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A B S T R A C T   

In this perspective, we propose to leverage reactive oxygen species (ROS) induction as a potential therapeutic 
measure against viral infections. Our rationale for targeting RNA viral infections by pro-oxidants is routed on the 
mechanistic hypothesis that ROS based treatment paradigm could impair RNA integrity faster than the other 
macromolecules. Though antiviral drugs with antioxidant properties confer potential abilities for preventing 
viral entry, those with pro-oxidant properties could induce the degradation of nascent viral RNA within the host 
cells, as RNAs are highly prone to ROS mediated degradation than DNA/proteins. We have previously established 
that Plumbagin is a highly potent ROS inducer, which acts through shifting of the host redox potential. Besides, it 
has been reported that Plumbagin treatment has the potential for interrupting viral RNA replication within the 
host cells. Since the on-going Corona Virus Disease - 2019 (COVID-19) global pandemic mediated by Severe 
Acute Respiratory Syndrome Corona Virus-2 (SARS-CoV-2) exhibits high infectivity, the development of 
appropriate antiviral therapeutic strategies remains to be an urgent unmet race against time. Therefore, addi
tional experimental validation is warranted to determine the appropriateness of repurposable drug candidates, 
possibly ROS inducers, for fighting the pandemic which could lead to saving many lives from being lost to 
COVID-19.   

1. Introduction 

It is noteworthy that viruses lack metabolic or signaling capabilities; 
thus, viral replication is entirely reliant on host metabolic and signaling 
functions. The host mechanisms aiding and abetting viral infections, 
including Severe Acute Respiratory Syndrome Corona Virus-2 (SARS- 
CoV-2), provides broad opportunities for blocking viral infections with 
targeted drugs. There exists an extensive compendium of drugs currently 
undergoing clinical trials, which can be envisaged for the treatment of 
viral infections. Interestingly, these include targeted drugs that overlap 
with viral infection pathways like viral entry into the host cells, com
mandeering of the host metabolic pathways (nucleotide, amino acid and 
energy metabolism) critical for viral RNA replication and synthesis of 
viral protein envelope, as well as the progression of viral infections 
(Xiaowei Li, 2020). 

Reactive oxygen species (ROS) inducers are extensively leveraged as 
therapeutics against several human diseases. Quinones are a class of 

chemical compounds that exhibit a variety of biological properties 
including antiviral, antimicrobial, antifertility, anti-atherosclerotic, 
anticoagulant, cardiotonic, insecticidal, antimalarial, leishmanicidal, 
trypanocidal, neuroprotective, hepatoprotective, anti-inflammatory and 
even antitumor activities, in part mediated through ROS generating 
capabilities. Plumbagin, 5-hydroxy-2-methyl-1,4-naphthoquinone, is a 
natural compound, isolated from the roots of the Plumbago species of 
plants, which has been comprehensively investigated as antimicrobial, 
antiviral and anticancer agents, through in vitro and in vivo studies. Our 
laboratory has extensively examined the role of Plumbagin mediated 
ROS as a potential mechanism for exerting its antitumor properties (Nair 
et al., 2016; Sinha et al., 2013; Somasundaram et al., 2016; Thasni et al., 
2008). Since the RNA viruses focused in this perspective have 
single-stranded RNA as its genetic material, we propose that the nascent 
viral RNAs, which are synthesized in the cytoplasm, are highly suscep
tible to the oxidative stress induced by potent ROS inducers like qui
nones, 3′-azido-2′,3′-deoxythymidine (AZT) etc., resulting in viral RNA 
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degradation, thus, contributing to their antiviral properties (Chang 
et al., 2008; Manda et al., 2011; Nunomura et al., 1999, 2002bib_Nu
nomura_et_al_2002bib_Nunomura_et_al_1999). In this perspective, we 
aim to summarize the possibilities of exploiting the pro-oxidant func
tions of ROS inducer, Plumbagin and its potential implications for tar
geting RNA viral infections. 

