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Anti-influenza Activity of Dihydroquercetin Against Lethal
Influenza Virus Infection
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Background: Influenza virus infection represents a serious chal-
lenge for medical science and health protection activity over the
world. Due to fast selection of drug-resistant strains, in addition to
direct anti-viral compounds, other agents like anti-inflammatory
agents, antioxidants should be used, especially in cases of severe
influenza. The aim of the present study was investigation of the
protective activity of dihydroquercetin (DHQ), the flavonoid from
larch (Larix sibirica L.) wood, on lethal influenza virus infection in
white mice.

Materials and methods: DHQ was extracted from larch heart-
wood and identified by HPLC assay. Mice were infected with
influenza virus A/Aichi/2/68 (H3N2). DHQ was applied orally either
after infection (therapeutic schedule), or both before and after
infection (combined schedule). Each group was checked daily for
dead animals for two weeks post inoculation. Based on the data
received, percent of mortality and index of protection were calcu-
lated. On day 3, p.i. infectious activity of the virus was determined
in lung tissue by titration in MDCK cells.

Results: Application of DHQ resulted in a dose-dependent
decrease in mortality, up to 57.1 or 85.7% depending on the dose of
compound, comparing to 68.8% for rimantadine. The mean day of
death in the DHQ-treated animals was later than in control animals
without drug treatment. The combined schedule of DHQ applica-
tion appeared more effective for reducing the viral infection and
morbility (approximately 1,8-fold) compared to the therapeutic
schedule that was started after virus inoculation. The infectious
virus replicated in the lung tissue up to 1063-10%7 EIDsq/20 mg
tissue. Application of rimantadine decreased the viral titer approx-
imately 100-fold (10%3-10%7 EIDs0/20mg tissue). Treatment of
animals with DHQ led to a slight decrease in virus replication (max-
imum 10-fold). This effect correlated with the dose of the DHQ
compound and its protective activity when applied by different
schedules, although the effect did not exceed the activity of riman-
tadine.

Conclusion: Based on low toxicity and high protective activity
of DHQ, it can be considered as a prospective tool to be used in
complex prophylaxis and/or treatment of influenza, in particular
in severe cases.

doi:10.1016/j.antiviral.2010.02.420
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Background: In 2009 a new pandemic influenza virus appeared,
that spread to more than 206 countries and caused more than 6250
deaths. In this regard, chemotherapy of influenza is one of the most
important priorities for health protection. The main purpose of the

present study was to evaluate the activity of Ingavirin (pentadionic
acid imidazolylethanamide) against pandemic influenza virus in
vivo.

Materials and methods: Influenza virus A/California/07/09
(H1N1)v was passaged several times through mouse lungs. The 50%
lethal dose (LDsq) of the final virus was determined. Mice were
then inoculated with the virus and treated with Ingavirin either
by prophylactic (five days prior to infecting) or therapeutic (five
days beginning on day one after infection) schedule. Animals were
monitored for mortality for 15 days. On day 3, p.i. virus titer in lung
tissue was determined by titration in MDCK cells.

Results: Mice-adapted pandemic  influenza  virus
A/California/07/09 (H1N1)v caused a lethal infection with ataxia,
tremor and weight loss. In lungs of animals on day 3-4 p.i.
hemorrhagic edema with intense cell infiltration was observed.
Bronchial epithelium was destructed with denudation of basal
membrane. Fatal cases started on day 3-4 p.i. depending on the
dose of the virus. Ingavirin was the most effective when applied
at 3-5mg per kg body weight prior to inoculation. In this case
it reduced mortality up to 82% comparing to control. Mean day
of death in treated animals was 3,8 days later. When applied in
therapeutic schedule, at dose 20 mg/kg it reduced mortality to 40%
and prolonged a life of mice 3.1 days comparing to placebo-treated
group. Virus titer in lung tissue of Ingavirin-treated mice was
lower than in control group (3.4 and 5.510g(TCID5(/20 mg tissue,
respectively). It correlated with mortality decrease depending on
the dose of the compound and schedule of application.

Conclusion: Ingavirin is effective against current pandemic
strains of influenza virus. Based on pattern of its activity in vivo,
it has a mechanism of anti-viral action different from those of cur-
rently available antivirals and might be promising anti-influenza
drug both as therapeutic and prophylactic agent.

doi:10.1016/j.antiviral.2010.02.421
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Activity of a Novel Fullerene-based Antiviral Against Influenza
Virus Infection In Vitro and In Vivo
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Background: The main purpose of the present study was to
evaluate a protective activity of newly synthesized water-soluble
derivative of fullerene, fullerene-polyaminocaproic acid (FPAC),
against influenza virus in cell culture and in vivo experiments.

Materials and methods: Toxicity of FPAC was determined by
microtetrazolium test (MTT). Four strains of influenza virus, includ-
ing A(H3N2), A(H5N2), A(H5N3) and B were cultivated in MDCK
cells in presence of various concentrations of FPAC. Virus titer was
determined for each concentration of FPAC based on the study
of virus-induced cell destruction after 48 h of cultivation by MTT.
Virus titer was then plotted against FPAC concentration, and ECsq
was calculated. For in vivo experiments mice were inoculated
with influenza virus AJ/Aichi/2/68 (H3N2) and treated with FPAC
intraperitoneally. Animals were monitored for 14 days. On day 3
post-inoculation their lungs were studied for virus titer in the tissue
and virus-induced lesions by morphology analysis.

