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The highly lethal filoviruses, Ebola and Marburg cause severe hemorrhagic fever in humans and non-
human primates. To date there are no licensed vaccines or therapeutics to counter these infections. Iden-
tifying novel pathways and host targets that play an essential role during infection will provide potential
targets to develop therapeutics. Small molecule chemical screening for Ebola virus inhibitors resulted in
identification of a compound NSC 62914. The compound was found to exhibit anti-filovirus activity in
cell-based assays and in vivo protected mice following challenge with Ebola or Marburg viruses. Addition-
ally, the compound was found to inhibit Rift Valley fever virus, Lassa virus and Venezuelan equine
encephalitis virus in cell-based assays. Investigation of the mechanism of action of the compound
revealed that it had antioxidant properties. Specifically, compound NSC 62914 was found to act as a scav-
enger of reactive oxygen species, and to up-regulate oxidative stress-induced genes. However, four
known antioxidant compounds failed to inhibit filovirus infection, thus suggesting that the mechanistic
basis of the antiviral function of the antioxidant NSC 62914 may involve modulation of multiple signaling

pathways/targets.

Published by Elsevier B.V.

1. Introduction

The filoviruses, Ebola viruses (EBOV) and Marburg viruses
(MARV) are non-segmented, enveloped, negative strand RNA
viruses that cause severe hemorrhagic fever in humans and non-
human primates (Bray and Murphy, 2007; Ascenzi et al., 2008). Fil-
oviruses cause periodic outbreaks with mortality rates as high as
90%. To date there are no FDA licensed vaccines or antiviral inhib-
itors to prevent or treat these infections, although vaccines and
additional strategies that protect nonhuman primates from lethal
filovirus challenge have been described (Falzarano et al., 2011;
Feldmann and Geisbert, 2011). The development of efficacious
therapeutics against filoviruses is hampered, in part by limited
knowledge of the mechanisms underlying pathogenesis at the
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molecular level. Several mechanisms contributing to pathogenesis
have been reported (Volchkov et al., 2001; Geisbert et al., 2003;
Basler and Amarasinghe, 2009). In addition, recent advances in
the study of viral assembly and budding have shed light on the crit-
ical role for the interaction of viral proteins with host factors (Liu
and Harty, 2010). In particular, proteomic studies have identified
several host proteins that are exploited during the filovirus life cy-
cle and thus provide us with potential targets for developing host-
based antiviral therapeutics (Spurgers et al., 2010).

Reactive oxygen species (ROS) are chemically reactive mole-
cules produced as a by-product of oxygen metabolism. At relatively
low concentrations ROS can act as cellular messengers playing a
key role in antimicrobial and antitumor defense (Freeman and Cra-
po, 1982). However excessive production and accumulation of ROS
can cause cellular damage and has been implicated in the patho-
genesis of several disease states, including cancer and neurodegen-
erative diseases (Christen, 2000; Sawyer and Colucci, 2000; Valko
et al.,, 2006). Under normal physiological conditions the damaging
effects of ROS are kept in check by the cellular antioxidant defense
system. In this system, antioxidant enzymes such as superoxide
dismutase (SOD), catalase and glutathione peroxidases can directly
neutralize ROS (Jung and Kwak, 2010). The basal and inducible
expression of these and a wide-array of additional antioxidant
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genes are regulated by nuclear factor E2-related factor 2 (Nrf2)
(Wakabayashi et al., 2010). Nrf2 is a basic leucine zipper redox sen-
sitive transcription factor which binds to the antioxidant response
element (ARE) present in the 5 promoter region of many antioxi-
dant genes (Nguyen et al., 2003).

ROS play an important role in viral infections and contribute
to pathogenesis for a number of viruses (Schwarz, 1996; Peterh-
ans, 1997; Akaike, 2001). For example, production of ROS has
been demonstrated to play a role in pulmonary damage caused
by influenza virus infection (Oda et al., 1989; Akaike, 2001).
These data suggest that antioxidants may prove useful in com-
bating viral pathogenesis. Indeed, antioxidants such as N-acetyl-
cysteine (NAC) have been shown to have an inhibitory effect on
influenza virus and HIV infection (Kalebic et al., 1991; Ghezzi
and Ungheri, 2004; Garozzo et al., 2007). To date, the role of
ROS in the pathogenesis of filovirus infection has yet to be deter-
mined, although increased levels of Cu/Zn superoxide dismutase
(SOD), a marker for ROS buildup, has been found in the fluids
of EBOV-infected adherent human monocytes/macrophages
(Hensley et al., 2002).

