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Editorial on the Research Topic 
Emerging and old viral diseases: Antiviral drug discovery from medicinal plants manage

It has been mentioned in a number of studies that viruses and viral diseases may have had a profound effect on human evolution, culture, and civilization. The type of viruses affecting human beings have changed with time, depending on human density and climatic conditions (de S Leal and Zanotto, 2000; Sharp and Simmond, 2011). The human genome is considered by scientists to be not only a hereditary blue-print, but also as a niche colonized by numbers of endogenous retrovirus-derived retroposons and other mobile genetic elements (de Koning et al., 2011). When and how this started remains an unanswered question, as to other questions like whether such viral interference of human genomes or viral diseases affecting humans came in distinct waves or were simply a part of gradual infiltration amidst continual interactions between viruses and humans.
Irrespective of the past, recent decades have witnessed emergence of dozens of new viruses and re-emergence of old viruses, a number of them being zoonotic. Zoonotic viral diseases are transmitted from a host animal harboring the virus to humans, occasionally through a secondary host. The rise in incidences of new zoonotic viral diseases can be attributed to a number of factors including live animal markets, wildlife hunting and consumption, intensive farming of domestic animals and wildlife, and last but not the least—increases in human habitat and agricultural land, leading to massive deforestation of forests with concomitant increases in human-wildlife contacts (Wolfe et al., 2005; Magouras et al., 2020). It has also been suggested that global climate changes (due to human-caused exorbitant atmospheric increases in carbon dioxide and greenhouse gases like methane) are also causative factors behind the incidences of emerging infectious diseases (Patz et al., 1996; Vora, 2008). Carlson et al. (2022) pointed out that currently at least 10,000 virus species possess the capacity to infect humans, but the vast majority are circulating among wild animals without affecting humans; the authors conclude that climate change will increase cross-species transmission of virus by about 4,000 times. Although all viruses may not spread to humans, the possibility of near-pandemics and an actual pandemic caused by the three coronaviruses, Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV), Middle East Respiratory Syndrome Coronavirus (MERS-CoV), and Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) are possible harbingers of things to come.
Changing pattern of arthropod distribution due to climate change was possibly the reason for introduction of the bluetongue virus (serotype 8) in northwestern Europe in 2005/2006. Arenaviruses, bunyaviruses, hantaviruses and noroviruses have also shown emergence evidences in the recent past, and climate change may have been a major factor behind this first reported emergence (Gould, 2009). Dislocation of people because of food shortages and overcrowding in places have been mentioned as the causative factor behind the increase and spread in arboviruses like dengue, yellow fever, and West Nile virus (Schvoerer et al., 2008). It is expected that because of climate changes, the distribution of disease-causing vectors will change, leading to an increase in old and new bacterial, viral, and parasitic diseases (El-Sayed and Kamel, 2020). The world has gotten globalized with an immense increase in travel of people and goods; this factor is the single most conducive factor behind the rapid spread of diseases in a very short time, the most recent example being the spread of monkey pox. Since May 13 till 2 June 2022, the number of confirmed cases reported to the World Health Organization (WHO) reached 780, and the disease has spread to 27 member States across four WHO regions that are not endemic for monkeypox virus (WHO, 2022a).
As will be discussed with relevance to the papers published in this special issue, the destruction of tropical rain forests and so for that matter other types of forests and plant species are exacerbating the global climate change and forming a vicious cycle. Plants store carbon dioxide, and deforestation leads to release of the stored carbon dioxide back to the atmosphere. This causes an increase in temperature and variations in rainfall (even desertification), which can become a cause for greater loss of plant species (Tariq, 2015). Cattle ranchers and rainforest clearing, for instance, goes hand in hand in the Amazons (Skidmore et al., 2021); conversion of previous rainforest and other areas to cattle farming is one of the largest anthropogenic causes behind the increase of the greenhouse gas methane in the atmosphere for cattle produce prodigious amounts of methane (Moumen et al., 2016). But what is of more relevance for the present issue is the loss of medicinal plant species, which is also seeing an increasing loss in diversity because of unfavorable weather conditions due to global warming and the clearance of forest areas and fallow lands for agricultural activities to feed the burgeoning population of the planet and the adoption of more meat in dietary food habits. All plants produce secondary metabolites, which phytochemicals have diverse pharmacological activities. The pharmacological activities may range from beneficial to toxic, or beneficial at low doses and turning toxic at high doses. Plants have been used for medicinal purposes since antiquity and possibly from the advent of human beings (Conceição et al., 2020). Even as of now, a number of conventional drugs (morphine, artemisinin, paclitaxel to name only three) have been discovered on the basis of medicinal plants studies and/or close observations of traditional medicinal practices (Najmi et al., 2022).
