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Abstract

BILD 1351 SE is a selective peptidomimetic subunit association inhibitor of the herpes simplex virus (HSV)
ribonucleotide reductase (RR) with potent antiviral activity both in cell culture assays and animal models of HSV
disease. The ability of BILD 1351 SE to inhibit the replication of HSV-1 when used in combination with acyclovir
(ACV) for the treatment of HSV infections was investigated in baby hamster kidney cells using a 96-well
enzyme-linked immunosorbent assay. The effective concentrations to achieve 50% inhibition (ECs,) of virus
replication by BILD 1351 SE in serum-starved and non serum-starved cells were 2+ 0.9 and 4.1 +1.6 uM,
respectively. The ECs, of ACV under both assay conditions was equal to 2.7 + 0.9 xM when tested alone. However,
upon addition of BILD 1351 SE, the antiviral activity of ACV was potentiated in a synergistic manner as determined
by the isobole method. At a concentration of BILD 1351 SE that produced 30% inhibition of HSV-1 replication, the
EC,, of ACV decreased by about 15-fold in confluent cells and 17-fold in serum-starved cells. Similar conclusions
were reached when evaluating drug interactions by the median dose-effect. Assuming mutually non-exclusive
conditions at a drug ratio of ACV/BILD 1351 SE of 1/2, synergy was demonstrated in confluent cells with a drug
enhancement index at ECs, of 14 and a combination index of 0.25. None of the drug combinations tested showed
increased cytotoxicity in comparison with each drug alone. These results are consistent with the expected mode of
action of a selective HSV RR inhibitor and support the strategy of combining these inhibitors with ACV for
improved therapy of HSV infections. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

BILD 1351 SE is a selective peptidomimetic
inhibitor of the herpes simplex virus (HSV) ri-
bonucleotide reductase (RR) (Moss et al., 1996).
Like other related inhibitors, the structure of
BILD 1351 SE (Fig. 1) is based on the C-terminal
amino acid sequence of HSV RR small subunit
(Liuzzi et al., 1994). These inhibitors bind to the
HSV RR large subunit and prevent subunit asso-
ciation required for catalytic activity (Cohen et
al.,, 1986; Dutia et al., 1986). BILD 1351 SE
exhibits potent in vitro antiviral activity against
HSV-1 and HSV-2 and in vivo antiviral activity in
a murine model of HSV-1-induced keratitis when
administered as an ophthalmic cream (Moss et al.,
1996). Furthermore, this class of peptidomimetic
HSV RR inhibitors has been shown to exert
synergistic inhibition of HSV-2 replication in
combination with acyclovir (ACV) in serum-
starved cells (Liuzzi et al., 1994). Previous experi-
ments in our laboratory to assess antiviral activity
of RR inhibitors have been performed with a
neutral red viral yield assay in serum-starved cells
(Liuzzi et al., 1994) because HSV RR is not
required for virus growth in replicating cells
(Goldstein and Weller, 1988). In the present study
we re-evaluated the antiviral activity of BILD
1351 SE in serum-starved and non serum-starved
cells either alone or in combination with ACV. To
facilitate drug interactions studies under various
experimental conditions, we employed a robust
ELISA assay and demonstrate that BILD 1351
SE exhibits antiviral activity in both starved and
non-starved baby hamster kidney (BHK) cells
with comparable potencies. In addition, signifi-
cant synergy was found to exist for the combina-

Fig. 1. Structure of the HSV RR inhibitor BILD 1351 SE.

tion of ACV and BILD 1351 SE in serum-starved
as well as non serum-starved BHK cells. The
specificity and potency of BILD 1351 SE together
with the ability of this inhibitor to potentiate the
antiviral activity of ACV suggest that BILD 1351
SE may be useful for the treatment of HSV
disease either alone or in combination with ACV.