Antioxidant therapy for prevention and treatment of various
diseases including viral infections has not been very successful in
clinical studies due to various reasons such as; oxidative stress is
not the primary or the only cause of the disease, low bioavailability
of the drug, poor target specificity, toxic side effects and inability of
the drug to lower oxidative stress (Firuzi et al., in press; De Flora
et al., 1997). Clinical evaluation of long term treatment with the
antioxidant NAC in the therapy or prevention of influenza infection
has revealed that NAC did not prevent influenza A/H1N1 virus
infection but significantly reduced the incidence of clinically
apparent disease by improving the patient’s cell-mediated immu-
nity (De Flora et al., 1997). To improve the success rate of antiox-
idant therapy it will be important to identify oxidative stress
status biomarkers to measure the response to the antioxidant, se-
lect the right target, optimize time and duration of therapy, as
excessive antioxidant can aggravate the disease condition, and
probably consider antioxidant combination therapy.

In the present study we report the identification of a compound
NSC 62914 (IUPAC name: 2-tert-butyl-6-[[3-[(3-tert-butyl-2-hy-
droxy-5-methylphenyl)methyl]-2-hydroxy-5-methylphenyl|methyl]-
4methyl phenol), discovered by high-throughput screening for
inhibitors of EBOV. Cheminformatic analysis predicted compound
NSC 62914 to have antioxidant properties. Further experiments
confirmed this antioxidant activity. NSC 62914 was demonstrated
to be a potent ROS scavenger and was also able to induce expres-
sion of Nrf2-regulated antioxidant genes. We also demonstrated
that in vivo compound NSC 62914 protected mice against lethal
EBOV and MARV challenge. Taken together we have identified a
novel antioxidant small-molecule with potent broad-spectrum
antiviral activity.

2. Materials and methods
2.1. Chemical library

The small molecule diversity set library obtained from the Na-
tional Cancer Institute is a collection of 1990 compounds chosen
to cover a large and diverse range of molecular scaffolds and phar-
macophoric features. A detailed description of the compounds in
the diversity set library can be obtained from the web site:
http://dtp.nci.nih.gov/dtpstandard/ChemData/index.jsp. The com-
pounds from this library were screened in the EBOV-Zaire (ZEBOV)
infection assay. Primary screening was done in duplicate at a single
concentration of 20 uM and subsequent dose response studies
were done to confirm the hits.

2.2. Screening for anti-viral inhibitors

Previously, we have described in detail the development of
high-content imaging assays for EBOV and MARV infections and
partial screening of the NCI diversity set library to identify anti-
EBOV inhibitors (Panchal et al., 2010). In brief, Vero76 cells
(4 x 10% cells/well) were seeded in 96-well BD high content imag-
ing plates (BD Biosciences) and allowed to incubate overnight. The
next day, cells were pretreated at 20 uM concentration of the small
molecules for 2 h and then infected at a multiplicity of infection
(MOI) of 5 with the mouse-adapted strain of ZEBOV that expresses
the enhanced green fluorescent protein (GFP) (ZEBOV-eGFP)
(Towner et al., 2005). After 48 h, cells were fixed in 10% formalin
for 3 days, washed with PBS and stained with CellMask™ Deep
Red cytoplasmic/nuclear stain (Invitrogen) and the nuclear Hoe-
chst dye (Invitrogen).

For Lassa virus infections, Vero76 cells (3 x 10* cells/well) were
seeded in 96-well BD high content imaging plates. The next day,
cells were pretreated for 2 h with varying concentrations (0-
20 puM) of NSC 62914 then infected at a MOI of 0.1 with Lassa virus.
After 2 h, medium containing virus and compounds were removed,
cells washed with PBS and then further incubated with medium
containing appropriate concentrations of the compounds. After
48 h the cells were fixed in 10% formalin for 3 days, washed with
PBS, blocked for 1h at room temperature (RT) or overnight at
4 °C with 3% BSA prepared in PBS and then incubated with an
anti-Lassa GP (L52-161-6) monoclonal antibody for 1 h at RT. After
washing with PBS, the cells were stained for 1 h at RT with rabbit
anti-mouse Dylight 488 secondary antibody, washed and then
stained with CellMask™ Deep Red cytoplasmic/nuclear stain
(Invitrogen) and the nuclear Hoechst dye (Invitrogen).

