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Abstract

Background: We tested the in vitro activity of pleconaril and AG7088 against five numbered human rhinovirus
(HRYV) serotypes and 46 clinical HRV isolates of undefined serotype recovered from patients with common colds.
Antiviral effect of pleconaril and AG7088 were assessed by cytophathic effect (CPE) inhibition assays in Ohio HeLal
cells using microscopic and spectrophotometric methods. Both compounds were tested at concentrations of 1.0, 0.1
and 0.01 pg/ml. For the numbered HRV serotypes, the median EC,, value determined by the microscopic CPE
inhibition was slightly better for AG7088 compared to pleconaril (P =0.02) but was similar by spectrophotometric
assay (P =0.15). For clinical HRV isolates the median ECs, value determined microscopically was 0.01 pg/ml range,
<0.01-0.04 pg/ml) for AG7088 compared to 0.07 pg/ml (range, <0.01- > 1 pg/ml) for pleconaril (P < 0.001). The
median ECs, value determined by spectrophotometric assay was 0.01 pg/ml (range, < 0.01-0.04 pg/ml) for AG7088
compared to 0.04 pg/ml (range, <0.01- >1 pg/ml) for pleconaril (P <0.001). By either the microscopic or
spectrophotometric methods the median ECs, value of AG7088 was < 1.0 ug/ml for all isolates and was > 10.0
pg/ml of pleconaril for approximately 9% of isolates. In vitro AG7088 appeared to be more potent and to have a
broader antirhinoviral spectrum than pleconaril among clinical HRYV isolates. The clinical relevance of these in vitro
results needs to be determined in controlled clinical trials. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
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a major viral capsid protein called VP-1. Ple-
conaril inhibits attachment and/or virus uncoating
(Arruda et al., 1997).

AG7088 is an irreversible inhibitor of HRV 3C
protease responsible for the cleavage of viral
polyproteins into essential proteins (Matthews et
al., 1999). The coding region of the active site is
conserved among HRYV serotypes, and in vitro
studies have shown that AG7088 is a potent in-
hibitor of HRV (Matthews et al., 1994; Patick et
al., 1999). AG7088 is formulated for intranasal
delivery.

Little data on the in vitro activity of AG7088
and pleconaril against clinical HRV isolates are
available. We tested the in vitro activity of these
two compounds against five selected HRV
serotypes and against clinical HRV isolates of
undefined serotype recovered from patients with
common colds.

2. Methods

Nasopharyngeal washes, performed in adults or
children with colds between 1988 and 1998, were
first inoculated onto monolayer of human embry-
onic lung fibroblast cells, rhinovirus was identified
by acid liability testing and in the majority of
cases also by RT-PCR. Rhinovirus positive nasal
washes were frozen at — 70°C. For the purpose of
this study these specimens were thawed and inoc-
ulated onto monolayers of Ohio HeLa-I cells
(Arruda et al., 1996), and frozen at — 70°C when
rhinovirus related cytopathic effect (CPE) of 90%
was present. At the time of the antiviral assay
these specimens were thawed, centrifuged and su-
pernatant was used for the antiviral assay (Arruda
et al., 1992, 1996). In addition to clinical speci-
mens, five selected serotypes representing the two
principal groups of HRV receptors (HRV-2,
HRV-14, HRV-16, HRV-39 and HRV Hanks)
were tested. Pleconaril and AG7088, were diluted
in maintenance media at concentrations of 1.0, 0.1
and 0.01 pg/ml and a final concentration of 0.25%
dimethyl sulfoxide. The molecular weight of
AG7088 is 599 and the molecular weight of ple-
conaril 381. AG7088 was provided by Agouron
Pharmaceuticals. The 50% effective inhibitory

concentration (ECs,) of AG7088 and pleconaril
were determined in CPE inhibition assay on Ohio
HeLa-I cells as described (Arruda et al., 1992).
For each virus isolate (inoculated at three differ-
ent dilutions) and compound dilution, drugs were
tested in triplicate on plates containing also cyto-
toxicity controls and inoculum titration (back-
titers). Assays were read on inoculum for which
backtiters identified a 50% tissue culture infective
doses per milliliter (TCIDs,/ml) between 32 and
320. Monolayers were treated sequentially with
0.05 ml of each compound solution, 0.05 ml of
virus inoculum, or 0.1 ml of McCoy’s media with
2% fetal bovine serum (Hyclone Labs, Pittsburgh,
PA) for cell control, and incubated at 34°C in
CO, incubator. Determination of the proportion
of cells with morphologic signs of CPE (balloon-
ing, refractiveness, granularity, shrinkage) and
spectrophotometric reading (at 550 nm) were per-
formed as previously described (Arruda et al.,
1992, 1996; Ohlin et al., 1994).