2. Materials and methods
2.1. Cell culture and viruses

All cell culture reagents and media were ob-
tained from Gibco BRL (Burlington, ON). The
defined medium used for the antiviral assays con-
sisted of F-12 medium/DMEM medium/BGjb
medium, 6:3:1 (vol/vol) with 2 g/l BSA, 2.38 g/
HEPES, 50 mg/l garamycin, 100 xg/l cortisol, 1
g/l insulin, 0.4 ug/l trilodothyromine, 0.2 ug/l
parathyroid hormone, 10 ug/l glucagon, 0.1 ug/l
epidermal growth factor, 0.2 ug/l fibroblast
growth factor and 10 mg/] transferin (Brazeau et
al., 1982). Cells were from American type culture
collection (ATCC) (Rockville, MD). vero cells
(African green monkey kidney cells) were grown
in Dulbecco’s modified eagle’s medium (DMEM)
supplemented with 8% fetal bovine serum (FBS),
100 U/ml penicillin, 100 x#g/ml streptomycin sul-
fate and 100 xg/ml kanamycin sulfate. Baby ham-
ster kidney (BHK)-21/C13 (ATCC CCL10) cells
were grown in o«-MEM medium instead of
DMEM medium. All cells were grown at 37°C in
an atmosphere of 5% CO,. The laboratory strain
of HSV-1 F HA14 used in this study has been
described previously (Honess and Roizman,
1973). Virus stocks were routinely grown in vero
cells and virus titers were determined by a stan-
dard plaque assay on confluent vero cells.

2.2. Reagents and antiviral compounds

Dimethylsulfoxide (DMSO), glutaraldehyde,
tween 20, Triton X-100 and 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
were obtained from Sigma (St. Louis, MO). BILD
1351 SE was synthesized and purified as previ-
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ously described (Moss et al., 1996). ACV was
from Sigma. All compounds were dissolved in
DMSO and then diluted with cell culture medium
to yield 1% final DMSO. All stock compound
solutions were filter sterilized through 0.22-um
millex-GV filters (Millipore, Bedford, MA).

2.3. Antiviral assays

Baby hamster kidney (BHK)-21/C13 cells were
seeded in 96-well culture plates (Corning, Cam-
bridge, MA) at a density of 3000 cells per well in
«-MEM medium containing 8% (v/v) FBS, 100
U/ml penicillin, 100 xg/ml streptomycin sulfate
and 100 pg/ml kanamycin sulfate and incubated
at 37°C with 5% CO, to reach 90% confluency.
Cell monolayers were infected with HSV-1 strains
F at a multiplicity of infection (MOI) of 0.05 in
defined medium. After 1 h, the HSV-infected cells
were rinsed with defined medium and then incu-
bated for 24 h. The extent of replication was
assessed by the ELISA assay or by a virus yield
assay as described below. For inhibition studies
by ACV and BILD 1351 SE or combinations of
both, samples were assayed in 3-fold serial dilu-
tions. When assessing the effect of compounds on
the replication of HSV in serum-starved cells,
BHK cells were seeded at a density of 5000 cells/
well and incubated for 8 h. Then the concentra-
tion of FBS was reduced to 0.5% (v/v) and the
cells were incubated for 3 additional days prior to
infection with HSV-1 strain F.

2.4. ELISA

Cells were fixed with 0.063% glutaraldehyde in
phosphate buffered saline (PBS) for 30 min and
blocked with 0.5% casein in PBS for 1 h. There-
after, mouse monoclonal antibody C11 that rec-
ognizes the HSV-1 late glycoprotein C (Trybala et
al., 1994) was added to each well for 2 h. After
washing the cells three times with PBS containing
0.05% Tween 20, the bound monoclonal antibody
was detected using sheep anti-mouse IgG
horseradish peroxidase (Amersham, Oakuville,
ON) for 1 h in the dark. The plates were washed
three times with PBS and once with 0.1 M sodium
citrate, pH 4.5. o-Phenylenediamine dihydrochlo-

ride (Pierce, Rockford, IL) was used as a sub-
strate for 30 min in the dark and color
development in individual wells was monitored at
450 nm using a Titertek model MCC/340 mi-
croplate spectrophotometer (ICN Flow, Mon-
treal, QC). The percent inhibition of virus
replication was calculated as follows: Percent inhi-
bition =100 x [1 - (OD450)treated sample/(OD450)conlrol
sampte]- ECso values, (i.e. the concentration of com-
pound to inhibit virus replication by 50%) were
determined from plots of inhibition of virus repli-
cation as a function of compound concentration.