So what is the scenario we are looking at? To take the example of SARS-CoV-2-caused COVID-19 pandemic, as of now, we still do not have an approved conventional anti-viral drug for this disease, which can work with all COVID-19 patients at all stages of the disease and is basically free of adverse effects. On 22 April 2022, WHO strongly recommended nirmatrelvir and ritonavir, but only for mild and moderate COVID-19 patients (WHO, 2022b). It is also not certain whether low to moderate-income group patients will be able to afford this anti-viral combination drug. Also to be noted is that COVID-19 emerged in December 2019, and as of 12 June 2022 the pandemic has been the cause of 540,312,821 infections and 6,331,211 deaths worldwide (https://www.worldometers.info/coronavirus/). A number of vaccines against COVID-19 have emerged. Although a lot of ingenuity and hard work has gone behind the development of these vaccines, their efficacies have already been compromised with the emergence of newer “variants” of SARS-CoV-2, like the Omicron variant against which vaccine efficacy waned even after two doses followed by a booster dose (Andrews et al., 2022). And this is only one viral disease. Even for coronaviruses, one does not know whether SARS and MERS, which disappeared as suddenly as they came, might as suddenly re-emerge in a new variant form, which will be more transmissible with an even higher mortality rate (MERS had a 34% mortality rate).
The absence of effective vaccines against COVID-19 (of the small pox or polio-type) and lack of conventional drugs is compelling researchers, academicians, scientists, and other stakeholders (like WHO) to give traditional formulations (mostly plant-based) and phytochemicals a closer look to find effective remedies against COVID-19, as well as other viral diseases. Interestingly, the seven articles, which made up the first volume of the series “Emerging viral diseases: Antiviral drug discovery from medicinal plants” all dealt with medicinal plants or plant products with the primary emphasis on SARS-CoV-2. This is a strong point of the issue; since the articles mainly converged on SARS-CoV-2 therapeutics, there is a hope that something positive in the nature of therapeutics against SARS-CoV-2 might come out from the literature. The main drawback of the articles is that though some new viruses like Ebola were mentioned, there was a lack of elaborate discussion on possible prophylactic/therapeutic on other emerging viruses like Hendra, Nypah, Hanta, Junin, or West Nile, to name only a few.
Africa is a continent with 3,000 tribes. The enormous variety of traditional/tribal medicines in Africa allow one to think that a number of positive outcomes can come out from a systematic analyses of Traditional African Medicine (TAM), which at the moment is more noted in people’s minds for its animistic beliefs, divinations and other exotic practices (voodoo being a prime example), and administration of plant and animal parts for treatment. Recognizing the richness of TAM but the scarcity of available literature on TAM systems, WHO is also encouraging development of TAM and using TAM as a substitute for conventional medicines (Rasamiravaka et al., 2015). The continent has over 45,000 plant species, which makes it richer in the number of plants than other countries with more recognized Traditional Medicinal Systems (TMS) like China and India.
In their article, Beressa et al. made a comprehensive study of African antiviral medicinal plants and makes a strong point for their potential values of therapeutic uses and discovery of antiviral components. The authors examined 36 studies and screened a total of 328 plants of which 127 plants were deemed to be active against 25 viral species. A number of viruses were included in their review including old viruses like the polio virus, and emerging viruses like SARS-CoV-2, Zika and Ebola viruses. Several phytochemicals were reported to be active in molecular docking studies with the main protease, Mpro/3CLpro of SARS-CoV-2. Some of these reported compounds were 6-oxoisoiguesterin, crocin, digitoxigenin, and β-eudesmol (the latter three in Moroccan medicinal plants). Another in silico study aimed to identify SARS-CoV-2 inhibitors from South African medicinal plants. Arabic acid and L-canavanine were found to be potential inhibitors of SARS-CoV-2 Mpro (Dwarka et al., 2020). Although thus far, none of the compounds have gone through clinical trials and obtained approval for therapeutic uses against COVID-19, the differences in the anti-SARS-CoV-2 compounds from northern African (Morocco) versus southern African (South Africa) plants is an indicator of the richness of the plant kingdom in yielding potential antiviral compounds only if proper searches are carried out. The same richness is also visible in a report from West Africa, where citrus fruits from West Africa containing quercetin, hesperitin, naringenin, nobiletin and tangeretin were found in silico studies to be potential inhibitors of Mpro of SARS-CoV. The sulfoxide, alliin, a natural component of fresh garlic was found to be a potential inhibitor of SARS-CoV-2 Mpro (Popoola et al., 2022).
