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Abstract 

As viral infections are an increasing threat to human societies, the need for new therapeutic 

strategies is becoming even more obvious. As no vaccine is available for COVID-19, the 

development of directly acting antiviral agents and preventive strategies have to be 

considered. Nature provides a huge reservoir of anti-infectious compounds, from which we 

can deduce innovative ideas, therapies and products. Anti-adhesive natural products interact 

with the receptor-mediated recognition and early interaction of viruses with the host cells, 

leading to a reduced internalisation of the virus and reduced infections (e.g. procyanidin-B-2-

di-O-gallate against influenza and herpes virus). Lignans like podophyllotoxin and bicyclol 

show strong antiviral activities against different virus, and essential oils can directly interact 

with viral membranes and reduce the host’s inflammatory responses (e.g. 1,8-cineol). 

Echinacea extracts stimulate the immune system, and bioavailable alkamides are key players 

by interacting with immunomodulating cannabinoid receptors. COVID-19 and SARS-CoV-2 

infections have in part successfully been treated in China by preparations from Traditional 

Chinese Medicine and, while it is too early to draw conclusions, some promising data are 

available. There is huge potential, but intensified research is needed to develop evidence-

based medicines with a clearly defined chemical profile. Intensified research and 

development, and therefore, funding is needed for exploiting nature’s reservoir against viral 

infections. Combined action for basic research, chemistry, pharmacognosy, virology, clinical 

studies, but also supply chain, sustainable sourcing, and economic aspects have to be 

considered. This review calls for intensified innovative science on natural products, for the 

patients and for a healthier world! 
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Results 

Since early 2020 coronaviruses, mainly SARS-CoV-2 have become a global concern, but also 

SARS-CoV-1 and MERS-CoV caused epidemic problems in former years, for many decades 

influenza viruses have been a plague, rhinoviruses and the annual cold, adenoviruses, RSV 

viruses and bronchial diseases - virus particles do indeed make our lives difficult. The use of 

potent antiviral drugs is possible in some cases and is also established within the relevant 

therapies (e.g. against influenza), but - and this is the bad news - against most viral pathogens 

in the throat and upper airways we do not have specific and highly effective substances. On 

the other hand, there could well be ways to protect oneself going beyond general public health 

recommendations. While currently all sorts of claims are being advocated in the popular 

press, here we call for a careful assessment of what might be meaningful adjuvant approaches, 

especially in milder forms of such respiratory infections.  

For example, enveloped viruses (e.g. coronavirus, influenza virus or respiratory syncytial 

virus (RSV) have an envelope of a lipid bilayer derived from cellular membrane systems of 

the host cell [1]. These virus envelopes are relatively easily attacked by many exogenous 

compounds (e.g. solvents, detergents, lipophilic substances such as essential oils). The lipid 

layer often also contains (glyco)proteins, which can protrude in an exposed manner [1]. In 

many cases, these proteins are responsible for the highly specific recognition of the respective 

host cells, the associated physical interactions, the subsequent adhesion and thus ultimately 

also for the invasion of the virus into the host cell [2]. Well-known examples are the 

haemagglutinin of influenza viruses [3] or the S-proteins of coronaviruses [4]. The typical 

point of entry for such pathogens via droplet infection is the nasopharynx. For influenza 

viruses, the subsequent colonisation of the epithelia is more likely to occur in the bronchial 

area, whereas COVID-19 infections, for example, become manifest by interaction of the viral 

envelope proteins with complementary binding structures in the throat area. 

Why not consider to protect the mouth and throat area against the penetration of such virus 

particles? Enveloped virus particles can be attacked by exogenous noxae - would it be 

conceivable to achieve a certain degree of protection through a topical treatment of the oral 

mucosa? In the field of natural substances, we know some drugs that contain large amounts of 

tannins. This very heterogeneous group of natural substances includes the proanthocyanidins 

(syn. condensed tannins), hydrolysable tannins (syn. gallotannins) and the so-called 

Lamiaceae tannins (depsides). All have in common that they interact with proteins and are 

able to considerably change or inhibit protein structure and functionality. Tannins therefore 
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often have non-specific antimicrobial effects but can also inhibit the functionality of viral 

envelope proteins. Inhibitory effects of condensed tannins or extracts containing tannins on 

the influenza virus or RSV are known from several publications [5, 6]. Mechanistic 

investigations using a purified proanthocyanidin (procyanidin B2-3-O-digallate) showed that 

this polyphenol rather specifically inhibits the binding domain of haemagglutinin of the 

influenza A virus, which makes it impossible for the virus particle to adhere to the host cell 

