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1  Introduction

The distressing threat of viral diseases to human beings raises a serious concern 
worldwide. New viral diseases have been reported continuously with severe health 
issues, and the lack of effective antiviral treatment makes them more severe (Kapoor 
et al. 2017). Most of the viral diseases like influenza, HIV, and chikungunya and 
other diseases caused by alphaviruses and flaviviruses are emerging with the great 
risk. More recently, Coronavirus disease (COVID-19) caused by a newly identified 
coronavirus has become pandemic, and affected world’s population 
severely. Nowadays, the development of effective treatment and antivirals against 
virus has become difficult, due to the ability of viruses to mutate their genome and 
become resistant to drugs (Irwin et  al. 2016). Moreover, the antiviral drugs also 
exhibit adverse side effects, which directly and indirectly affect the human health. 
This leads towards the development of plant-based drugs and herbal treatments with 
minimal side effects (Biswas et al. 2019). Human depends on the traditional plants to 
fulfill their basic necessities. Plant-based anti-infection treatments are attracting the 
focus of modern world healthcare researchers, because of the minimal side effects 
with effective health benefits. Over the past few years, plant-based drug discovery 
has been continuously evaluated for its antibacterial, antiviral, anticancerous, and 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-1761-7_12&domain=pdf
https://doi.org/10.1007/978-981-15-1761-7_12
mailto:reema.gabrani@jiit.ac.in


280

antioxidant activities (Biswas et al. 2019; Lillehoj et al. 2018). Moreover, the antivi-
ral activities of plant-based compounds have been evaluated for emerging viral dis-
eases. Plant-based antiviral natural compounds are the most suitable and best 
alternative of antiviral medicines/inhibitors/drugs, because of less toxicity (Lillehoj 
et al. 2018). Plant-based potential bioactive compounds, having antiviral properties 
have been proved superior, and could be combined with the preexisting therapies, 
along with the different delivery methods to enhance the effectiveness of antiviral 
along with good bioavailability (Kapoor et al. 2017).

Viruses possess DNA or RNA genome with protein envelops, and depend on the host 
metabolism and environment to replicate and survive. They exploit the cellular machin-
ery of host and disseminate throughout the body (Helenius 2018). Viruses have the abil-
ity to invade and adopt evasion strategies, which is an important challenge during the 
development of antivirals. Since the plants have metabolites/chemicals with variety of 
properties, they could be evaluated and used to counter the evasion and drug-resistance 
difficulties related with the antivirals, and thus will inhibit the viral dissemination (Irwin 
et al. 2016). There are several mechanisms, which govern the antiviral activity of phyto-
chemicals. For instance, few of the antiviral phytochemicals, which bind to carbohy-
drate moiety tend to target the cell entry (Idris et al. 2016). This approach limits the viral 
penetration, resists its coating, and eventually inhibits the growth of viruses. Additionally, 
some of the compounds directly inhibit viral replication and hence prevent its propaga-
tion (Kapoor et al. 2017). Herein, we will focus on the plant-based antivirals reported to 
inhibit viral replication and the mode of their action.

2  Plant-Based Antiviral Molecules

Nowadays, research and development programs are continuously adopting 
approaches based on plant-based products for the development of drugs. Pure com-
pounds and plant extracts have been investigated for the synthesis of new pharmaceu-
ticals and therapeutics (Oliveira et  al. 2017). Plants have a variety of secondary 
metabolites like flavonoids, terpenoids, lignans, tannins, and alkaloids having diverse 
anti-infection activities, as well as antioxidant activities (Kapoor et al. 2017; Akram 
et al. 2018). There are several classes of phytochemicals, which are used as antivirals 
(Fig. 1) (Rex et al. 2018; Younas et al. 2018). These include phenolics, carotenoids, 
terpenoids, and alkaloids. Out of which, the phytochemicals belonging to phenolics, 
alkaloids, and terpenoids have been explained in further sections (Kapoor et al. 2017). 
The family of phenolics contains various subclasses, such as phenolic acids, flavo-
noids, stilbenes, coumarins, and tannins. Several studies of phytochemicals exhibiting 
antiviral properties have been reported targeting viruses like dengue virus, hepatitis 
virus, rotavirus, chikungunya virus, Japanese encephalitis virus, herpes virus, Zika 
virus, influenza virus, human immunodeficiency virus (HIV), and human papilloma 
virus (Table 1) (Oliveira et al. 2017; Akram et al. 2018). These viruses have either 
DNA or RNA as genetic material. Thus, phytochemicals exhibit different mode of 
action against any infection or disease (Perera and Efferth 2012). Some of the phyto-
chemicals and their mode of actions are discussed in details.
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281