2.5. Virus yield reduction assay

For evaluation of total virus yield, HSV-1
strain F-infected cells were incubated in the pres-
ence of test compounds in 96-well plates exactly
as described above for 24 h and duplicate rows of
compound-treated cells were scraped into overly-
ing cell culture media. Harvested cells and cell
culture media were sonicated and stored frozen at
— 80°C. Infectious virus yield from harvested
samples was determined in duplicate by standard
plaque assay on monolayers of vero cells. A HSV-
1 specific antiserum was applied to cells after
adsorption. After incubation for 2 days, cells were
fixed with 4% formaldehyde and stained with 2%
crystal violet in 20% ethanol.

2.6. Cytotoxicity assay

The cytotoxicity of compounds for BHK cells
was determined with a modified tetrazolium MTT
assay (Denizot and Lang, 1986). BHK cells were
treated exactly as described above for the 96-well
antiviral assay. Instead of virus infection, cells
were mock infected with sterile medium only. At
the end of the incubation period, 20 ul of 5 mg/ml
MTT in cell culture medium was added directly to
the cell culture medium of each well (100 ul) and
cells were incubated for an additional 3 h at 37°C.
Medium was then removed from each well and 50
ul of 10% triton X-100 in 0.01 N HCI was added
to dissolve the insoluble formazan product. The
optical density at 570 nm was determined with a
Titertek model MCC/340 microplate reader. The
cytotoxic effect to each compound concentration
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was expressed as the percentage of signal resulting
from sham-treated cells. A minimal background
from wells containing cells killed by the addition
of 5 ul of 1 M HCI was subtracted prior to any
calculations. The percent cell viability was calcu-
lated as follows: Percent cell viability = 100 x
(OD570)treated/(OD570)conlrol'The 50% CytOtOXiC
concentration (i.e. CCs,) was derived from plots
of percent viability as a function of compound
concentration.

2.7. Drug combination assays

The antiviral activity of BILD 1351 SE in com-
bination with ACV against HSV-1 strain F was
assessed using the high throughput 96-well antivi-
ral ELISA-based assay described above. The ef-
fect of the combination of ACV and BILD 1351
SE on HSV replication was evaluated by using the
median-effect principle and the isobologram
method (Suhnel, 1990; Chou, 1991b). In the
isobologram method, selected concentrations of
BILD 1351 SE (i.e. ECs, EC,,, EC,, and EC,)
were tested in combination with various doses of
ACYV and average EC,, values of ACV were de-
termined from duplicate dose-response curves.
These values were then used to calculate FEC,,
(ACV) which represents the ratio of the concen-
tration of ACV required to inhibit HSV replica-
tion by 50% in the presence of a fixed
concentration of BILD 1351 SE to the concentra-
tion of ACV required in the absence of BILD
1351 SE. The isobologram representation is gener-
ated by plotting FECs, (ACV) as a function of the
ratio of the concentration of BILD 1351 SE to the
EC,, of BILD 1351 SE in the absence of ACV. In
this representation, when experimental data
points fall on the hypotenuse, the effects of the
two drugs are additive. If the experimental data
points fall below the theoretical line of non-inter-
acting drugs, the effect of the two drugs is syner-
gistic. Drug interactions were evaluated by the
median-dose effect analysis using a computer
dose-effect analysis software program to calculate
the combination index (CI) at all effect levels
(Chou, 1991a). BILD 1351 SE and ACV were
mixed at different ratios (i.e. 5:1, 2:1, 1:1, 1:2 and
1:5) and then serially diluted at a constant ratio.

