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Abstract 

Background and Aim: Viral infection dissemination and cytokine storm play an important role 

in the aggravation of COVID-19 disease, thus developing a drug that provides both antiviral and 

anti-inflammatory properties is essential.  

Method: In this study, we reviewed the remarkable properties of two major active compounds 

(hyperforin and hypericin) in Hypericum perforatum plant with a special focus on the molecular 

pathways that have been involved in their anti-inflammatory and antiviral effects.  

Results: Hyperforin can inhibit inflammation and regulate the function of the immune system by 

inhibiting the phosphorylation of three main signaling pathways including JAK/STAT, NF-κB, 

MAPK and increasing Treg cells. Hypericin by destruction of viral membrane, proteins, and nucleic 

acids can inactivate only enveloped viruses.  

Conclusion: Recently, studies have shown that hypericin has the ability to bind to the SARS-CoV-

2 NSP14, ACE2 recognition region of SARS-CoV-2's S-protein. The antiviral and anti-

inflammatory properties of hypericin and hyperforin increase the probability of H. perforatum 

effectiveness against SARS-CoV-2. We believe that H. perforatum extract has the potential to be 

considered as an antiviral herbal medicine. 

Keywords: Hyperforin, Hypericin, COVID-19, Inflammation, Cytokine storm, Hypericum 

perforatum, SARS-CoV-2 
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Introduction 
The spread of SARS-CoV-2 in 2019 faced the world community with many challenges [1], [2]. 

Many new variants have emerged since the SARS-CoV-2 has been identified [3]. The reports 

show, two factors play a crucial role in the aggravation of the disease in Covid-19 patients: viral 

infection dissemination and cytokine storm. The cytokine storm causes acute respiratory distress 

syndrome (ARDS), organ damage, and even death. Therefore, the anti-inflammatory drugs are 

used to counteract the progression of the cytokine storm. However, these drugs have side effects 

and are unable to function selectively. Unfortunately, anti-inflammatory drugs may inhibit the 

production of anti-viral cytokines by affecting inflammatory pathways, thereby delaying the fight 

against the virus and triggering secondary infection [4]. Therefore, there is an urgent need to 

develop new and highly effective antiviral and anti-inflammatory drugs to prevent and control 

viral infections. Medicinal plants and purified natural products are an appropriate alternative for 

developing this kind of medicine. This study aims to consider the extraordinary properties of 

hypericin and hyperforin in the H. perforatum plant to investigate the possibility of its influence 

on SARS-CoV-2. 

Hypericum perforatum 
Hypericum L. (Hyepricaceae) is a large genus with about 490 flowering species. Among them 

Hypericum perforatum L. is an important species in terms of both economics and medicine [5]. H. 

perforatum is a widespread and well-known species native to Asia, North Africa, Western Europe 

and North America [6], [7]. There is a long history of its use in traditional medicine. It's no secret 

that the amazing properties H. perforatum are a hot topic among scientists. H. perforatum has been 

used for a variety of therapeutic purposes, including anti-virus [8], [9], [10], [11], anti-tumor [12], 

and anti-depressant [13]. It has also demonstrated remarkable anti-inflammatory properties [14], 

[15], [16], [17], [18], [19]. Hypericin and hyperforin (Figure 1) are two important components of 

H. perforatum which are responsible for its potent pharmacological effects [20]. A range of 

concentrations of 1-5 % hyperforin and 0.1-0.3 hypericin usually present in the total hydro-

alcoholic H. perforatum extract. 

 

 
Figure 1. Chemical structures of hyperforin and hypericin 

 

Method 
In this review article, different resources have been used including journals and conferences in 

various languages such as English, Chinese, Persian, etc. We obtained gathered information from 

search engines including Scopus, Science Direct, Research Gate, Google Scholar, PubMed, and 

Embase. The keywords for searching are ‘Hypericin’ ‘Hyperforin’ ‘Hypericum perforatum’ ‘St. 

John’s wort’ ‘COVID-19’ ‘2019-nCoV’ ‘SARS-CoV-2’ that were explored in combination with 
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‘inflammation’ ‘antiviral’ ‘cytokine storm’ and separately. 

Chemistry: 

H. perforatum contains anthraquinone (e.g., hypericin, pseudohypericin and isohypericin which 

are derivate from naphthodianthrones) [21], Flavonoids (e.g., flavonols, flavones and glycosides) 

[22], phenols (e.g., caffeic, chlorogenic and vanillic acids) [23], prenylated phloroglucinols (e.g., 

hyperforin, adhyperforin and tannins) [23], [24], [25], volatile oils and other constituents [23]. 

