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ombinations is important since ST-246 and CMX001 are the most
dvanced candidates under development for the treatment of
rthopoxvirus infections and potentially could be used together in
he clinic to increase efficacy or minimize the emergence of drug
esistance. Combination assays were performed in human foreskin
broblast cells using the Western Reserve (WR) strain of vaccinia
irus. Results from these studies revealed robust synergistic inhibi-
ion of viral replication with combinations of 4′-thioIDU and ST-246.
ombinations of 4′-thioIDU and CMX001 also exhibited modest,
ut significant synergistic inhibition of vaccinia virus replication.
imultaneous cytotoxicity controls did not reveal any increased
oxicity and suggested that the synergistic effects were not the
esult of increased toxicity. The use of drug combinations with
ifferent mechanisms of action is advantageous because the combi-
ations can offer improved efficacy at lower dosages and minimize
he development of drug resistance. The results of these exper-
ments indicate that combinations of 4′-thioIDU with ST-246 or
MX001 are particularly effective in the treatment of orthopoxvirus

nfections in vitro and suggest that combined therapy may
e useful in the treatment of these infections in animals and
umans.

Acknowledgements: Supported by contract NO1-AI-30049 and
rant 1-U54-AI-057157 from the NIAID, NIH.

oi:10.1016/j.antiviral.2009.02.063
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nduction of Interferon Gamma Inducible Protein 10 by SARS-
oV Infection, Interferon Alfacon 1 and Interferon Inducer in
uman Bronchial Epithelial Calu-3 Cells and BALB/c Mice

ohichi Kumaki ∗, Craig W. Day, Miles K. Wandersee, Jason R.
adsen, John D. Woolcott, Justin D. Hoopes, Kevin W. Bailey, Min-
ui Wong, Donald F. Smee, John D. Morrey, Dale L. Barnard

Institute for Antiviral Research, Logan, USA

SARS-CoV has been identified as the causative agent of an
merging human infectious disease, SARS. Its immunopathological
echanisms have not been fully characterized. One hypothesis is

hat the pathogenesis of SARS-CoV is caused by a disproportionate
mmune response, illustrated by elevated levels of inflammatory
ytokines and chemokines, such as IP-10, MCP-1, IL-6 and IL-8.
ARS-CoV has been shown in vitro to induce changes of cytokines
nd chemokines in various human and animal cells. We previously
eported that interferon (IFN)-alfacon 1 was more active against
ARS-CoV infection in Calu-3 cells than in African green monkey
pithelial cells on day 3 post-infection. In the current study, we
valuated its efficacy of IFN-alfacon 1 in Calu-3 cells during the
rst 7 days of virus infection compared to its efficacy in Vero 76
ells, in which a more productive virus infection occurs. Calu-3 cells
ppeared to be more responsive to the antiviral effects induced
y exogenous IFN than did Vero 76 cells. Furthermore, IP-10, an
FN-inducible white cell chemoattractant, was detected in Calu-3
ells after SARS-CoV infection. Interestingly, IP-10 expression was
hown to be significantly elevated when SARS-CoV-infected Calu-
cells were treated with IFN-alfacon 1. To our knowledge, this is

he first time that the IP-10 expression has been clearly demon-
trated in Calu-3 cells after SARS-CoV infection. Since IP-10 seems
o be coordinated with a protective response in cells, we evalu-
ted the efficacy of antivirals directed against SARS-CoV infection
n BALB/c mice. IP-10 expression was detected in the lungs of SARS-

oV-infected BALB/c mice. Significantly high levels of mouse IP-10

n BALB/c mice was also detected when SARS-CoV-infected mice
ere treated with the interferon inducer, poly IC:LC. Our data might
rovide an important insight into the mechanism of pathogenesis
Research 82 (2009) A1–A83

of SARS-CoV and these properties might be therapeutically advan-
tageous.

Acknowledgments: This work was supported by contracts NO1-
A1-30048 and NO1-AI-15435 from the Virology Branch, NIAID, NIH.
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Anti-influenza Efficacy of Combination Apply of Proteolytic
Inhibitor E-aminocaproic Acid with Neuraminidase Inhibitor
Tamiflu

