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Abstract

CL387626 (4,4%-Bis[4,6-di[3-aminophenyl-N,N-bis(2-carbamoylethyl)-sulfonilimino]-1,3,5-triazine-2-ylamino-bi-
phenyl-2,2%-disulfonic acid, disodium salt), a compound synthesized by Wyeth-Ayerst Research Laboratories, was
tested for its cytotoxicity and antiviral activity against respiratory syncytial virus (RSV) in tissue culture and in cotton
rats. The median cell inhibitory (IC50) and median efficacious (EC50) concentrations of CL387626 against RSV in
proliferating HEp2 or Vero tissue culture cells were determined to be 375 and 0.25 mg/ml, respectively, giving the
compound an apparent selective index (S.I.) of 1500. This compound also exhibited uncommon antiviral activity
against RSV in cotton rats. In multiple experiments, a single 30 mg/kg dose of CL387626 administered intranasally
4 or 5 days prior to virus challenge, significantly inhibited pulmonary replication of RSV compared to that seen in
control animals inoculated similarly with placebo (i.e. water). In contrast to these results, most lots of CL387626
failed to significantly inhibit pulmonary RSV replication when administered utilizing therapeutic administration
schedules. Although some cytotoxicity was noted in tissue culture assays, no overt toxic effects were noted in any test
animal, including those inoculated with \300 mg CL387626/kg, a dose approximately 150 times the apparent
minimal efficacious dose (i.e. 1.9 mg/kg). © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Respiratory syncytial virus (RSV) has been rec-
ognized as a leading cause of serious lower res-* Corresponding author.
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piratory tract infections in infants and children
under 2 years of age (Parrott et al., 1973;
Glezen et al., 1982; Chanock and McIntosh,
1990). More recently it has been identified as an
important cause of lower respiratory tract infec-
tions in adults (Dowell, et al., 1996). Indeed,
this virus has been reported to be responsible
for 40–50% of hospitalizations for bronchiolitis
in the United States, 25% of pediatric hospital-
izations for pneumonia and to be an important
factor in the development of hyper-reactive air-
way disease in later life (La Via, et al., 1992).
No vaccines are currently available for preven-
tion of RSV infections, and only one antiviral,
ribavirin, is approved to treat RSV disease. Un-
fortunately, ribavirin is licensed for use only
when given by continuous small particle aerosol
(Committee on Infectious Diseases, 1993), and is
a potential teratogen (Bradley et al., 1990).
Thus, utilization of this nucleoside analog is
both limited and somewhat controversial. The
continued medical impact of RSV infections and
the problems associated with ribavirin have
spurred interest in identifying new, safer and less
controversial compounds to prevent or amelio-
rate these infections.

This report summarizes results of primary in
vitro and in vivo studies evaluating the toxicity
and antiviral activity against RSV of CL387626,
a compound synthesized by Wyeth-Ayerst Re-
search Laboratories (Pearl River, NY) and sub-
mitted to the Virology Branch, National
Institute of Allergy and Infectious Diseases, Na-
tional Institutes of Health, for antiviral testing.
In these tests, CL387626 exhibited good selective
antiviral activity against RSV in tissue culture
(S.I.=1500 in monolayers of proliferating HEp2
or Vero tissue culture cells) and unusual prophy-
lactic antiviral activity against this virus in cot-
ton rats. In numerous studies, a single 30 mg/kg
dose of CL387626 administered intranasally
(I.N.) to cotton rats up to 5 days prior to virus
challenge, significantly inhibited replication of
RSV in the lungs of these animals compared to
the replication of this virus in comparably
treated control animals given placebo. In con-
trast, most of these lots of CL387626 did not
exhibit significant antiviral activity against RSV

when administered to cotton rats using thera-
peutic administration schedules. No overt toxic
effects were noted in any of the test animals,
including those administered single doses of
CL387626\300 mg/kg. These studies are de-
scribed below in detail.

2. Methods

2.1. Animals

Cotton rats, 50–100 g and 4–12 weeks old
(Sigmoden hispidis) of either sex were used in
these studies. All of the animals were descen-
dants of two pair of cotton rats obtained in
1984 from the Small Animal Section of the Vet-
erinary Research Branch, Division of Research
Services, National Institutes of Health. The ani-
mals were housed in the Baylor College of
Medicine (BCM) vivarium in cages covered with
barrier filters, and all were given food and water
ad libitum.

