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Abstract 

Plant species with anti-inflammatory properties might play an essential role in combatting COVID-19 

via reducing cytokine storms. We aimed to review the extant evidence of the potential therapeutic 

efficacy of natural products against cytokine storms by inhibiting interleukin-6 (IL-6) as a major 

pathological mediator. Data were collected following an electronic search in major databases 

(Pubmed, Scopus, Web of Science, Google Scholar) and also preprint articles on preprint and 

medRxiv servers by using a combination of relevant keywords. Seventeen active compounds and 

medicinal plants were found and reviewed in the present review. Results of both in-vivo and in-vitro 

experiments conducted on these compounds showed that Phillyrin, SMFM, Qiangzhi decoction, 

curcumin, Shen-Fu, Forsythia, and Alpha-Mangostin inhibit the production of IL-6. Andrographolide 
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and Liu Shen Wan have an inhibitory effect on releasing this agent, while Ilex Asprella and Deoxy-

11,12-didehydroandrographolide and naringin reduce the expression of IL-6. Theaflavin and 

Cholorogenic acid inhibit the secretion of IL-6, Xuebijing, and Chai-Hu-Gui-Zi-Gan-Jiang-Tang and 

Lipanpaidu prescription can reduce the serum level of IL-6. These agents also effectively improve 

infected lungs, increase survival rates, and minimize tissue damage. Medicinal plants and their 

phytochemical ingredients with down-regulatory effects on the expression of IL-6 have a potential 

influence on the inhibition of cytokine storms during viral infection caused by COVID-19. Therefore, 

phytochemicals could be regarded as promising candidates for managing cytokine storm 

inflammatory responses due to COVID-19 infection.  

Keywords: COVID-19; Cytokine storm; IL-6; Natural product.  

1. Introduction 

1.1. COVID-19 general features, nominating, and taxonomy 

At the end of 2019, the outbreak of a new member of the coronaviridae family, causing a severe 

respiratory disease, was reported in Wuhan, Hubei, China. Later, the disease was called the Corona 

Virus Disease 2019 (COVID-19) (Ayoobi et al., 2021; Ghassemi et al., 2021; Prompetchara, Ketloy, 

& Palaga, 2020; Shoeibi et al., 2020). The COVID-19 disease is caused by the severe acute 

respiratory syndrome-associated coronavirus (SARS-CoV-2), which phylogenetically, forms a sister 

clade with its prototype in humans and bats (Alizadehsani, Alizadeh Sani, et al., 2021; Eskandarian et 

al., 2021; Gorbalenya, 2020; Sharifrazi et al., 2021). 

The causative agent of COVID-19 belongs to the Coronaviridae family. The name of this family is 

because of the presence of the projections resembling a solar corona in electron microscopy images on 

the virus’s surface (Vankadari & Wilce, 2020). Coronaviruses are enveloped viruses containing a 26-

32 kb single-stranded sense RNA, encoding the particles arranging as large (~20 nm), petal- or club-

shaped surface projections (the “spikes” or "peplomers"). These spherical particles are visualized as 

solar corona in electron microscopy images (Alizadehsani, Sharifrazi, et al., 2021; Fehr & Perlman, 

2015). 

Coronaviruses have been recognized in a variety of avian hosts and mammals. These viruses have 

been responsible for many diseases from the common cold to more severe conditions such as SARS-

CoV, MERS-CoV, and most recently, the COVID-19. The virus causing COVID-19 resembles (over 

79% similarity in genome sequence) the virus strain causing SARS-CoV; however, it shows lower 

homology (50%) to MERS-CoV. Three common structural membrane proteins of SARS-Cov-2 

include the spike (S), membrane protein (M), and small membrane protein (E). Furthermore, nearly 

all coronaviruses have four functional proteins, including papain-like protease (PLpro), 3-
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chymotrypsin-like protease (3CLpro), RNA-dependent RNA polymerase (RdRp), and helicase. Both 

structural and functional proteins share essential roles in facilitating the entering of the virus to the 

host’s target cells and then its intracellular propagation (Duan, Zhu, & Zhou, 2020; Khozeimeh et al., 

2021). 

One of the most common manifestations of the COVID-19 disease is pneumonia. The patients present 

with complications such as cough, fever, and myalgia or fatigue. Laboratory analyses demonstrated 

high serum concertation of inflammatory cytokines (e.g., MCP-1, TNF-α, IL-1β, IL-10, IFNγ, and IL-

6), implying that the disease’s severity is in part determined by the cytokine storm (Fig 1) (Huang et 

al., 2020). 

 

Figure 2. Graphical Abstract 

1.2. COVID-19 Pathogenesis and Immune response 

Regarding shape, COVID-19 resembles a spiky ball. To enter cells (i.e., the first step of 

pathogenesis), these spikes attach to ACE2, which is expressed on human cells. The interaction 

between ACE2 and these spikes enables the SARS-Cov2 to attach more strongly to the target cell. 

