms19071983 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6073736/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6073736/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6073736/


World Journal of Biology Pharmacy and Health Sciences, 2023, 16(01), 060–066 

66 

[20] Tong C, Wang Y, Li J,1 Cen W, Zhang W,3 Zhu Z, Yu J, and Lu B. Pterostilbene inhibits gallbladder cancer 
progression by suppressing the PI3K/Akt pathway. Sci Rep. 2021; 11: 4391. doi: 10.1038/s41598-021-83924-4 

[21] Pan MH,  Chang YH,  Tsai ML, Lai CS,  Ho SY, Badmaev V,  Ho CT. Pterostilbene suppressed lipopolysaccharide-
induced up-expression of iNOS and COX-2 in murine macrophages.  doi: 10.1021/jf800820y.  

[22]  Hsu CL,   Lin YJ,  Ho CT,  Yen GC. The inhibitory effect of pterostilbene on inflammatory responses during the 
interaction of 3T3-L1 adipocytes and RAW 264.7 macrophages J Agric Food, 23;61(3):602-10. doi: 
10.1021/jf304487v.  

[23] Li Y, Wang SM, Li X, Lv CJ, Peng LY, Yu XF, Song YJ, Wang CJ. Pterostilbene pre-treatment reduces LPS-induced 
acute lung injury through activating NR4A1.Pharm Biol. 2022 Dec;60(1):394-403. doi: 
10.1080/13880209.2022.2034893. 

[24] Xue H, Li M. Protective effect of pterostilbene on sepsis-induced acute lung injury in a rat model via the 
JAK2/STAT3 pathway. Ann Transl Med. 2020 Nov;8(21):1452. doi: 10.21037/atm-20-5814. 

[25] Liu X, Yang X, Han L, Ye F, Liu M, Fan W, Zhang K, Kong Y, Zhang J, Shi L, Chen Y, Zhang X, Lin S. 
Pterostilbene alleviates polymicrobial sepsis-induced liver injury: Possible role of SIRT1 signaling. Int 
Immunopharmacol. 2017 Aug;49:50-59. doi: 10.1016/j.intimp.2017.05.022. 

[26] Lewis, A.J.; Seymour, C.W.; Rosengart, M.R. Current Murine Models of Sepsis. Surg. Infect. 2016, 17, 385–393.  

[27] Wang, Y.C.; Liu, Q.X.; Liu, T.; Xu, X.E.; Gao, W.; Bai, X.J.; Li, Z.F. Caspase-1-dependent pyroptosis of peripheral blood 
mononuclear cells predicts the development of sepsis in severe trauma patients: A prospective observational 
study. Medicine 2018, 97, e9859.  

[28] Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus definitions for sepsis and septic 
shock (Sepsis-3) JAMA. 2016;315(8):801–810. doi: 10.1001/jama.2016.0287.  

[29] Fleischmann C, Scherag A, Adhikari NK, et al. Assessment of global incidence and mortality of hospital-treated 
sepsis. Current estimates and limitations. Am J Respir Crit Care Med. 2016;193(3):259–272. 
doi: 10.1164/rccm.201504-0781OC.  

[30] Fleischmann-Struzek C, Mellhammar L, Rose N, et al. Incidence and mortality of hospital- and ICU-treated sepsis: 
results from an updated and expanded systematic review and meta-analysis. Intensive Care 
Med. 2020;46(8):1552–1562. doi: 10.1007/s00134-020-06151-x.  

[31] Seymour CW, Liu VX, Iwashyna TJ, et al. Assessment of clinical criteria for sepsis: for the third international 
consensus definitions for sepsis and septic shock (Sepsis-3) JAMA. 2016;315(8):762–774. 
doi: 10.1001/jama.2016.0288.  

[32] Hamesch K, Borkham-Kamphorst E, Strnad P, Wei skirchen R. Lipopolysaccharide-induced inflammatory liver 
injury in mice. Lab Anim. 2015 Apr 2;49(1-suppl):37–46.  