[7]. Similar effects have also been reported against herpes simplex viruses (HSV-1), where the 

corresponding adhesion proteins in the virus envelope could as well be considered as a target 

[8–10]. Such proanthocyanidins are quite widespread in the medicinal plant sector (e.g. green 

tea, common sorrel, Cistus spp., Pelargonium spp. etc.). Of course, these plants cannot be 

used as a therapeutic agent for manifest viral infections. In the authors view it would be quite 

conceivable to use dosage forms to locally apply concentrated tanning extracts for local 

application in the oral cavity for prophylaxis and as an adjuvant therapy (provided that there 

are no risks of interactions). Sorrel prepared as lozenges or chewing gums. which contain 

proanthocyanidins in the highest possible concentration offer such opportunities. In addition, 

other pharmaceutical preparations like gargle and mouthwash solutions containing such 

extracts have been used locally and traditionally and may offer novel opportunities. One could 

argue that such prophylactic methods only offer short-term protection as long as the lozenge 

is sucked or the gargle solution is kept in the mouth. However, one can expect that such 

preparations reduce the pathogen load in the oral cave and these measures could be used 

during a possible exposure or immediately thereafter. There are further possible points of 

attack, but this would have to be further substantiated by specific investigations, especially in 

human volunteer studies: Tannins also interact with protein components in the oral cavity, e.g. 

salivary proteins and with surface proteins of the mucous membrane epithelia [11]. Everyone 

is certainly aware of the changed mouth feel after ingestion of preparations containing tannins 

(e.g. long brewed black tea). In principle, this is due to tannin interactions on and with the 

epithelial cells, i.e. we slightly tan the buccal and tongue surface easily. The tannins are 

naturally immobilized on the epithelia, so they should be present for a longer period of time 

and perhaps also retarded. Perhaps this could also inhibit an incoming virus from adhering? 

This remains to be investigated, but there is a good chance that this hypothesis could be 

correct. 

In addition, lignans play an important role as potential drug candidates for the development of 

antiviral compounds. Highly active representatives of this natural product class are 

podophyllotoxin, a typical lignan from the group of the arylnaphatelenes, and biclycol, 
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belonging to the uncommon subclass of dibenzocyclooctenes, being highly active against HIV 

and papillomavirus (HPV) in vitro [12]. These natural products have been clinically studied for 

their antiviral activity against veneral warts and hepatitis B, causing chronic hepatitis B.  

Podophyllotoxin was found and validated as potential antineoplastic natural product [12]. This 

lignan has been already mentioned as a drug against topical venereal warts (Condyloma 

acuminatum) caused by DNA papillomaviruses (HPV) in 1942 [13] in regulated drugs. 

Podophyllotoxin is also the active ingredient in Condylox liquids and Wartec ointments, 

registrated for the treatment of anoenital warts and anogenital warts in immunocompetent 

patients. 

Bicyclol was shown to have antiviral activity in vitro but also in vivo in patients with HBV 

infection. Preliminary studies in mice have started for a combination of bicyclol and heat shock 

proteins as potential adjuvant and in some reports the wide use in China since 2004 is mentioned 

[14]. Bicyclol might be active against the hepatitis C virus (HCV) as well, but contractionary 

data published do not give full evidence for safety and efficacy of the drug [15]. The mechanism 

is still unclear, modulation of MHC-I mediated cytotoxicity of T-cells against virus infected 

cells is discussed. In case of HIV-1 lignans have been shown to inhibit the reverse transcriptase 

activity [16]. Schröder et al. [16] conducted structure-activity studies on various lignans and 

showed that the lactone pharmacophore is essential and later Eich et al. [17] documented that 

the pattern and number of aromatic hydroxyl substituents is important for the antiviral activity 

as well. Besides these two most important lignans others have been studied and tested as well. 

Some with significant antiviral activities are listed in Table 1. 

 

Besides tannins, certain essential oils also appear to have antiviral potential against enveloped 

viruses [18, 19]. In addition, in this case, the interaction with viral envelope proteins, which 

reduces the docking or uptake of the viruses into the cell, is of particular importance. Most of 

the investigations were performed on the herpes simplex viruses (HSV-1/2), but for 1,8-

cineol, the main component of eucalyptus oil, protective effects were also observed in mice 

infected with influenza virus C (IFV-C) [20]. These effects seem to be mainly caused by a 

reduction of the inflammatory reactions that affect the lungs during pneumonia rather than by 

a direct antiviral effect. Some high quality preparations are available on some markets, and 

there is a huge potential for improved and novel products. Furthermore, of course, there are 

substantial differences in the phytochemical composition and thus in the biological activity of 

essential oils. An interesting example in the current situation is the in vitro activity of laurel 

oil against SARS-CoV: The essential oil from the aerial parts of the laurel tree (Laurus 
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nobilis) inhibited the replication of the virus in vitro more strongly than other essential oils 

from other species investigated [18]. Laurel oil contains larger amounts of the monoterpenes 