This phenomenon has been suggested to be a critical step in virus transmission between individuals 
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(Kuster et al., 2020). Although the causative agent of COVID-19 seems to be primarily from an 

animal origin, it infects humans with high efficiency. Based on phylogenetic evidence, the SARS-

CoV-2 is supposed to be a bat-derived virus, which somehow has managed, either directly or 

indirectly through another host, to infect human beings (C. Li, Yang, & Ren, 2020). 

The reaction of the immune system to the invading leads to fever and inflammation. However, the 

over-production of pro-inflammatory cytokines sometimes inflicts more detrimental than beneficial 

effects. In this regard, vasodilation facilitates the recruitment of leukocytes to the infection site. 

However, when vessels are exceedingly permeable, even fluids can enter and fill the lungs. Overall, 

these excessive immune reactions are known as the cytokine storm (Mehta et al., 2020; Yao et al., 

2020). 

During the cytokine storm due to the COVID-19 infection; however, not only the immune system is 

not overreacted, but it is also almost switched off, sparing actual pathogenic targets from being 

detected and eradicated. When this phenomenon occurs, patients become more susceptible to diseases 

causing by pathogenic or opportunistic bacteria. The cytokine storm and immune responses can 

influence the function of other body organs besides the respiratory system, particularly in the patients 

suffering from underlying chronic illnesses, explaining the incidence of some problems such as 

cardiac dysfunction and secondary microbial infections in a ratio of COVID-19 patients (Mehta et al., 

2020). 

Elderly individuals are at risk of more severe COVID-19, presumably because of their inability to 

muster an initial potent anti-viral response against the virus. On the other hand, the lower prevalence 

of COVID-19 in children has been attributed to the lack of the cytokine storm (Lloyd-Sherlock, 

Ebrahim, Geffen, & McKee, 2020). Furthermore, other factors can influence the course of the disease, 

including the exposed viral load, genetic determinants, variations in immune responses, and other 

microorganisms in the body. The majority of COVID-19 related deaths occur in the elderly or those 

with underlying diseases such as pulmonary illnesses, cardiovascular problems, cancer, diabetes, etc. 

(Lai et al., 2020). 

Researchers discovered that there was an increase in immunoglobulins rushing to fight the virus on 

days 7 to 9 following the disease’s onset of symptoms. According to the present data, the elevated 

levels of antibodies are maintained over 20 days after symptoms’ onset. During the days seventh to 

ninth after the emergence of symptoms, many specialized immune cells (i.e., B cells, killer T cells, 

and helper T cells) are detectable in patients’ blood (Thevarajan et al., 2020). About 80% of COVID-

19 patients present with mild clinical symptoms or asymptomatic while the remainders progress to 

critical or severe acute conditions. The COVID-19 disease seems to have a milder clinical course in 

comparison with MERS or SARS; however, like the two recent diseases, COVID-19 also presents 
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symptoms such as respiratory sequela (cough, dyspnea, sore throat), as well as systemic 

manifestations such as fatigue and fever (Guo et al., 2020). Also, most cases show pneumonia and 

lymphopenia, and on chest CT scan, specific pulmonary ground-glass opacity is detectable. Elevated 

levels of TNFα, IL-10, IL-7, MCP-1, IL-2, IP-10, and G-CSF have been reported in patients with 

severe COVID-19 (Organization, 2020). 

The cytokine storm and lymphopenia are assumed to be important determinants in COVID-19 

progression. Inflammation-induced lung damage and viral sepsis can be followed by the cytokine 

storm, resulting in respiratory failure, acute respiratory distress syndrome, pneumonitis, organ 

dysfunction, shock, and finally, death. According to available data, the COVID-19 global mortality 

rate worldwide is nearly 2.4%. Multi-organ dysfunction, especially in the elderly and patients with 

concurrent problems (e.g., diabetes, cardiovascular disease, hypertension, cancer) deems to be the 

main cause of death in COVID-19 patients (Prompetchara et al., 2020). 

As it said before, cytokine storm has a significant impact on the mortality of persons with COVID-19. 

Proinflammatory cytokine has a crucial role in the process of the cytokine storm. Between these 

cytokines, IL-6 has a significant role in this process, and different investigations show the important 

effect of this cytokine on the cytokine storm. So, finding a new method that can inhibit this main 

interleukin can be a good idea for the suppression of cytokine storms and decrease the mortality of a 

person with COVID-19. Researches of investigators show that natural compounds are an excellent 

candidate for solving the story of interleukin-6 inhibition. Here are some of the natural compounds or 

herb that can be effective on inhibition of IL-6, and it shows the bold effect of natural Chinese herb as 

the pro-inflammatory agent (C. Chen, Zhang, Ju, & He, 2020; Mehta et al., 2020; T. Zhang et al., 

2020). 