Various strategies have been adopted to control viral infection. Viral attachment 
can be inhibited by either blocking the viral binding sites or host receptors. Virus 
can be inhibited at various stages of its infection (Fig.  2) (Subudhi et  al. 2018). 
Some of the strategies directly inhibit the viral replication by targeting DNA/RNA 
polymerase, posttranslation modification of viral proteins, or viral assembly 
(Subudhi et al. 2018). Several mechanisms have been adopted by phytochemicals to 
inhibit viral replication. For instance, epigallocatechin gallate (EGCG) inactivates 
the host enzyme or viral enzyme which promotes the growth of the virus, such as 
RNA polymerase, protease, and reverse transcriptase (Lipson et al. 2017). Another 
mechanism adopted by flavonoids is to inhibit phosphorylation of protein, which 
restricts the replication of HIV (Ahmad et  al. 2015). The inhibition of various 
viruses, such as influenza virus, HIV, and herpes simplex virus (HSV) was achieved 
at the stage of viral RNA synthesis (Kumar and Pandey 2013).

2.1  Flavonoids as Antiviral Agents

Flavonoids are polyphenolic secondary compounds of plants with several properties, 
such as anticancerous, antimicrobial, and antiviral. Flavonoids are widely present in 
many fruits, seeds, and vegetables as a result of abiotic stress (Carletti et al. 2014; 
Zakaryan et al. 2017). Flavonoids are being constantly researched upon for antiviral 
activities (Jacob and Thomas 2019). EGCG is one of the flavonoids, and is an impor-
tant component of green tea. It has been reported to have antiviral activity against 
rotavirus strain SA-11 (Lipson et  al. 2017). Zakaryan et  al. reported baicalein, 
another flavonoid (flavone), having antiviral activity against human cytomegalovirus 
(HCMV). Baicalein is also reported for the inhibition of different stages of the repli-
cation of dengue virus. Fisetin and quercetagetin fall under the category of flavonols, 
and are exploited for their antiviral activities (Zakaryan et al. 2017). Fisetin was suc-
cessfully reported to inhibit the replication of dengue virus and enterovirus A71 
in  vitro (Min et  al. 2018). The inhibition of hepatitis C virus and the human 

Fig. 1 Classification of phytochemicals used as antivirals (in bold)
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cytomegalovirus (HCMV) infection was done by the activity of quercetagetin 
(Zakaryan et  al. 2017). Moreover, baicalein, quercetagetin, and fisetin were also 
reported for the inhibition of chikungunya virus by impeding the intracellular viral 
replication at early stages (Lani et al. 2016). Phenolic acids have shown significant 
antiviral activity against HSV-1 very significantly (Medini et al. 2016). Similarly, 
stilbenes have shown antiviral properties against HIV and HCV (Gastaminza et al. 
2011;  Krawczyk 2019). Fan and co-workers reported luteolin, a nontoxic dietary 
flavonoid with antiviral activity against Japanese encephalitis virus (JEV). Luteolin 
belongs to the flavone group of flavonoids and is present in chamomile tea, perilla 
leaf, green pepper, and celery. The virucidal activity of luteolin was observed in 
A549 cell lines infected with JEV, and reported that luteolin inhibits the viral replica-
tion at the post entry of virus. Luteolin did not inhibit the replication at the time of 
viral entry (Fan et al. 2016). More recently, a group of researchers have identified 
pinocembrin having anti-Zika activity. They screened a library containing flavonoids 
against Zika virus. They analyzed cell viability and viral titers and finally identified 
pinocembrin (present in honey, tea, and red wine) as an anti-Zika compound. It was 
observed that the pinocembrin strongly inhibited the Zika virus infection in JEG-3-
infected cells, and also revealed that it inhibits the viral replication at post entry 
stages inside the cell (Lee et al. 2019). Likewise, LeCher et al. (2019) have identified 
the potential phytochemical that is effective against herpes B virus. They have 
reported genistein, a flavonoid present in Fabaceae family and in soy-based foods. 
Due to the lack of permanent treatment of herpes B virus, the researchers also 