2. Insights into targeting viral RNA by ROS inducers 

ROS inducers like quinones have been previously shown to induce RNA 
degradation of the RNA viruses, Hepatitis C Virus (HCV) and Human 
Immunodeficiency Virus (HIV) (Hassan et al., 2016; Min et al., 2002). 
Single-stranded RNAs are vulnerable to damages in comparison with other 
macromolecules like DNA/protein; moreover, as endogenous RNAs are 
synthesized in multiple copies, cells could afford to lose the damaged 
RNAs, which are transient nucleic acids, through degradation mediated by 
RNA surveillance mechanisms (Chang et al., 2008; Nunomura et al., 1999, 
2002bib_Nunomura_et_al_2002bib_Nunomura_et_al_1999). However, for 
the DNA, efficient repair mechanisms exist, which can protect them from 
degradation (Li et al., 2006). Although alkylation damages to RNAs are 
repairable, oxidative damages to RNA is generally unrepairable (Aas et al., 
2003). Since viral RNA replication occurs within the cytosol of the host 
cell, we hypothesize that replicating viral RNAs, which are more suscep
tible than the nuclear or mitochondrial DNA, could be damaged by ROS 
mediated cellular stress, which is a possible strategy for the anti-viral 
therapy (Chang et al., 2008; Nunomura et al., 1999, 2002bib_Nunomura 
_et_al_2002bib_Nunomura_et_al_1999). 

Why do we hypothesize that ROS inducers act as therapeutic agents, 
though the free radical scavengers like Vitamin C prevent viral in
fections like pneumonia? Viruses entering the host cell induce low levels 
of oxidative stress to promote mitogenic activity and simultaneously 
induce NRF-2 mediated antioxidant responses to protect the host cell 
from ROS induced cytotoxicity and suppression of the immune activity 
(Lee, 2018b). Maintenance of a delicate oxidant-antioxidant balance is 
imperative for the promotion of viral replication, protection of viral 
genetic material and host cell from excessive oxidative damage and 
restraining the antiviral immune responses (Lee, 2018b; Reshi et al., 
2014). Thus, tipping oxidant-antioxidant balance using pharmacological 
agents towards antioxidant state should promote viral replication and if 
shifted toward pro-oxidant state should result in enhanced oxidative 
stress and inhibition of the viral replication (Chen et al., 2020a; Lee, 
2018b; Nakamura et al., 2010). Hence, the administration of antioxi
dants like Vitamin C, which has been proved to be preventive against 
viral pneumonia, can serve as an ideal prevention strategy against viral 
infections; however, ROS induction can be superlative in disease therapy 
(Hemilä and Louhiala, 2013; Kim et al., 2013). Further, there are several 
host redox and other associated genes which are modulated during a 
viral infection enabling the viral propagation and pathogenesis as 
depicted in Table 1 ((Ahmed and Rahman, 2006; Bender and Hildt, 
2019; Bottino-Rojas et al., 2018; Checconi et al., 2020; Chen et al., 
2020a; Cuadrado et al., 2020; Jacoby and Choi, 1994; Lee, 2018a; 
Simenauer et al., 2019; Zhang et al., 2020). 

During a viral infection, as viral entry into the host cells is a 
continuous process, there arises a question of selecting the suitable 
redox modulated antiviral strategy, i.e. whether to use the ROS scav
engers to prevent the viral entry into each of the host cells or to employ 
the pro-oxidants to target the viral RNA degradation. Though this de
cision stands imperative, it is indeed dependent on the extent of viral 
infection in the patients. However, there appears a concern about 
whether the ROS induction would affect the normal cells. Since the 
normal cells have a stable redox homeostatic system as well as efficient 
machinery to repair the nucleic acid damages resultant of ROS induc
tion, they would strategically strive the detrimental mechanistic effects 
of ROS. Conversely, the viral infected cells, which would already have a 
viral-induced oxidative stress as well as compromised repair system 
(owing to the viral evasion of the host repair systems) to overcome these 