1.3. Natural Products Inhibiting IL-6 During Cytokine Storm 

1.3.1. Curcumin  

Curcumin is a natural yellow product isolated from the turmeric rhizome of the herb with the name 

Curcuma Longa. Many types of research showed an excellent efficiency of this product on different 

diseases such as diabetes, glioblastoma, Alzheimer's (Chainani-Wu, 2003; Chuengsamarn, 

Rattanamongkolgul, Luechapudiporn, Phisalaphong, & Jirawatnotai, 2012; Dhandapani, Mahesh, & 

Brann, 2007; Mishra & Palanivelu, 2008). Anti-microbial, anti-viral, anti-fungal, anti-inflammatory, 

anti-carcinogenic, and antioxidant activity of curcumin (Menon & Sudheer, 2007; Piper et al., 1998; 

Zorofchian Moghadamtousi et al., 2014). It also can be useful on different viruses such as HIV-1, 

HCV, EBV, HCMV, RSV, and influenza A. as it said before, curcumin has an excellent effect on 

inflammation (Mathew & Hsu, 2018). a study by Y Xu et al. in vivo study showed that this product 

could be effective on influenza by promoting the expression of IkBα and translocation of p65 to the 
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nucleus and finally inhibition of NF-KB pathway(which is one of the pathways which can make 

different inflammatory cytokines) in a dose-dependent manner as a stock solution (Y. Xu & Liu, 

2017). Another study by Jainping et al. about the effect of curcumin on pneumonia, which is caused 

by influenza, shows that curcumin's ability in inhibition of oxidative stress, MPAK, and NF/KB, 

suppression of IFN-β, AKt, MMp-2 and9, IL-1β, IL-6. This in vivo and in vitro study was done at the 

dosage of 25µg (J. Dai et al., 2018). Zhang et al. published a study on monocarbonyl analogs of 

curcumin (because of the low bioavailability and weak stability of curcumin, these analogs can make 

it more stable and the bioavailability of curcumin). This in vivo and in vitro study showed a positive 

effect of curcumin on inhibition of LPS-stimulated expression of some cytokines in macrophages, 

reducing TNF-α and IL-6 in a dose-dependent manner, and introduced curcumin as an excellent anti-

inflammatory agent (Y. Zhang et al., 2014). Another study by Peter p Sordillo said because of the 

effect of curcumin on blocking different cytokines such as  IL-1, IL-10, IL-6, and TNF-α, this 

compound is suggested as a very candidate for treatment Ebola and the severe viral infection by 

suppressing cytokine release and cytokine storm (figure 1) (Sordillo & Helson, 2015). 

1.3.2. Andrographolide  

Andrographolide is one of the natural components with the name of Andrographis paniculate Nees. 

This product can be effective in the elimination of some toxic particles. It can cure the inflammation 

and oxidative stress level in different diseases like rheumatoid arthritis and hepatic fibrosis. This 

component can regulate the NF-κB and JAK-STAT pathways. In a dose-dependent manner, some 

derivation of this product like isoandrographolide,7-O-metylwogonin, and skullcapflavone-I can 

reduce the liberation of NO, interleukin-1β, interleukin-6, prostaglandin E2 by in vitro and in vivo 

study. Using Andrographolide can effectively improve survival rate, reduce the accumulation of virus 

in cells, and diminish the expression of proinflammatory cytokines. This evidence shows that this 

product can be effective in injuring the lung (Yi Ding et al., 2017). Another study investigating the 

level of IL-6 in peripheral blood mononuclear cells of patients suffering from chronic rhinosinusitis 

with nasal polyps showed that Andrographolide diminished IL-6 expression (Kou et al., 2014). In a 

study by Nie et al., the effects of synthesized andrographolide derivatives on the production of pro-

inflammatory cytokines were evaluated. The results revealed that compound 3b was the most potent 

immune-suppressive derivative that inhibited the NF-κB pathway. Therefore it protects the lungs 

against acute infection(Nie et al., 2017). In conclusion, Andrographolide might be a promising 

therapeutic strategy for decreasing IL-6 expression and cytokine storm. 

1.3.3. Qiangzhi decoction (QZD) 

Qiangzhi decoction is a kind of compound that consisted of the four herbals with the name of 

Notopterygiuminicisum Ting Ex H. Chang, isatisindigotica Fort. (isatidis Folium), 

commelinacommunis L .and Isatisindigotica Fort. This compound can be used against different 
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viruses such as hepatitis B, herpetic, the corona. Recent studies showed that the significant effect of 

this compound on the reduction of pneumonia, which is caused by SARS. It is also used to treat 

xenograft fever (Matsukura et al., 1998; Pozzolini, Scarfı̀, Benatti, & Giovine, 2003; Wang et al., 

2008). In an in vivo and in vitro research by Zhu et al., the effect of this product is investigated on 

influenza pneumonia. Qianzhi decoction showed an excellent effect on survival rate; increasing titers 

of the virus, protection lung, and anti-viral activity of this virus were obviously clear. In a dose-

dependent manner, this compound can suppress some cytokine-like TNF-α, IFN-α, and IL-6 and 

chemokines ICAM-1 and RANTED, especially at the dosage of 960 mg/(kg. d) the best result is 

gained in the mice. This study also suggests this product as a good candidate for the treatment of 

influenza because of its ability to inhibit cytokine storms (Zhu et al., 2015). 

