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24
ynthesis, Antiviral and Cytotoxic Activities of SomeNovel
,3-Disubstituted Quinazolin-4(3H)-Ones

eriyasamy Selvam 1,∗, Padamraj Rathore 1, P. Babu 1, Leentje
ersoons 2, Erik de Clercq 2

Arulmigu Kalasalingam College of Pharmacy, Krishnankoil-
26190, India; 2 Rega Institute for Medical Research,
atholieke Universiteit Leuven, B-3000 Leuven, Belgium, Bel-
ium

2-Phenyl-benzoxazin-4-ones were condensed with primary
mine to form the 2,3-disubstituted quinazolin-4(3H)-ones.
heir chemical structure was elucidated by means of spectral

FT-IR, 1H NMR, MS) and elemental analysis. The antivi-
al activity and cytotoxicity of the compounds were tested in
eLa cells (vesicular stomatitis virus, Coxsackie virus B4 and

espiratory syncytial virus), HEL cells [herpes simplex virus
ype 1 (HSV-1) and type 2 (HSV-2), vaccinia virus], Vero cells
parainfluenza-3, reovirus-1, Sindbis virus, Coxsackie virus B4
nd Punta Toro virus). Among the new derivatives evaluated,
pecific antiviral activity was noted with compounds QAA
gainst vaccinia virus, parainfluenza-3 virus and Punta Toro
irus, QOPD against HSV-1, HSV-2 and vaccinia virus, and
ONA and PD-NFIN against Coxsackie virus B4.

oi:10.1016/j.antiviral.2008.01.138

25
ombined Anti-Influenza Virus Effects of a Plant
olyphenol-rich Extract and E-aminocaproic Acid In Vitro
nd In Vivo

ulia Serkedjieva ∗, Ani Teodosieva

Institute of Microbiology, Bulgarian Academy of Sciences,
ofia, Bulgaria

oi:10.1016/j.antiviral.2008.01.139

26
ifferential Pathogenesis of Cowpox Virus Intranasal Infec-

ions in Mice Induced by Low and High Inoculum Volumes,
nd Effects of Cidofovir Treatment

onald F. Smee 1,∗, Brian B. Gowen 1, Miles K. Wandersee 1,
in-Hui Wong 1, Ramona T. Skirpstunas 2, Thomas J.
aldwin 2, Justin D. Hoopes 2, Robert W. Sidwell 1

Institute for Antiviral Research, Utah State University, Logan,
SA; 2 Utah Veterinary Diagnostic Laboratory, Utah State Uni-
ersity, Logan, USA

The causes of death from intranasal cowpox virus infections
n mice remain unclear. Hypotheses include severe pneumonitis,
epatitis, and/or hyperproduction of cytokines and chemokines.

e explored these hypotheses by studying the influence of low

nd high volume virus inoculums on viral pathogenesis, and
xamines the effects of cidofovir treatment on the infections.
ALB/c mice were infected intranasally with a syncytium-
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orming variant of cowpox virus (Brighton strain) in 5- or
0-�l volumes containing the same infectious virus challenge
ose; this resulted in different disease manifestations. The 50-
l infection produced a more rapidly lethal disease associated
ith severe pneumonitis, high lung and nasal virus titers, and

ncreases in cytokine and chemokine levels in lungs and nasal
issue, while liver infection was minimal. The 5-�l inocu-
um infection was also lethal, but the infection was primarily
onfined to the upper respiratory tract, and included elevated
ytokine and chemokine levels especially in nasal tissue. The
ro-inflammatory cytokine, interleukin-6, was particularly high
n both infections. Treatment of the infections with cidofovir
100 mg/kg/day for 2 days starting 24 h after virus exposure)
ed to survival and suppression of tissue virus titers. Treat-

ent reduced pneumonitis in the 50-�l infection, and lessened
ytokine hyperproduction in both types of infection. We con-
lude that 5-�l volume inoculum of cowpox virus results in a
ighly lethal infection restricted to the upper respiratory tract,
ith minimal pneumonitis, while the 50-�l inoculum leads to
reater dissemination and more rapid lethality, with excessive
elease of systemic pro-inflammatory factors likely contributing
o the accelerated time to death. Cidofovir effectively treated
oth infections and slowed viral replication sufficiently to sub-
ue the exaggerated release of pro-inflammatory mediators.