2.2. Tissue culture

HEp2 (human epithelial carcinoma; ATCC
CCL 23) and Vero (ATCC CCL 81) tissue cul-
ture cells were obtained from the American
Type Culture Collection (ATCC; Rockville,
MD). The HEp2 cells were used to prepare
stocks of RSV, parainfluenza virus type 3
(PIV3), and adenovirus type 5 (AV5), and to
perform assays involving these viruses. The Vero
cells were used to prepare stock suspensions of
measles virus (MV), and to perform assays in-
cluding this virus. Both tissue culture cell lines
were grown in monolayers using Eagle’s minimal
essential medium (MEM; BioWhittaker), supple-
mented with 10% fetal calf serum (FCS; Sigma),
100 U/ml penicillin (GIBCO Laboratories), 100
g/ml streptomycin sulfate (GIBCO), 2 mM L-
glutamine (GIBCO), and 0.2% sodium bicarbon-
ate (Sigma). The monolayers were removed from
their plastic surfaces and serially passaged
whenever they became confluent. MEM supple-
mented with 2% FCS was used to maintain the
cell cultures and as a diluent in all assays.
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2.3. Viruses

RSV strains A2 (ATCC VR1302) and Long
(ATCC VR26) were purchased from the ATCC.
RSV strain 18537, all of the clinical RSV strains
and PIV3 were obtained from Dr Tony Piedra,
Department of Microbiology and Immunology,
BCM. AV5 was acquired from Julius Kasel,
Ph.D., also in this department. MV was obtained
from Gail Demmler, M.D., Department of Pedi-
atrics, BCM. Working stocks of each of these
viruses were prepared as described in detail previ-
ously (Wyde et al., 1995). Subtyping of the clinical
RSV strains was performed by Dr Larry Ander-
son of the Centers for Disease Control, Atlanta,
GA.

2.4. Virus quantification

RSV levels in virus pools and lung lavage fluids
(L.F.) were determined using sterile 96-well, flat
bottom tissue culture plates (Falcon 3072), serial
3-fold dilutions and 2% FCS-MEM as described
in detail previously (Wyde et al., 1995). The wells
in these assay plates were observed for virus-in-
duced cytopathic effects (CPE) including forma-
tion of syncytia. After the dilutions in the last
wells of replicate rows exhibiting virus-induced
CPE were determined, mean virus titers were cal-
culated using the method of Karber (Rhodes and
Van Rhodes and Van Rooyen, 1953). The amount
of virus in virus pools was expressed as median
tissue culture infectious doses (TCID50)/ml, log10).
Titers of virus in L.F. were expressed as TCID50/g
lung tissue (log10). The minimum detectable virus
concentration in these assays was 1.3 log10

TCID50/ml (virus pools) or 1.6 log10 TCID50/g
lung.

2.5. Compounds

Six lots of CL387626 (4,4%-Bis[4,6-di[3-
aminophenyl-N,N-bis(2-carbamoylethyl)-sulfonil-
imino]-1,3,5-triazine-2-ylamino-biphenyl-2,2%-di-
sulfonic acid, disodium salt) were submitted by
Wyeth-Ayerst for antiviral testing. Each lot was
stored at 4°C until the morning of an assay. At
that time a portion of the material to be tested

was weighed and suspended in sufficient sterile
distilled water (Baxter Healthcare Corporation,
Deerfield, IL; cat. no. 2F7114) to make appropri-
ate working stocks (4 mg/ml for in vitro studies
and 30–90 mg/ml for in vivo studies). Each sus-
pension was passed through a 0.2 mm DynaGard
filter (Microgon, Laguna, CA; cat. no. DG2M-
330-50S). The structure of CL387626 (submitted
by Wyeth-Ayerst Research) is shown in Fig. 1.

Ribavirin was used as a positive control in both
in vitro and in vivo tests. This compound was
obtained from Viratek, Covina, CA. It was stored
at 4°C and diluted in sterile distilled water shortly
before each assay or experiment. The resulting
suspension was filter sterilized using a 0.2 mm
DynaGard filter.