Bachar et al. published their article on antiviral plants of Bangladesh and provided insights into their bioactive metabolites on SARS-CoV-2, human immunodeficiency virus (HIV), and hepatitis B virus (HBV). Their review covers 46 antiviral medicinal plants and 79 bioactive metabolites with antiviral properties. The authors pointed out that among the metabolites, “hesperidin, apigenin, luteolin, seselin, 6-gingerol, humulene epoxide, quercetin, kaempferol, curcumin, and epigallocatechin-3-gallate (EGCG) have been reported to inhibit multiple molecular targets of SARS-CoV-2 viral replication in a number of in silico investigations”. Although the SARS-CoV-2 investigations involved only computational assays, in vitro and in vivo assays along with in silico studies demonstrated the anti-HIV activities of EGCG, anolignan-A, and B, ajoene, curcumin, and oleanolic acid. Anti-HBV activities were exhibited by piperine, ursolic acid, oleanolic acid, (+)-cycloolivil-4′-O-β-dglucopyranoside, quercetin, EGCG, kaempferol, aloin, apigenin, rosmarinic acid, andrographolide, and hesperidin. Interestingly, flavonoid compounds appear to play a major role as anti-SARS-CoV-2 compounds, as seen in both West Africa as well as Bangladesh COVID-19 traditional treatments and in silico studies. In fact, flavonoids have been described as a complementary approach to conventional treatment of COVID-19, for in silico studies have shown these compounds to be potential inhibitors of Mpro of SARS-CoV, MERS-CoV, and SARS-CoV-2 (Solnier and Fladerer, 2021). However, two major questions remain about the suitability of flavonoids and the results obtained with them in even virucidal studies. For instance, one of the most reported antiviral flavonoids, quercetin, form large aggregates and so it is binding to Mpro or other proteins may reflect non-specific binding (Pohjala and Tammela, 2012). The second question concerns the bioavailability of flavonoids and a number of methods have been proposed to increase flavonoid bioavailability (Zhao et al., 2019).
However, in their manuscript, the authors Bachar et al. did an excellent job in detailing not only plants, but also plant parts and bioactive components of the plants, which have been found to give antiviral activity against different viruses. A more detailed analysis of the limitations of the compounds (like toxicity, availability, synthetic possibility) would have added more valuable information. Also, more information/discussion could have proved useful, particularly for in silico studies on large compounds like (+)-pinoresinol 4-O-(6”-O-vanilloyl)-β-D-glucopyranoside 6′-O-vanilloyltachioside 6′-Ovanilloyl-isotachioside from Calotropis gigantea (L.) Dryand. In Table 1 of their paper, a delineation of which compound acts against which virus would have made the otherwise excellent Table more legible to the readers. To get this information, one has to proceed onto Table 3.
Also plants like Mangifera indica L., and Azadirachta indica A. Juss. (to name only two plants) are found in a number of other countries, where among other medicinal uses, they also serve as antiviral plants (Umar et al., 2021). The buds of M. indica are used in Burkina Faso to control COVID-19. Carica papaya, Azadirachta indica, Allium cepa, and Allium sativum are common plants of Bangladesh used to treat diverse virus infections but used in Burkina Faso as treatment of COVID-19 (Babili et al., 2021). Chyawanprash and Ashokarishta are two well-known herbal formulations in the Ayurveda system of medicine in India containing Cyperus rotundus as one of the ingredients (Kamala et al., 2018). Chyawanprash has been used since ancient times as a health supplement and to boost immunity and longevity (Sharma et al., 2019); these properties are necessary components for particularly elderly COVID-19 patients. What comes out is that antiviral plants of Bangladesh are present and have traditional antiviral uses in other countries and other societies and more and more scientific studies are validating their traditional uses. This is a line of thought that requires further exploration, and while that is not the object of this editorial, we take this opportunity to point out that similarity in ethnomedicinal uses in different societies would strongly suggest the value of such uses in discovery of lead compounds and/or novel drugs. It is also noteworthy that little ethnomedicinal data is available from countries like Myanmar, Laos, Cambodia, or even Thailand. Comparative analyses of traditional uses of medicinal plants from these countries along with Malaysia, Indonesia and sub-Saharan African countries with traditional uses of medicinal plants in Bangladesh, India, and Pakistan has assumed greater importance in the present days of emerging pathogens.
