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Program and Abstracts / Anti

hrough 7 days post-virus challenge at a dose of 100 mg/kg/day
as effective in significantly improving survival (P < 0.001),
eight change (P < 0.01) and mean day to death (P < 0.01)

s compared with controls. No death or significant weight
hange was observed in toxicity control mice. Treatment with
00 mg/kg/day (−)-carbodine resulted in a higher survival rate
s compared with 100 mg/kg/day treatment, although this differ-
nce was not significant. A statistically significant improvement
n weight change (P < 0.01), brain virus titer (P < 0.05) and mean
ay to death (P < 0.01) was also observed with 200 mg/kg/day
reatment as compared with placebo-treated controls. Some tox-
city was observed as determined by a significant (P < 0.05)
eight change in toxicity controls treated with 200 mg/kg/day.
reatment i.p. with 200 mg/kg/day (−)-carbodine initiated 24 h
fter 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-
ents were effective in improving disease in VEEV-infected
ice, suggesting the potential utility of this compound in the

reatment of natural VEEV infections.
Acknowledgements: Supported by contract NO1-AI-15435
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ntranasal Protollin Formulated Recombinant SARS-CoV
Protein Elicits Respiratory and Serum Neutralizing Anti-
odies

ale Barnard 1,∗, Mary Hu 2, Taff Jones 3, Richard Kenney 4,
avid Burt 3, George Lowell 3

Institute for Antiviral Research, Department ADVS, Utah State
niversity, UT, USA; 2 GlaxoSmithKline Biologicals North
merica of Washington, USA; 3 GlaxoSmithKline Biologi-

als North America of Quebec, Canada; 4 GlaxoSmithKline
iologicals North America of Maryland, USA

truncated recombinant spike protein (�TM S protein) of
ARS coronavirus (SARS-CoV) was investigated as a vaccine in
ormulation with either the proprietary adjuvant Protollin (ProT)
r with Alhydrogel. In young mice intranasal (i.n.) immunization
ith Protollin-formulated �TM S protein elicited a high level
f specific serum IgG and neutralizing antibody. Intramuscular
i.m.) administered Alhydrogel vaccine achieved similar results.
n a challenge study, mice immunized i.n. with the Protollin-
ormulated vaccine had significant levels of lung IgA, while
.n. immunized aged mice had no detectable virus titers after
hallenge with infectious SARS-CoV (strain Urbani). In con-
rast, young mice immunized i.m. with Alhydrogel-adsorbed

accine did not show any detectable lung IgA, while virus titers
n lungs of aged mice after challenge were comparable to those
bserved in control mice immunized with buffer or Protollin
lone. The most protective immunization regimen appeared to
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e 30 �g �TM S protein administered i.n. in the presence of
roT adjuvant, based on average neutralizing antibody titers,
verage total IgG titers, and lack of detectable infectious virus
n the lungs of challenged animals. Alhydrogel achieved protec-
ion from wild type virus challenge as well, although infectious
irus was detected in the lungs of some animals in contrast to the
ro T adjuvant vaccine. The antibody was also neutralized the
ARS-CoV Tor-II strain in vitro. Cytokines released by in vitro
estimulated splenocytes collected from mice immunized with
rotollin-formulated vaccine represented a balanced Th1/Th2
henotype while a Th2-biased cytokine profile was observed
or the intramuscular Alhydrogel-adsorbed vaccine. These data
uggest that i.n. administered Protollin-formulated �TM S pro-
ein can elicit protective immunity against SARS-CoV infection
n mice. Such a vaccine may serve as a useful template for the
evelopment of a SARS-CoV for humans.
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ile Acid Conjugates Improve the Oral Bioavailability of the
eurominidase Inhibitor Zanamivir

hillip Kish 1,∗, Jae Seung Kim 1, Blake Roessler 2, Shelby
ampbell 1, John Hilfinger 1

TSRL, Inc. Ann Arbor, MI 48108, USA; 2 University of Michi-
an, Dept of Internal Medicine, Ann Arbor 48109, USA

ith the concern for an avian influenza pandemic increasing,
here is a need to develop antiviral therapies with improved
ioavailability. We are developing an enhanced oral deliv-
ry platform for anionic small molecule antiviral drugs using
anamivir as our investigational drug. While zanamivir has
roven to be a potent and effective inhibitor of influenza neu-
aminidase and inhibitor of influenza virus replication in vitro
nd in vivo, it has been difficult to translate into a successful
linical treatment for influenza, due primarily to it’s poor oral
ioavailability. Zanamivir, therefore, is currently administered
y inhalation, a route of administration is not acceptable as the
ral route. At TSRL, we have created carrier molecules, termed
ile acid conjugates (BAC) that enhance the oral bioavailability
f poorly absorbed, charged molecules.

In vitro characterization of the BACs have shown the ability of
ost BACs to form micelles with the critical micellar concentra-

ion (CMC) in the range of the parent bile acid (0.8–4.4 mM for
henodeoxycholic acid). BAC’s also increase the octanol:water
artition coefficient for zanamivir in a dose dependent manner
ith increasing BAC concentrations.
Testing of the oral bioavailability of zanamivir in mice with

everal of the BAC’s showed a rapid increase in plasma serum
evels peaking 30–60 min after dosing by gavage. Peak plasma
oncentrations were three-fold increased from control plasma
oncentrations for zanamivir dosed without BAC. Increasing

he molar ratio of BAC to zanamivir from 1:1 to 2:1 increased
he oral bioavailability approximately two-fold further. This
ncrease in bioavailability in mice was observed both in fed as
ell as fasted animals.
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