2.6. In 6itro cytotoxicity assays

The cytotoxicity of CL387626 was evaluated in
sterile 96-well plates (Falcon 3072) as described in
detail previously (Wyde et al., 1993), with one
exception. XTT (2,3-bis[2-methoxy-4-nitro-5-
sufophenyl]-2H-tetrazolium-5-carboxanilide; Sig-
ma, cat. no. X4251) was used instead of MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazol-
ium bromide; Sigma, cat. no. M-2128) to assess
mitochondrial respiration and indirectly cell vi-
ability. Briefly, CL387626, ribavirin or placebo
(distilled water) was serially diluted up the test
plate in quadruplicate or duplicate using serial
2-fold dilutions and 2% FCS-MEM as the diluent.
After adding approximately 1×104 HEp2 or

Fig. 1. Structure of CL387626.
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Vero cells to each well, the plates were incubated
at 36°C in a 5% CO2 incubator. When the mono-
layers in the cell control wells (those containing
only HEp2 or Vero cells and 2% FCS-MEM)
became confluent, usually 48 h later, 50 mg of
XTT was added to each well. The optical density
(OD) in each test and control well was determined
3 h later using a 96-well plate reader (Molecular
Devices UVMax spectrophotometer). The concen-
tration (mg/ml) of CL387626 or ribavirin in the
last well of each row exhibiting a ]50% reduc-
tion in OD compared to the mean OD obtained in
the cell control wells was then noted. From these,
the median cell inhibitory concentration (IC50) of
each compound was calculated.

2.7. Anti6iral acti6ity in tissue culture

The assay used to measure the antiviral activity
of CL387626 in tissue culture has also been de-
scribed in detail previously (Wyde et al., 1993).
Briefly, CL387626, ribavirin or distilled water was
added in quadruplicate or duplicate to the first
wells of 96-well, flat bottom tissue culture plates
(Falcon 3072) and serially diluted up the plate
using 2% FCS-MEM and serial 2-fold dilutions
(0.05 ml/well). The contents of each well were
then transferred to parallel plates containing ap-
proximately 1×104 HEp2 cells (in 0.05 ml)/well.
Of the appropriate virus suspension, 50 m l con-
taining approximately 100 TCID50 of virus was
then added to each well except those set aside as
antiviral (wells containing cells and antiviral
agent) or tissue (wells containing cells and
medium) control wells. These plates were incu-
bated at 36°C in a 5% CO2 incubator until the
virus control wells exhibited 70–100% CPE in-
cluding syncytia. At that time, each well was
observed and scored for viral CPE. The concen-
tration of CL387626 or ribavirin in the last well of
each row that completely inhibited virus-induced
CPE was noted. The median efficacious concen-
tration (EC50; mg/ml) for CL387626 and ribavirin
were then calculated by determining the mean
concentration of these compounds that com-
pletely inhibited CPE in one-half of the replicate
wells. To obtain a S.I. for CL387626, the mean
IC50 value obtained for this compound in the in

vitro cytotoxicity assay was divided by the mean
EC50 value obtained for CL387626 in these as-
says. The S.I. for ribavirin was determined in a
similar manner.

2.8. Anti6iral acti6ity in cotton rats

For intranasal inoculations, animals were anes-
thetized with Metofane (methoxyflurane, Pitman-
Moore, Mundelein, IL). Animals inoculated
intraperitoneally (I.P.) were anesthetized using
CO2. In experiments testing therapeutic regimens,
the cotton rats were weighed and then inoculated
I.N. on Day 0 with approximately 100 median
cotton rat infectious doses (CRID50; approxi-
mately 103.5 TCID50) of RSV in 0.1 ml. On each
of the next 3 days these animals were inoculated
once daily, I.P. or I.N., with graded doses of test
compound, ribavirin (180 mg/kg per day) or
placebo (sterile distilled water). In experiments
looking at the prophylactic activity of CL387626,
the test animals were similarly anesthetized and
inoculated with virus (0.1 ml containing 100
CRID50) on Day 0. However, in these experi-
ments, the cotton rats were weighed and inocu-
lated with test compound or placebo, once, 1 h or
1–8 days prior to virus inoculation. Ribavirin was
only administered I.P. and only therapeutically.
Regardless of whether a therapeutic or prophylac-
tic schedule was used to administer the test com-
pound, all animals were sacrificed on Day+4
after virus inoculation using CO2 to asphyxiate
the animals. Day 4 was chosen because with the
dose of virus used in these experiments, this is the
day that maximum RSV pulmonary titers are
usually seen in untreated cotton rats.