Inhibition data and EC,, values for each combi-
nation ratio were derived from quadruplicate
dose-response curves and the combination indexes
(CI) were calculated assuming both mutually ex-
clusive and non-exclusive conditions. A CI value
of I, <1 and >1 indicates additive, synergistic
and antagonistic effects, respectively.

3. Results

3.1. Susceptibility testing of HSV-1 strain F
using the ELISA antiviral assay

The effect of ACV or BILD 1351 SE alone on
viral antigen production due to HSV-1 growth
was determined from multiple dose-response
curves. Representative examples are shown in Fig.
2. The effective concentration necessary to inhibit
50% of virus replication (ECs)) by ACV and
BILD 1351 SE was found to be 2.7+ 0.9 and
4.1+1.6 uM in confluent BHK cells (Fig. 2A)
and 2.74+0.9 and 2.0+ 0.9 4M in serum-starved
BHK cells (Fig. 2B). The EC,, values of both
compounds did not change as a function of MOI
between 0.01 and 0.1, but increased significantly
at a MOI of 1 (data not shown). These antiviral
activities compared favorably with those obtained
previously (Liuzzi et al., 1994). In the colorimetric
viral yield assay, the ECs, of both compounds
against HSV-1 strain F in serum-starved cells was
equal to 2.0 uM (Liuzzi et al., 1994; Moss et al.,
1996). In the viral yield assay using confluent
cells, half maximum reduction of 5 log,, in
progeny virus was achieved at 1.8 uM for ACV
and 3.8 uM for BILD 1351 SE. The antiviral
effect of BILD 1351 SE was not due to non-spe-
cific cytotoxicity since the CCs, of BILD 1351 SE
in confluent mock-infected BHK cells was 129 +
19 and 153 +22 uM in serum-starved BHK cells.
The CCs, value for ACV was higher than 200 4M
under both experimental conditions (Fig. 2).
None of the drugs, either alone or in combina-
tion, reached a 50% cytotoxicity concentration in
the dose ranges tested. No enhanced cytotoxicity
to uninfected cells was seen for any of the combi-
nations of compounds (data not shown).
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Fig. 2. Antiviral activity and cytotoxicity of BILD 1351 SE or ACV in confluent (A) and serum-starved (B) cells. Monolayers of
BHK cells were mock-infected or infected at a MOI of 0.05 with HSV-1 strain F and then incubated in the presence of various
concentrations of test compounds. The extent of HSV replication was determined with the ELISA assay and the cytotoxicity was
determined with the MTT assay as outlined in Section 2. The results are presented as percent inhibition of HSV-1 replication ([,
BILD 1351 SE; ¢, ACV) and percent cell viability (O, BILD 1351 SE; ®, ACV). Typical dose-response curves are shown. The
average ECs, and CCsy, values stated in the text were derived from at least ten independent determinations.
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Fig. 3. Synergistic antiviral activity of ACV and BILD 1351
SE in confluent BHK cells. ECs, values were derived from the
data shown in Table 1 and used to construct the isobologram.
FECs, (ACV) represents the ratio of the ECy, of ACV in the
presence of a constant concentration of BILD 1351 SE to the
ECy, of ACV alone. The x-axis represents the ratio of the
fixed concentration of BILD 1351 SE to the ECs, of BILD
1351 SE alone. In this representation, displacement of the
experimental data points to the left of the theoretical line for
non-interacting inhibitors is indicative of synergistic behavior.