For Rift Valley fever virus (RVFV) the attenuated MP12 vaccine
strain was used to infect A549, a human lung adenocarcinoma epi-
thelial cell line. Briefly, A549 cells (3 x 10* cells/well) were seeded
in a 96 well BD imaging plate. The next day the cells were pre-
treated for 2 h with varying concentrations of compound NSC
62914. The cells were infected at a MOI of 1 with the MP12 virus
for 2 h, washed and further incubated in the presence of the com-
pounds. After 24 h, cells were fixed, washed with PBS, blocked and
stained with anti-RVF4D4 antibody for 1 h at RT. After washing
with PBS, the cells were stained for 1 h at RT with rabbit anti-
mouse Dylight 488 secondary antibody, washed and then stained
with CellMask™ Deep Red cytoplasmic/nuclear stain (Invitrogen)
and the nuclear Hoechst dye (Invitrogen).

For VEE TC 83 infections, Hela cells (10,000 cells/well) were
seeded in 96-well BD imaging plates. The next day the cells were
pretreated with different concentrations of NSC 62914 for 2 h
and then infected at a MOI of 1. After 2 h virus was removed, cells
washed and then further incubated with medium containing
appropriate concentration of the compounds. After 20 h, cells were
fixed, washed, blocked and then incubated for 1 h with anti-E2
(1A4A) monoclonal antibody. Subsequent staining was performed
as described above. All assays were done in duplicate and repeated
two independent times. Representative results are shown.

2.3. Antioxidant assay

To measure the antioxidant property of the compound NSC
62914, we employed the ABTS antioxidant assay (Cayman Chemi-
cal antioxidant assay kit). This assay relies on the ability of the
antioxidant added to the sample to prevent oxidation of ABTS
(2,2’-azino-di-[3-ethylbenzthiazoline sulfonate]) by a ferryl met-
myoglobin radical, resulting in a decrease in the absorbance at
405 nm. The ability of the compound NSC 62914 to inhibit ABTS
oxidation was compared with Trolox (a water soluble toco-pherol
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analog), Pyrrolidine dithiocarbamate (PDTC), tert-butylhydroqui-
none (tBHQ) and N-acetyl cysteine (NAC).

For the cell-based antioxidant study the DCFH-DA assay was
used (OxiSelect Intracellular ROS Assay Kit, Cell Biolabs, Inc.).
Briefly, Hela cells (10,000 cells/well) seeded in a 96-well plate were
loaded with a cell-permeable fluorogenic probe 2’,7’-dichlorodihy-
drofluorescin diacetate (DCFH-DA), diluted with serum free med-
ium in the absence or presence of the indicated concentrations of
Trolox, PDTC or compound NSC 62914. The cells were incubated
for 1 h, washed twice with PBS. The DCFH-DA loaded cells were
treated with hydrogen peroxide (H,0,), an oxidative stress indu-
cer, and further incubated for one hour. The assay was terminated
by adding cell lysis buffer, and fluorescence intensity was mea-
sured at 493 nm (ex)/523 nm (em) using a fluorescent plate reader.
All assays were done in duplicates and repeated three independent
times. Representative data is shown.

2.4. Quantitative real-time PCR

For quantitative real time PCR analysis, HepG2 cells were either
left untreated or treated with 100 uM tBHQ or 10 pM of NSC
62914. At the indicated time points RNA was harvested using the
Qiagen RNeasy mini isolation kit (Qiagen). Transcript levels were
determined using inventoried Tagman primer/probes for NQO1
(Assay ID: Hs00168547_m1), GCLC (Hs00155249_m1) and Nrf2
(Hs00232352_m1) (Applied Biosystems), Tagman one-step RT-
PCR kit (Applied Biosystems) and a 7900HT Fast real-time PCR
instrument (Applied Biosystem). For each reaction 50 ng of input
RNA was used.