1,8-cineol and β-ocimen and the sesquiterpene dehydrocostus lactone [18]. However, sage oil, 

rich in 1,8-cineol, showed a weaker effect [18]. Inhalative applications of laurel oil would 

therefore be conceivable here, but its potential allergenic potential should be considered. 

Beside essential oil, sage leaves (Salvia officinalis L.) contain tannins (depsides), so 

preparations such as gargle solutions could also be applied successfully. 

So why not investigate and develop novel pharmaceutical preparations at a time of a hardly 

controllable virus pandemic? Why not simply develop lozenge preparations containing 

tannins or essential oils or try appropriate gargling or rinsing solutions? Not as medicines, as 

in this case we would need official approvals, but simply as food supplement, albeit with a 

sound scientific and specifically pharmacological and pharmaceutical basis? 

In the current situation with a shortfall of surgical masks, there is an urgent need for 

protection strategies for populations at high risk such as the elderly, immunocompromised 

patients or patients with respiratory disease as well as for personnel in nursing homes, 

ambulatory care and hospitals. Placebo-controlled randomized clinical trials to assess the 

efficacy of shelter strategies using natural products are ethically problematic to conduct in 

groups at high risk for infection. This would mean to withhold a possible effective product in 

half of the subjects. However, the use of such preparations in high-risk groups could be 

accompanied by non-interventional observational studies. This can gain at least some 

knowledge on the feasibility of such a protection strategy using natural products.  

What about activating a compromised immune system by natural products or medicinal 

plants? It is primarily our immune system that protects us from viral infections. As soon as the 

immune system notices a viral infection, it begins to fight the invaders, for example with 

antibodies and proteins that prevent docking and penetration into the cells [21]. These blocked 

viruses are then rendered harmless by various leukocytes. Host cells that are already infected 

by viruses begin to produce interferon and release it to neighbouring cells, which slows down 

the multiplication of viruses. Interferons also attract natural killer (NK) cells that detect and 

eliminate virus-infected cells [22, 23]. Anything that weakens the immune system, therefore, 

makes us more susceptible to colds and viral infections. Also, with advancing age, starting at 

about 60 years, the formation of B- and T-lymphocytes is reduced, resulting in a higher 

susceptibility to infections. It is of special interest in the current situation that also obesity 

obviously impairs the functionality of NK cells [24]. 
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Therefore, modulation of the immune system may be a promising approach in the prevention 

of viral infections [25]. However, since the pathology of late stage Severe Acute Respiratory 

Syndrome (SARS) is associated with an overreaction of the immune system and a cytokine 

storm with symptoms of sepsis [26, 27], only stimulating the immune system may also be a 

risk. 

There are many natural products and medicinal plants, which are supposed to modulate 

immune functions [28, 29]. Preparations from Echinacea species are probably most widely 

used and best investigated. They have traditionally been used against sepsis and have shown 

direct antiviral effects under in vitro conditions, but also modulatory effects on macrophages 

and NK cells [30–33]. Some of them have been clinically effective in the prevention and 

treatment of viral infections [34–36]. There has been also intensive research on the active 

principles. Alkamides seem to play a major role. They are readily bioavailable and bind to 

cannabinoid receptors, which are the key to stimulate the immune system [37, 38]. Therefore, 

Echinacea is an excellent example of how natural product research from bench to bedside can 

create a lot of scientific evidence for the usefulness of herbal medicine in viral infections. 

There are many more such plants used in global ethnomedicine, that still wait for their 

evaluation.  

Globally, local and traditional medicines remain a major source of health care [39]. In China, 

Chinese Traditional Medicine (TCM) has already played an important role treating infections 

with SARS-CoV and SARS-CoV2 infections. During the first SARS epidemic in Guangdong, 

all patients received Chinese medicine treatments over different stages of the disease in 

addition to biomedical treatments. The most commonly used formulations were San Ren 

Tang, Yin Qiao San, Ma Xing Shi Gan Tang, Gan Lu Xiao Du Dan, and Qing Ying Tang, 

containing mixtures of many different herbs. In Hong Kong, a combination of Sang Ju Yin 

and Yu Ping Feng San, plus two other botanicals, Isatidis folium (Isatis tinctoria L.) and 