1.3.4. Alpha-mangostin 

Alpha-mangostin is a kind of bioactive compound that is isolated from the pericarp of mangosteen 

fruit. The different activity of this compound has been proved, such as anti-allergic, anti-parasitic, 

antioxidant, antiviral and antimicrobial, and antifungal (Ibrahim et al., 2016). moreover, the 

anticancer activity of this product is shown (P. Li, Tian, & Ma, 2014). It uses as a traditional medicine 

in fever, diarrhea, and pain (Cui et al., 2010). Different studies show its efficiency on and HIV-1 and 

hepatitis C virus (S.-X. Chen, Wan, & Loh, 1996; Choi, Kim, Lee, Chin, & Lee, 2014). A study by 

Mayuri Tarasuk is done about the efficacy of this compound on dengue virus production and 

inhibition of cytokine storm. The result shows that it can reduce the rates of infection, make inhibition 

of virus and also be effective in the reduction of IL-6 and TNF-α and on MIP-1β, RANTES, and IP-10 

chemokine at the dosage of 20µg. This in vitro study was done, and the result shows that it can be 

more effective than ribavirin ( antiviral medicine ) and dexamethasone (an anti-inflammatory drug) 

(Tarasuk et al., 2017). ribavirin is introduced as one of the promising candidates for the treatment of 

the new coronavirus, and the effect of this antiviral agent in the coronavirus is shown (Elfiky, 2020). 

Alpha-mangostin showed its more potent activity than ribavirin in the study of Tarasurk and a good 

effect on the inhibition of cytokine storm. Thus hopefully, this compound may be a good agent for the 

treatment of people with coronavirus.  

1.3.5. Methyl 3-formyl-4-methyl pentanoate (SMFM) 

Allium savitum ( garlic) is used as a food, herbal medicine and has an excellent effect on different 

diseases such as cardiovascular diseases, cancer, some infection (Banerjee & Maulik, 2002; Bolton, 

Null, & Troetel, 1982; Fenwick, Hanley, & Whitaker, 1985; Graham, Anderson, & Lang, 1999; 

Milner, 2001). antibacterial and antiviral activity of this effective medicine also has been proved on 

influenza B and HSV (Yarnell, 2018). SMFM is a natural compound extracted from the herb with the 

name Allium sativum (garlic).  
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In one study, Lee et al. showed that SMFM administration significantly reduced apoptosis in the 

lymphocytes derived from the spleen of cecal ligation and puncture (CLP), accompanied by a marked 

reduction in the number of bacterial colonies in the peritoneal fluid and a surge in the production of 

reactive oxygen species. SMFM also inhibited lung inflammation, raised the survival of mice, and 

reduced LPS-induced release of pro-inflammatory cytokines via blocking the NF-KB pathway. 

Furthermore, IL-6, IL-1β, and TNF-α level significantly reduced at the doses of 15 and 10 mg/kg both 

in vivo and in vitro. This research suggested that SMFM could be an excellent agent for inhibiting the 

cytokine storm (Lee et al., 2015). 

1.3.6. Phillyrin 

Phillyrin, the dominant phytochemical of Oleaceae Fructus Forsythiae, possessing anti-inflammatory 

and anti-influenza A virus activity, might benefit from COVID-19 patients. At a dose of 20 mg/kg/day 

for three days, administration of phillyrin considerably reduced the concentrations of IL-6 and 

attenuated lung tissue damage in mice during viral infection induced by influenza A virus. Taken 

together, phillyrin may have potent effects on protecting cells against viral infections through 

reducing inflammation (X.-y. Qu et al., 2016). Another study evaluated the modulatory effect of 

Phillyrin on pulmonary inflammation caused by LPS. Results indicated that Phillyrin attenuated the 

expression of inflammatory cytokines, including IL-6. Pretreatment with Phillyrin also decreased 

LPS-induced activation of the NF-κB pathway in lung tissues. The results showed the potential of 

Phillyrin as a protective agent against LPS-induced lung inflammation (Zhong et al., 2013). 

1.3. 7. Ilex asprella 

The leaves and roots of a Chinese native herb (mainly found in Fujian, Guangxi, and Guangdong 

provinces), Ilex asprella (IA) (Hook. & Arn.) Champ. ex Benth. (also known as "Gang-Mei") have 

been traditionally used to treat bacterial infections, pulmonary diseases such as influenza, and lung 

abscesses. The main constituents of this plant include alkaloid phenolic compounds, phenolic acid, 

and a triterpenoid called saponin (Qi & Ren, 2009). The root extract of IA (500 mg/kg) was shown to 

reduce pulmonary inflammation and edema via suppressing the production of MCP-1, TNF-α, and IL-

6, accompanied by a rise in the serum levels of IFN-γ and IL-10. In other words, IA effectively 

ameliorated the lung’s viral load and improved pulmonary ventilation in the mice infected with the 

influenza virus (A/FM/1/47 H1N1). These results showed that IA extract was a potent herb to 

alleviate pulmonary inflammatory symptoms (W.-p. Dai et al., 2014). 