SARS-CoV-2 is characterized by its ability to produce variants, which are more lethal or more adept at negating existing vaccine efficacies. In a small but densely populated country like Bangladesh, there is already evidences of the presence of the B.1.1.7 (Alpha) variant from the United Kingdom, the B.1.351 (Beta) variant from South Africa, the P.1 (Gamma) variant from Brazil, and the B.1.617 (Delta) variant from India (Hasan et al., 2021), and lately, the Omicron (B.1.1.529) variant (Islam, 2022). Tallei et al. has filled an important niche in showing through molecular docking and molecular dynamics studies the importance of bromelain to counteract the various variants of SARS-CoV-2.
Pineapples contain a group of digestive enzymes known as bromelains. A bromelain-derived peptide DYGAVNEVK has been shown in another study to interact with several critical receptor binding domain (RBD) residues of the SARS-CoV-2 spike glycoprotein, which is responsible for binding to its human angiotensin converting enzyme 2 (hACE2) receptor. Moreover, this interaction has been shown in computer simulation studies to occur with RBD of variants of SARS-CoV-2 (Tallei et al., 2022). A combination of bromelain and acetylcysteine (BromAc) reportedly inactivated SARS-CoV-2 in vitro whole virus culture of both wild-type and spike mutants (Akhter et al., 2021). Bromelain is also useful for its antimicrobial and anti-inflammatory properties (Onken et al., 2008; Ali et al., 2015).
Two papers in this special issue dealt with Traditional Chinese Medicines (TCMs) for treatment of COVID-19. As far as traditional medicines go, TCM has always held a fascination for researchers due to the vastness of its literature, number of plants used in the various formulations, and the large number of diseases treated. The nearest equivalent to TCM is Ayurveda in India. Relevant information on 14 Chinese Patent Medicines (CPMs) were collected and discussed as to their possible efficacies in treatment of COVID-19. These patented formulations, according to the authors, included “Huoxiangzhengqi capsules (pills, liquid, oral solution), Jinhuaqinggan granules, Lianhuaqingwen capsules (granules), Shufengjiedu capsules, Xiyanping injections, Xuebijing injections, Reduning injections, Tanreqing injections, Xingnaojing injections, Shenfu injections, Shengmai injections, Angongniuhuang pills, and Suhexiang pills”. The conclusion drawn from the study was that these CPMs when used with conventional medicines were effective in managing COVID-19 (Wu and Zhong).
Interestingly, in the six oral CPMs, four (Huoxiangzhengqi Capsule/Pill/Oral liquids, Jinhuaqinggan Granules, Lianhuaqinwen Capsule/Granules, and Shufengjiedu Capsule/Granules) contained Glycyrrhiza uralensis Fisch. ex DC among other ingredients. The plant and especially its roots/rhizomes are known to contain glycyrrhizin (Ji et al., 2016); the efficacy of glycyrrhizin (glycyrrhizic acid, a triterpene glycoside) against COVID-19 will be dealt with later in another paper published in this issue. Glycyrrhizin/glycyrrhizic acid is a common component of licorice, which is another name for Glycyrrhiza glabra L. (Fabaceae) and has been used in TCM and Ayurveda for thousands of years as treatment for respiratory diseases and intestinal disorders (Joshi, 2014; dos Santos Leite et al., 2022). In two oral formulations, Jinhuaqinggan Granules and Lianhuaqinwen Capsule/Granules contained Lonicera japonica Thunb. (Caprifoliaceae), a plant also reported by others to be beneficial for COVID-19 treatment (An et al., 2021). The parts of the plant used in the herbal formulations in Table 1 could have added extra clarity to the paper. However, the flower (flos) is usually the most used part and flowers are known to contain flavonoid compounds like quercetin, rutin, and luteolin (Li B. et al., 2020); in general flavonoid compounds, and in particular these three flavonoid compounds have shown activity against SARS-CoV-2 (Agrawal et al., 2021; Shawan et al., 2021; Solnier and Fladerer, 2021). Although this is not the proper forum for discussion of flavonoids and their anti-SARS-CoV-2 potentials, it can be said that the largest number of compounds attracting the attention of scientists against SARS-CoV, MERS-CoV, and SARS-CoV-2 belonged to the flavonoid group (Russo et al., 2020).