Scutellariae radix (Scutellaria spp.) have been used with success to protect high-risk hospital 

workers  against Sars-CoV infection [40]. According to a  survey from 2007 [41], during the 

first SARS-CoV crisis in China, 40 to 60% of the infected patients received Chinese medicine 

treatment on top of the standard modern medicine treatment at some stages of the disease. The 

results indicate positive, but inconclusive indications about the efficacy of the combined 

treatments using Chinese medicine as an adjuvant [41]. Evaluation of the published literature 

within this study for the observed positive effects point to better control of fever, quicker 

clearance of chest infection, lesser consumption of steroids, and relief of other symptoms 
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[41]. On the other side, many more clinical studies have to be performed with Chinese 

medicinal preparations as adjuvant to provide adequate evidence-based therapeutic concepts.  

During the recent SARS-CoV-2 infections, TCM has been again widely applied in China. 

According to a recent report, more than 85 % of SARS-CoV-2 infected patients have received 

TCM treatment in China [42]. The used formulations and natural products have been recently 

reviewed [42]. In a survey, Luo et al. [43] found that Astragalus membranaceus (Astragalus 

mongholicus Bunge ), Glycyrrhizae uralensis Fisch. ex DC., Saposhnikovia divaricata (Turcz. 

ex Ledeb.) Schischk., Atractylodis macrocephalae Koidz.  (rhizome), Lonicerae japonica 

Thunb. (flower), Forsythia suspensa (Thunb.) Vahl  (fruit), Atractylodes lancea (Thunb.) DC. 

(rhizome), Platycodon grandiflorus (Jacq.) A.DC. (root), Agastache rugosa (Fisch. & 

C.A.Mey.) Kuntze  and Cyrtomium fortunei J. Sm. were the ten most commonly used Chinese 

medicinal plants in the treatment of COVID-19. Yang et al. [42] concluded, that more and 

better controlled clinical studies are needed to evaluate the efficacy of TCM in the treatment 

of SARS-CoV. In addition, standardized products should be used rather than self-prepared 

formulations. They also recommended that the safety of TCM treatment should be evaluated. 

It shows that there is huge potential, but a lot of basic and clinical research is still needed to 

understand the mechanisms of action and to end up in evidence based medicine. Importantly 

the underlying philosophical concepts differ [44] and it is certainly difficult and problematic 

to assess many of these approaches in bioscientific terms. At the same time it would be 

negligent to just ignore this large body of scholarship, and more importantly, the widespread 

use of preparations derived from, in this case, TCM. There is a tremendous research agenda, 

which is we need to engage with and this will be a core task for research on how to develop 

novel therapeutic approaches.  

Medicinal plants and natural products comprise a huge potential to fight against pathogens! 

During evolution, plants and also other organisms have developed excellent and highly 

efficient defence mechanisms and antipathogenic defence compounds. We should strengthen 

activities to explore and to develop this potential. This needs more and intensified science for 

pinpointing the active medicinal plants, the identification of active compounds and the 

investigations of potential synergistic effects when dealing with complex mixtures. We have 

also to explore the chemistry behind the active ingredients, we have to develop sustainable 

technology for the efficient production (not only milligrams are need, but economically 

relevant amounts to an affordable pricing), and we have to initiate preclinical, toxicological  

and clinical trials. This is definitely a long way to a more evidence-based phytotherapy or to 

integration of highly active natural products into the clinical practice. 

https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=827776&query=Glycyrrhizae+uralensis&filter=&fuzzy=false&nameType=all&dbs=wcsCmp
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=872479&query=Atractylodis+macrocephalae+&filter=&fuzzy=false&nameType=all&dbs=wcsCmp
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=369441&query=forsythia+fructus&filter=&fuzzy=true&nameType=all&dbs=wcs
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=900927&query=atractylodis+rhizoma&filter=&fuzzy=false&nameType=all&dbs=wcsCmp
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=900927&query=atractylodis+rhizoma&filter=&fuzzy=false&nameType=all&dbs=wcsCmp
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=354641&query=Platycodonis+radix&filter=&fuzzy=false&nameType=all&dbs=wcs
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=4494&query=Agastache+rugosa&filter=&fuzzy=false&nameType=all&dbs=wcs
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=4494&query=Agastache+rugosa&filter=&fuzzy=false&nameType=all&dbs=wcs
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Key players should not be individual scientists in their “ivory tower”, but much more 

coordinated consortia including biologist, pharmacognosists, natural product chemists, 

synthetic chemists, toxicologists, clinicians and governmental officers. Nature provides us 

with a huge reservoir of great antipathogenic resources, we just have to raise this treasure 

[45]. It is worth a try. 