1.3.8. Theaflavins 

Theaflavins (TFs) are polyphenolic compounds existing in black tea. These compounds are produced 

by black tea dimerization and oxidation. Along with its three derivatives, TF has presented antiviral 

and anti-inflammatory effects against influenza (Henning et al., 2006; Robert, 1957). Zu M. et al. 
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(2012) performed a study to investigate the anti-influenza effects and mechanisms of TFs, indicating 

that TFs, with a 50% inhibitory concentration (IC50) ranging from 9.27 to 36.55 μg/mL, inhibited the 

neuraminidase enzyme available in the H1N1 and H3N2 influenza virus strains. Furthermore, TFs 

were shown to inhibit hemagglutinin. So, TFs seem to promote their antiviral activities mainly via 

these mechanisms. In addition to suppressing virus-derived enzymes and other functional proteins, TF 

derivatives suppressed the release of IL-6, suggesting their anti-inflammatory and anti-influenza 

properties via blocking viral replication, as well as their potential to be used as a therapeutic agent 

(via blocking the cytokine storm) against the COVID-19 disease (Zu et al., 2012). 

1.3.9. Liu Shen Wan 

Liu Shen Wan (LSW) previously has been introduced as an anti-inflammatory antiviral compound. In 

vitro and in vivo studies showed that the NF-κB pathway and the expression of inflammatory 

cytokines, including IL-6, are limited by LSW. Moreover, LSW can effectively inhibit influenza virus 

replication in mice and virus-infected cells and improve survival time. LSW diminishes a load of 

virus and pathological changes in the lungs. The mechanism of LSW is on down regulatory effect on 

inflammatory cytokines expression; thus, it can be a useful novel choice to hinder the cytokine storm 

in the (Ma, Huang, Zhao, & Yang, 2020). 

1.3.10. Naringin 

Wild citrus (Citrus fruit peel) contains abundant amounts of flavonoids. It has been shown to alleviate 

cough, promote digestive function, and augment the immune system's response against pathogens, 

including viruses (Lin et al., 2005). Recently, Cheng et al. (2020) assessed the efficacy of six 

flavonoids derived from three citrus species and showed that naringin (4 mg/kg per rat) suppressed the 

LPS-induced production of proinflammatory cytokines (IL-6, IL-1β, iNOs, and COX-2) in the Raw 

macrophage cell line, in vivo, and in vitro. This inhibiting effect was suggested to be related to the 

suppression of HMGB1 expression, based on an experiment in mice. So, flavonoids can project anti-

inflammatory and anti-coronavirus effects, implying that citrus fruit and its derived phytochemicals 

can effectively treat the 2019-nCoV infection (Cheng et al., 2020). 

1.3.11. Shen-Fu 

As a traditional Chinese herb, Shen-Fu (SF) comprises Fuzi (Radix Aconitum Carmichaeli, AC) and 

Ginseng (Radix Ginseng, RG). Chinese have traditionally utilized this plant to manage and treat end-

stage diseases, MODS, shock, and China (Wu et al., 2016). Quian Y et al. (2006) assessed the impacts 

of Shen-Fu (at the doses of 10 and 100 mg/kg) on acute pulmonary injury following endotoxin 

administration in adult male Wistar rats. They observed that the plant suppressed the induction of NF-

kappa B by the endotoxin and subsequently reduced the production of IL-6 and TNF-α and activation 

of myeloperoxidase (MPO). Furthermore, at a dose of >10 mg/kg, Shen-Fu alleviated lung 
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inflammation in the animals exposed to the endotoxin. Considering the effects mentioned above of 

Shen-Fu on the function of the immune system and its role in modulating inflammatory pathways, this 

herb can be used to curb the spread of COVID-19 and treat its complications (Qian, Sun, Wang, & 

Yang, 2006). 

1.3.12. Xuebijing  

Xuebijing is a kind of Chinese medicine that is a combination of 5 natural herbs: Dangguie ( Radix 

angelica Sinensis), Chishao (Radix angelica rubera ), Chuanxiong (Rhizoma chuanxiong), Danshen 

(Radix salvia Miltiorrhizae) and Honghua (Flos carthami). It uses for the treatment of sepsis and 

septic shock, and early injection of this natural product can be useful in people with severe trauma 

(He, Tan, Zhang, & Guo, 2015; Jiang et al., 2013; LU, GU, & Huang, 2010; Shi, Hong, Qian, Cai, & 

Chen, 2017). This compound can make the activation of blood circulation, removing blood stasis, and 

cooling the blood. One study on 80 patients with pneumonia showed that the combination of 

antibiotics and this compound could reduce the LDH serum level, daily peak body temperature, CRP, 

and suppress TNF-α, IL-6, and IL-8 at the dosage of 50 ml of this product on 100ml normal saline 

(Fei, LIANG, SHE, Guang-Tao, & CHEN, 2011). Another study by Xi chen et al. about the pro-

inflammatory and anti-inflammatory Th17 and T regulatory effect of Xuebijing on the group of sepsis 

mice shows that this compound can improve the survival by induction of FoxP3 and IL-10 expression 

on CD4 T cell, regulation of Treg (an anti-inflammatory agent) and TH17 (pro-inflammatory agent), 

prevention of neutrophil infiltration into lung and kidney at the dosage of 18ml/kg. This vitro study 

also shows a significant reduction of some cytokines like TNF-α and IL-6, reduction of this cytokine 

can regulate the Treg by releasing the repression of FoxP3, which IL-6 inhibits. With these features of 

Xuebijing in this study, it introduces another agent to prevent the cytokine storm (X. Chen et al., 

2018). 