Fig. 2 Different stages of viral infection which can be targeted for the inhibition of virus. (1) Virus 
is outside the host cell; (2) viral surface proteins get attached to the receptors present in the host 
cell for the viral entry; (3) virus enters inside the cell by endocytosis; (4) viral genome DNA/RNA 
is released inside the host cell; (5) viral DNA/RNA gets ready for replication; (6) transcription of 
viral genome; (7) synthesis of viral proteins; (8) posttranslational modification of proteins in Golgi 
and endoplasmic reticulum; (9) viral proteins assemble into new virion particle which comes out 
of the cell

Phytochemicals as Antiviral Agents: Recent Updates
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checked the synergistic effects of genistein with the already available antivirals (acy-
clovir and ganciclovir) to develop the effective treatment. They have reported the 
antiviral activity of genistein against herpes B virus, and also revealed that it targets 
the virus after the viral replication stage. Moreover, its combination with the acyclo-
vir and ganciclovir proved to be effective with the reduction of effective dose (LeCher 
et al. 2019). Similarly, genistein has been reported to possess antiviral activity against 
HSV-1, cytomegalovirus, and bovine herpesvirus-1, SV40, human papilloma virus, 
porcine reproductive and respiratory syndrome virus, African swine fever virus, and 
HIV (LeCher et  al. 2019). Anti-simian rotavirus SA-11 activity of the ethanolic 
extracts was reported from the leaves of medicinal plant (Myracrodruon urundeuva), 
found in Brazil (Cecílio et al. 2016). Further, they have investigated the crude extracts 
to analyze the activity of pure concentrated bioactive compounds and did the evalu-
ation of the virucidal activity against rotavirus SA-11. They have fractioned five com-
pounds from the leaves using TLC and HPLC and checked their anti-rotavirus 
activity. They have identified that the flavonoid-enriched fraction showed the stron-
gest anti-rotavirus activity (Cecílio et al. 2016). More recently, Iloghalu et al. (2019) 
researched on the plant extracts to identify the effective antiviral against noroviruses, 
which has yet no treatment and control. They worked on the phytochemicals extracted 
from seeds and calyces of Zanthoxylum armatum and Hibiscus sabdariffa to identify 
the antiviral activity. Also, they selected myricetin, quercetin, kaempferol, and luteo-
lin phenolic compounds and observed viral reduction activity by using norovirus-
infected RAW 264.7 cell lines. According to them, quercetin was able to considerably 
reduce the viral titer, and hence suggested that it can be used in controlling the human 
norovirus infections (Iloghaluet al. 2019). In a study, 500 compounds in flavonoid 
library were screened for antiviral activities, and finally selected as the top leading 
flavonoids (ST077124 and ST024734) and elucidated their antiviral activity against 
human enterovirus A71 (HEVA71) infection. These leads proved to be effective at 
the noncytotoxic concentration of 50 μM and significantly diminished the viral 
titers.  The compound ST077124 inhibits the human enteroviruses, but another 
identified compound ST024734 showed the antiviral activity for the infection 
caused  by human enteroviruses, as well as for dengue virus. Both of the com-
pounds hindered the transcription and translation machinery of the virus, and the 
researchers suggested that these compounds could be the potential inhibitors of 
HEVA71 (Min et al. 2018). A group of investigators have demonstrated the antivi-
ral activities of Ficus cunninghamii. This plant has been found to contain several 
flavonoids, such  as quercetin-3-O-α-d-arabinopyranoside, quercetin-3-O-β-d-
galactopyranoside, kaempferol-3-O-β-d-galactopyranoside, and kaempferol-3-O-α-
d- arabinopyranoside. They studied the radical scavenging activity and reported the 
importance of hydroxyl group (–OH) for the activity of flavonoids. The presence of 
more number of –OH group enhanced the antioxidant activity of flavonoids. They 
identified and reported that the flavonoid from F. cunninghamii has mild inhibitory 
effect against hepatitis A virus (Orabi and Orabi 2016). A comparative study on the 
antiviral activity of flavonoids (EGCG, ECG, quercetin, daidzein, fisetin, baicalein, 
kaempferol, biochanin A, theaflavin, and digallate) against murine norovirus (MNV) 
and feline calicivirus (FCV) was carried out by Seo et al. (2016). These flavonoids 