3.2. Potentiation of the antiherpetic activity of
ACYV by BILD 1351 SE

The antiviral activity of ACV in combination
with BILD 1351 SE was evaluated in BHK cells
using the ELISA-based antiviral assay. The effect
of ACV in the presence of a constant amount of
BILD 1351 SE ranging from 0.05-2 #M is shown
in Table 1 from experiments using confluent BHK
cells. To determine the type of drug interaction,
EC,, values were calculated and used to construct
the isobologram. A graphic illustration of the
potentiation of ACV by BILD 1351 SE is shown
in Fig. 3. Clearly, displacement of the curve to the
left is indicative of synergistic interaction between
ACV and BILD 1351 SE. Similar results were
also observed when using serum-starved BHK
cells (Table 2, Fig. 4). From the data obtained it
can be calculated that the addition of EC,, con-
centration of BILD 1351 SE (i.e. about 2.0 and
1.5 M BILD 1351 SE for confluent and starved
cells, respectively) caused the ECs, of ACV to
decrease by about 15-fold in confluent cells and
about 17-fold in serum-starved cells.

The degree of synergy between BILD 1351 SE
and ACV was also evaluated by the median-effect
principle using the method of Chou (1991b). In
this method, the concentrations of ACV and
BILD 1351 SE were co-varied at a constant ratio
and the data from each dose-response curve were
used to calculate the combination index at all
drug effect levels using a computer program
(Chou, 1991a). Typical dose-responses resulting
from serially diluting ACV and BILD 1351 SE at
a constant ratio ranging from 5:1 to 1:5 are shown
in Table 3 in the case of confluent BHK cells.
Calculations of the combination index (CI) were
based on the mutually non-exclusive assumption
at all the combination ratios. A plot of CI as a
function of F, (given degree of effect in the com-
bination) which describes the extent of synergism
at each effect level is shown in Fig. 5. It is clearly
visible that at high effects levels, the CI values are
smaller than 1 at all combination ratios tested
indicating synergy between ACV and BILD 1351
SE. The drug reduction index (DRI) of ACV at
ECs,, which describes the fold reduction in dose
due to synergism at 50% effect was 14 at the
combination ratios of 1:2 with a CI value of 0.25.
Synergy was also evident when the CI values were
calculated by assuming mutually exclusive condi-
tions (data not shown). Similar results were also
observed when using serum-starved BHK cells

FEC50 (ACV)

0 t t t t *
0 0.2 0.4 06 08 1
[BILD 1351 SE]/ EC50 (BILD 1351 SE)

Fig. 4. Synergistic antiviral activity of ACV and BILD 1351
SE in serum-starved BHK cells. EC5, values were derived from
the data shown in Table 2 and used to construct the isobolo-
gram as outlined in the legend to Fig. 3.
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Table 3

43

Effect of serial dilution of BILD 1351 SE and ACV at a constant ratio on the replication of HSV-1 in confluent BHK cells

Concentration Percentage inhibition of HSV-1 replication

ACYV alone BILD 1351 SE alone ACV+BILD 1351 SE
Ratio 5:1 Ratio 2:1 Ratio 1:1 Ratio 1:2 Ratio 1:5
120 95.5* 98.2
60 95.6 96.4
40 87.6 82 94.8 94.9 94.4
20 96.1 96.7
13.3 76.8 78 934 93.3 90
6.67 90.3 93.1
44 58.2 61.7 77.4 77.9 81.7
2.2 65.5 73.7
1.44 25.5 18.4 433 32.6 429
0.74 28.1 36.3
0.47 6 1.1 17.5 12.6 10.1
0.247 9.03 12.5
0.16 -23 3.97 1 9.8 2.2
0.082 33 17.3
0.052 —3.8 -0.8 —-3.1 5.9 -1.7
0.027 1.4 8
0.017 —6.6 —-2.2 —6.1 5.9 —6.2

2The results are given as percent inhibition of HSV replication as a function of the total inhibitor concentration.

Each value represents the average of four determinations.