cknowledgement

Supported by contract NO1-AI-15435 from the Virology
ranch, NIAID, NIH.

oi:10.1016/j.antiviral.2008.01.140

27
erpes Simplex Virus Type 2 Exposed to Rigid Amphipathic
usion Inhibitors (RAFIs) are not Infectious in a Mouse
aginal Model

ireille St. Vincent 1,∗, Vladimir Korshun 2, Alexey Ustinov 2,
uis Schang 1

University of Alberta, Edmonton, Canada; 2 Russian Academy
f Sciences, Moscow, Russia

We presented in 2007 a novel family of fusion inhibitors,
ucleoside derivatives with rigid polyaryl substituents in posi-
ion 5, which target the lipid bilayers of several otherwise
nrelated DNA and RNA viruses to inhibit their fusion with
ellular membranes. Structure-Activity-Relationship (SAR)
nalyses indicate that amphipathicity and “inverted cone” shape,
ogether with rigidity, planarity, size and hydrophobicity of the
ryl group, are all important for antiviral activity. We named
he compounds rigid amphipathic fusion inhibitors (RAFIs). We
ow tested whether the most potent RAFI, dUY11 (IC50, 20 nM;
C99, 700 nM; SI> 7,500), inhibits vaginal infection with a sexu-
lly transmitted virus. Synchronized 4–6 week old female mice

ere vaginally infected with 1–3 × 103 infectious particles of
SV-2 strain 186. As expected, all 10 mice infected with vehi-

le exposed virus shed ∼104 infectious virions on days 2–4,
nd lower amounts until day 8, showed severe clinical signs,

dx.doi.org/10.1016/j.antiviral.2008.01.138
dx.doi.org/10.1016/j.antiviral.2008.01.139
dx.doi.org/10.1016/j.antiviral.2008.01.140


viral

a
i
l
s
b
o
e
f
f
e

d

1
E
a
K

D
P
A

1

F
2

F

t
a
h
a
u
a
n
l
v
t
g
r
c
U
t
a
u
i
(
t
t
A
f
o
p

d

1
E
R

J

1

A
I
S

t
D
o
A
s
d
p
c
m
c
t
g
i
w
f
t
(
o
s
a
i
u
a
d
g
t
2
f
v
e
c
i
while HBB and ribavirin (present at the same stage) showed a
borderline effect.

doi:10.1016/j.antiviral.2008.01.143
Program and Abstracts / Anti

nd 8 had to be euthanized on days 7–11 due to disseminated
nfection, hind limb paralysis or more than 10% of body weight
oss. None of the 10 mice infected with dUY11 exposed virus
hed detectable infectious virus, became clinically ill, or had to
e euthanized. Mice were next vaginally treated with dUY11
r vehicle before infection. The preliminary results of these
xperiments suggest that dUY11 also partially protects mice
rom infection. In conclusion, virion exposure to RAFIs protect
emale mice from vaginal infection with a sexually transmitted
nveloped virus.

oi:10.1016/j.antiviral.2008.01.141

28
valuation of C-5 Substituted Uracil Acyclic Phosphonates
s Substrates or Inhibitors for DTMP and UMP–CMP
inases and Potential Antipox Derivatives

imitri Topalis 1,∗, Julie Broggi 2, Julie A.C. Alexandre 1, Ugo
radère 2, Vincent Roy 2, Sabine Berteina-Raboin 2, Luigi A
grofoglio 2, Dominique Deville-Bonne 1

Laboratoire d’Enzymologie Moléculaire et Fonctionnelle,
RE2852 CNRS-Paris6, 4 Place Jussieu, 75252 Paris, France;
Institut de Chimie Organique et Analytique, UMR CNRS 6005,
R2708, Université d’Orléans, 45067 Orléans, France