[33] Hill AG, Hill GL. Metabolic response to severe injury. Br J Surg. 1998 Jul;85(7):884–90 

[34] Wortel CH, van Deventer SJ, Aarden LA, Lygidakis NJ, Büller HR, Hoek FJ, et al. Interleukin-6 mediates host defense 
responses induced by abdominal surgery. Surgery. 1993 Sep;114(3):564–70. 

[35] Bone RC: The sepsis syndrome: Definition and general approach to management. Clin Chest Med. 1996;17:175-
181. 

[36] Astiz ME, Rackow EC: Septic shock. Lancet 1998 ;351:1501-1505. 

[37] Fairweather D, Rose NR: Inflammatory heart disease: a role for cytokines. Lupus. 2005;14:646-651. 

[38] Parrillo JE, Parker MM, Nathanson C, Suffredini AF, Danner RL, Cunnion RE, et al. Septic shock in humans. 
Advances in the understanding of pathogenesis, cardiovascular dysfunction, and therapy. Ann. Intern. Med. 
1990;113:227–242. 

[39] Cohen J. The immunopathogenesis of sepsis. Nature. 2002;420:885–891. 

[40] Benjamim CF, Hogaboam CM, Kunkel SL. The chronic consequences of severe sepsis. J. Leukocyte Biol. 
2004;75:408–412. 

[41] Jian Chen  and Haiming Wei Immune Intervention in SepsisFront Pharmacol. 2021; 12: 718089. 
doi: 10.3389/fphar.2021.718089  

[42] Chaoying Song, † Jiqian Xu, † Chenggang Gao, Wanying Zhang, Xiangzhi Fang, and You ShangNanomaterials 
targeting macrophages in sepsis: A promising approach for sepsis managementFront Immunol. 2022; 13: 
1026173. . doi: 10.3389/fimmu.2022.1026173.  

https://pubmed.ncbi.nlm.nih.gov/?term=Tong%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wang%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Li%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cen%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu%20Z%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yu%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lu%20B%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7902850/
https://doi.org/10.1038%2Fs41598-021-83924-4
https://pubmed.ncbi.nlm.nih.gov/?term=Pan+MH&cauthor_id=18656926
https://pubmed.ncbi.nlm.nih.gov/?term=Chang+YH&cauthor_id=18656926
https://pubmed.ncbi.nlm.nih.gov/?term=Tsai+ML&cauthor_id=18656926
https://pubmed.ncbi.nlm.nih.gov/?term=Ho+SY&cauthor_id=18656926
https://pubmed.ncbi.nlm.nih.gov/?term=Badmaev+V&cauthor_id=18656926
https://pubmed.ncbi.nlm.nih.gov/?term=Ho+CT&cauthor_id=18656926
https://pubmed.ncbi.nlm.nih.gov/?term=Hsu+CL&cauthor_id=23268743
https://pubmed.ncbi.nlm.nih.gov/?term=Lin+YJ&cauthor_id=23268743
https://pubmed.ncbi.nlm.nih.gov/?term=Ho+CT&cauthor_id=23268743
https://pubmed.ncbi.nlm.nih.gov/?term=Yen+GC&cauthor_id=23268743
https://pubmed.ncbi.nlm.nih.gov/35271397/
https://pubmed.ncbi.nlm.nih.gov/35271397/
https://pubmed.ncbi.nlm.nih.gov/33313197/
https://pubmed.ncbi.nlm.nih.gov/33313197/
https://pubmed.ncbi.nlm.nih.gov/28550734/
https://pubmed.ncbi.nlm.nih.gov/?term=Chen%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wei%20H%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317843/
https://doi.org/10.3389%2Ffphar.2021.718089
https://pubmed.ncbi.nlm.nih.gov/?term=Song%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Xu%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Gao%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Fang%20X%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shang%20Y%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9780679/
https://doi.org/10.3389%2Ffimmu.2022.1026173