2.5. In vivo efficacy studies

For EBOV studies, mouse-adapted ZEBOV (Bray et al., 1998) was
used at a challenge dose of 1000 pfu (3000 LDsp). In the prophy-
laxis study, mice (C57BL/6, n = 20/group) were administered with
the vehicle control (2% DMSO in 5% dextrose water) or compound
NSC 62914 (2 mg/kg/injection) and after 1 hour, challenged with
the mouse-adapted ZEBOV virus. Additional treatments with the
vehicle control or compound were given on day 2 and day 5 post
challenge. In a post-infection model, C57BL/6 mice (n = 10), were
challenged with 1000 pfu of the mouse-adapted ZEBOV and treat-
ment with the compound NSC 62914 (2 or 5 mg/kg/injection) was
initiated day 1 post challenge. Two additional treatments were gi-
ven on days 3 and 5 post challenge. All virus challenges and com-
pound treatments were performed via the intraperitoneal (ip)
route of injection.

For in vivo MARV studies, C57BL/6 mice (n = 10) were treated via
the ip route with NSC 62914 (2 mg/kg/injection) for 1 h and then in-
fected via the ip route with 1000 pfu of mouse-adapted MARV Ravn.
Additional treatments were given at day 2 and day 5 post challenge.

All research was conducted under an IACUC approved protocol
in compliance with the Animal Welfare Act and other federal stat-
utes and regulations related to animals and experiments involving
animals, and adheres to principles stated in the Guide for the Care
and Use of Laboratory Animals, National Research Council 1996.
The facility where this research was conducted is fully accredited
by the Association for Assessment and Accreditation of Laboratory
Animal Care International.

3. Results
3.1. Screening of small molecule chemical library

Previously, we reported the screening of a partial set (580 com-
pounds) of the NCI diversity library in an EBOV-eGFP infection as-

say (Panchal et al., 2010). Complete screening of this library (1990
compounds) resulted in the identification of 45 compounds that
showed >50% viral inhibition, at 20 pM final compound concen-
tration. Based on the inhibition data, a single compound NSC
62914 was selected for further testing in a dose response study.
The compound showed a dose-dependent inhibition of viral infec-
tion with an ICs value of ~5.2 uM (Fig. 1A). The chemical structure
of the compound is shown in Fig. 1B and a representative image of
viral inhibition by compound NSC 62914 is shown in Fig. 1C.

3.2. Structure-activity relationship (SAR)

The compound NSC 62914 is a triphenol compound that pos-
sesses antioxidative properties. The antioxidant property of NSC
62914 is predicted to be due to the presence of the 3 aryl-OH
groups that function by scavenging ROS before they can interact
with other molecules. Thus, by scavenging of radicals, NSC 62914
may prevent cellular damage to in vivo systems.

3.3. Antioxidant properties of compound NSC 62914

To confirm the antioxidant property of compound NSC 62914,
we first investigated the scavenging potential of the compound
in a cell-free ABTS assay. In this assay a reduction in absorbance
results from an inhibition in the formation of the radical cation
ABTS'. At increasing concentrations compound NSC 62914
behaved similar to known antioxidant scavengers Trolox, tert-
butylhydroquinone (tBHQ), N-acetyl cysteine (NAC) and pyr-
rolidinedithiocarbamate (PDTC) (Fig. 2A), confirming the scaveng-
ing function of the compound.

Next, we investigated the antioxidant potential of compound
NSC 62914 in a cell-based assay. Hela cells were loaded with the
cell-permeable DCFH-DA in the absence or presence of increasing
concentration of Trolox, PDTC or NSC 62914. After one hour the
cells were treated with H,0, and further incubated for another
hour. The assay relies on the compound DCFH-DA, a non-fluores-
cent probe that in cells is easily oxidized to the highly fluorescent
compound dichlorofluorescein (DCF). A decrease in cellular fluo-
rescence compared to the control cells, indicates the antioxidant
capacity of the compounds added to the cells. In the presence of
H,0,, DCFH-DA is oxidized to the fluorescent DCF. Although not
as potent as the positive controls Trolox and PDTC, increasing con-
centrations of NSC 62914 reproducibly inhibited oxidation of
DCFH-DA (Fig. 2B). This data further supports the antioxidant func-
tion of the compound.

In addition to scavenging activity many antioxidant small mol-
ecules can induce activation of the Nrf2-antioxidant defense sys-
tem. To investigate whether compound NSC 62914 can activate
this pathway, HepG2 cells were left untreated or treated with
10 uM of compound NSC62914 for various time points. As a posi-
tive control the well-established Nrf2 activator tBHQ was used.
As expected, tBHQ induced activation of the Nrf2-regulated genes
glutamate-cysteine ligase (GCLC) and NAD(P)H dehydrogenase
quinine 1 (NQO1). Similarly, compound NSC 62914 induced
expression at levels comparable to tBHQ (Fig. 2C). Interestingly,
while tBHQ did not induce gene expression of Nrf2, compound
NSC62914 was found to induce Nrf2 gene expression. Taken to-
gether, the data indicates that NSC 62914 acts as an antioxidant.