2.9. Processing of samples

The lungs of sacrificed animals were removed,
rinsed in sterile phosphate-buffered saline (PBS;
pH 7.2) and weighed. Each set of lungs was then
transpleurally lavaged using 3 ml of 2% FCS-
MEM media as described previously (Wilson et
al., 1980). The resulting L.F. were kept on ice
until assayed for RSV.
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Table 1
Comparison of the cytotoxic and antiviral activity of CL387626 and ribavirin in HEp2 or Vero tissue culture cellsa

Selective indexEC50 (mg/ml)Virus RSV sub-group IC50 (mg/ml)

Ribavirin Ribavirin CL38726CL38726Ribavirin CL387626

12 0.25 63RSV A2 A 750 1500375
1500630.25RSV 18537 12B 750 375

0.25 47RSV 47063 B 750 375 16 1500
0.25 94RSV 37335 A 750 375 8 1500

630.25 1500RSV 71050 12A 750 375
B331MV 750 375 24 175
B162\375PIV3 12750 375
B1B1AV5 750 375 \750 \375

IC50, median cell inhibitory concentration; EC50, median efficacious concentration; S.I., selective index (IC50/EC50); RSV,
respiratory syncytial virus; MV, measles virus; PIV3, parainfluenza virus type 3; AV5, adenovirus type 5.
a Assays were performed in 96-well tissue culture plates as described in Section 2 using subconfluent (approximately 30% confluent)
monolayers of HEp2 (used for all viruses except measles) or Vero (used for measles virus) tissue culture cells.

2.10. Toxicity studies in cotton rats

Minimal toxicity studies were performed. In
these studies, the weights of test animals were
determined at the beginning and conclusion of
each experiment. Each animal was also observed
daily for morbidity, mortality, diarrhea or other
untoward responses. In two studies, lungs from
non-virus-infected and virus-infected cotton rats
treated with CL387626 were collected and placed
in Omnifix fixative (Zymed Laboratories, San
Francisco, CA) for 24 h. These lungs were then
embedded in low-melting point paraffin and sec-
tioned at 5 mm thickness. The resulting sections
were stained with hematoxylin and eosin, coded
and observed in a blinded fashion for perivascu-
lar and peribronchial infiltrates, septal thickening
and the presence of inflammatory cells in the
alveoli. Ten consecutive microscopic fields on
each section were observed using the 40× ob-
jective and an up, over and down pattern. For
each of the four characteristics, a value of 0–3
was assigned, with 0, not evident; 1, evident in
1–3 of the fields observed; 2, evident in 4–6
fields observed, and 3, evident in \6 of the
observed fields. Total scores were obtained by
adding scores for each of the four characteristics
noted above (the maximum score for an individ-
ual animal would be 12).

2.11. Statistics

Student’s t-test was used to compare mean
body weights. Geometric mean virus titers,
standard deviations and all descriptive statistics
were obtained using True Epistat, a statistical
program designed by T.L. Gustafson of Epistat
Services, Richardson, TX, for IBM compatible
computers. In all statistical analyses, lavage fluid
samples with undetectable virus titers were
assigned a value of 0.8 (the minimal detection
limit being 1.6) log10/g lung. Comparison of the
mean geometric RSV titers obtained for the
different groups in each experiment were made
using Epistat’s analysis of variance (ANOVA)
program. Unless stated otherwise, all comparisons
were made to the mean pulmonary virus titer
obtained for the group given placebo.

3. Results

3.1. Cytotoxicity and anti6iral acti6ity of
CL387626 in 6itro

As the IC50 values shown in Table 1 indicate
both ribavirin and CL387626 exhibited some cy-
totoxicity (IC50 values of 750 and 375 mg/ml,
respectively) in cultures of proliferating HEp2 and



P.R. Wyde et al. / Anti6iral Research 38 (1998) 31–4236

Table 2
The effect of route of administration and dose on the antiviral efficacy of CL387626 in cotton rats against RSVa

Route given Reduction in titerMean titer+S.D.Group no. Treatment Dose
(log10/g lung)(mg/kg per day) (log/g lung)

Experiment 1
—4.20.4I.P. and I.N01 Placebo

30 I.P. 3.7+0.52 0.3CL387626
\2.6bB1.6+0I.N.303 CL387626

Experiment 2
4.1+0.3 —1 Placebo 0 I.N.