(data not shown). Under these conditions, the CI
and DRI of ACV at the 50% effect level for the
drug combination ratio of 1:2 were calculated to
be 0.6 and 7, respectively, assuming mutually
non-exclusive drugs. Combined results demon-
strate that BILD 1351 SE potentiates the antiviral
activity of ACV in a synergistic manner.

4. Discussion

The purpose of this study was to investigate the
efficacy of selective HSV RR inhibitors either
alone or in combination with ACV under various
cell culture conditions. Previous studies have
shown that peptidomimetic RR inhibitors are ef-
fective against HSV-1 and HSV-2 replication in
serum-starved BHK cells and that they potentiate
the antiviral action of ACV. (Liuzzi et al., 1994,
Moss et al., 1996). To re-evaluate the antiviral
properties of this class of inhibitors, we employed
an ELISA assay based on the detection of the

HSV-1 glycoprotein C. Colorimetric detection of
the late viral antigen gC is proportional to the
amount of virus replication within each cell since
the production of gC requires viral DNA replica-
tion (Roizman and Sears, 1993). Our results indi-
cate that ACV is effective in this assay at
concentrations similar to those reported using
virus yield assays (this report, Liuzzi et al., 1994).
It is noteworthy, however, that the ECs, values
obtained for ACV appear about 5—10-fold higher
than those reported by others using different an-
tiviral assays (O’Brien and Campoli-Richards,
1989; Takeuchi et al., 1991). This divergence has
been attributed to the presence of thymidine in
the defined medium (Brazeau et al., 1982) which
competes with ACV for the viral encoded
thymidine kinase (Reardon and Spector, 1991).
When performing the assay in «-MEM medium,
the average EC,, of ACV dropped to about 0.4
#M (data not shown). Recently, this methodology
has also been adapted for use with other her-
pesviruses or cell lines (e.g. ACV-resistant HSV-1)
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(manuscript submitted), and as discussed below,
the assay is useful to investigate the additive or
possibly synergistic effects of antiviral agents.
With a reliable assay in hand, we have investi-
gated the antiviral efficacy of selective HSV RR
inhibitors using BILD 1351 SE as a prototype,
either alone or in combination with ACV. BILD
1351 SE selectively inhibits the HSV RR since the
structure of BILD 1351 SE is specifically based on
the C-terminal amino acid sequence of HSV RR
small subunit (Liuzzi et al., 1994) that lacks se-
quence homology with mammalian RR
(Cosentino et al., 1991). BILD 1351 SE exhibits
potent in vitro antiviral activity against HSV-1
and HSV-2 in serum-starved cells (Moss et al.,
1996). Because HSV encode a RR that, unlike the
mammalian RR is not subject to allosteric
product inhibition (Erikson and Sjoberg, 1989),
these viruses induce the synthesis of high levels of
dNTP pools in infected cells (Jamieson and
Bjursell, 1976; Daikoku et al., 1991; Liuzzi et al.,
1994; Prichard and Shipman, 1995). Inhibition of
HSV RR by a selective inhibitor such as BILD
1263 SE is associated with a marked reduction in

0.8 4
0.6
o
0.4 4
0.2
0r T T T T d
0 0.2 04 0.6 0.8 1

Fig. 5. F,-CI plots for the combination of ACV and BILD
1351 SE at various ratios against HSV replication in confluent
BHK cells. Data from Table 3 were used to calculate the
combination index (CI) at all effect levels (F,) for each drug
ratio combination assuming mutually non-exclusive conditions
using a computer program as outlined in Section 2. ®, ACV
and BILD 1351 SE at a ratio 5:1; O, ACV and BILD 1351 SE
at a ratio 2:1; [J, ACV and BILD 1351 SE at a ratio 1:1; A,
ACYV and BILD 1351 SE at a ratio 1:2; B ACV and BILD
1351 SE at a ratio 1:5.