1.3.13. Chai-hu-gui-zi-gan-jiang-tang 

This compound is prepared by (saiko-keishi-kankyo-to) combining parts of seven herbal medicines 

(i.e., bupleurum root (6 g) along with 3 g of each oyster shell, cinnamon bark, sctellaria, and 

trichosanthe root and; and 2 g of dried ginger rhizome and glycyrrhiza root). Although this compound 

usually has no effects on the diseases caused by climate changes or mood fluctuations, it can treat 

neurological disorders, insomnia, depression, fatigue, and some psychiatric problems (Aizawa et al., 

2002; Iizuka et al., 1998).  

In a study by Ushiroyama T. et al. (2005), 90 women with menopausal problems such as insomnia 

diagnosed the mood disorder were assigned to two experimental groups to receive either 7.5 g of a 

commercial drug (an anti-depressant agent) or Chai-hu-gui-zhi-gan-jiang-tang. Compared with the 

women treated with the anti-depressant, serum sIL-6 was significantly lower in the women treated 
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with the recent compound, suggesting the beneficial effects of Chai-hu-gui-zhi-gan-jiang-tang in the 

attenuation of peri- and post-menopausal women’s morbidities and reducing their stress reactions, as 

well as diminishing soluble interleukin-6 receptor, IL-6, and TNF-α (Ushiroyama, Ikeda, Sakuma, & 

Ueki, 2005). 

1.3.14. Lidanpaidu prescription (LDP) 

Lidanpaidu prescription (LDP), is a composition of classical Chinese herbs, including salvia, 

gardenia, capillary artemisia, and six other Chinese traditional herbs. The anticoagulant, 

antiendotoxin, and various other biological functions have been attributed to this compound, 

suggesting it as a beneficial agent against trauma and urinary tract infections (W.-j. Li, Wang, & 

Wang, 2013). Zhang F. et al. (2017) used different concentrations of LPD (37.5, 75, and 150 g/kg) to 

assess its preventive effects and potential mechanisms in the mice models of acute kidney injury 

(AKI) induced by LPS. This study showed a significant improvement in the survival (66.7%) of the 

mice pre-treated (48 h) with LDP respective to the mice only challenged with LPS (26.7%). In 

addition, LPS-induced renal histopathological changes improved, and inflammatory cytokines 

decreased in the kidney and serum samples of LDP-treated mice, suggesting a protective role for LDP 

against LPS-induced AKI, probably mediated by the suppression of the NF-κB pathway (i.e., an anti-

inflammatory activity). This effect can also be extrapolated to pulmonary infection and injury. So, 

some of the anti-inflammatory effects of this compound may attenuate the cytokine storm (F. Zhang 

et al., 2018). 

1.3.15. Chlorogenic acid 

 Chlorogenic acid (CHA), which is rich in a Chinese herbal plant like Lonicera japonica Thunb, 

Crataegus monogyna, and Vaccinium Angustifolia, can be a good component in the treatment of 

different virus such as HIV, adenovirus, HSV, hepatitis B. also, it can be good in inhibition of viral 

infection. It can also be effective on infections related to upper respiratory tracts such as influenza and 

parainfluenza. In Vivo and in vitro study showed the efficacy of CHA in combatting influenza A 

(H1N1/H3N2) and strains resistant to oseltamivir. CHA hinders releasing particles of the newly 

formed virus from cells that are infected through inhibition of neuraminidase. Injection at the dosage 

of 100mg/kg/d shows that this product can reduce TNF-α and interleukin-6 in cellular and animal 

models. Due to the significant reduction of inflammation in the lungs, improving the survival of cells, 

and decreasing the concentration of virus titers, CHA was introduced as a good candidate for reducing 

inflammation (Yue Ding et al., 2017). 

1.3.16. 14-Deoxy-11,12-didehydroandrographolide(DAP) 

14-Deoxy-11,12-didehydroandrographolide (DAP) is a component of Andragraphis paniculate. This 

herb exhibits multiple biological features (e.g., immunomodulatory function, antibacterial, antiviral, 
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anti-inflammatory, antipyretic, analgesic, etc.) (Ge et al., 2010; Guan, Kong, Cheng, Lim, & Wong, 

2011). In a study by Cai W. et al. on mice, it was shown that DAP treatment (4 h before the infection) 

significantly reduced weight loss and mortality (1000 mg/kg/day) and lung virus load (1000 or 500 

mg/kg/day) in the mice exposed to H1N1 or H5N1 influenza A viruses, accompanied with reduced 

oxidative stress and the mRNA levels of MIP-1β, MIP-1α, IFN-β, IFN-α, IL-6, TNF-α, and IL-1. So, 

regarding the effects of DAP against IAVs and its anti-inflammatory properties, this agent, a 

derivative of A. paniculata, can be a viable therapeutic option for patients with COVID19 (Cai et al., 

2016). 