V. Lozitsky 1,∗, A. Frolov 2, A. Fedchuk 1, T. Grydina 1, L. Mudrik 1, L.
Shitikova 1, L. Socheslo 1, V. Zadorozhnaya 2

1 RAPI, Odesa, Ukraine; 2 NCI&ARI, Kiev, Ukraine

Our investigations have shown antiviral activity of prote-
olysis inhibitor E-aminocaproic acid (E-ACA). Tamiflu (Tm) is
neuraminidase inhibitor and the most popular anti-influenza (AI)
agents. But its toxicity is higher than E-ACA. We investigate effi-
cacy of E-ACA and Tm combine action for optimization of AI
therapy. AI activity in vitro was studied in tissue culture of
chorioallantoic membranes chick embryos. Influenza virus strains
A/HK/1/68 (H3N2), A/PR/8/34 (H1N1) and avian influenza H5N3
were used. Both Tm in doses 2 mkM/ml and 1 mkM/ml and E-
ACA in doses 10 mg/ml and 15 mg/ml have displayed regular AI
activity to A/PR/8/34 and H5N3 accordingly if the preparations
were used separately. Combination action of these preparations
was more effective. Combination action of Tm (1 mkM/ml) and E-
ACA (10 mg/ml) has demonstrated synergistic effect on inhibition
of reproduction A/HK/1/68 virus. Synergistic effect took place dur-
ing experimental infection with influenza virus A/PR/8/34 in mice
too. Only combination using of Tm and E-ACA have shown strongly
protected effect. The results of this study have demonstrated the
expediency of combination using of proteolytic and neuraminidase
inhibitors for AI protection and therapy.

doi:10.1016/j.antiviral.2009.02.065
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Structure–Activity Relationship of a Novel Class of Aglycoris-
tocetin Derivatives with Potent and Broad Activity Against
Influenza Viruses

Lieve Naesens 1,∗, Evelien Vanderlinden 1, Erzsébet Rőth 2,
József Jekő 2, Graciela Andrei 1, Robert Snoeck 1, Christophe
Pannecouque 1, Eszter Illyés 3, Gyula Batta 2, Pál Herczegh 2,
Ferenc Sztaricskai 2

1 Rega Institute for Medical Research, Leuven, Belgium; 2 Department
of Pharmaceutical Chemistry, University of Debrecen, Debrecen, Hun-
gary; 3 Department of Chemistry, Eötvös Loránd University, Budapest,
Hungary

Attachment of a hydrophobic substituent to a glycopeptide
backbone structure was previously reported to offer favorable phar-
macological (i.e. antibacterial and antiviral) properties. We here
report on the in vitro anti-influenza virus activity of aglycoris-
tocetin derivatives containing hydrophobic side chain-substituted
cyclobutenedione. In Madin-Darby canine kidney (MDCK) cells, the
lead compound 8e displayed an antivirally effective concentration
(EC50) of 0.4 �M, which was consistent amongst influenza A/H1N1,

A/H3N2 and B viruses. The concentration producing 50% inhibi-
tion of cell proliferation was 67 �M, yielding an antiviral selectivity
index (SI) of 167. Structural analogues derived from aglycovan-
comycin were completely inactive. The hydrophobic side chain

dx.doi.org/10.1016/j.antiviral.2009.02.063
dx.doi.org/10.1016/j.antiviral.2009.02.064
dx.doi.org/10.1016/j.antiviral.2009.02.065
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nd, in particular, its neutral charge and steric bulkiness, were
hown to be important determinants of activity. The relatively
arrow structure-activity relationship points to a highly specific

nteraction with the target protein, which, based on preliminary
ime-of-addition studies, is thought to be related to viral binding
i.e., interaction of the influenza virus hemagglutinin with its cellu-
ar receptor). The observation that influenza virus fully retained its
ensitivity to 8e after eleven sequential virus passages in MDCK cells
n the presence of 8e (at concentrations up to 25 �M) agrees with
uch a highly conserved interaction site. Compound 8e proved to
e inactive against several unrelated RNA and DNA viruses, except
or varicella-zoster virus, against which a favorable activity was
oted (EC50: 0.55 �M and SI: 180; determined in human embry-
nic lung fibroblasts). The aglycoristocetin derivative 8e represents
new class of potent and broad-acting influenza virus inhibitors
ith potential therapeutic relevance. [Supported by a grant from

he International Consortium on Anti-Virals (ICAV)].

oi:10.1016/j.antiviral.2009.02.066
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innamon Fraction Neutralizes Avian Influenza H5N1 Both In
itro and In Vivo

ichael Ovadia ∗, Immanuel Kalily, Emily Bernstein

Tel-Aviv University, Ramat-Aviv, Israel

Influenza is one of the most prevalent and significant viral
nfections. The aim of this research was to examine the abil-
ty of the Cinnamon Extract fraction CEppt to inhibit avian
nfluenza VNH5N1-PR8/CDC-RG, after we previously demonstrated
his antiviral activity against human influenza H1N1 [Barak, I., Ova-
ia M., 2005. Antiviral Research 65(3), 65]. The ability of CEppt to
eutralize the avian influenza virus was tested in vitro on human
rythrocytes by the hemolysis assay and in vivo on white mice.
oth activities of the virus were inhibited. A dose of 50–100 �g of
he crude extract was sufficient to achieve total neutralization of
28 HAU of the virus within one minute. CEppt has a long shelf-life
f at least two years in the refrigerator or at room temperature. It
till retained its antiviral activity after dialysis in bags with a cut-off
f 10 KD or after heating at various temperatures up to 121 ◦C. The
ntiviral activity was also stable at a wide range of pH between 1
nd 12. Moreover, the antiviral agent neutralized the virus after it
as already attached onto the erythrocytes and prevented its sub-