Suhexiang pills and Angongniuhuang pills, as pointed by the authors, contain cinnabar (HgS) and realgar (As2S2), that is, sulfides of mercury and arsenic, respectively. That leads to the question as to when and for how long these formulations can be used, or used at all. Use of heavy metals and arsenic is not unique to just these two TCM formulations or even unique to TCM. As per Chinese Pharmacopoeia, at least a third of the herbal formulations contained toxic metals in the form of cadmium, lead, arsenic, mercury, and copper (Luo et al., 2020). A study conducted in Nigeria found toxic concentrations of Fe, Ni, Cd, Cu, Pb, Se, and Zn in 100% of the available herbal remedies (Obi et al., 2006). Toxic concentrations of heavy metals have been found in medicinal plants of Botswana and Kenya (Orisakwe et al., 2012; Paulsen et al., 2012). A major difference between presence of toxic metals in medicinal plants and which ends up in herbal formulations, and formulations in TCM and Ayurveda is that in the latter two (TCM and Ayurveda), heavy metals may be added intentionally for a perceived beneficial effect. In Ayurveda, heavy metals are added as ‘bhasma’ (calcined form), in which the metal is heated numerous times so that it ends up as a kind of soft, amorphous powder, which Ayurveda maintains is devoid of any toxic effects when mixed with herbal preparations (Sarkar, 2010).
Angong Niuhuang Pill contained Calculus Bovis (ox bezoar or dried gallstones of cattle), Buffalo horn extract, Moschus (musk deer), and Margarita (pearl) besides plants and minerals. Use of animal parts (the list can include birds, fish, reptiles, and insects) for therapeutic purposes (zootherapy) is a common practice in the traditional medicinal systems of many countries. The Xhosa and the Sotha communities of South Africa use a large number (only a few examples are given here) of reptiles (African rock python, puff adder) and animals (Chacma baboons, leopard, Cape porcupine) in their traditional medicinal formulations (Nieman et al., 2019). A survey in southern regions of Khyber Pakhtunkhwa, Pakistan documented 32 animal species for curing 37 types of diseases (Mussarat et al., 2021). The Saharia tribe of Rajasthan, India uses 15 animal species for 19 medicinal purposes (Mahawar and Jaroli, 2007). Calculus bovis reportedly contains eoxycorticosterone, methyl cholate, and biliverdin, which may be useful in the treatment of ischemic stroke (Liu et al., 2021). Water buffalo (Bubali Cornu) has been shown to have anti-pyretic effects in rats (Liu et al., 2016). Water buffalo and rhinoceros horns are attributed with anti-pyretic effects traditionally (But et al., 1990; But et al., 1991), but thus far any scientific evidences are lacking.
The use of Margarita (pearl) in traditional medicinal systems. In Ayurveda, pearl is referred to as a gem (ratna). Ayurveda mentions the use of Ruby (Maanikya), Pearl (Muktaa), Coral (Prawaala), Emerald (Taarkshya), Topaz (Pusparaaga), Diamond (Heeraka), Sapphire (Neela), Zircon (Gomeda), Cat’s Eye (Waidurya) in its various preparations along with herbal ingredients. Mukta Pisti is a strong Ayurvedic formulation in Ayurveda containing pearl, which is used for diarrhea with bleeding, heart disease, mania and psychosis, and bleeding disorders (Savrikar and Ravishankar, 2011). Khamira-e-Marwareed is a Unani herbal preparation containing Mytilus margaritiferus (pearl) and is used as a heart, brain, and nervine tonic, and palpitation and used during epidemics like COVID-19 (Khan et al., 2021). Although not the same as pearl, incinerated shells of large snails (Turbinella pyrum), known as ‘Shankha Bhasma’ is used in Ayurveda for treatment of hyperacidity, abdominal pain, and irritable bowel syndrome, as well as dysentery, gonorrhea, and jaundice (Chavan et al., 2018). Gemstones (including coral, pearl, and conches) have always been associated with zodiac signs and attributed to bringing luck (or the opposite) and/or ill health or good health depending on wearing the correct stone on the body in the form or ring, amulets or necklaces. However, whether they can play at all a healing role in diseases by themselves or in combination with herbs is an open question that needs to be solved.
