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eadily available for routine drug screening. Our laboratory has
tilized a cell proliferation assay in Human Foreskin Fibroblast
HFF) cells that is predictive for toxicity in bone marrow. This
abor intensive method uses a Coulter counter to enumerate live
ells and is the current method of choice in our laboratory. We
ave compared this assay with three other assay systems in an
ttempt to automate the assay. Cellular replication was measured
n HFF cells using a neutral red uptake assay, a crystal vio-
et/formalin stained assay, a luminescent assay (CellTiter-Glo,
romega), and our standard cell counting assay. These experi-
ents were conducted in both HFF and human embryonic lung

HEL-299) cells to see if results were cell line dependent. The
eutral red uptake assay is based upon the uptake of a vital
ye by living cells, whereas crystal violet stains all adherent
ells. CellTiter-Glo generates a signal proportional to the amount
f ATP present, which is proportional to the number of cells
resent. We compared a panel of drugs with well-characterized
oxicities in each of the assay systems. Comparison of the IC50
alues from the various assays demonstrated that the cell count-
ng method using a Coulter counter was the most sensitive and
redictive of toxicity in bone marrow. The neutral red uptake and
he luminescent assay were less sensitive, while the crystal vio-
et staining was relatively insensitive. There was no significant
ifference in the HFF and HEL-299 cells regardless of which
ethod was utilized.
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ynthesis and Structure Activity Relationships among
on-nucleoside Analogs of Toyocamycin Active against Her-
esviruses

ack M. Hinkley 1,∗, Katherine Z. Borysko 2,
ulie M. Breitenbach 2, Keenan Bora 1, Shigetada Kosai 1,
ohn C. Drach 1,2, Leroy B. Townsend 1

Department of Medicinal Chemistry, College of Pharmacy,
SA; 2 Department of Biologic & Materials Sciences, School
f Dentistry, University of Michigan, Ann Arbor, MI 48109,
SA

oyocamycin (4-amino-5-cyano-7-�-d-ribofuranosylpyrrolo
2,3-d]pyrimidine) is a cytotoxic nucleoside. In contrast,
ertain of its deoxyribosyl, arabinosyl and acyclic analogs
re less or non-cytotoxic. Some of these analogs have potent
ctivity against HSV and HCMV (Renau et al., 1996. J. Med.
hem. 39, 873). The compounds act by a unique mechanism

Jacobson et al., 1999. Antimicrob. Agnts. Chemother. 43,
888) early in the viral replication cycle (Evers et al., 2004.
ntimicrob. Agnts. Chemother. 48, 3918). The simplest of

hese, the 7-methyl toyocamycin analog, was neither active
gainst herpesviruses nor cytotoxic. The compounds that
ad antiviral activity, however, also had some cytotoxicity.

onsequently we extended the original research and now report

he synthesis and antiviral activity of other 7-alkyl analogs
hat also are substituted in the 6-position. These compounds
ere synthesized in a manner similar to that described by

n
t
o
b
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enau et al. Using this and an analogous procedure, a series of
-amino-5-cyano-pyrrolo[2,3-d]pyrimidines was synthesized
ith either H, Br, or NH2 in the 6-position and alkyl groups

rom methyl to octyl in the 7-position. These changes affected
ctivity against HSV-1, HCMV, and cytotoxicity. In contrast
o the 6-unsubstituted- and 6-Br-7-methyl analogs that were
nactive, the 6-NH2 compound was active against both HSV-1
nd HCMV (IC50’s = 25 and 2 �M, respectively). Increasing
he length of the 7-alkyl group increased activity against both
iruses with propyl or butyl being optimal. Although the
-Br-7-methyl analog was inactive at 100 �M against both
iruses, 6-Br-7-ethyl and longer 7-alkyl analogs were active in
he low to sub-micromolar range. The 6-NH2 analogs exhibited
ome cytotoxicity at 20–70 �M whereas the 6-Br analogs
ere not cytotoxic at 100 �M. Consequently, we conclude

hat compounds such as the 6-Br-7-butyl analog have specific
ntiviral activity against HSV-1 and HCMV.

Acknowledgement: Supported by Contract N01-AI72641
nd Grant U19-AI31718 from NIH and by research funds from
he University of Michigan.
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ombinations of CMX-001 and ST-246 Synergistically
nhibit Orthopoxvirus Replication In Vitro

athy Keith 1,∗, Earl Kern 1, Shalisa Sanders 1, Robin Conley 1,
obert Jordan 2, Dennis Hruby 2, George Painter 3, Mark
richard 1

University of Alabama School of Medicine, Department of
ediatrics, Birmingham AL, USA; 2 SIGA Technologies, Inc.,
orvallis, OR, USA; 3 Chimerix, Inc., Research Triangle Park,
C, USA

he necessity for the development of compounds for use in the
reatment of orthopoxvirus infections originating from either

bioterror release or a natural endemic infection has yielded
everal drug candidates. A few of these are under active devel-
pment for the treatment of orthopoxvirus infections including
T-246 and CMX-001 (HDP cidofovir), that are highly active
oth in vitro and in vivo. Our experiments were designed to
etermine if combinations of these two drugs would result in
nhanced efficacy since: (1) they are the most advanced candi-
ates under development, (2) they have different mechanisms
f action and might be expected to act synergistically, and (3)
hey potentially could be used together in the clinic to avoid cer-
ain issues such as drug resistance. Combination assays were
nitially performed in human foreskin fibroblast (HFF) cells
sing the Copenhagen strain of vaccinia virus. Results from
hese studies revealed a robust synergistic interaction against
iral replication suggesting that this drug combination might
e particularly effective. Simultaneous cytotoxicity controls did