R. Ghildiyal et al.
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were earlier reported to have an antiviral activity against RNA viruses (Sithisarn 
et al. 2013; Seo et al. 2016). The results of Seo et al.’s (2016) study concluded that 
the antiviral activity against MNV and FCV of these flavonoids was found to be in 
the following order: quercetin  <  daidzein  <  fisetin  <  EGCG and ECG  <  querce-
tin < daidzein < kaempferol, respectively. FCV viral titer was significantly reduced 
by the activity of kaempferol and daidzein at 200 mM concentration level. Moreover, 
the MNV viral titer was reduced by daidzein and quercetin, when used at the concen-
tration of 50 and 100 mM, respectively (Seo et al. 2016). In another study by Bang 
et al. (2016), the aerial parts of Salvia plebeia R. Br were analyzed for antiviral activ-
ity against influenza A (H1N1) neuraminidase. Two of the flavonoids showed antivi-
ral efficacy against H1N1 virus by inhibiting the replication cycle. These flavonoids 
were found to be potential inhibitors of H1N1 neuraminidase and thus inhibited the 
growth of the virus (Bang et al. 2016). More recently, the anti-dengue activity of 
plants found in Indonesia (Myristica fatua, Cymbopogon citratus, and Acorus cala-
mus) was observed by Rosmalena et al. (2019). They have performed in silico as well 
as in vitro experiments to elucidate the antiviral activity against dengue virus sero-
type 2 (DENV-2). Although the solvent extracts of all the plants showed the inhibi-
tory effect, the highest inhibition was recorded for the methanolic extracts of M. 
fatua. Hence, they suggested the plant for further exploration to make use of it in the 
herbal formulations in the treatment of dengue virus (Rosmalena et  al. 2019). 
Moreover, by using in silico studies, Anusuya and co-workers have reported that 
some of the phytocompounds, such as 5-hydroxy-3,3′,4′,6,7,8-hexamethylflavone, 
4′,5,6,7-tetramethylflavone, and 7″-methylamentoflavone, possess the potential of 
inhibiting dengue virus (Anusuya and Gromiha 2019).