detrimental nucleic acid damages, would succumb to ROS induced 
cytotoxicity and resultant cell death owing to the additive effects of ROS 
produced by pro-oxidants. Besides, when viral infection occurs, it results 
in minimal oxidative stress inside the host cells, triggering numerous 
antioxidant mechanisms, the prominent of which is the NRF-2 mediated 
ones. However, this is a failed defense system in cases of high viral titres 
in the infected cells, while this defense system remains active in the 
normal cells. Thus, NRF-2 mediated antioxidant mechanism additively 
acts in preventing the damaging cellular effects owing to ROS induction 
in the normal/infection-resistant cells, while the failed NRF-2 system in 
viral infected cells wouldn’t interfere with the ROS induced damages, 
which adds up with viral-induced oxidative stress to selectively target 
these viral infected cells. The aforesaid properties substantiate the 
leverage of ROS inducers than the ROS scavengers as a suitable anti-viral 
therapeutic strategy. Therefore, the pro-oxidants possess the ability to 
selectively induce enhanced lethal oxidative damages in RNA than that 
could be induced in the DNA, thus stalling the translation process, which 
sufficiently and satisfactorily calls for proposals in employing ROS in
ducers as lead molecules for the viral RNA infection treatment, including 
SARS-CoV-2 (Fig. 1). 

Table 1 
The table depicts various redox and other associated genes which are being 
modulated in the host cells during a viral infection.  

S. 
No. 

Redox and other associated genes activated during 
RNA viral infections 

Reference 

1 Superoxide dismutase 3 (SOD3) (Ahmed and 
Rahman, 2006) 2 Activating transcription factor 4 (ATF4) 

3 Metallothionein 2A (M2TA) 
4 Nuclear factor erythroid 2-related factor 2 (NRF-2) (Bottino-Rojas et al., 

2018) 
5 Heme oxygenase (HMOX1) (Cuadrado et al., 

2020) 
6 Sulfiredoxin-1 (SRXN-1) (Simenauer et al., 

2019) 7 NADPH quinone dehydrogenase 1 (NQO1) 
8 Glutamate cysteine ligase catalytic and regulatory 

subunits (GCLC and GCLM) 
(Lee, 2018a) 

9 Glutathione S-transferase (GST) 
10 Uridine diphosphate glucuronosyltransferase 

(UDPGT) 
11 Catalase (CAT) 
12 Glucose 6 phosphate dehydrogenase (G6PD) 
13 Glutathione peroxidase-1 (GPx) 
14 Glutathione disulfide reductase (GSR) Checconi et al. 

(2020) 
15 Copper/zinc superoxide dismutase (Cu/ZnSOD) (Jacoby and Choi, 

1994) 16 Manganese superoxide dismutase (MnSOD) 
17 Indole- amine dioxygenase (IDO) 
18 Melatonin Zhang et al. (2020) 
19 Cytochrome P450 E1 (CYP2E1) (Bender and Hildt, 

2019) 20 ER oxidoreductin 1α (Ero1α) 
21 Mitogen-activated protein kinase (MAPK) 
22 Insulin receptor substrate (IRS1/2) 
23 Insulin receptor (IR) 
24 Insulin-like growth factor 1 (IGF-1) 
25 Insulin-like growth factor 1 receptor (IGF-1R) 
26 c-Jun-N-terminal kinase (JNK) 
27 γ-glutamylcysteine synthetase (γ-GCS) 
28 Xanthine oxidase (XO) (Chen et al., 2020a) 
29 NADPH-cytochrome P450 reductase (CPR) 
30 Inducible nitric oxide synthase (iNOS) 
31 NADPH oxidase 1 (NOX1) 
32 NADPH oxidase 2 (NOX2) 
33 NADPH oxidase 3 (NOX4) 
34 Cytochrome P450, family 1, subfamily A, 

polypeptide 1 (CYP1A1) 
35 Cytochrome P450, family 1, subfamily A, 

polypeptide 2 (CYP1A2) 
36 Cytochrome P450, family 1, subfamily B (CYP1B) 
37 Aryl hydrocarbon receptor (AhR) 
38 Dual Oxidase 1 (DUOX1) 
39 Dual Oxidase 2 (DUOX2) 
40 Myeloperoxidase (MPO)  