In the aim of designing nucleotide phosphonate analogs able
o be activated by phosphorylation in cells and to be potential
ntipox agents, the reaction of uracil acyclic phosphonates with
uman cytosolic TMP and UMP-CMP kinases was evaluated
s well as with TMP kinase from vaccinia virus. Surprinsingly
racil acyclic phosphonates, with an allyl or pentenyl group as
cyclic moiety, were found to be substrates of TMP kinase, but
ot of UMP-CMP kinase, in contrast with dUMP, phosphory-
ated by both enzymes. The uracil acyclic phosphonates, with
inyl, allyl or pentenyl as acyclic moiety, were also modified on
he C-5 of the base by an halogen (F, Cl and Br) or a phenyl
roup. Several 5-halogeno-uracil derivatives were substrates for
ecombinant TMP kinases, with a catalytic efficiency signifi-
antly higher than AZTMP. All derivatives were found to inhibit
MP–CMP kinase activity. As shown by fluorescent competi-

ion assays, some derivatives were found to bind to UMP site
nd/or in some cases, surprisingly, to ATP site. The 5-halogeno-
racil derivatives specificity is presumably due to the stacking
nteraction between uracil and Phe72 of human TMP kinase
Phe68 of vaccinia enzyme). These derivatives should now be
ested as potential antiviral molecules after chemical modifica-
ion to make them available inside cells.
cknowledgement: These studies were supported by a grant

rom Sanofi-Aventis France and Bayer Pharma as part of a multi-

rganism call for proposals and by the french Agence Nationale
our la Recherche (ANR-05-BLAN-0368-02).

oi:10.1016/j.antiviral.2008.01.142
Research 78 (2008) A1–A76 A65

29
ffects of PTU-23, HBBb, Ribavirin and Oxoglaucine on the
eplication of Feline Calicivirus in CrFK Cells

ulian Tumbarski 1,2,∗, Angel S. Galabov 1,2

The Stephan Angeloff Institute of Microbiology, Bulgarian
cademy of Sciences, Sofia, Bulgaria; 2 The Stephan Angeloff

nstitute of Microbiology, Bulgarian Academy of Sciences,
ofia, Bulgaria

Effects of PTU-23, HBB, Ribavirin and Oxoglaucine on
he Replication of Feline Calicivirus in CrFK Cells Julian
. Tumbarski and Angel S. Galabov Department of Virol-
gy, The Stephan Angeloff Institute of Microbiology, Bulgarian
cademy of Sciences, Sofia, Bulgaria Searching for substances

uppressing the replication of caliciviruses is of special interest
ue to their particular role in the human and veterinary infectious
athology. The investigations for a development of effective anti-
alicivirus chemotherapy are important due to the lack of specific
eans for calicivirus infections treatment and prevention. Cali-

iviridae possess a RNA(+) genome and a virion structure close
o one of Picornaviridae. Based on some similarities, investi-
ations for anti-calicivirus activity of several highly efficient
nhibitors of picornavirus replication were carried out. Research
as done with feline calicivirus (FCV) F9 strain on Crandell’s

eline kidney cell line (CrFK). The following compounds were
ested: PTU-23 (N-phenyl-N′-3-hydroxyphenylthiourea), HBB
2-a-hydroxybenzyl benzimidazole), known also as inhibitors
f picornavirus-specific RNA synthesis, ribavirin (a broad-
pectrum antiviral agent) and a recently described aporphinoid
lkaloid oxoglaucine. Anti-calicivirus activity and citotoxic-
ty were tested through CPE inhibition test and neutral red
ptake assay (vs. virus inoculating doses ranging within 1
nd 10,000 CCID50). Kinetics of the effect of compounds was
etermined by timing-of-addition study in the one-step virus
rowth cycle experimental design. The compounds were added
o DMEM in their maximal effective concentrations at 0 h, 1 h,
h, 3 h, 4 h and 5 h after the virus adsorption. The samples were

reezed subsequently at 2 h, 3 h, 4 h, 6 h and 8 h. The infectious
irus titer was determined by Reed and Muench. Anti-calicivirus
ffect in low virus inoculation doses possess all of the tested
ompounds. A marked activity of PTU-23 (when added dur-
ng the latent period of virus replication cycle) was observed,

dx.doi.org/10.1016/j.antiviral.2008.01.141
dx.doi.org/10.1016/j.antiviral.2008.01.142
dx.doi.org/10.1016/j.antiviral.2008.01.143

