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and Bunyavirus Infections
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There is a need for the development of effective antivirals for
the treatment of severe viral diseases caused by members of
the Bunyaviridae and Arenaviridae virus families. The pyrazine
derivative, T-705 (6-fluoro-3-hydroxy-2-pyrazinecarboximide),
has demonstrated remarkable antiviral activity against influenza
virus, and to a lesser degree, against some other RNA viruses
(Furuta et al., 2002. Antimicrob. Agents Chemother. 46,
977-981). Here, we report that T-705 is highly active against a
panel of bunyaviruses (La Cross, Punta Toro, Rift Valley fever,
Sandfly fever) and arenaviruses (Junin, Pichinde, Tacaribe) by
cytopathic effect and virus yield reduction cell-based assays.
The 50% effective concentrations for T-705 ranged from 5
to 30 mg/ml and 0.7-1.2 mg/ml against the bunyaviruses and
arenaviruses examined, respectively. We also demonstrate that
orally administered T-705 is efficacious in treating Punta Toro
virus in the mouse and hamster infection models, as well as
Pichinde virus infection in hamsters. When administered twice
daily for 5-6 days, beginning 4 h pre- or 24 h post-Punta Toro
virus challenge, a 30 mg/kg/day dose provided complete protec-
tion from death and limited viral burden and liver disease. A dose
of 50 mg/kg/day was found to be optimal for treating Pichinde
infection and limiting viral replication and disease severity. In
general, T-705 was found to be more active than ribavirin in cell-
based assays and in vivo as reflected by substantially greater
therapeutic indexes. Our results suggest that T-705 may be a
viable alternative for the treatment of life-threatening bunyaviral
and arenaviral infections.
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The objective of the present work is the quantitative structure-
activity relationship (QSAR) analysis of antiviral activity of
various 2-amino-3-nitropyrazole[1,5-a]pyrimidines and conse-
quent drug design by means of QSAR.

The well established simplex representation of molecular
structure (SiRMS) QSAR approach has been used to fulfil this
objective. It allows the molecular design of new effective antivi-
ral drugs. Thorough investigation of the relationship between:
(a) cytotoxic (HeLa cells CCsq, pg/ml), (b) antiviral activity
against the pleconaril-resistant clinical CVB3 isolate Nancy
(ICsp, pg/ml) and (c) selectivity index (ratio of CCsg to ICs0)
and the structure of 2-amino-3-nitropyrazole[1,5-o]pyrimidine
derivatives have been carried out.

Statistic characteristics for PLS (Partial Least Squares) mod-
els are quite satisfactory (R>=0.96-0.99, 0% =0.86-0.93). The
results are confirmed by experimental data. Structural fragments
with positive or negative influence on antiviral activity as well
as cytotoxicity and selectivity index have been determined on
the base of these models. Additionally, obtained models provide
the possibility to predict the antiviral activity and to design new
well tolerated highly virus-specific drugs.

The analysis of competence regions for each QSAR model
allows us to estimate additionally the quality of prognosis for
all of designed compounds.
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Antiviral Activity of (—)-Carbocyclic Cytosine [(—)-
Carbodine] Against Venezuelan Equine Encephalitis Virus
(VEEYV) in a Mouse Model
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C3H/HeN mice infected by intranasal (i.n.) installation with a
vaccine strain (TC-83) of Venezuelan equine encephalitis virus
(VEEV) have significant morbidity and mortality associated
with disease. Intraperitoneal (i.p.) treatment of mice with enan-
tiomerically pure (—)-carbocyclic cytosine [(—)-carbodine],
previously shown to be active in vitro, administered bid —4h
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through 7 days post-virus challenge at a dose of 100 mg/kg/day
was effective in significantly improving survival (P <0.001),
weight change (P<0.01) and mean day to death (P<0.01)
as compared with controls. No death or significant weight
change was observed in toxicity control mice. Treatment with
200 mg/kg/day (—)-carbodine resulted in a higher survival rate
as compared with 100 mg/kg/day treatment, although this differ-
ence was not significant. A statistically significant improvement
in weight change (P < 0.01), brain virus titer (P < 0.05) and mean
day to death (P <0.01) was also observed with 200 mg/kg/day
treatment as compared with placebo-treated controls. Some tox-
icity was observed as determined by a significant (P <0.05)
weight change in toxicity controls treated with 200 mg/kg/day.
Treatment i.p. with 200 mg/kg/day (—)-carbodine initiated 24 h
after virus challenge resulted in significantly improved survival
(P<0.001), weight change (P <0.001) and mean day to death
(P<0.001). Prophylactic and therapeutic (—)-carbodine treat-
ments were effective in improving disease in VEEV-infected
mice, suggesting the potential utility of this compound in the
treatment of natural VEEV infections.
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Dale Barnardl**, Mary Hu2, Taff Jones3, Richard Kenney4,
David Burt?, George Lowell