the pool size of dGTP but does not affect the
dNTP pools produced by the host RR (Liuzzi et
al,, 1994). ACV, a guanosine analogue is selec-
tively phosphorylated by the HSV thymidine ki-
nase in infected cells and further converted to the
active inhibitor acyclovir-triphosphate (ACTP) by
cellular enzymes to inhibit the HSV DNA poly-
merase and suppress viral DNA replication (Rear-
don and Spector, 1991). As a consequence of the
inhibition of the viral DNA polymerase, the
dGTP levels increase in HSV infected cells (Fur-
man et al., 1982; Spector et al., 1989). Since dGTP
competes with ACVTP for binding to DNA poly-
merase, a reduction of the HSV RR-induced
dGTP pools should result in an increased effec-
tiveness of ACV. Moreover, because of the pres-
ence of pre-existing higher dNTP pools in non
serum-starved cells, a selective HSV RR inhibition
should be less active in those cells. Our results
indicate that BILD 1351 SE efficiently reduced
HSV-1 replication in confluent cells with an ECy,
of 4.1 +1.6 uM. This ECs, value is only 2-fold
higher than that seen with serum-starved cells
(EC5,=2.0+0.9 uM), but statistically different
as determined in a two-tailed unpaired Student’s ¢
test considering the large sample number (n = 10,
P < 0.005). These results thus indicate that BILD
1351 SE is less effective in cells containing high
levels of nucleotide pools and that pre-existing
dNTP pools in confluent cells are not sufficient
for optimal HSV-1 replication.

The results in this study confirm previous re-
ports that RR inhibitors potentiate the antiviral
activity of ACV (Prichard and Shipman, 1990;
Spector, 1993). Our results clearly demonstrate
that the combination of ACV and BILD 1351 is
synergistic against HSV-1 replication both in
starved and non starved BHK cells. Interestingly,
however, the degree of synergy as assessed by the
isobologram method was about the same under
both experimental conditions. Addition of EC,
concentration of BILD 1351 SE caused the ECs,
of ACV to decrease by about 15-fold in confluent
cells and about 17-fold in serum-starved cells.
This observation implies that since the mechanism
of potentiation of the antiviral activity of ACV
involves increasing the ACVTP:dGTP ratio
(Reardon and Spector, 1991; Spector, 1993), the
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combinations of ACV and BILD 1351 SE achieve
similar ratios under both experimental conditions.
Synergy was also evident when evaluating drug
interactions by the median dose-effect method
assuming both mutually non-exclusive and mutu-
ally exclusive conditions. As clearly shown in Fig.
5 in the case of confluent cells, the CI values were
smaller than 1 at all the drug combination ratios
tested at the effect levels of 0.2 and higher. The
highest synergy was seen at a drug ratio of 1:2
with a drug reduction index of 14, in good agree-
ment with isobologram method. From these re-
sults we can expect that a selective HSV RR
inhibitor should also be useful for enhancing the
antiviral activity of ACV in actively replicating
cells since the vast majority of the dNTP pools
under these conditions are produced by the HSV
RR (Daikoku et al., 1991; Prichard and Shipman,
1995).

In conclusion, peptidomimetic compounds such
as BILD 1351 SE represent a new class of antivi-
ral agents which may be clinically useful in the
treatment of HSV disease. BILD 1351 SE appears
as potent as the currently approved antiviral
agent ACV in several in vitro antiviral assays
against wild-type laboratory and clinical isolates
of HSV-1. Like other inhibitors in this class,
BILD 1351 SE inhibits the replication of HSV
strains which are resistant to currently used an-
tiviral agents (Liuzzi et al., 1994) and, as shown in
this report, BILD 1351 SE potentiates the antivi-
ral activity of ACV in cell culture assays. Re-
cently, the potentiated antiviral effect of ACV by
a selective HSV RR inhibitor has been demon-
strated in vivo against ACV-resistant HSV-1 in-
fections in athymic nude mice (manuscript
submitted). Therefore, selective HSV RR in-
hibitors should be useful either alone or in combi-
nation with ACV to improve the outcome of HSV
disease.
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