2.2  Alkaloids as Antiviral Agents

Alkaloids, a type of secondary metabolite of plants consist of the presence of nitro-
gen atom in its ring structure. Alkaloids are generally present in the higher plants 
and comprise of various biological activities like anticancer, antibacterial, antiviral, 
and antiasthma (Shi et al. 2014). It has been reported that about 43 alkaloids exhibit 
activity against the influenza virus (Moradi et al. 2018). The antiviral activity against 
influenza virus by the alkaloids can be due to induction of interferons of the immune 
system. Some of the alkaloids enhance the activity of macrophages, hence phagocy-
tose to destroy the virus. Alkaloids inhibit the influenza viral infection at different 
stages of replication. Some of them either inhibit the synthesis of viral proteins or 
hinder at the other stages of replication (Moradi et al. 2018). In a study by Zhang 
et al. (2013), it is reported that homonojirimycin (HNJ), an alkaloid extracted from 
Commelina communis, exhibits a strong inhibitory activity against influenza viral 
infection. They also carried out in vivo studies, in which the mice infected with the 
H1N1 showed a good survival rate, when administered with HNJ by developing 
good immune response against influenza (Zhang et al. 2013). Dendrobine, an alka-
loid present in the plant root of Dendrobium nobile, has been analyzed by Li et al. 
(2017) for its antiviral activity. They reported the antiviral property of dendrobine 
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against influenza A viruses. Their studies revealed that dendrobium failed to inhibit 
the virus during the viral entry, but reduced the viral titer during viral replication. 
Dendrobine has the ability to bind the nucleoprotein of virus, restraining the viral 
replication, and hence restricts its export. Moreover, the synergistic effects of den-
drobine and zanamivir (a medication used to treat and prevent influenza) were 
shown to significantly inhibit the influenza A virus replication (Li et al. 2017). More 
recently, several synthetic compounds were synthesized, including alkaloid ana-
logues, and investigated for their influenza virus inhibition activity (Chernyshov 
et al. 2019). According to their study results, these compounds successfully inhib-
ited the viral infection and exhibited the antiviral activity against various influenza 
A virus subtypes (H1N1, H3N2, and H5N2). Wu et al. (2012) extracted alkaloids 
from the marine-derived fungus Dichotomomyces cejpii F31-1, and elucidated the 
antiviral activity for the inhibition of dengue virus (Wu et  al. 2012). Moreover, 
Kaushik et al. (2018) reported alkaloids from the plants like Castanospermum aus-
trale, Houttuynia cordata, Myrtopsis corymbosa, and Uncaria tomentosa to possess 
antiviral activity against dengue virus (Kaushik et al. 2018). The preliminary screen-
ing of phytochemicals in Phaleria macrocarpa plant showed the presence of alka-
loids along with several other phytocompounds. These plant extracts were shown to 
exhibit nontoxicity to Vero cells, but showed strong antiviral properties against HSV 
(Ismaeel et al. 2018a, b). Likewise, the methanol extract of Ziziphus jujube plant 
was shown to have eight cyclopeptide alkaloids. Out of which, three alkaloids 
showed inhibitory effects against porcine epidemic diarrhea virus (PEDV) using the 
cytotoxicity assay and cytopathic effect inhibition assay (Kang et al. 2015). Enantia 
chlorantha (Oliver), a traditional medicinal plant, has been in use in Nigeria for cur-
ing malaria fever, caused by Plasmodium spp. This plant has been found to have 
antiviral activity against hepatitis A, B, C, and D. The alkaloids, such as berberine 
present in the stem bark of this plant have been assessed by Ohemu et al. (2018) 
against Newcastle disease virus, and the results showed that alkaloids exhibited 
toxic effects to the viruses.

2.3  Terpenes and Terpenoids as Antiviral Agents

Terpenes consist of five carbon isoprene units with simple hydrocarbons, and 
belong to the biggest category of secondary metabolites. On the other hand, terpe-
noids are just the modified forms of terpenes with various functional groups at 
different positions. Terpenoids, also called as isoprenoids are natural compounds 
present in plants and have a significant role in pharmaceuticals, therapeutics, and 
herbal treatments. Terpenoids like diterpenoids, sesquiterpenoids, and triterpe-
noids have wide variety of application in the area of medicine (Jaeger and Cuny 
2016; Perveen and Al-Taweel 2018).