We also want to caution against the increasing drive for exotic medicines and supplements, 

often with high-level claims and low level of evidence. Numerous products are advocated, 

and there can be no doubt that there is a need to develop novel products, but there can be no 

quick fix solution without a detailed scientific investigation of the quality, safety, 

pharmacological effects and therapeutic benefits. 

We have also to urgently develop research on medicinal plant production and the respective 

sourcing. Initial evidence points to an increase in the demand of many popular herbal 

substances. Medicinal plants such as Echinacea (see above) see a dramatic rise in demand, 

but this cannot be met with the existing supply systems. This raises important questions about 

the integrity of the value chains relevant for the production of such healthcare products. The 

challenges are multiple, from an increased demand on the consumer side to problems related 

to the health of the workers along the value chains. We do not know yet how this is affected 

by the pandemic. Not only the breeding and production of the materia prima, but also the 

supply with authentic high quality finished products will need much more attention as a 

consequence of this global challenge.  

  

Let us start working – for an innovative science, for the patients and for a healthier world. 

Clearly it is also essential that adequate funding is made available to ascertain that the 

potential of natural products and herbal medical products is explored in greater detail 
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Table 1. Lignans tested for antiviral activity, HBV: Hepatitis B, DENV: Dengue Virus, HCV: 

Hepatitis C, HCyV: Human Cytomegalo Virus, HIV: Human Immunodeficiency Virus, HIVA: 

Human Influenza Virus, HSV: Herpes Simplex Virus, WNV: West Nile Virus, ZIKV: Zika 

Virus; DGP: 6-Deoxyglucose-diphyllin, NDGA: Nordihydroguaiaretic acid, TMP: Tetra-O-

Methyl-nordihydroguaiaretic acid 

 

Name Source Virus Activity (IC50) Literature 

Niranthin Phyllanthus niruri L., 

Euphorbiaceae 

HBV 15.6 - 25.1 µM (in 

vitro) 

[46, 47] 

 

NDGA Larrea tridentata (DC.) 

Coville, Zygophyllaceae 

 

HCV 

WNV 

ZIKV 

30 µM 

7.9 µM 

9.1 µM 

[48, 49] 

TMP Larrea tridentata (DC.) 

Coville, Zygophyllaceae 

HSV-1 

HIVA 

43.5 µM 

25 µM 

[49, 50] 

Yatein Chamaecyparis obtusa 

(Siebold & Zucc.) 

Endl., Cupressaceae 

HSV-1 30.6 ± 5.5 µM 

 

[51] 

DGP 

 
Justicia gendarussa 

Burm.f., Acanthaceae 

ZIKV 

HIV-1 

0.01-0.07 µM 

15-21 µM 

[52, 53] 

Diphyllin  ZIKV 0.06 µM [52] 

Bicyclol Schisandra rubriflora 

Rehder & E.H.Wilson, 

Schisandraceae 

HBV 

HCV 

30 µM [54] 

Rubrifloralignan 

A 

 

Schisandra rubriflora 

Rehder & E.H.Wilson, 

Schisandraceae 

HIV 40.4 µM [55] 

7′R,8′S,7″R,8″S)-

Erythro-

strebluslignanol 

G 

Streblus asper Lour., 
Moraceae 

 

HBV 3.7-14.7 µM [56] 

Hinonkin Chamaecyparis obtusa 

(Siebold & Zucc.) Endl., 

Cupressaceae 

HCyV IE 

SARS-

CoV 

< 28 µM 

> 10 µM 

[47, 57] 

 

  

https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=497190&query=Larrea+tridentata&filter=&fuzzy=false&nameType=all&dbs=wcsCmp
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=497190&query=Larrea+tridentata&filter=&fuzzy=false&nameType=all&dbs=wcsCmp
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=497190&query=Larrea+tridentata&filter=&fuzzy=false&nameType=all&dbs=wcsCmp
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=497190&query=Larrea+tridentata&filter=&fuzzy=false&nameType=all&dbs=wcsCmp
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=382841&query=chamaecyparis+obtusa&filter=&fuzzy=false&nameType=all&dbs=wcs
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=382841&query=chamaecyparis+obtusa&filter=&fuzzy=false&nameType=all&dbs=wcs
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=382841&query=chamaecyparis+obtusa&filter=&fuzzy=false&nameType=all&dbs=wcs
https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=330879&query=justicia+gendarussa&filter=&fuzzy=false&nameType=all&dbs=wcsCmp
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