I.N. 0.8+1.32 CL387626 30 3.3
I.N. 1.7+1.5 2.47.53 CL387626

1.9 I.N. 0.9+1.6 3.24 CL387626
I.N. 3.0+0.55 CL387626 1.10.5

a All animals were administered placebo (sterile water) or CL387626 I.N. and/or I.P. Each cotton rat was inoculated I.N. 60 min
later with approximately 100 median cotton rat infectious doses of RSV A2. The animals were sacrificed 4 days later and their lungs
were removed, processed and tested for RSV levels. Number of animals per group=4.
b Bold lines indicate test groups in which the mean pulmonary RSV titer was significantly different (PB0.05) than the RSV titer seen
in animals given placebo (Group 1). Number of animals per group=4.

Vero cells. However, the CL387626 exhibited
]32 times greater antiviral activity than did rib-
avirin (EC50 CL387626=0.25 mg/ml against all of
the RSV strains tested versus EC50 values ranging
from 8 to 16 mg/ml for ribavirin against these
viruses). Due to its markedly greater antiviral
activity, a much higher S.I. was obtained for
CL387626 against RSV than was calculated for
ribavirin against these viruses (1500 vs. 47–94).
Although CL387626 was more active against RSV
than ribavirin, it was notably less effective against
MV and PIV3 than the nucleoside analog. Selec-
tive indices of B3 and B1 were obtained for
CL387626 against MV and PIV3, respectively,
compared to selective indices for ribavirin against
these viruses of 31 and 64, respectively. Neither
CL387626 nor ribavirin exhibited any significant
antiviral activity against AV5 (the S.I. for both
compounds being B1 versus AV5).

3.2. Effect of route of administration on the
anti6iral efficacy of CL387626 in cotton rats

Initial experiments in cotton rats compared the
antiviral efficacy of CL387626 when administered
parenterally (i.e. I.P.) or topically (i.e. I.N.). As
the summary data from one of the experiments
performed in this series indicates (i.e. Experiment

1, Table 2), only cotton rats given CL387626
topically were protected from pulmonary RSV
infection. In the experiment shown, animals ad-
ministered a single 30 mg/kg dose of CL387626
1 h prior to virus challenge (Group 3) had
\10 000-fold less virus on Day+4 in their lungs
than control animals inoculated comparably with
placebo (i.e. Group 1; PB0.01). In contrast, no
significant reduction in mean pulmonary RSV
titer was seen in animals given this same dose of
CL387626 I.P., 1 h prior to virus challenge (P\
0.05 compared to the mean virus titer seen in
control animals). In some experiments, doses up
to 270 mg/kg were administered I.P. Regardless,
in none of these experiments did CL387626 ex-
hibit any significant antiviral activity when admin-
istered parenterally. However, reductions in
pulmonary virus titer similar to those observed in
Experiment 1 were observed repeatedly in these
experiments when this compound was adminis-
tered I.N.

3.3. The effect of dose on the anti6iral efficacy of
CL387626 in cotton rats

An approximate minimum efficacious dose
(MED) for CL387626 was determined by inocu-
lating groups of cotton rats I.N. with graded
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Table 3
Comparison of the antiviral efficacy of different lots of CL387626 against RSV when administered to cotton rats just prior to, or
following, virus inoculationa

Reduction in titerDays given Mean titerGroup no. Lot no. S.D.Dose
(log10/g lung) (log10/g lung)(mg/kg per day)