R. Nadhan et al.                                                                                                                                                                                                                                



European Journal of Pharmacology 890 (2021) 173621

3

3. ROS mediated and allied cytotoxicity by Plumbagin 

Quinones, in general, are strong ROS inducers; however, among 
structurally similar quinones, Plumbagin is not only an excellent ROS 
inducer but also has a higher ability to alter the redox potential which is 
mechanistically responsible for antiviral, antimicrobial, anti- 
inflammatory, antimalarial and antitumor properties. Since ages, 
Plumbago roots have been used in traditional medicine for treating 
topical infections in the Indian subcontinent (Fig. 2) (Database., Avail
able from: http://bodd.cf.ac.uk/.; de Lima et al., 1968; Fournet et al., 
1992; Grieve, 1931; Sharma and Kaushik, 2014). Plumbagin has been 
extensively explored for altering the redox potential in numerous mi
crobial systems. Plumbagin was reported to increase the rate of super
oxide generation through a diaphorase-mediated reduction in certain 
lactic acid bacteria (Archibald and Fridovich, 1981; DiGuiseppi and 
Fridovich, 1982). Although Plumbagin induced lethality is an 
oxygen-dependent process, cellular damage and repair responses to 
Plumbagin has been demonstrated to be unique compared to responses 
observed with superoxide or hydrogen peroxide (H2O2) exposure 
(DiGuiseppi and Fridovich, 1982; Farr et al., 1985; Hassan and Frido
vich, 1979). Moreover, Plumbagin exposure produced more strand 
scissions in endonuclease deficient cells, while the presence of super
oxide scavenger offered only a limited protection (Denq and Fridovich, 
1989). In vitro, Plumbagin, via intercepting the electrons attenuate 
NADH dehydrogenase, resulting in a respiratory arrest causing meta
bolic dysfunction in E.Coli cultured in glucose-containing media. This 
observed respiratory failure and growth inhibition of E.coli, with 
Plumbagin, occurred in the presence of excess superoxide dismutase 
(SOD) and catalase (Imlay and Fridovich, 1992). Additionally, Plum
bagin treatment in E. coli K-12 mutant strains with diminished levels of 
SOD, resulted in hypersensitivity and increased DNA damage suggesting 
a direct role for superoxide in all these processes (Prieto-Alamo et al., 
1993). 

Not just with the microbial systems, Plumbagin modulates the 
metabolism and signaling in the mammalian cells too, mediated through 
ROS induced cytotoxicity. We had proved for the first time that Plum
bagin induces ROS mediated apoptosis in cervical cancer cells, which 
could be reversed by the pre-treatment of the cells with a free radical 
scavenger, N-acetyl-L-cysteine (NAC) (Srinivas et al., 2004). We had also 
reported through in vitro and in vivo studies that amongst the several 
naphthoquinones analyzed, Plumbagin selectively targets the BRCA1 
defective cancers, through its ROS inductive activity. As these cancers 

are DNA damage repair defective, they will be more sensitive to 
oxidative damage induced by Plumbagin, than the normal cells, since 
the latter possesses an efficient DNA repair system (Nair et al., 2016; 
Sinha et al., 2013; Somasundaram et al., 2016; Thasni et al., 2008). 
Thus, the aforesaid evidence is suggestive of the fact that ROS genera
tion has been one of the prominent mechanisms through which Plum
bagin mediates its cytotoxicity. 