Hypericin and hyperforin are the major active constituents in H. perforatum [26]. The antiviral 

effects of hypericin [8], [9], [10], [11] and anti-inflammatory effects of hyperforin [17], [18], [19] 

has been reported in many studies. However, the antiviral and anti-inflammatory efficacy of H. 

perforatum may not be attributed to these two compounds alone, as the synergic effect with other 

compounds may provide more efficacy. 

Anti-Inflammatory Effects of Hyperforin: 

Hypericin, flavonoids, hyperforin, and other compounds found in H. perforatum extract (HPE) 

have anti-inflammatory activities. However, hyperforin has the highest anti-inflammatory 

properties due to its effects on various inflammatory pathways [15], [17], [18], [19], [27]. The anti-

inflammatory effects of hyperforin and HPE (which contain hyperforin) have been proven against 

inflammation caused by viral infections such as influenza A virus (IAV) and infectious bronchitis 

virus (IBV) [28], [29], [30], [31]. Pu et al. [28] described that HPE was able to slow the loss of 

arterial oxygen saturation, prevent lung consolidation, reduce lung weight, lower the viral titer of 

IAV-infected mice, and eventually prevent mortality. Another study found that oral administration 

of HPE decreased the secretion of tumor necrosis factor (TNF)-α and interleukin (IL)-6 while 

increased the levels of interferon (IFN)-Ƴ and IL-10 in serum and the lungs of IAV-infected mice 

[29]. 

Further study on IBV also indicated that HPE could reduce the level of nuclear factor kappa-light-

chain-enhancer of activated B cells (NF-κB) and through affecting on the NF-κB signaling 

pathway could decrease the mRNA expression of IL-6 and TNF-α. It was interesting that HPE was 

able to diminish reactive oxygen species (ROS) generation which caused by IBV [30], [31]. 

Importantly, hyperforin has been shown to alleviate autoimmune diseases such as EAE 

(encephalomyelitis), IBS (irritable bowel syndrome), Parkinson's disease, Alzheimer's disease, and 

type 1 diabetes [17], [18], [19], [32], [33], [34], [35], [36]. Several studies have demonstrated that 

HPE and hyperforin can function as immunoregulators, reduce leukocyte infiltration into the 

central nervous system, increase regulatory T (Treg) cells in the spleen, and subsequently regulate 

autoreactive T-cells [32], [37], [38]. 

HPE and hyperforin inhibited phosphorylation of three important signaling pathways, including 

Janus kinase/signal transducer and activator of transcription (JAK/STAT), NF-κB, and mitogen-

activated protein kinases (MAPK), in pancreatic β-cell lines and isolated rat and human pancreatic 

islets (Figure 2) [17], [18], [39]. 

HPE and its active compounds also suppress the transcription of target genes involved in apoptosis 

and inflammation. Many studies have also found that HPE decreases IL-6, TNF- and NF-κB 

mRNA expression levels [17], [19]. Furthermore, experimental results showed that HPE could 

reduce ROS production in carrageenan-induced pleurisy [40], [41]. 

Hyperforin suppresses the production of nitric oxide (NO) and prostaglandin E2 (PGE2) in RAW 

264.7 macrophages, which is related to the inhibition of inducible nitric oxide synthase (iNOS) 

and cyclooxygenase (COX)-2 gene expression [42]. In another study, the capability of hyperforin 

to inhibit cellular and cell-free PGE2 production by interfering with the microsomal PGE synthase 

(mPGES)-1 and suppression of leukotriene formation via the inhibition of 5-lipoxygenase (5-LO) 
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has been proposed as a molecular basis for its anti-inflammatory effects [43]. 

 

 
Figure 2. The possible mechanism of hypericin and hyperforin against SARS-CoV-2 

 

Antiviral Effects of Hypericin: 

A wide range of studies have shown that hypericin has antiviral activity against type 1 and 2 herpes 

simplex virus [44], [45], human immunodeficiency virus [46], [47], [48], influenza virus [28], 

[29], avian influenza virus [49], duck hepatitis B and chronic hepatitis C viruses [50], friend 

leukemia virus, radiation leukemia virus [51], [52], and novel duck reovirus [53]. The antiviral 

effects of hypericin are reported in several studies. Hypericin can function as the antiviral via three 

different mechanisms: I) Degradation of the viral lipid coat; Tang et al. [54] found that hypericin 

can inactivate viruses that are enveloped by lipid, however it cannot inactivate non-enveloped 

viruses. This suggestion would be in consistent with the findings of cell studies [55]. Lenard et al. 