Kazakova et al. (2018) studied the antiviral activity of betulin and dihydroqui-
nopimaric acid derivatives against influenza A virus (H7N1), HSV type 1, non-
enveloped RNA virus (ECHO 6), and HIV type 1. The modification at C3 and C28 
of betulic acid showed the antiviral activity against HSV-1 and HIV-1. Moreover, 
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the modifications at the C4 position of dihydroquinopimaric acid enhanced the anti-
H7N1 activity. Due to the lack of cost-effective treatment and the nonavailability of 
vaccines for HCV, researchers have moved towards the prospective phytochemical-
based therapy, which could be more economical and effective. It has been reported 
that saikoponins, such as SSa, SSb2, SSc, and SSd isolated from the Bupleurum 
kaoi root, inhibited the infection of hepatitis C virus (HCV) (Lin et al. 2015). It was 
reported that saikoponins targeted the viral cycle at their very early steps like viral 
entry/fusion and not the later phase like transcription and translation of viral cycle. 
SSb2 was the most effective alkaloid, which significantly inhibited the HCV infec-
tion (Lin et al. 2015). The activity of Phyllanthus urinaria plant extract against the 
HCV early entry was observed by Chung et al. (2016). According to their study, the 
presence of loliolide, a monoterpene hampered the viral attachment to the host 
membrane, and thus inhibited its entry. Corlay et al. (2014) analyzed the ethanolic 
extract from the leaves of Croton mauritianus plant and identified the presence of 
diterpenes, such as 12-O-decanoylphorbol-13-acetate and 12-O-decanoyl-7-
hydroperoxy-phorbol-5-ene-13-acetate along with loliolide, vomifoliol, dehydro-
vomifoliol, annuionone D, and bluemol C.  Among these phytoconstituents, 
12-O-decanoylphorbol 13-acetate and 12-O-decanoyl-7-hydroperoxy- phorbol-5-
ene-13-acetate showed significant anti-chikungunya activity (Corlay et al. 2014). In 
a study to evaluate the potential antiviral activity of Aglaia sp. (family, Meliaceae) 
(Esimone et al. 2010), the presence of terpenes was identified, which could inhibit 
HIV-1 by creating a cytotoxic environment and resisting the proliferation of the 
virus. The terpenes also showed the inhibition of several other viruses, such as ret-
roviruses, including simian immunodeficiency virus and murine leukemic virus. 
The 3, 4-secodammarane triterpenoid was observed to inhibit cell cycle between S 
and G2/M phase, and  thus inhibiting the viral replication and dissemination. 
Terpenes present in the methanolic extract of Marrubium vulgare were studied for 
their antiviral activity against HSV-1 through plaque reduction assay (Fayyad et al. 
2014). They reported that terpenes could disrupt the attachment of HSV to the cell 
membrane and interfere in the replication of HSV-1 virus. Likewise, terpenes (olea-
nolic terpenoids) extracted from the Camellia japonica flowers were analyzed by 
Yang et al. (2015) for their antiviral activity against PEDV. These compounds sup-
pressed the viral replication by restraining the proper structural formation and 
inhibited genes coding for GP2 spike, GP5membrane protein, and GP6 nucleocap-
sid (Yang et al. 2015).

