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Influenza Antiviral Drug Development
Evaluation of Antiviral Drug Combinations

Introduction

Only four drugs have been approved by the FDA for the prevention and
treatment of seasonal influenza virus infections. The clinical usefulness
of two of these drugs is limited due to the increasing incidence of
resistant viruses in the population.

Combinations of antiviral treatments may offer additive or synergistic
advantages over monotherapy, provide broader antiviral activity, and
potentially reduce the development of drug-resistant influenza variants.

Using approved influenza virus inhibitors and ribavirin, combinations of
antiviral drugs were evaluated to determine potential antiviral synergy
using a seasonal strain of influenza A virus.

Methodology

Anti-Influenza Virus Cytoprotection Assay: MDCK cells (1 x 10%
cells per well) were seeded in 96-well flat-bottom tissue culture plates
and allowed to adhere overnight at 37°C, 5% COz. Following incubation,
the medium was removed from the cell monolayers and the cells were
washed with DPBS.

Six serial half-logarithmic dilutions of ribavirin (RBV), amantadine (AMT)
and oseltamivir carboxylate (OSC) (purchased from Sigma Aldrich) were
prepared and added to appropriate wells in the microtiter plate.
Influenza virus strains were diluted to a pre-determined titer to yield
85% to 95% cell killing at 4 days post-infection and were added to the
plate.

Following incubation at 37° C, 5% CO2 for four days, cell viability was
measured by XTT tetrazolium dye staining. The optical density was
determined spectrophotometrically at 450 and 650 nm using Softmax
Pro 4.6 software.

Percent reduction of the cytopathic effects (CPE) of the virus-infected
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The raw data from the combination assays were imported into the MacSynergy II software
program and the compound interactions were calculated at the 95% confidence interval.

Results

The figures below depict the results of the evaluation of two-drug and three-drug combination
influenza virus treatment. The AMT/OSC combination was modestly synergistic; the RBV/AMT
and OSC/RBV combinations were additive. The AMT/OSC/RBV triple combination was
synergistic with the peak synergy volume 5- to 8-fold greater than the synergy volume of the
two compound combinations.

Anti-Influenza Activity of Ribavirin Anti-Influenza Activity of Amantadine
Plus Oseltamivir Plus Oseltamivir
T 80.0-100.0 = A — ' 80.0-100.0
£ 1000 #60.0-80.0 % 100.0 . — . 60.0-80.0
E 80.0 #40.0-60.0 E s0 ) =40,0-60.0
0 b - 60.0
g 60.0 = 20.0-40.0 e =20.0-40.0
8 400 #0.0-20.0 g oo 0.0-20.0
= 0.0-20.
< 200 #-20.0-0.0 < w0
-E 0.0 -40.0--20.0 8 o0 8 =-20.0-0.0
i -20.0 1012 2 200 | 01012 =-40.0--20.0
5 -400 £ 400 < P
i " i
X - —__ ~ Oseltamivir ° [ P Oseltamivir
g R 4 ~ (ng/mL) ° 5 8 e (ng/mL)
4 ° 3 @ Jo o 2 & o°
S 89 o 2 3 @
Ribavirin (pg/mL) © =5 Amtantadine (ug/mL) © =
Anti-Influenza Activity of Ribavirin Anti-Influenza Activity of Ribavirin
Plus Amantadine Plus Oseltamivir Plus 0.32 pg/mL
Amandatine
3 A 80.0-100.0 P :g-g;g“f
100.0 ; - / - - e = 60.0-80.
:\i ) = 60.0-80.0 E 100.0 = 40.0-60.0
& 80.0 = 40.0-60.0 g 800 = 20.0-40.0
g 600 =20.0-40.0 E 60.0 =0.0-20.0
e #0.0-20.0 g 0o =-20.0-0.0
‘I‘;- 200 -20.0-0.0 2 200 = -40.0--20.0
g oo #-40.0--20.0 £ —
E — . . B 00 =~
2 200 = ~"0.1012
i " E oo
,: -40.0 ~ P Amtantadi ; o o ——— _ " Oseltamivir
2 ™ ) — mtantadine g8 el o — (pg/mL)
° E R A (ng/mL) = ¢ g g 2° Harm
4 ° &5 # 2 o s s
Ribavirin (pg/mL) o< 2 Ribavirin (pg/mL)

Summary

These results suggest that in vitro combination assays can be successfully used to identify
beneficial combinations of antiviral agents and assist with the prioritization of clinical studies
of combination influenza virus therapy.

IMmMQuestSUCCESS

Select drug candidates with the highest probability of clinical success

The ImQuestSUCCESS preclinical services platform is used to critically evaluate the potential of a test
compound and to assure that its efficacy, toxicity, and pharmaceutical properties are evaluated in a
comprehensive and interactive way. Successful completion of platform objectives provides significant
confidence in the potential of a test compound to transition to human clinical trials, enhances the
robustness of drug development efforts and reduces the risk of expensive clinical development failures
by the exclusion of candidates which are likely to fail during advanced preclinical and clinical
development at early (and less expensive) time points.
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