A second TCM paper mentioned two formulations, Lian-Hua-Qing-Wen Capsule (LHQWC) and Jin-Hua-Qing-Gan Granule (JHQGG), both being recommended by the China Food and Drug Administration for the treatment of COVID-19 (Shi et al.). This is a review paper, which included data mining from other papers. One of the interesting anti-viral phytochemical mentioned in the paper is baicalin from Scutellaria baicalensis Georgi, which reportedly has shown virucidal activities against chikungunya virus (Oo et al., 2018) and Newcastle disease virus (Jia et al., 2016). Baicalin is also active against the respiratory syncytial virus and vesicular stomatitis virus. That baicalin has the potential of a novel broad-spectrum antiviral drug has been reviewed (Li et al., 2021). The flavonoid baicalin, derived from baicalein, has also been reported to be active against dengue virus 2 (DENV-2) by inhibiting viral replication (Moghaddam et al., 2014). Incidentally, the formulation JHQGG mentioned in this second TCM review also mentions Lonicera japonica as one of the ingredients.
The bioactive ingredients of the plant, Lonicera japonica, include chlorogenic acid, luteolin-7-O-β-D-glucopyranoside, and quercetin-3-O-β-D-glucopyranoside (Shang et al., 2011). Chlorogenic acid is considered a potential inhibitor of SARS-CoV-2; however, the conclusion is based on network pharmacology and molecular docking studies (Yu et al., 2020; Wang et al., 2022). Glycosyl flavonoids like luteolin-7-O-β-D-glucopyranoside and quercetin-3-O-β-D-glucopyranoside are considered therapeutic agents for COVID-19 (Godinho et al., 2021). The ingredients of the two formulations Lian-Hua-Qing-Wen Capsule (LHQWC) and Jin-Hua-Qing-Gan Granule (JHQGG) are mentioned by the authors to have broad spectrum anti-viral activity against 87 different types of viruses covering all the seven classes according to the Baltimore classification. This is a very important point. Conventional medicine has started to switch over from the paradigm of ‘one drug one disease’ to ‘repurposed drugs’ and ‘integrative medicine’, which by their very names are indicative of ‘one drug multiple diseases’. That a single formulation, plant or drug can be used for multiple diseases is an approach of traditional medicine, which needs to be endorsed by all.
The manifold effects of a single phytochemical, glycyrrhizic acid (GA), is illustrated very clearly in the paper authored by Sun et al. The compound GA is a major ingredient of licorice and is the most studied compound in licorice research for anti-viral activities (Ram, 2015; Gomaa and Abdel-Wadood, 2021). Besides anti-viral activities, GA is useful in COVID-19 patients with diabetes as a comorbidity (Orioli et al., 2020). Diabetes mellitus (DM) was found to be the third most prevalent comorbidity in COVID-19 patients after cardio-cerebrovascular disease and hypertension in China; DM can cause 2-3 fold increases in adverse outcomes in COVID-19 patients (Li Y. et al., 2020). Oxidative stress is increased in both DM and COVID-19 and both diseases share inflammatory pathways of disease progression (Paul et al., 2022); as such the two diseases can cause synergized aggravation in patients. GA have both antioxidant and anti-diabetic properties (Ming and Yin, 2013) and so can be beneficial in alleviation of DM and COVID-19.