Though Plumbagin exerts its effects mainly through ROS induction, 
such as the generation of superoxides, which are well proven, there are 
several other modes of mechanistic activities too (Tripathi et al., 2019). 
Plumbagin acts as a spindle poison as well as human Topoisomerase II 
inhibitor, thus affecting the cellular replication (Fujii et al., 1992). In 
affecting the mitochondrial electron transport chain (ETC), Plumbagin 
binds to the ubiquinone binding sites of Complexes I-III, thereby inter
fering with the ETC downstream of Complex II, resulting in a reduction 
in oxygen consumption rate, NADPH/FAD redox ratio as well as ATP 

Fig. 1. Targeting SARS-CoV-2 Infection 
by Plumbagin: SARS-CoV-2 viral particle 
anchors onto the host cell via its spike pro
teins through its interaction with host cell 
receptors like ACE2 and enters into the cell 
by endocytosis. The uncoating and release of 
viral RNA into the host cell cytoplasm trig
gers the viral RNA replication, transcription 
and translation for its propagation. Plumba
gin, which is a potent oxidative stress 
inducer, generates ROS within the host cell, 
that is capable of promoting viral RNA 
degradation.   

Fig. 2. Traditional Applications of Plant Extracts with Plumbagin: The 
figure represents various medicinal applications of crude extracts from natural 
plant sources containing Plumbagin used across different regions worldwide as 
traditional medical practices (Database., Available from: http://bodd.cf.ac. 
uk/.; de Lima et al., 1968; Fournet et al., 1992; Grieve, 1931; Sharma and 
Kaushik, 2014). 
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synthesis (Kapur et al., 2018). ATP synthesis remains to be one of the 
cardinal factors of cellular energetics which is essential for viral RNA 
replication, capsid assembly and virus survival in the infected host cells 
and hence, the property of Plumbagin in blocking the ETC would be 
advantageous in exerting its antiviral property (Chang et al., 2009). 
Further, it also serves as a lysine acetyltransferase inhibitor as well as 
affects various signaling pathways including the EGFR, NF-κB, STAT, 
AKT and so on (Ravindra et al., 2009; Tripathi et al., 2019; Vasudevarao 
et al., 2014). Currently, Plumbagin is in its Phase I clinical trial for the 
treatment of metastatic castrate-resistant prostate cancers, which is 
under evaluation of a higher dosage (Kyriakopoulos et al., 2019). In 
addition to ROS induction, based on the evidence showing the impact of 
Plumbagin on multiple biological pathways in mammalian cells and 
since such mechanisms are also relevant for viral propagation within the 
host cells, we hypothesize that Plumbagin could be utilized for targeting 
RNA viruses as well as the viral infected host cells in a 
concentration-dependent manner, such that it remains non-toxic to the 
normal/uninfected cells. 

4. Our perspective on prospective inhibition of SARS-CoV-2 by 
Plumbagin 

SARS-CoV-2 has torpified the entire world; lingering of this 
pandemic for a longer duration would lead to widespread human ca
tastrophe affecting for decades (L et al., 2020). SARS-CoV-2 is a 
single-stranded positive-sense RNA virus of the β corona virus genus. 
The viral spike ‘S’ protein binds to the Angiotensin-converting enzyme 2 
(ACE2) receptors on the host human cells initiating the infection (Walls 
et al., 2020). The treatment protocol involves the use of antipyretics, 
antitussives, antibiotics and respiratory support for the symptomatic 
relief while antiviral drugs like oseltamivir, lopinavir/ritonavir and 
remdesivir are also administered with limited success. Several other 
antiviral drugs like darunavir, ribavirin, favipiravir, arbidol etc., are 
under experimental trials (Cai et al., 2020; Tang et al., 2020). Recently, 
remdesivir, which has been reported to inhibit the RNA dependent RNA 
polymerase activity of SARS-CoV-2 virus and thus the viral RNA repli
cation, has been reported to show better outcomes by shortening the 
time for recovery; however, guidelines defining therapeutic regimens 
specific to SARS-CoV-2 for worldwide adoption remains to be estab
lished and thus the scope for integration of novel therapeutic drugs re
mains wide open both for targeting SARS-CoV-2 RNA virus and 
reduction of co-morbidities in these patients (Beigel et al., 2020; Chen 
and Li, 2020; Gordon et al., 2020a; Grein et al., 2020; Wang et al., 2020; 
Yang and Wang, 2020). 