3.4. Anti-filovirus activity of known antioxidant scavengers

To test if the known antioxidants PDTC, Trolox, tBHQ and NAC
exhibit anti-filovirus activity, Vero cells were pretreated for 1h
with two-fold dilution of the antioxidants and then infected with
ZEBOV-eGFP for 48 h or Marburg Ravn for 72 h. Quantitative image
analysis revealed that Trolox at very high concentrations
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(=>0.5 mM) showed a 40-70% inhibition of Ebola and Marburg
virus infection (Fig. 3A) with minimal cytotoxicity (as measured
by percent reduction in cell number, data not shown), while NAC
and tBHQ at similar concentrations did not exhibit antiviral activ-
ity against these filoviruses (data not shown). The antioxidant
PDTC showed a dose-dependent inhibition of Ebola and Marburg
infection with a concomitant increase in cellular toxicity
(Fig. 3B). Non-toxic concentrations of PDTC did not show any anti-
viral activity. These results suggest that the known antioxidants
are not potent inhibitors of filovirus infection.

3.5. Broad spectrum anti-viral activity

Previous studies have shown that interference with the genera-
tion of ROS by use of antioxidants can drastically reduce the repli-
cation of seemingly unrelated viruses such as Sindbis, influenza A
and Coxsackievirus B3 (Lin et al., 1995; Si et al., 2005; Geiler
et al, 2010).The observed antioxidant activity of NSC 62914
prompted us to test the broad-spectrum antiviral activity of this
compound against several different viral families, namely, Bunya-
viridae (MP12, a vaccine strain of Rift Valley fever virus), Arenaviri-
dae (Lassa virus), Togaviridae (Venezuelan Equine Encephalitis TC-
83, a live attenuated vaccine derivative). In addition, we tested
activity of the compound against the Ci67 strain of MARV. Similar
to the initial EBOV screen, a dose-dependent inhibition of viral
infection was observed across all virus families tested (Fig. 4).
These results suggest that the compound NSC 62914 exhibits
broad-spectrum antiviral activity.

3.6. In vivo efficacy studies

Based on the solubility and in vitro antiviral efficacy properties,
compound NSC 62914 was further evaluated in the mouse model

A Ebola

for EBOV infection (Bray et al., 1998). In this prophylaxis treatment
model, where the compound (2 mg/kg/infection) was given 1 hour
before challenge and at days 2 and 5 post-challenge, 80% of the
compound-treated mice survived EBOV challenge (Fig. 5A). To
determine if the compound is efficacious in a post exposure model,
mice were challenged with EBOV and treatment with the com-
pound was initiated day 1 post challenge. Two additional treat-
ments were given on days 3 and 5 post challenge. Treatment
dose of 2 mg/kg/injection conferred protection in 50% of the mice
(Fig. 5B). Treatment with the higher dose of 5 mg/kg/injection
did not improve survival of the mice which may be due totoxic side
effects of the compound on the animals resulting in higher fatali-
ties in a virus-independent manner. Alternatively the higher dose
may have resulted in toxic effects in the animals, weakening their
immune system and thus making them more susceptible to the
subsequent virus infection. Together, these results suggest that
the compound can provide a prophylactic effect and, to a lesser ex-
tent, a therapeutic effect on mice in a lethal EBOV challenge model.

To test the efficacy of the compound to protect mice in the
MARV infection model, the mice were treated with NSC
62914(2 mg/kg/injection) for 1 h and then infected with 1000 pfu
of mouse-adapted MARV Ravn virus. Additional treatments were
given at day 2 and day 5. As shown in Fig. 5C, pretreatment of mice
with the compound resulted in 90% survival rate. Taken together,
these results suggest that that compound 62914 is effective in
inhibiting filovirus infection.