The ECs, of the compounds was calculated
using the software Dose-Effect Analysis with Mi-
crocomputers (Biosoft, Cambridge, United King-
dom). In order to calculate a median EC,, value
we assigned arbitrary ECs, values of 0.005 pg/ml
if the obtained EC,, was < 0.01 ug/ml and 2.154
pg/ml if this value was > 1.0 pg/ml. These values
represent the value obtained if the next lowest
drug concentration, or the next highest, would
have reach 0 or 100% of inhibition respectively
and are estimate of the true ECs, value.

Cytotoxicity was evaluated in parallel to antivi-
ral assays on non-growing cells. In addition, inhi-
bition of uninfected cell growth was determined in
a separate experiments using the cellular protein
adhering dye sulforhodamine B (Skehan et al.,
1990; Rollins et al., 1993).

3. Results
3.1. Cellular toxicity

For both compounds altered cellular morphol-
ogy was observed in uninfected control cells at the

highest concentration tested (100 pg/ml). Slight
alterations of cellular morphology were observed
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at a pleconaril concentration of 10 pg/ml, but no
change was observed for both compounds at con-
centration of 1.0 pg/ml. For growing cells slight
toxicity was observed at pleconaril concentration
of 10 pg/ml and at AG7088 concentration of 50
pg/ml. The median cytostatic concentration calcu-
lated as described above was 30.0 pg/ml for ple-
conaril and > 100 pg/ml for AG7088.

3.2. Antiviral assays

The median ECs, value determined by the mi-
croscopic CPE inhibition assay performed on five
serotypes was 0.02 pg/ml (0.03 pM) (range, <
0.01-0.03 pg/ml) for AG7088 compared to 0.05
pg/ml (0.09 pM) (range, 0.03-0.07 pg/ml) for
pleconaril (P=0.02 for comparison between
AG7088 and pleconaril ). The median ECs, value
determined by the spectrophotometric assay was
0.01 pg/ml (0.02 uM) (range < 0.01-0.08 pg/ml)
for AG7088 and 0.05 pg/ml (0.08 pM) (range,
0.03-0.07 pg/ml) for pleconaril (P = 0.15).

Cytopathic effect inhibition assay was per-
formed on 46 clinical HRV isolates originally
recovered from nasopharyngeal washes of patients
with common colds (Table 1). The median ECj,
value determined microscopically was 0.01 pg/ml
(0.02 pM) (range, <0.01-0.04 pg/ml) for
AG7088 compared to 0.07 pg/ml (0.17 uM)
(range, < 0.01->1 pg/ml) for pleconaril (P <
0.001 for comparison between AG7088 and ple-
conaril). The median ECy, value determined by
spectrophotometric assay was 0.01 pg/ml (0.01
pM) (range, <0.01-0.04 pg/ml) for AG7088
compared to 0.04 pg/ml (0.12 uM) (range, <
0.01- >1 pg/ml) for pleconaril (P < 0.001). By
either the microscopic or spectrophotometric
methods the median ECs, value of AG7088 was
< 1.0 pg/ml for all isolates and was > 1.0 pg/ml
for ten of 46 (22%) isolates with pleconaril. We
tested pleconaril at 10 pg/ml for seven of ten of
these isolates. Inhibition was not observed in four
of these seven isolates by both the microscopic
and spectrophotometric methods.

The correlation of ECs, values obtained for all
strains tested with the two methods, the micro-
scopic and spectrophotometric assays, was high
(r-value, 0.82; 95% CI, 0.74—0.88).

4. Discussion

Under these in vitro conditions AG7088 and
pleconaril demonstrated comparable antiviral ac-
tivity against five selected HRV serotypes.
However, AG7088 appeared to be more potent
and to have a broader antirhinoviral spectrum
than pleconaril among clinical HRV isolates. At
the concentrations tested, all 46 HRYV clinical
isolates were sensitive to AG7088 with the two
assay end-points used, whereas the ECs,
values for pleconaril were greater than 10 pg/ml in
approximately 9% of isolates. The median EC,,
values were also significantly different and
depending on the method used, were 5-6-fold
higher for pleconaril than for AGT708S.
These results suggest that a small subset of HRV
strains circulating in the community lack
susceptibility to pleconaril. However, a lim-
itation of our conclusions is that we did not
identify the serotypes of these different isolates
and we did not performed further
characterizations.