[56] found that hypericin can inactivate the fusion activity of many viruses in a light-dependent 

process. Hypericin can be embedded in the phospholipid bilayer of cell plasma membranes, as 

evidenced by the fluorescent microscopic observations [57], [58]. One of the main possible reason 

for why only enveloped viruses are inactivated is the loss of the fusion function [56]. II) 

Destruction of viral membrane: Hudson et al. [59] suggested that in the presence of hypericin, viral 

membranes can be destroyed. Hypericin has the potential to damage proteins and nucleic acids. 

As a result, the virus is no longer able to encode viral antigens in infected cells, and its infectivity 

has been lost. III) Formation of immature or abnormally assembled cores: It's possible that 

hypericin interferes with the processing of precursor polyproteins encoded by viral genes because 

cells treated with it had immature or abnormally constructed cores [48]. 
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Effects of Hypericin on SARS-CoV-2: 

Coronaviruses (CoVs) are grouped into the Coronavirinae subfamily, Coronaviridae family within 

the Nidovirales order that are enveloped, single-stranded and positive-sense RNA viruses [60]. 

CoVs have been isolated into 4 genera: alfa-CoV, beta-CoV, gamma-CoV and delta-CoV. The 

SARS-CoV-2, which belongs to beta-CoVs [61] and causes severe and acute respiratory disease 

that called coronavirus disease 2019 (COVID-19) [62]. The clinical trials show that an increase in 

the expression level of pro-inflammatory cytokines such as TNF-α, IL-1β, IL-6 as well as 

chemokine like IL-8 causes cytokine storm (CS) in all COVID-19 patients [63], [64], [65], [66], 

[67], [68]. 

According to the findings, most patients show lymphocytopenia as well as a decrease in natural 

killer (NK) cells, T cells, Treg cells, and especially induced regulatory T cells. In severe patients, 

these changes are much more dramatic [69], [70]. Furthermore, autopsy findings reveal that critical 

patients have spleen atrophy, necrosis lymph nodes with decreased number, and diffused alveolar 

injury in the lungs [4]. 

According to the studies, hypericin has exhibited strong binding affinity to the active site of the 

SARS Coronavirus main peptidase (SARS-CoVMpro) enzyme and interacts with the amino acids 

(ASN142 and HIS164) of the active site of the target site. The SARS-CoVMpro plays an essential 

role in the replication cycle of the Coronaviridae family [71]. 

Furthermore, recent studies have shown that hypericin inhibits SARS-CoV-2 activity by two 

mechanisms: I) Hypericin can bind to the amino acids (involving ASN-252, GLY-93 and HIS-

268) of N-terminus of SARS-CoV-2 NSP14 (Nonstructural Protein 14) by three hydrogen bonds, 

and bind to the amino acids (involving ASN-306, ARG-310, ASN-422 and LY-336) of the C-

terminus of it by six hydrogen bonds. NSPs play an important role in the replication and 

transcription of CoVs. NSP14 is the most important protein in coronaviridae family. NSP14 

harbors both RNA cap guanine N7-methyl transferase (N7-MTase) and 3′-5′ exoribonuclease 

(ExoN) activities. Therefore, hypericin can disrupt NSP14 activity by binding to it [62]. II) 

Hypericin can bind to the Angiotensin-converting enzyme 2 (ACE2) recognition region of SARS-

CoV-2's S-protein (Figure 2). Structural proteins like spike (S) protein have an essential role in 

virion assembly and infection of CoVs and it is the main key for the viral attachment to the receptor 

of host [72]. 

 

Conclusion 
Studies showed, it is necessary to strike a balance between the use of antiviral and anti-

inflammatory drugs in COVID-19 patients. As mentioned, hyperforin can inhibit the cytokine 

storm and it has the potential to be used as an anti-inflammatory drug. In addition, hypericin can 

disturb viral replication cycle and bind to the ACE2 recognition region of SARS-CoV-2's S-

protein. Therefore, hypericin has an important role in preventing the spread of viral infection. 

Based on research and the synergistic effects that these two compounds have along with other 

compounds in plant extract, we recommend the use of plant extract. Unfortunately, it remains 

uncertain whether novel variants of SARS-CoV-2 will pose a threat in the future. But undoubtedly, 

the Omicron variant will not be the last variant of concern [73]. Therefore, the need for anti-

COVID-19 drug along with vaccination is still necessary. 
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