Hydroxychloroquine, which is a quinine derivative (a natural 
cinchona alkaloid, unlike quinones), is an anti-malarial drug, which was 
actively participating in solidarity trials being studied for repurposing it 
for the treatment of SARS-CoV-2. It was reported to exert its antiviral 
activity by increasing the pH in lysosomes/endosomes in host cells to 
alter the enzyme activity and resultant post-translational modifications 
of ACE2 receptor, as well as glycosylation of sialic acid linked ganglio
sides, which are the receptors for SARS-CoV-2 viral spike S protein, 
aiding the viral attachment to host human cells (Devaux et al., 2020). 
This prevented the binding of the viral spike S protein, thereby inhib
iting the viral entry into the host human cells. Though several clinical 
trials of Hydroxychloroquine for Corona Virus Disease – 2019 
(COVID-19) were carried out, the unfavorable side-effects reported from 
various studies have led to decisions on withdrawing the drug from 
solidarity trials across various parts of the world; however, the evalua
tion studies involving Hydroxychloroquine in non-hospitalized patients 
as well as prophylactic analysis on pre- and post-exposure for COVID-19 
are still progressing (Chen et al., 2020b; Mehra et al., 2020; Zou et al., 
2020). 

As we have discussed above, cellular RNA, in comparison with DNA, 
is exceedingly damaged upon ROS induced oxidative stress, since RNA is 
more sensitive, especially the cytoplasmic RNA adjacent to 

mitochondria (major site of ROS synthesis), as the levels of oxidative 
RNA damage is greater than the oxidative DNA damages in the cell. 
Considering that cellular RNA is highly vulnerable to oxidative damage 
when compared to DNA, this property is a likely strategy for attenuating 
RNA viruses (Li et al., 2006); hence, we envision that Plumbagin via ROS 
could induce oxidative RNA damages and stall viral replication directly 
along with interrupting cellular metabolism to create an unfavorable 
environment for SARS-CoV-2 viral replication in the host cells. 

Antiviral effects of Plumbagin against RNA viruses have been pre
viously noted against HCV, which is an enveloped positive-sense single- 
stranded RNA virus. On the analysis of intracellular HCV RNA by RT- 
PCR, it was demonstrated that Plumbagin inhibited the HCV replica
tion at an IC50 (half-maximal inhibitory concentration) of 0.57 μM/L 
and a CC50 (50% cytotoxic concentration) of 30.65 μM/L, thus resulting 
in a selectivity index (SI) of 53.7, in comparison with the standard 
antiviral drug, telaprevir, which exhibited an SI of 2127. Plumbagin 
administration also caused an enhanced expression of anti-HCV cellular 
host factor hA3G protein, a cytidine deaminase and a reduction in NS3 
HCV non-structural protein levels to compromise the viral replication 
machinery, in a dose-dependent manner, more effectively when 
compared with telaprevir (Hassan et al., 2016). Further, studies were 
carried out on extracts from Plumbago indica (a natural source of 
Plumbagin) and Allium sativum (commonly known as garlic) to analyze 
their antiviral properties against Influenza A (H1N1) pdm09 employing 
two principles, which are either simultaneous exposure assays (to 
analyze if the compound inhibits viral adsorption onto the cell surface 
receptors) or the post-exposure treatment assays (to analyze if the 
compound inhibits viral replication inside the host cells or prevent 
budding from the infected cells). They have reported that both these 
extracts independently exhibit the inhibition of polymerase activity, 
impairing the viral nucleoprotein synthesis, blockage of viral attach
ment and the activity of viral hemagglutinin envelope protein of Influ
enza A (H1N1) pdm09, to interrupt the infection by this single-stranded 
RNA virus; however, the Plumbago extracts displays greater antiviral 
activity in comparison with the Garlic extracts (Chavan et al., 2016). 
Although the impact of ROS caused by Plumbagin is very apparent in 
RNAs, ROS is also known to attack and incapacitate protein functions, as 
well, in exerting its antiviral potential. This has been evident in the 
publication by Min et al., where the authors report the inhibition of 
RNase H activity in the presence of Plumbagin, resulting in an impaired 
reverse transcriptase function in HIV-1 (a single-stranded RNA virus) as 
well as weakly inhibiting the RNA dependent- and DNA dependent- DNA 
polymerase activities (Min et al., 2002). The reports on the antiviral 
activity of Plumbagin sprout its possibility as a lead drug against RNA 
viruses, including SARS-CoV-2. Further, Plumbagin is also thought to 
inhibit Chromosome Region Maintenance 1 (CRM1), a nuclear export 
transport receptor, via direct interaction and disruption of its activity, 
thereby interfering with the CRM-1 mediated export (Liu et al., 2014). 
This is particularly interesting because ORF9b protein, a component of 
corona viruses are known to interact with CRM1 to facilitate cyto
plasmic translocation, viral assembly and induction of pro-inflammatory 
factors (Sharma et al., 2011). Moreover, sequence annotation in 
SARS-CoV-2 has also revealed the presence of ORF9b, wherein the latter 
bears 73.2% similarity with those in Human Severe Acute Respiratory 
Syndrome (SARS) and 74.23% similarity with those in Bat Corona Virus 
(Bat CoV) (Giri et al., 2020; Mathew and Ghildyal, 2017). Therefore, 
Plumbagin’s inhibitory activity on CRM1 could be advantageous for 
interrupting SARS-CoV-2 viral entry into host cells and resultant viral 
propagation. Overall, Plumbagin could act as a poly-functional inhibitor 
of viral RNA replication, which along with the direct and indirect effects 
mediated by ROS induction could be exploited for exerting its antiviral 
effects against SARS-CoV-2. 