! [nstitute for Antiviral Research, Department ADVS, Utah State
University, UT, USA; 2 GlaxoSmithKline Biologicals North
America of Washington, USA; 3 GlaxoSmithKline Biologi-
cals North America of Quebec, Canada; 4 GlaxoSmithKline
Biologicals North America of Maryland, USA

A truncated recombinant spike protein (ATM S protein) of
SARS coronavirus (SARS-CoV) was investigated as a vaccine in
formulation with either the proprietary adjuvant Protollin (ProT)
or with Alhydrogel. In young mice intranasal (i.n.) immunization
with Protollin-formulated ATM S protein elicited a high level
of specific serum IgG and neutralizing antibody. Intramuscular
(i.m.) administered Alhydrogel vaccine achieved similar results.
In a challenge study, mice immunized i.n. with the Protollin-
formulated vaccine had significant levels of lung IgA, while
in. immunized aged mice had no detectable virus titers after
challenge with infectious SARS-CoV (strain Urbani). In con-
trast, young mice immunized i.m. with Alhydrogel-adsorbed
vaccine did not show any detectable lung IgA, while virus titers
in lungs of aged mice after challenge were comparable to those
observed in control mice immunized with buffer or Protollin
alone. The most protective immunization regimen appeared to

be 30 wg ATM S protein administered i.n. in the presence of
ProT adjuvant, based on average neutralizing antibody titers,
average total IgG titers, and lack of detectable infectious virus
in the lungs of challenged animals. Alhydrogel achieved protec-
tion from wild type virus challenge as well, although infectious
virus was detected in the lungs of some animals in contrast to the
Pro T adjuvant vaccine. The antibody was also neutralized the
SARS-CoV Tor-II strain in vitro. Cytokines released by in vitro
restimulated splenocytes collected from mice immunized with
Protollin-formulated vaccine represented a balanced Th1/Th2
phenotype while a Th2-biased cytokine profile was observed
for the intramuscular Alhydrogel-adsorbed vaccine. These data
suggest that i.n. administered Protollin-formulated ATM S pro-
tein can elicit protective immunity against SARS-CoV infection
in mice. Such a vaccine may serve as a useful template for the
development of a SARS-CoV for humans.
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Bile Acid Conjugates Improve the Oral Bioavailability of the
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With the concern for an avian influenza pandemic increasing,
there is a need to develop antiviral therapies with improved
bioavailability. We are developing an enhanced oral deliv-
ery platform for anionic small molecule antiviral drugs using
zanamivir as our investigational drug. While zanamivir has
proven to be a potent and effective inhibitor of influenza neu-
raminidase and inhibitor of influenza virus replication in vitro
and in vivo, it has been difficult to translate into a successful
clinical treatment for influenza, due primarily to it’s poor oral
bioavailability. Zanamivir, therefore, is currently administered
by inhalation, a route of administration is not acceptable as the
oral route. At TSRL, we have created carrier molecules, termed
bile acid conjugates (BAC) that enhance the oral bioavailability
of poorly absorbed, charged molecules.

In vitro characterization of the BACs have shown the ability of
most BACs to form micelles with the critical micellar concentra-
tion (CMC) in the range of the parent bile acid (0.8—4.4 mM for
chenodeoxycholic acid). BAC’s also increase the octanol:water
partition coefficient for zanamivir in a dose dependent manner
with increasing BAC concentrations.

Testing of the oral bioavailability of zanamivir in mice with
several of the BAC’s showed a rapid increase in plasma serum
levels peaking 30—60 min after dosing by gavage. Peak plasma
concentrations were three-fold increased from control plasma
concentrations for zanamivir dosed without BAC. Increasing
the molar ratio of BAC to zanamivir from 1:1 to 2:1 increased
the oral bioavailability approximately two-fold further. This
increase in bioavailability in mice was observed both in fed as
well as fasted animals.
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