The benefits of use of herbal formulations where the number of plants in the formulations go above one can be many. It enables the medicinal practitioner to adopt a holistic approach in the mode of treatment. Holistic means “treatment of the whole health”. Thus instead of confining the treatment to the disease, treatment takes into account the physical, mental, and social aspects of the patient, and different plants can be utilized to treat diverse aspects. Thus a given formulation can be changed both qualitatively and quantitatively with the addition or non-addition of a given plant and/or its quantity and dosage. The treatment is basically host-directed therapy (HDT), another name for it can be personalized medicine. For instance and again taking baicalin as an example, in addition to its virucidal properties, baicalin can balance host inflammatory response and limit immunopathologic injury (Pang et al., 2018), and baicalin, an aglycone of baicalin can inhibit production of interleukin-6 (IL-6) and interleukin-8 (IL-8) (Sithisarn et al., 2013). In response to COVID-19, a hyperinflammatory state can be produced in COVID-19 patients leading to high levels of pro-inflammatory cytokines, such as IL-1, IL-2, IL-6, TNF-α, IFN-γ, IP-10, GM-CSF, MCP-1, and IL-10, which can cause multiple organ damage and lead to severity of the disease (Zanza et al., 2022). So in this case, we can potentially have baicalin and baicalein for virucidal activity against SARS-CoV-2, alleviation of COVID-19 induced hyper-inflammatory response, and anti-diabetic treatment, diabetes being a major comorbidity in COVID-19 patients. Since GA has antioxidant properties, it can be beneficial for a host of other disorders including infectious diseases, cardiovascular disorders, and neurodegenerative disorders (Csányi and Miller, 2014; Ivanov et al., 2017; Singh et al., 2019), which increases oxidative stress and can be comorbidities in COVID-19 patients.
The final article in this series by Mahmud et al. dealt with integrative computational approach to identify inhibitors against SARS-CoV-2 main protease (Mpro). Mpro mediates viral replication and transcription, and is considered an attractive target for development of anti-SARS-CoV-2 drugs (Chunduru et al., 2021; Citarella et al., 2021; Sabbah et al., 2021; Shaji et al., 2021). Following a rigorous review of literature, the top three compounds were identified to be medicagol, faradiol, and flavanthrin. All three compounds bound to the active groove of SARS-CoV-2 Mpro and particularly the catalytic dyad consisting of amino acid residues His41 and Cys145. Medicagol (3-Hydroxy-8,9-methylenedioxycoumestan) is found in Cicer chorassanicum (Bge.) M. Popov. (Fabaceae) and Sophora moorcroftiana (Wall.) Benth. Ex Baker. (Fabaceae). Faradiol is a triterpenoid; faradiol myristate has been reported from Calendula officinalis L. (Asteraceae) and Dittrichia viscosa (L.) Greuter (Asteraceae). Flavanthrin, a dimeric 9,10-dihydrophenanthrene derivative has been reported from Bulbophyllum reptans (Lindl.) Lindl. (Orchidaceae) and Eria lasiopetala (Willd.) Ormerod (Orchidaceae). As such, all three compounds are present in natural sources and more specifically floral species.
A report published after publication of the paper being discussed mentioned that medicagol has high binding affinities for SARS-CoV-2 replicase polyprotein 1a, NSP16, and PLpro (Roshni et al., 2022). Since this binding affinity extends to the recent Omicron variant of SARS-CoV-2, The Asteraceae and the Orchidaceae family plants may prove to be good reservoirs of anti-SARS-CoV-2 secondary metabolites. In silico and in vitro evidence suggests that faradiol can inhibit the NF-κB signaling pathway (Patil et al., 2015). SARS-CoV-2-induced cytokine storm and resultant severe inflammation has been linked to viral activation of NF-κB signaling pathway and production of pro-inflammatory cytokines (Hariharan et al., 2021). Flavanthrin has been reported from Pholidota chinensis Lindl. (Orchidaceae). Ethnic uses of the plant include chronic bronchitis. Pharmacological studies indicate antioxidant and anti-inflammatory properties (Nugraha et al., 2020).
So where does this issue and the articles published therein leave us? There is no question that the articles present a balanced view of the work done on COVID-19 and SARS-CoV-2. The reader becomes aware of potential therapeutics against COVID-19, the most promising among them coming from TCM. It is expected that researchers will be encouraged to amalgamate the various phytochemicals of anti-COVID-19 Chinese herbal formulations and come up with a therapeutic against this viral disease. It is also hoped for that other countries and continents will also mobilize resources to present a combined therapeutic effort against COVID-19 and other viral diseases.
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