4.0 0.1 —1 0, 1–3Placebo 0
0, 1–3 B1.6 02 \2.4b1 30

0.20.43.83 1–31 30
B1.6 04 2 30 0, 1–3 \2.4

3.8 0.45 2 30 1–3 0.2
0B1.6 \2.46 0, 1–33 30

1-3 3.7 07 3 0.330

a Animals in Groups 1, 2, 4 and 6 were inoculated I.N. on Day 0 with placebo (sterile water) or 30 mg/kg of one of the lots of
CL387626. All of the cotton rats were inoculated I.N. 60 min later with approximately 100 median cotton rat infectious doses of
RSV A2. On days 1–3 all of these animals were inoculated once daily with either placebo or 30 mg/kg of lot 1, 2 or 3 of CL387626.
Number of animals per group=4.
b Bold lines indicate test groups in which the mean pulmonary RSV titer was significantly different (PB0.05) than the RSV titer seen
in animals given placebo (Group 1). The number of animals per group=4.

doses of this compound, once, 1 h prior to virus
challenge, and then sacrificing the animals 4
days later. At that time the lungs of these ani-
mals were removed and the levels of RSV in
each assessed. In the representative experiment
shown in Table 2 (Experiment 2), statistically
significant reductions in mean pulmonary RSV
titer occurred in the groups of cotton rats ad-
ministered single doses of CL387626 ranging
from 1.9 to 30 mg/kg (i.e. Groups 2–4). The
1.1 log10/g of lung reduction in mean virus titer
calculated for the group of animals given 0.5 mg
CL387626/kg (Group 5), although substantial,
was not statistically different than the mean pul-
monary virus titer seen in the placebo control
group (P\0.05). In ensuing experiments using
this experimental design, 1.9 mg/kg was confi-
rmed as the MED.

It should be noted that in Experiment 2, and
in many of the experiments performed with
CL387626, the reductions in pulmonary virus
seen did not correlate well with the doses of
drug given. For example, in Experiment 2, al-
though significant reductions in pulmonary virus
titer were seen in the three groups of animals
given 1.9, 7.5 and 30 mg of CL387626/kg, the
reductions in pulmonary virus titers seen in all
three groups were equivalent and not signifi-
cantly different from each other.

3.4. Effect of inoculation schedule on the anti6iral
efficacy of CL387626

In the experiment shown in Table 3, the antivi-
ral efficacy of three different lots of CL387626
when given prior to, or subsequent to, virus chal-
lenge was compared. As the data in this table
indicates, significant reductions in pulmonary
virus titers were observed only in groups of ani-
mals administered the test compound 1 h prior to
virus inoculation, in addition to the daily inocula-
tions on Days+1 through +3 (i.e. Groups 2, 4
and 6). The use of different lots of CL387626 did
not seem to matter. In contrast, only minimal and
non-significant reductions in pulmonary RSV
titers (i.e. 0.2–0.3 log10/g lung) were seen in these
experiments in animals comparably administered
these lots of CL387626 only on Days+1 through
+3. Similar testing was performed on a total of
six lots of CL387626. Significant antiviral activity
was seen in only two of these experiments when
the test compound was administered only after
virus inoculation (data not shown).

Further evidence of the prophylactic activity of
CL387626 can be seen in Tables 4 and 5. In the
first experiment shown in Table 4, significant re-
ductions in mean pulmonary virus titers were
detected in the groups of cotton rats given single
inoculations of CL387626 I.N. 3 or 5 days prior
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Table 5
The antiviral efficacy of CL387626 against a B subtype RSV when given prophylacticallya

Reduction titerRoute adminis-DoseGroup no. Day adminis-Treatment Mean RSV titerb

(log10/g lung) (log10/g lung)tration(mg/kg) tration

0 4.3+0.41 Placebo 0 I.N. —
1.72.6+0.7−52 I.N.CL387626 30

−3 B1.6+03 CL387626 30 \2.7I.N.
0 0.5+1.14 CL387626 30 3.6I.N.

a Animals were inoculated I.N. with approximately 100 median cotton rat infectious doses of RSV 18537, a subtype B RSV, on Day
0. These animals were also inoculated I.N. 1 h or 3 or 5 days before virus challenge with placebo (sterile water) or 30 mg/kg of
CL387626.
b Mean+S.D. Bold lines indicate test groups in which the mean pulmonary RSV titer was significantly different (PB0.05) than the
RSV titer seen in animals given placebo (Group 1). The number of animals per group=4.

to inoculation with RSV A2. In the second exper-
iment shown in this table, animals given this
compound 1–4 days before virus had significantly
reduced mean pulmonary virus titers compared to
the mean RSV titers seen in control animals.
Comparable antiviral activity was seen against
subtype B RSV. In the experiment shown in Table
5, a 1.7 log10/g lung reduction in RSV titer was
observed in the lungs of animals given a single
dose of CL387626 5 days prior to challenging
these animals with RSV 18537, a RSV B subtype.
Even greater reductions in mean pulmonary virus
titers were seen in this experiment in cotton rats
given CL387626 3 or 1 day prior to virus chal-
lenge.