Results: CTDsg and ECsg of FPAC were estimated as >1000 and
300-500 pg per mL, respectively, depending on the strain of the
virus, that gives a selectivity index 2-3, suggesting lack of anti-
viral activity. Reference compound Rimantadine appeared effective
against all strains used, except flu B. Despite lack of activity in
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cell culture, application of FPAC to virus-infected mice resulted
in dramatic decreasing of mortality (50-90% and 14-33% in the
group of non-treated and treated mice, respectively, depending
on the dose of the virus) and increasing of mean day of death
(9.3-11.8 and 12.8-14.3 days). Virus titer in lungs of treated
animals was slightly lower (4.5 against 5.3log1g TCID50/20 mg
tissue in control). Rimantadine also appeared effective against
influenza in mouse model decreasing mortality (10-20%) and
reducing virus titer (2.5 log1g TCID5¢/20 mg tissue). Morphological
signs of virus infection in the lungs, such as bronchial epithe-
lium damage, hemorrhagic and serous edema and perivascular and
peribronchial cell infiltration were less manifested than in control
anilmals.

Conclusion: Taken together, these data suggest that a novel
low-toxic fullerene derivative might be prospective anti-influenza
drug and should be further developed.

doi:10.1016/j.antiviral.2010.02.422
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Synthesis and Antiviral Activity of 3-O-Phosphonomethyl
Nucleosides
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Nucleoside phosphonates are widely used group of therapeutic
agents with a broad spectrum of antiviral activity (De Clercq, 2000).
There are two main advantages of the phosphorylated sugar moiety
in comparison with non-phosphorylated nucleoside. The phospho-
nate group is stable against enzymatic hydrolysis (Holy, 1993) and
the phosphonate nucleoside is skipping the requisite first phos-
phorylation step, which is an inefficient and often rate-limiting
step, to reach its active metabolic form. In past few years strong
antiviral activity and a good anti-HIV-1/HIV-2 selectivity were
observed at compounds containing adenine and thymine deriva-
tives of 3-O-phosphonomethyl-L-2-deoxythreose PMDTA, PMDTT,
respectively (Wu et al., 2005). Based on this observation a series
of 3-O-phosphonomethyl-L-2-deoxythreose analogues were pre-
pared (Vina et al., 2007; Huang and Herdewijn, 2009). We attempt
to elucidate the influence of 5,6’-dihydroxyethyl substituent on
the antiviral activity. To avoid possible steric hindrance of 3'-
phosphonate during enzymatic phosphorylation reaction we chose
a-D-galactofuranose as a starting material which was transformed
subsequently into the appropriate 3-O-phosphonomethyl-3-p-
galactose base. All compounds were evaluated in vitro for their
antiviral activity.
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Oral Pharmacokinetics of hexadecyloxypropyl 9-(R)-[2-
(Phosphono-methoxy)propyl]guanine  (HDP-(R)-PMPG) in
Mice using LC/MS/MS
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Tenofovir [(R)-PMPA] is an acyclic nucleoside phosphonate
(ANP) which is a potent inhibitor of HIV reverse transcription
after intracellular conversion to its active metabolite, tenofovir
diphosphate. The polar phosphonic acid is poorly absorbed after
oral administration, but bioreversible masking of the phosphonate
as the disoproxil ester (tenofovir disoproxil fumarate, Viread™)
provides oral bioavailability of approximately 39%. Alternatively,
esterification with alkoxyalkyl groups has proven to be an effective
method for the oral delivery of several ANP drugs. For example, the
hexadecyloxypropyl ester of (R)-PMPA (HDP-(R)-PMPA, CMX157)
was studied in rats, demonstrating that the intact alkoxyalkyl
ester is efficiently delivered to the systemic circulation after oral
administration. Intracellular metabolism studies have shown that
alkoxyalkyl ANPs are taken up rapidly by cells and metabolized to
the active diphosphate metabolites.

To identify additional phosphonate nucleosides with potent
anti-HIV activity, we recently prepared a series of alkoxyalkyl PMP-
analogs and, following their in vitro evaluation against HIV, selected
HDP-(R)-PMPG (ECsq vs. HIV =2 nM in PBMCs) for additional study
in mice. To assess the oral pharmacokinetics of HDP-(R)-PMPG,
we developed an analytical method based on LC/MS/MS. A sin-
gle oral dose of HDP-(R)-PMPG (10 and 30 mg/kg doses) was given
to male mice and plasma collected at various time points up to
24 h.Plasma samples (50 1) were prepared, analyzed by LC/MS/MS
and quantitated using an internal standard. HDP-(R)-PMPG was
rapidly absorbed and passed the intestinal epithelium intact. For
both doses, the maximum plasma levels were detected at 4 h. After
peaking, plasma levels declined during 24 h. The LC/MS/MS method
for measuring plasma levels of alkoxyalkyl ANPs provides a useful
tool for optimizing the oral delivery of acyclic nucleoside phospho-
nates. These findings warrant further study of HDP-(R)-PMPG for
the treatment of HIV infections.

doi:10.1016/j.antiviral.2010.02.424
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