Any comparisons between AG7088 and ple-
conaril need to consider that these drugs have
different antiviral mechanisms of action and have
different pharmacokinetic characteristics. Ple-
conaril is an oral compound with good systemic
distribution, whereas AG7088 is topically deliv-
ered. After a single oral dose of 200 mg or 5
mg/kg of pleconaril the maximum peak plasma or
serum concentration of the drug in children was
approximately 1.2 pg/ml, a value above EC,,
values obtained for approximately 80% of clinical
isolates tested (Abdel-Rahman and Kearns, 1998,
1999). In adults a single dose of 400 mg give peak
plasma levels of 2—-2.5 pg/ml (Abdel-Rahman and
Kearns, 1999). The ECs, values for pleconaril
were greater than 10 pg/ml in approximately 9%
of isolates. Such plasma concentrations are not
achievable with oral pleconaril but animal studies
suggest that peak concentrations in nasal epithe-
lium are several fold in excess of those observed in
the plasma (Abdel-Rahman and Kearns, 1999).
Of note, pleconaril shortens the illness duration in
adults with acute upper respiratory tract infection
(Hayden et al., 1999). The differences observed in
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Table 1

In vitro antiviral effect of AG 7088 and pleconaril against clinical isolates of human rhinoviruses

HRYV isolate

ECy, values (pg/ml)

Microscopic assay

Spectrophotometric assay

AG7088 Pleconaril AG7088 Pleconaril
1 0.02 >10.0 0.02 >10.0
2 0.01 0.02 <0.01 0.02
3 0.02 0.02 0.02 0.02
4 0.01 0.08 0.03 0.14
5 0.03 0.08 0.03 0.10
6 0.02 0.10 0.02 0.03
7 0.02 0.22 0.01 0.13
8 0.04 0.17 0.02 0.10
9 0.01 0.22 <0.01 0.05
10 0.01 2.15 0.03 >10.0
11 0.03 0.03 0.01 0.01
12 <0.01 0.03 <0.01 0.02
13 0.01 0.02 0.02 0.03
14 0.02 0.11 0.01 0.17
15 0.01 <0.01 0.02 <0.01
16 <0.01 <0.01 <0.01 <0.01
17 <0.01 >1.0* <0.01 >1.0*
18 <0.01 0.94 <0.01 0.05
19 <0.01 0.11 <0.01 0.14
20 <0.01 >1.0¢ <0.01 >1.0¢
21 <0.01 1.75 <0.01 0.54
22 <0.01 0.03 0.01 0.03
23 <0.01 <0.01 <0.01 0.01
24 0.02 0.09 0.02 0.10
25 0.02 0.22 0.02 0.04
26 0.01 0.10 <0.01 0.07
27 0.01 0.02 <0.01 <0.01
28 0.01 0.02 <0.01 <0.01
29 0.01 >1.0* <0.01 >1.0*
30 0.02 >10.0 <0.01 >10.0
31 0.02 1.45 0.02 2.59
32 <0.01 0.03 <0.01 0.03
33 0.02 0.02 0.01 0.02
34 0.04 0.01 <0.01 0.03
35 <0.01 0.05 0.01 0.02
36 0.02 0.14 0.02 0.05
37 0.02 0.05 0.01 0.02
38 0.02 0.05 0.01 0.09
39 0.01 >10.0 <0.01 >10.0
40 0.01 0.01 <0.01 <0.01
41 0.02 0.05 0.04 0.07
42 0.02 0.02 0.01 0.01
43 0.02 0.05 0.02 0.04
44 0.02 0.05 <0.01 0.04
45 0.01 >10.0 0.01 >10.0
46 0.02 0.02 0.02 0.03
Median, range 0.01 0.07 0.01 0.04
(<0.01-0.04) (<0.01->1.0) (<0.01-0.04) (<0.01->1.0)

2 Not tested at concentration 10 pg/ml.
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our in vitro study suggest that compared to
AG7088, pleconaril potentially will not have ac-
tivity against a small number of circulating rhi-
novirus strains. Whether this could translate in
different clinical efficacy needs to be investigated
in comparative clinical trials.

AG7088 is an irreversible peptidomimetic in-
hibitor of HRV 3C protease, which has a highly
conserved active site (Werner et al., 1986; Skehan
et al., 1990; Arruda et al., 1992, 1996; Rollins et
al., 1993; Ohlin et al., 1994; Abdel-Rahman and
Kearns, 1998, 1999; Hayden et al., 1999; Kearns
et al., 1999; Patick et al.,, 1999). Our results
showed that AG7088 is active against a wide
range of HRV isolates suggesting that the affinity
for the binding site is conserved among a wide
range of viruses. A similar observation was done
in a recent investigation showing that AG7088
was effective against 48 defined HRV serotypes
with ECs, values comparable to those obtained in
our study (Patick et al., 1999). Although these
results suggest that primary resistance to this 3C
protease inhibitor is uncommon, other RNA
viruses such as human immunodeficiency viruses
readily develops resistance when exposed to
protease inhibitors. Although major differences
exist between these two viral infections, whether
resistant viruses could be selected by AG7088
treatment should be investigated in further
investigations.

Both pleconaril and AG7088 are antiviral com-
pounds effective against a wide range of HRV
isolates. The clinical relevance of these in vitro
results needs to be determined in controlled clini-
cal trials.
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