equent hemolytic activity. The CEppt has also proved its ability
o inhibit the virus in vivo. When the virus was mixed with CEppt
rior to infection of 25-day-old mice, the mice did not develop the
isease (strong hemorrhage in the lungs leading to death) nor did
hey lose weight or die. In conclusion, CEppt has exhibited an effec-
ive antiviral activity against avian influenza VNH5N1-PR8/CDC-RG
irus both in vitro and in vivo. The cinnamon has been used in the
uman diet for thousands of years and should therefore not be an

bstacle to introducing the isolated antiviral fraction for human and
nimal use. Virus sample was gifted by CDC, Atlanta, Georgia, USA.
nternational Patent Application PCT/IL2004/001161.

oi:10.1016/j.antiviral.2009.02.067
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Comparative Study of the Efficacy of Low- and High-Molecular
Inhibitors of Influenza Virus Hemagglutinin

S. Rak 1,∗, E. Goncharova 1, I. Vinogradov 1, E. Ryabchikova 1, A.
Chinarev 2, A. Tuzikov 2, N. Bovin 2, A. Ryzhikov 1

1 FSRI SRC VB Vector, Koltsovo, Russia; 2 Shemyakin Institute of Bioor-
ganic Chemistry, Moscow, Russia

Synthetic analogs of the cellular receptors, which are able to
compete with natural cellular receptors, have potential for devel-
opment of anti-influenza therapeutics. Synthesis of low-molecular
inhibitors of influenza virus is more preferable for the development
of drugs by reason of possible toxicity, immunogenicity and incom-
plete biodegradation of polymeric compounds. The objectives of
this study were to compare the anti-influenza activity and to clar-
ify the mechanisms of action for low-molecular and high-molecular
compounds, containing Sia2-6Gal disaccharides. Methods: We con-
ducted the comparative study of the antiviral effect of low- and
high-molecular hemagglutinin inhibitors on influenza A (H1N1,
H2N2, H3N2) and B viruses in the inhibition assay of infectious
focus forming in MDCK cells. To characterize efficacy of inhibitors
in vivo we have investigated a mouse model, based on measuring
the value of 50% respiratory infectious dose for mice. To elucidate
mechanism of action for hemagglutinin inhibitors we examined
influenza virion morphology by the negative contrast techniques.
Results: The values of 50% inhibiting concentration (IC50) obtained
in MDCK were 0.03 (±0.005) �M for low-molecular hemagglutinin
inhibitor and 0.1 (±0.01) �M for high-molecular hemagglutinin
inhibitor. Intranasal administration of 0.25 mg/kg low-molecular
inhibitor or 1.25 mg/kg polymeric inhibitor completely protected
mice from influenza virus A/Aichi/2/68 (H3N2) infection. Electron
microscope study of the virion morphology showed direct damage
of influenza virus particles by low- and high-molecular compounds,
and allowed us to propose mechanism of virucidal action of hemag-
glutinin inhibitors. Conclusion: These data show significant antiviral
effect of low- and high-molecular hemagglutinin inhibitors on
influenza viruses at low micromolar concentration. Although we do
not consider high-molecular hemagglutinin inhibitor as candidate
anti-influenza drug due to the probable toxicity and limited bio-
compatibility of polymer, low-molecular hemagglutinin inhibitor
has potential for the prevention of influenza virus infection as spe-
cific virucidal therapeutic.

doi:10.1016/j.antiviral.2009.02.068
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Antiviral Effect of a Novel Inhibitor of Influenza Virus Hemag-
glutinin on Influenza A (H5N1) Virus

Svetlana Rak 1,∗, Elena Goncharova 1, Alexander Chinarev 2,
Alexander Tuzikov 2, Nicolai Bovin 2, Alexander Ryzhikov 1

1 FSRI SRC of Virology and Biotechnology Vector, Koltsovo, Russia;
2 Shemyakin Institute of Bioorganic Chemistry, Moscow, Russia

Background: The initial step of influenza virus infection is the
attachment of the viral glycoprotein hemagglutinin to sialic acid-
containing receptors of the host cells. Human and avian influenza
A viruses differ in their recognition of host cell receptors: the
former preferentially recognize receptors with saccharides ter-
minating in Sia2-6Gal, whereas the latter prefer those ending

in Sia2-3Gal. An attractive approach for the prevention of avian
influenza infection involves inhibition of virus attachment to sus-
ceptible cells by synthetic analogs of cellular receptors on the
basis of Sia2-3Gal. The goal of this investigation was to study the

dx.doi.org/10.1016/j.antiviral.2009.02.066
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