3.5. Results of preliminary cytotoxicity studies in
cotton rats

In no experiment was the mean change in
weight of any test group significantly different
from that observed in the placebo control group
(comparisons made using Student’s t-test; data
not shown). Moreover, no morbidity, mortality,
diarrhea or apparent untoward behavior was ob-
served in any of the test animals.

Inflammatory cells (i.e. polymorphonuclear
neutrophils (PMN), lymphocytes or macrophages)
were occasionally seen in stained sections of lungs
from untreated, uninfected cotton rats (histologic
score=2). These cells were more abundant in
lung sections from non-virus-infected cotton rats

inoculated I.N. once with placebo or 300–330 mg
of CL387626/kg (these sections were prepared
from animals sacrificed 2–4 days after the admin-
istration of the test compound). However, there
were no significant differences in the histology
scores of these animals and those of the unin-
fected, untreated control animals (histologic
score=4). As in previous studies (Piedra et al.,
1993), significantly increased numbers of inflam-
matory cells and histolopathology were seen 4
days after virus inoculation in untreated virus-in-
fected animals, compared to the histopathology
seen in the normal control animals (histologic
scores for the untreated, virus-infected animals=
12). The inflammatory cells seen in the stained
lung sections from these animals were most evi-
dent in and adjacent to the bronchioles and
bronchi, but they were also seen scattered
throughout the alveolar spaces. Histologic scores
on Day+4 for cotton rats given differing doses
of CL387626 prior to virus inoculation correlated
well with the mean lung virus titers obtained for
these animals (i.e. the higher the mean pulmonary
virus titer, the greater the histopathology scores
obtained).

4. Discussion

This report summarizes results of studies evalu-
ating CL387626 for selective antiviral activity
against paramyxoviruses. Although the com-
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pound was found to have some cytotoxic activity
in proliferating HEp2 and Vero tissue culture cells
(Table 1), this activity occurred at concentrations
]1500 times higher than that found to com-
pletely inhibit replication of RSV in these cells
(i.e. 0.25 mg/ml). The antiviral activity seen in
these assays was virus-, but not strain- or subtype-
specific. Thus laboratory and clinical RSV strains
belonging to both RSV subtypes (i.e. A and B)
were equally inhibited by CL387626, while no
significant selective antiviral activity was seen in
these tests against MV, PIV3 or AV5 (S.I.B3 vs.
MV and B1 vs. PIV3 and AV5).

Based on the apparent selective antiviral activ-
ity seen in the tissue culture assays, testing of
CL387626 against RSV in cotton rats was started.
It was determined that this compound was effica-
cious when administered I.N., particularly if
started prior to virus challenge (Tables 3–5). It
was not active when given to cotton rats (at doses
up to 270 mg/kg) I.P. (Table 2). Nor was signifi-
cant protection seen with most (i.e. 66%) lots of
CL387626 if administration of the compound was
started more than 16 h after virus challenge
(Table 3). The reason(s) for the general failure of
CL387626 to significantly inhibit virus replication
when given after virus is not known. This com-
pound is thought to work by inhibiting the cell
membrane fusing activity of the virus’ fusion (F)
protein.

The prolonged prophylactic activity observed in
cotton rats in these studies (i.e. protection lasting
between 5 and 8 days following a single adminis-
tration of compound) is unusual for a chemother-
apeutic agent in our experience. (Such activity has
been reported in vivo for interferons (Wyde et al.,
1984), immunoglobulins (Prince and Porter, 1996)
and monoclonal antibodies (Wyde et al., 1995;
Johnson et al., 1997).) Despite its apparent ex-
tended efficacy, it should be noted that the com-
pound appeared to be more effective the closer to
virus challenge that it was administered. This can
be seen in Fig. 2, which compares decreases in
mean pulmonary virus titers seen in several exper-
iments with the time that CL387626 was given
before virus challenge. (In all cases the animals
were administered a single 30 mg/kg dose of the
test compound.) As the slope of the line and