2.4  Lignan as Antiviral Agents

Lignans are the phenolic secondary metabolites of plants. Lignans are observed to 
be antihepatotoxic, anti-inflammatory, and antidepressant. Furthermore, many lig-
nans have been found to be antiviral against HIV and influenza (Hazra  and 
Chattopadhyay 2016; Salehi et al. 2018). A lignin bisphenol, namely honokiol, was 
identified from Magnolia tree by Fang et al. (2015), and the tree parts are routinely 
used in the Chinese medicine. The treatment of honokiol to dengue virus strains 
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revealed that it could inhibit the synthesis of dsRNA, and interfere in the replication 
process. The nonstructural proteins, particularly ns1 and ns3, and the intermediate 
proteins formed during replication were observed to be suppressed by honokiol. 
The phytochemical studies also revealed that it may affect the endocytic entry of 
dengue virus, and hence reduce the number of viral particles in the cytoplasm (Fang 
et al. 2015). A lignan, 3-hydroxy caruilignan C (3-HCL-C), was extracted from the 
stems of Swietenia macrophylla, and it was found to be effective against chronic 
hepatitis C virus (HCV) (Wu et  al. 2012). Moreover, the antiviral activity of 
3-HCL-C in combination with interferon-α (IFN-α), an HCV NS5B polymerase 
inhibitor (2’-C-methylcytidine; NM-107), or telaprevir (an HCV NS3/4A protease 
inhibitor) reduced the viral infection significantly. This lignin inhibited the virus at 
both translation and transcriptional phases. Several other studies have demonstrated 
the similar activity of 3-HCL-C against HIV-1, hepatitis B, and Japanese encepha-
litis virus (Wu et  al. 2012). A prominent presence of bombasinol, a lignan, is 
observed in many plants belonging the Bombacaceae family. Upon researching, it 
was found that this compound had the inhibitory activity against hepatitis B virus 
(Wang et al. 2013). Furthermore, Pilkington et al. (2018) isolated phytochemicals 
from the seeds of Silybum marianum and elucidated their antiviral activities against 
HCV. More recently, Rhinacanthus nasutus plant was evaluated for its use to cure 
fungal and herpes virus infections. Lignans, isolated from the roots of this plant, 
demonstrated antiviral activities. The compounds were studied and reported to have 
antiviral activity against PR8 influenza virus strain, Coxsackie virus, and human 
rhinovirus 1B virus (Ngoc et al. 2019). A Chinese herb, Radix isatidis has been used 
for treating several viral diseases, such as influenza virus, HSV, respiratory syncy-
tial virus (RSV), mumps virus, coxsackie virus, and hepatitis B virus. Hui et  al. 
(2019) reported the significant antiviral activity of lignans isolated from this plant. 
The mechanism hypothesized was that the lignans present in the plant can target 
adsorption and replication of RSV (Hui et al. 2019). Similarly, lignan glycosides 
isolated from the fruit of Forsythia suspense were established to possess anti-influ-
enza A (H5N1) activity as revealed by in vitro studies (Li et al. 2019).

2.5  Coumarins as Antiviral Agents

Coumarins belong to the benzopyrones family of phytochemicals and were 
initially found in the plant Dipteryx odorata. These phytochemicals are in 
medicinal uses, since a long time in many forms of the traditional medicines 
across the globe (Matos et  al. 2015; Bahadori et  al. 2016). As reported by 
Bahadori and co-workers, Simaroubaceae family members have been observed 
to contain coumarin as a significant phytochemical, and this phytochemical is 
demonstrated to be biologically active in inhibiting HIV (Bahadori et al. 2016). 
In another experiment, Mammea americana and Tabernaemontana cymosa 
were evaluated for their phytochemicals and antiviral activities. M. americana 
was reported with two types of coumarin compounds (i.e., 34SK001 and 
34SK002) obtained after column chromatography and has antiviral property. 

R. Ghildiyal et al.



289

The experiments done by the group of scientist included various strategies, 
including inhibition assays for dengue as well as chikungunya virus. According 
to them, almost 100% inhibition was obtained in vitro by these two coumarins 
for dengue and chikungunya virus (Gomez-Calderón et  al. 2017). Moreover, 
the medicinal plants aiding the protection against or treatment of dengue and 
chikungunya virus were tested for the presence of coumarins by Rohini and 
Padmini (2016). According to them, hexane extract of Andrographis panicu-
lata contained coumarins. Additionally, ethyl acetate extract of Santalum 
album was shown to have small quantities of coumarins, whereas ethanolic 
extract showed a slight presence of coumarin in plants A. paniculata, 
Trichosanthes dioica, Chrysopogon zizanioides, and S. album. As these medic-
inal plants and their preparations are effective in inhibiting the viral growth, 
especially due to the occurrence of coumarins, they are commonly used in the 
treatment of dengue and chikungunya viruses (Rohini and Padmini 2016). An 
experiment was performed to understand the phytochemical analysis of medic-
inal plant, Morinda citrifolia, which has been known to exhibit antiviral prop-
erties. The bark extracts of the plant were researched for phytochemicals, and 
the extracted compounds were analyzed by nuclear magnetic resonance spec-
troscopy to identify the presence of coumarins (Wang et al. 2016). They also 
predicted that a very significant amount of coumarins in the extract could be 
involved in the inhibition of H1N1 virus (Wang et al. 2013).