ot reveal any increased toxicity and suggested that it was a
rue antiviral effect. Treating viral infections with combinations
f drugs with different mechanisms of action is advantageous
ecause the combinations can offer improved efficacy at lower

dx.doi.org/10.1016/j.antiviral.2007.01.133
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osages and minimize the development of drug resistance. The
esults of these experiments indicate that combinations of CMX-
01 and ST-246 are particularly effective in the treatment of
rthopoxvirus infections in vitro and suggest that this combina-
ion may also be optimal in treating these infections in animals
nd humans.
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nhibition of Cellular Entry and Spread of Lymphocytic
horiomeningitis Virus by Amphipathic DNA Polymers

ndrew Lee 1,∗, Jillian Rojek 1, Anette Gundersen 1, Jean-
arc Juteau 2, Michael Oldstone 1,3, Andrew Vaillant 2, Stefan
unz 1

Molecular and Integrative Neurosciences Department
MIND), Scripps Research Institute, Canada; 2 REPLICor Inc.
aval, Quebec, Canada; 3 Department of Infectology, Scripps
esearch Institute, Canada

renaviruses merit significant attention as powerful experimen-
al models and the causative agents of several severe human
emorrhagic fevers with high mortality. Lymphocytic chori-
meningitis virus (LCMV) serves as the prototype of the Old
orld arenavirus family and represents a powerful experimen-

al model system for the study of arenavirus pathogenesis and
reatments. In the present study, we tested the activity of novel
equence-independent amphipathic DNA polymers for activity
gainst LCMV. Our findings indicate that REP 9, a 40mer degen-
rate PS-ON is a potent antiviral drug against LCMV infection,
nd revealed a novel antiviral mechanism for this class of drugs
gainst this family of viruses. We determined that REP 9 targets
he viral glycoprotein and blocks the initial steps of infection and
ell-cell propagation of the virus. REP 9 blocks the binding of
CMV to its cellular receptor, a-dystroglycan, and can dissoci-
te the stable virus-receptor complex. There is no apparent effect
f REP 9 on the association between GP1 and GP2 or on the con-
ormation of neutralizing antibody epitopes. Structure-function
tudies revealed that the action of REP 9 is sequence indepen-
ent but has a critical dependence on size and hydrophobicity
s seen for antiviral activity against type 1 enveloped viruses
argeted by this class of compounds. The results herein suggest
EP 9 has potential for treatment and prevention of arenavirus

nfection, and highlight our efforts towards the development of
unique class of anti-arenaviral drugs with a novel mechanism
f action.

Acknowledgements: This work was supported in part by
SPHS grants AI 55540 (M.O. and S.K.) and grant 1U54
I065359 of the Pacific Southwest Regional Center of Excel-
ence for Biodefense and Emerging Infectious Disease (S.K. and
.R.).
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enzimidazole with Broad Spectrum of Antiviral Action

egina Lozytska 1,∗, Dmitry Chikhichin 1, Victror Lozitsky 1,3,
lla Fedchuk 2, Victor Kuz’min 1, Anatoly Artemenko 1, Lar-

sa Shitikova 2, Lubov’ Mudrik 2, Tatjana Gridina 2, Eugene
uratov 1,3

A.V. Bogatsky Phys.-Chem. Institute, NAS of Ukraine,
kraine; 2 Ukrainian I.I. Mechnikov Research Anti-Plague

nstitute, Odessa, Ukraine; 3 Jackson State University, Jackson,
S, USA

enzimidazoles show large-scale biological activity. The series
f benzimidazoles and their derivatives were synthesized.
n antiviral action of 2-methyl-4-dimethyl-aminomethyl-5-
xybenzimidazole was studied. Antiviral efficacy of this
ompound was predicted using developed by us hierarchi-
al QSAR technology for molecular design of the promising
ntiviral compounds. Anti-HSV action was tested using cyto-
orphological method. Hep-2 cells were infected with HSV-1

train US in dose 5 IFU/cell. The cells were incubated in Eagle’s
edium that contained compound in experimental samples or
ithout them in control samples. Then cells were fixed with
6% ethanol and stained with 0.01% acridine orange solution.
he amount of infected cells with DNA-containing virus inclu-
ion bodies was counted by fluorescent microscopy. Anti-HSV
ctivity of compound was calculated as the difference between
f the percentage of infected cells in treated cell cultures to the
ercentage of infected cells in untreated cell cultures.

Anti-influenza activity of the compound was studied on the
odel of replication of human A/Hong Kong/1/68 (H3N2)

nd avian H5N3 and H7N3 strains in tissue culture of chorio-
llantoic membranes of chicken embryos.

Anti-NDV activity was tested on the same model. 2-
ethyl-4-dimethyl-aminomethyl-5-oxybenzimidazole in dose

0 mg/ml decreased amount of cells infected with HSV-1 by
0%. This compound in concentration 100 mg/ml inhibited
f human influenza virus A/Hong Kong/1/68 (H3N2) repli-
ation on 1.0 log10 TID50. In dose 100 mg/ml it decreased of
vian influenza virus H5N3 reproduction on 1.0 log10 TID50. 2-
ethyl-4-dimethyl-aminomethyl-5-oxybenzimidazole did not

how antiviral action in dose 200 mg/ml toward avian influenza
irus H7N3, but this compound was active toward NDV. In con-
entration 100 mg/ml it decreased virus amount on 0.8 log10
ID50.

The results of this research show that benzimidazoles are the
erspective class of compounds for search of new agents with
road spectrum of antiviral activity.
oi:10.1016/j.antiviral.2007.01.137
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