4. Discussion

Small molecule chemical library screening for EBOV inhibitors
lead to the identification of the compound NSC 62914, that has
antiviral activity in cells and in vivo protects mice following EBOV
and MARV challenge. The identified small molecule also exhibited
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(A) Testing compound NSC 62914 in a prophylactic model of EBOV infection. C57BL/
6 mice were given the compound (2 mg/kg) 1 h prior to challenge with 1000 pfu
(3000 LDsy) of mouse-adapted ZEBOV and then 2 and 5 days post challenge (n =20
mice/group). (B) Testing compound NSC 62914 in a post challenge model of EBOV
infection. Mice were infected with 1000 pfu of mouse-adapted ZEBOV and
treatment with the compound (either 2 or 5 mg/kg) was initiated 1day post
challenge (n=10 mice/group). Additional treatments with the compound were
given days 3 and 5 post challenge. (C) Testing of the compound in prophylactic
model of Marburg infection. Mice were treated with the compound (2 mg/kg) for
1 h prior to challenge with 1000 pfu of mouse-adapted MARV Ravn, and then 2 and
5 days post challenge. All virus challenges and compound treatments were done via
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broad-spectrum antiviral activity against several viruses, namely,
Lassa, RVFV and VEE TC-83, thus suggesting that the compound
targets a cellular pathway that is commonly exploited by multiple
pathogens.

Based on structure activity studies, compound NSC 62914 was
found to have the properties of an antioxidant. This property was
confirmed in a series of studies. First, in a cell-free scavenging as-

say, the functional properties of NSC 62914 were similar to known
antioxidant scavengers, Trolox, PDTC, tBHQ and NAC. Next, in a
cell-based assay the compound inhibited H,0, mediated produc-
tion of the highly fluorescent DCF. The compound also displayed
the ability to induce Nrf-2 regulated genes, indicating that it can
activate the cellular antioxidant response system. However, in con-
trast to tBHQ, the compound induced Nrf2 gene expression, indi-
cating that the compound likely mediates activation of additional
signaling pathways. Proteomics-based approaches may help iden-
tify additional targets of the compound and thereby provide a bet-
ter understanding of the protective effect of the compound.

Reactive oxygen species (ROS) contribute to the pathogenesis of
a wide array of diseases including viral infections such as Japanese
Encephalitis Virus, Respiratory syncytial virus (RSV) (Castro et al.,
2006), Coxsackievirus B3 (Si et al., 2005) and H5N1 influenza A
virus (Geiler et al., 2010). Filovirus pathogenesis is marked by dys-
regulation of multiple immune pathways and the severity of the
disease pathology is a consequence of temporal host-induced dis-
ruption that occurs both at the cellular and molecular level. These
viruses could potentially alter the host pro-antioxidant balance by
increasing ROS production or by inhibiting antioxidant enzymes.
However, to date there is no direct evidence of observed redox
imbalance during filovirus infection and its influence on target tis-
sues as well as on the whole organism.

Treatment with antioxidants like butylated hydroxyanisole
(BHA) has been shown to ameliorate RSV-induced acute lung
inflammation (Castro et al., 2006), while the antioxidant NAC
inhibited replication of seasonal human influenza A viruses (Geiler
et al.,, 2010). Progression of liver disease caused by hepatitis C virus
is associated with oxidative stress due to mitochondrial respiratory
chain dysfunction (Moriya et al., 2009). In recent studies Moriya
et al. (2009) showed that Tacrolimus, a protector of mitochondrial
respiratory function, could reverse the effect of the HCV core pro-
tein in the pathogenesis of HCV-associated liver disease. Thus there
is precedence in the literature that treatment with antioxidants is
beneficial by inhibiting viral infections. However, antioxidants can
exhibit antiviral effects independent of their antioxidant activity.
For example, the known antioxidant PDTC is reported to inhibit
Coxsackievirus B3 replication through inhibition of the ubiquitin-
proteasome pathway (Si et al., 2005) or inhibit influenza virus in-
duced apoptosis by inhibiting viral macromolecular synthesis
(Uchide et al., 2002). In our studies, known antioxidants PDTC,
Trolox, tBHQ and NAC exhibited minimal to no anti-filovirus activ-
ity, thus suggesting that the antiviral effect of compound NSC
62914 may be independent of its antioxidant properties. Together
our studies suggest that the compound NSC 62914 in addition to
its antioxidant effects may potentially modulate additional signal-
ing pathways, which in turn contributes to the observed broad-
spectrum antiviral activity. Based on the antioxidant property of
the identified small molecule, structure-activity relationship
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(SAR) studies using NSC 62914 as a scaffold will help identify more
potent antioxidants with broad spectrum antiviral activity.
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