positive correlation coefficient (0.7) indicates, the
greatest reductions in mean pulmonary RSV titers
occurred in animals given CL387626 shortly be-
fore (i.e. 1 h) to 2 days before virus and generally
decreased as the interval between drug adminis-
tration and virus challenge increased. Regardless,
in multiple experiments, single 30 mg/kg doses of
CL387626 administered once I.N. 4 or 5 days
prior to virus challenge, repeatedly resulted in
significant reductions in mean pulmonary RSV
titer compared to mean virus titers seen in control
animals comparably inoculated with placebo.

Minimal cytotoxicity was observed in tissue
culture assays, and no apparent toxic effects due
to CL387626 were evident in cotton rats. In no
instance was mortality, morbidity, decreased
weight gain, weight loss, diarrhea or unusual ac-
tivity observed in any test animal. This was true
of animals used in the antiviral studies, or those
utilized in a simple toxicity study in which ani-

Fig. 2. Comparison of the reduction in mean pulmonary
respiratory syncytial virus titers (compared to the mean virus
titers seen in control animals given placebo) observed in cotton
rats in several experiments testing CL387626 for prophylactic
antiviral activity. In each experiment the animals were admin-
istered a single 30 mg/kg dose of the test compound in-
tranasally. Only the interval between the time that the drug
and virus was administered varied. (R2=correlation coeffi-
cient.) On Day 0, the cotton rats were inoculated with the test
compound 1 h prior to virus challenge.
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mals were given single doses ranging from 310 to
350 mg/kg (i.e. doses more than 10 times that
used in most of the antiviral studies). In addition,
no significant histopathology was observed in
stained sections of lungs obtained from any of the
animals given CL387626 alone. Nor was increased
pulmonary pathology seen in sections of lung
obtained from animals given CL387626 and RSV
compared to the histopathology seen in stained
lung sections from animals given virus alone. It is
emphasized that these data are only preliminary.
The consequences of multiple injections of
CL387626 or prolonged treatment with this com-
pound (such as the weeks and months of treat-
ment required by immunosuppressed patients
infected with RSV) were not determined. Nor
were the effects of CL387626 on rapidly prolifer-
ating tissues (e.g. bone marrow or T- and B-
lymphocytes) evaluated. Such studies may be
needed if development of this or related com-
pounds is pursued, particularly since the pro-
longed antiviral state induced by CL387626 seen
in these studies suggest that this compound is not
readily degraded or cleared from the lungs.

The apparent stability of CL387626 when deliv-
ered topically may have contributed to the general
lack of correlation seen in many experiments be-
tween the amount of compound given and the
degree of virus inhibition that occurred (Table 2).
One hypothesis is that above a certain level, ex-
cess compound is removed from the lungs result-
ing in similar amounts of test compound
becoming residual in the lungs of animals receiv-
ing different doses of drug. Then there is a slow
decline in active compound over the next 5–8
days (due to removal or inactivation) until protec-
tion is lost. Interestingly, the failure to see any
significant antiviral activity when CL387626 was
administered I.P. (Table 2) suggests that following
parenteral inoculation this compound is either
bound or altered in a manner that prevents its
transport to the lungs, or that it is rapidly de-
graded or cleared.

More comprehensive cytotoxicity and pharma-
cokinetic studies on CL387626 are not currently
planned. This is because the cytotoxicity and an-
tiviral efficacy of derivatives of CL387626 are
presently being evaluated and compared to that of

the lead compound, and several seem more
promising. More extensive cytotoxicity, pharma-
cokinetic and mechanism of action studies will be
performed on the most promising compound(s)
elucidated in these tests.

In summary, the data presented in this report
indicate that CL387626 has significant selective
antiviral activity against RSV in vitro and in vivo.
This activity is most pronounced and reproducible
when administered prior to virus challenge. The
compound’s prolonged protective activity follow-
ing topical delivery makes further studies with this
compound, or related compounds, of great inter-
est and a priority. Efforts are now being directed
to compounds related to CL387626 to determine
if they have equivalent or better prophylactic
activity than the parent compound, and optimisti-
cally, have more consistent antiviral activity than
CL387626 when administered therapeutically.
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