1.3.17. Forsythia Chinese Medicine  

Forsythia suspensa is an herbal medicine traditionally used by Asians to alleviate inflammation, flu 

symptoms, and fever. In recent times, this plant has been under attention for its beneficial effects 

against a variety of inflammatory diseases such as pharyngitis, tonsillitis, pyrexia, erysipelas, as well 

as ulcers and several other conditions (H.-B. Li & Chen, 2005; H. Qu, Zhang, Wang, Li, & Sun, 

2008). Moreover, it has been shown that the flavonols and lignans (i.e., phenolic compounds) 

available in the crude extract of this plant have antipyretic, choleretic, as well as antibacterial and 

antiviral properties (Piao, Jang, Cui, & Piao, 2008). A study by Coon TA et al. (2014) developed 

murine models of bacterial and viral pneumonia to investigate the effects of several derivatives of 

Forsythin as novel selective inhibitors of PDE in vivo and in vitro. These compounds seemed to be 

highly effective at the dose of <1 mg/kg to alleviate the symptoms of LPS-induced pneumonia and 

sepsis in animal models by decreasing inflammatory cells, protein concentrations, and TNF-α and IL-

6 levels in lavage, correlated with a reduction in serum cytokines levels, in the mice exposed to 

H1N1-induced systematic inflammation (figure 2). According to the mentioned findings, selective 

PDE4 inhibitors could maintain pulmonary homeostasis via modulating lung inflammation following 

infection with the H1N1 influenza virus (Coon et al., 2014). 
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Figure 2. Cytokine storm in the lung following COVID-19 infection. 

2. Conclusion 

COVID-19 is a newly emerged disease caused by a new member of the coronavirus family with 

SARS-COV-2. It has been postulated that cytokine storm is a primary reason for morbidity and 

mortality due to this disease. Tocilizumab is one the best blocker of the IL-6 signal transduction 

pathway, and recent investigations introduced that as a good candidate for reduction of cytokine storm 

and improve the patients with COVID-19 (X. Xu et al., 2020; C. Zhang, Wu, Li, Zhao, & Wang, 

2020). Interleukin-6 has been suggested as a critical mediator during cytokine storms and thus 

represents an important therapeutic target for developing drugs against COVID-19. Plant-derived 

natural products have emerged as promising candidates for the inhibition of IL-6. In this review, we 

elaborated the findings of cellular and experimental studies delineating the role of IL-6 as a target of 

therapy in COVID-19. Overall, 17 natural products and medicinal plants were found as potentially 

helpful in the treatment of COVID-19. It is believed all of these natural products and medicinal plants 

have a good effect on IL-6 expression during viral infections, Phillyrin and SMFM and Qiangzhi 

decoction and curcumin and Shen-fu and Forsythia and Alpha-mangostin have reductive efficiency on 

the production of IL-6, Andrographolide, and Liu Shen Wan have an inhibitory effect on releasing 

this agent, Ilex asprella and Deoxy-11,12-didehydroandrographolide and Naringin reduce the 

expression of IL-6. Theaflavin and Cholorogenic acid inhibit the secretion of IL-6, Xuebijing, and 

Chai-hu-gui-zi-gan-jiang-tang and Lipanpaidu prescription can reduce the serum level of IL-6. 

Notably, Andrographolide and curcumin are two candidates potential to inhibit the IL-6 expression. 
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Because of the gnificant role of curcumin on suppression of IL-6 and other agents and impressive 

effect of this agent in the improvement of lungs in different infections of lung especially on the family 

of coronavirus and salient reductive potency of Andrographolide on releasing of IL-6 and crucial 

impact of that on viral infections of lung in particular CORONAVIRUS family members, we 

especially nominate these two agents as a good factors to inhibit IL-6 and cytokines storm in patients 

with COVID-19. We firmly suggest that the natural products reviewed here are possible agents for 

reducing cytokine storm, thus providing a suitable way to prevent and treat COVID-19 in combination 

with other drugs and agents or alone. However, we recommend that more clinical trials about the 

efficiency of these agents is totally necessary. 

 

Table 1. Effects of reviewed natural compounds on cytokine storm in infectious diseases 

Natural product 
Pathogen (s)/ 
inflammation 

inducer 
Dose (s) 

In-vivo/ In-
vitro 

Effect (s) Ref 

Curcumin  

LPS 

Dose 

dependent 

manner 

Both in vivo 

and in vitro 

Reduction of TNF-alpha and IL-6 in 

Septic mouse model 

(Y. Zhang et 

al., 2014) 

Influenza A 

virus 

25 μg 

 

Both in vivo 

and in vitro 

 

Inhibition of Nf-kB, MPAK, oxidative 

stress, suppression of IFN-beta, AKT, 

MMP-2, MMP-9, IL-6 

(J. Dai et 

al., 2018) 

Influenza A 

virus 

Dose 

dependent 

manner 

In vivo 
Inhibition of Nf-kB and translocation 

of p65 to nucleus 

(Y. Xu & 

Liu, 2017) 

Andrographolide 

Influenza A 

(H1N1) 

Dose-

dependent 

manner 

Both in vivo 

and in vitro 

Reduce NO, IL-1β, IL-6, 

prostaglandin E2 via down regulating 

the NF-κB and JAK-STAT pathways 

(Yi Ding et 

al., 2017) 

Not applicable 8 μg/mL). In vitro Inhibiting IL-6 
(Kou et al., 

2014) 

 

Dose 

dependent 

manner 

In vivo Inhibiting NF-κB pathway 
(Nie et al., 

2017) 
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Qiangzhi 

decoction (QZD) 

Influenza A 

 

Dose 

dependent 

manner 

(especially in 

960 mg/kg.d) 

Both in Vivo 

and in vitro 

Suppress of TNF-α, IFN-α, IL-6, 

chemokine ICAM-1 and chemokine 

RANTED, inhibition of cytokine 

storm. 