Since SARS-CoV-2 infections are alarmingly increasing across the 
world, mapping of cardinal human interaction protein partners of the 
viral proteins would figure out key small molecules for targeted thera
pies. A recent report has predicted the gene ontology analysis of various 
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protein components of SARS-CoV-2 virus with several interacting pro
tein partners, significant of which are its interaction with those involved 
in nuclear transport, regulation of ROS, cell cycle regulation, cyto
plasmic ubiquitin ligase complex and cell death in response to oxidative 
stress (Gordon et al., 2020b). Plumbagin, being a potent ROS inducer, 
would affect these process and involved proteins as well as RNA 
degradation; hence, should have the potential of being an antiviral agent 
forefront, against SARS-CoV-2 (Fig. 1). 

5. Safety concerns of treating COVID-19 patients with pro- 
oxidizing agents 

Although Plumbagin has not been evaluated in humans, results from 
in vivo experiments reported non-toxic effects along with slight weight 
loss at 2 mg/kg body weight (intraperitoneal administration for 5 days/ 
week for 3 weeks) (Cao et al., 2018; Sakpakdeejaroen et al., 2019; 
Sandur et al., 2006). Further experiments are required to determine the 
minimal effective dose of Plumbagin required for achieving efficient 
degradation of viral RNA activity in humans. Results from animal 
studies show that Plumbagin at less than 2 mg/kg body weight is suf
ficient to elicit anticancer activity, while toxic side effects are observable 
only at >10 mg/kg body weight in mouse models (Nair et al., 2016). 
Thus, establishing an effective dosage and determining the safety pro
files for Plumbagin is absolutely necessary, prior to evaluation for 
COVID-19 targeted therapy. 

6. Conclusion 

In conclusion, though RNA viruses keep on evolving mechanisms to 
escape viral degradation by host cells, plant-based natural bioactive 
compounds, such as Plumbagin, with lesser toxicity, enhanced 
bioavailability and a broad spectrum of activities, might prove to be 
potent molecules with antiviral properties against SARS-CoV-2 RNA 
viruses. Additionally, cross-checking and identification of mechanisti
cally applicable drugs (and combinations) from the compendium of 
clinically approved ROS inducing drugs and repurposing them for SARS- 
CoV-2 viral infection treatment could be a faster route for implementing 
therapies for preventing tragic loss of human lives to this COVID-19 
pandemic. 
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