Recently, Hu et al. (2019) designed 24 coumarin derivatives and observed for 
their activity against infectious hematopoietic necrosis virus (IHNV). Among all of 
them, only one coumarin (C4) significantly suppressed IHNV infection by inhibit-
ing apoptosis and causing cellular damages. Hence, it could be the potential lead for 
the development of anti-IHNV vaccine/drug (Hu et al. 2019).

3  Patents on Phytochemicals as Antivirals

The World Intellectual Property Organization Patent Application (WIPO), with a 
patent application number of WO2017069661A1 assigned to a limited liability 
company, claims the antiviral activity of pyrimidyl-di(diazaspiro-alkanes) against 
herpes virus, HIV, papillomavirus, and hepatitis virus. The US patents US9491193B2 
and US 9481630 assigned to Korea Research Institute of Bioscience claim the phor-
bol-type diterpene compound and ingenane-type diterpene compound, respectively, 
to show antiviral activity by inhibiting viral replication. Likewise, WO20091589A1, 
another patent assigned to Instytut Medycyny Doswiadczalnej I Klinicznej PAN, 
claims the preparations of Viburnum opulus fruit in the prevention and therapy of 
HSV infections. This preparation claims the use of active ingredients in ointments 
or creams for external use as well as an active ingredient of pills for oral administra-
tion. Another patent, US20170333390A1, assigned to Commission on Higher 
Education, Chiang Mai University, claims xanthones in combination with sesamin 
possess anti-inflammatory, anti-cytokine storm, and antiviral activity (against anti-
influenza). The patented phytochemicals are listed in Table 2.
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4  Conclusions and Future Perspectives

Traditional plants have been continuously used in the field of medicine for the treat-
ment of various infections. Therapies based on natural products (phytochemicals) 
for human health are associated with less toxicity and minimal side effects. Thus, 
the researchers are focusing to elucidate the new plant-based compounds for the 
treatment of many diseases. Different plant secondary metabolites have been stud-
ied and used for various human-based treatments because of antioxidant, antican-
cerous, antibacterial, and antiviral properties. Several in silico and in vitro studies 
have revealed the promising use of photochemicals for the treatment of viral infec-
tions. Among all the phytochemicals, flavonoids have been widely exploited and 
studied for the treatment of several viral diseases. Furthermore, some of the flavo-
noids exhibited good antiviral activity against influenza, dengue, chikungunya, and 
many more viruses and can be a potential candidate which can be processed further 
to the development of antivirals. Other phytochemicals like terpenoids and alka-
loids also showed effective activity against viral diseases. Moreover, the combina-
tion of phytochemicals with the different compounds either with any synthetic 
compound or any drug can be also a new, potential approach to find the good anti-
viral therapies. Along with this, the  dose of phytochemicals and the mechanism 
behind it to inhibit viral infections needs to be further determined which is very 
essential for the development of effective and potential antiviral drug.

Antiviral therapies for the life-threatening viral diseases are generally expensive 
and have adverse side effects. Even some of the viral diseases do not have any anti-
viral treatments like chikungunya virus and HIV. In the realm of the therapeutics, 
there is an urgent need of effective, safe, and inexpensive antiviral therapies/drugs/
inhibitors with minimal side effects to the mankind. Therefore, the approach using 
the phytochemical could be the better option in the development of antivirals. 
Synergistic studies employing phytochemicals in combination with either already 
FDA-approved drugs or inhibitors could be explored in the future for better and 
long-term efficacy of antiviral. Moreover, repurposing of already reported phyto-
chemical as an inhibitor for viral diseases could be done in search of potential anti-
virals. Phytochemicals having antiviral activity can be nanoencapsulated for better 
delivery, prolonged action, and enhanced bioavailability. Moreover, excessive 
research on different biodiversity-rich regions could be explored to get more potent 
phytochemicals and metabolites as antiviral agents.
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