(Zhu et al., 

2015) 

Alpha-mangostin 

 

Dengue virus 

 

20 μg 

 

In vitro 

 

20 microgeram 

Reduction of IL-6, TNF-α, and IP-10 

(CXCL10) chemokine, MIP-1beta 

And RANTED 

(Tarasuk et 

al., 2017) 

SMFM LPS 
15 and10 

mg/kg 

Both in vivo 

and in vitro 

Inhibition of NF-kB, reduction of 

TNF-α, IL-1β, IL-6 

(Lee et al., 

2015) 

Phillyrin 

Influenza A 

virus 
20 mg/kg/day In vivo Inhibiting IL-6 

(X.-y. Qu et 

al., 2016) 

LPS 5 mg/kg In vivo Inhibiting IL-6 and NF-κB pathway 
(Zhong et 

al., 2013) 

Ilex asprella 
the influenza 

H1N1 virus 
500 mg/kg In vivo 

Depressed the expression of IL-6, 

TNF-α and MCP-1, and increased the 

expression of IL-10 and IFN-γ in 

serum 

(W.-p. Dai 

et al., 2014) 

Theaflavins 

H5N1 or H1N1 

influenza A 

viruses 

1, 5 or 25 

µg/mL 
in vitro 

Decreased the expression level of the 

inflammatory cytokine IL-6 

(Zu et al., 

2012) 

Liu Shen Wan 
Influenza A 

virus 

100 mg/kg and 

50 mg/kg 

Both in Vivo 

and in vitro 
Inhibiting NF-κB pathway 

(Ma et al., 

2020) 

Naringin 

LPS (Raw 

macrophage cell 

line) 

4 mg/kg 
Both in Vivo 

and in vitro 

Inhibit the expression of the pro-

inflammatory cytokines (COX-2, 

iNOS, IL-1β and IL-6) 

restrain cytokine through inhibiting 

HMGB1 expression 

(Cheng et 

al., 2020) 

Shen-Fu LPS (endotoxin 10, 100 mg/kg in vivo Decreased MPO (Myeloperoxidase) (Qian et al., 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 June 2021                   doi:10.20944/preprints202106.0131.v1

https://doi.org/10.20944/preprints202106.0131.v1


induced acute 

lung injury on 

adult male 

Wistar) 

activity and inhibited TNF-α and IL-6 

production, endotoxin-induced NF-κB 

activation 

2006) 

Xuebijing 

Cecal ligation 

and puncture 

(CLP) model 

Mice (fecal 

pathogens) 

18mg/kg 

 

In vitro 

 

Induction of FoxP3 and IL-10, 

regulation of Treg and Th17, reduce 

TNF-α and IL-6 

 

(X. Chen et 

al., 2018) 

Severe 

pneumonia  

pathogen 

50 ml 

xuebijing in 

100 ml normal 

saline 

In vivo 

Reduction LDH serum level, daily 

temperature, CRP, suppression TNF-

α, IL-6, IL-8 

(Fei et al., 

2011) 

Chai-hu-gui-zi-

gan-jiang-tang 
N/A 

7.5 g per each 

women 
In vivo 

Plasma IL-6 and sIL-6R 

concentrations significantly decrease 

(Ushiroyam

a et al., 

2005) 

Lipanpaidu 

prescription 

(LDP) 

LPS 
37.5, 75 and 

150 g/kg 

Both in vivo 

and in vitro 

Suppression of the NF-κB signaling 

pathway and significant reduction in 

TNF-α and IL-6 

(F. Zhang et 

al., 2018) 

Chlorogenic 

Acid 

Influenza A 

(H1N1/ 

H3N2) 

100 mg/kg/d 
Both in vivo 

and in vitro 
Reduce the level of TNF-α and IL-6 

(Yue Ding 

et al., 2017) 

14-Deoxy-11, 12-

didehydroandrogr

apholide (DAP) 

H5N1 or H1N1 

influenza A 

viruses 

1000 or 500 

mg/kg/day 
In vivo 

Reduction in the mRNA levels of 

TNF-α, IL-1, IL-6, IFN-α, IFN-β, 

MIP-1α, MIP-1β 

(Cai et al., 

2016) 

Forsythia Chinese 

Medicine 

LPS 

influenza A 

H1N1 

0.01, 0.1, 1 and 

10 mg/kg 

Both in vivo 

and in vitro 

Decreased lavage cell counts, protein 

concentrations, and lavage cytokine 

IL-6 and TNF and also reduced serum 

cytokines 

(Coon et al., 

2014) 
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