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cyclopropavir-resistant HCMV is being used to determine if
the cause of resistance to this second generation drug is sim-
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n SARS patients, on infection of SARS virus to cell line
ells.

Methods: The water extracts of seven medicinal herbs and
ve Kampo medicines (traditional Japanese herb medicines),
hich were reported to be used for the treatment of SARS
atients, were studied using HIV/SARS-CoV S pseudotyped
irus assay. The effects were also confirmed by wild type SARS-
oV infection assay. We also examined whether these herbs

nhibit the bindings of anti-S or anti-ACE2 antibody to cells
sing FACS analysis.

Results: Cinnamomi Cortex extract (CCE) and Caryophylli
los extract (CFE) showed inhibitory activities against
IV/SARS-CoV S pseudovirus. The 50% inhibitory concen-

ration (IC50) of the former was lower then those of the latter,
oth of them were less than 60 mg/ml. We also confirmed that
oth extracts inhibited wild-type infection in the plaque reduc-
ion assay. The selective index (SI) of CCE was also higher than
FE. We further examined four fractionated samples from Cin-
amomi Cortex (CC). The SI of the fraction 2 (Butanol fraction)
n the plaque reduction assay was higher than those of CCE. To
nalyze the mechanism of inhibitory effects of herbs we exam-
ned whether the herbs inhibit the binding of anti-S protein and
nti-ACE2 antibodies to cells. These extracts failed to inhibit
he bindings of antibodies to S and ACE2 on cells surface.

Conclusion: These results strongly indicate that CC and
aryophylli Flos (CF) contain a potent inhibitor of SARS-CoV
ntry, and the inhibitor could be enriched in the Butanol frac-
ion of CC. However they apparently did not interfere S/ACE2
nteractions.

oi:10.1016/j.antiviral.2007.01.144
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ptake and Metabolism of Cidofovir and Oleyloxyethyl-
idofovir in Human Papillomavirus Positive ME-180 Human
ervical Cancer Cells

athy A. Aldern 1,2,∗, James R. Beadle 1,2, Julissa Trahan 1,2,
arl Y. Hostetler 1,2

University of California, San Diego, La Jolla, CA, USA;
Veterans Medical Research Foundation, San Diego, CA, USA

early all cervical cancers are caused by the high-risk sub-
ypes of human papillomavirus (HPV) which express the E6
nd E7 oncoproteins. Several groups have shown previously
hat cidofovir (CDV) inhibits HPV+ cervical cancer cell prolif-
ration in vitro by lowering levels of E6, upregulating p53, and
ncreasing susceptibility to apoptosis. CDV has been reported
o have antiproliferative effects against HPV+ cancers, both in
nimals and man. We found that the antiproliferative activity
f alkoxyalkyl esters of CDV, such as oleyloxyethyl-cidofovir
OLE-CDV), is 1000–2700 times greater than CDV in CaSki,

E-180, HeLa, and SiHa human cervical cancer cell lines. To

valuate the mechanism involved, we studied the cellular uptake
f 14C-labeled CDV and OLE-CDV in the cervical cancer cell
ine, ME-180. ME-180 cells were exposed to 3 �M CDV or
LE-CDV for 24 h. Cellular uptake of OLE-CDV was 270-

i
c
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old greater than that of CDV in ME-180 cells. The cellular
evels of CDV, CDVp and CDVpp were measured by Partisil
AX HPLC. Levels of the active metabolite, CDVpp, were 183

imes greater with OLE-CDV than with CDV. These findings
ay explain, at least in part, the previously reported multi-

og increase in the antiproliferative effects of OLE-CDV versus
DV in HPV+ human cervical cancer cell lines. These results

ndicate that alkoxyalkyl esters of CDV, such as OLE-CDV, are
f interest for further evaluation as agents for the treatment of
ervical cancer.

oi:10.1016/j.antiviral.2007.01.145
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election of Human Cytomegalovirus Resistant to a Second
eneration Methylenecyclopropane Purine

atherine Z. Borysko 1,∗, Julie M. Breitenbach 1, Brian G.
entry 1, Jiri Zemlicka 2, John C. Drach 1

Department of Biologic & Materials Sciences, University of
ichigan, Ann Arbor, MI 48109, USA; 2 Karmanos Cancer

nstitute, Wayne State University, Detroit, MI 48201, USA

e recently described a second generation of methylenecyclo-
ropane purines (the bis-hydroxys) that have potent and selective
ctivity against HCMV and MCMV (Zhou et al., 2004. J. Med.
hem. 47, 566). The guanine analog cyclopropavir was effective

n vitro against HCMV and MCMV with IC50’s of 0.27–0.49 �M
nd no cytotoxicity at 100 �M. It was active when adminis-
ered orally in animal models for CMV infections (Kern et al.,
004. Antimicrob. Agent. Chemother. 48, 4745). To investigate
ts mechanism of action, HCMV resistant to this compound
as selected by passage of Towne strain HCMV in the pres-

nce of 0.625 �M cyclopropavir until 50% CPE was evident (2
eeks). Cells were harvested, recombined with supernatant, and
sed to infect 25 cm2 flasks of HFF cells. Cultures were main-
ained with periodic replacement of drug-containing media until
PE was >50% (6 weeks) or nearly 100% (10 weeks). Medium

rom 10-week cultures was used to infect fresh HFF cells. After
weeks in the presence of 2.5 �M cyclopropavir, supernatant

irus was plaque purified in the presence of 2.5 �M drug. An
nitial survey of drug resistance showed that IC50’s for virus
rom five plaque isolates were approximately 10-fold greater
han for wild-type (wt) HCMV. More extensive dose-response
xperiments gave IC50’s of 22 and 42 �M for cyclopropavir
nd ganciclovir compared to IC50’s of 0.9 and 1.5 �M, respec-
ively, for wt virus. DNA sequencing and marker transfer studies
ith HCMV resistant to a first generation analog (synadenol)
ave now shown that mutations M460I and C603Y in gene
L97 are necessary and sufficient to give resistance to both

ynadenol and cyclopropavir. Sequencing UL97 and UL54 from
lar to that responsible for resistance to the first generation
ompound.

dx.doi.org/10.1016/j.antiviral.2007.01.144
dx.doi.org/10.1016/j.antiviral.2007.01.145
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he Combination of Anti-poxvirus Compounds ST-246 and
TP-018 are Synergistic In Vitro

ali Chen 1,∗, Chris Harver 1, Guang Yang 1, Dennis Hruby 1,
obert Andrews 2, Robert Jordan 1

SIGA Technologies, Corvallis, OR, USA; 2 TransTech
haraceuticals, High Point, NC, USA

T-246 and TTP-018 are low molecular weight compounds that
nhibit orthopoxvirus replication through distinct mechanisms
f action (Yang et al., 2005; Bolken et al., 2006). The antivi-
al effects of each compound alone or in combination were
valuated in vitro using drug–drug combination analysis. Using
wo mathematically robust techniques (Loewe Additivity and
liss Independence null reference models of additivity) to ana-

yze the experimental data, significant synergistic effects were
bserved resulting in a decrease in the EC50 value for ST-246
nd TTP-018 of 5-fold and 7.5-fold, respectively. The combi-
ation index (CI) was found to be 0.47 indicating a synergistic
nteraction between the two compounds. Evaluation of the data
sing a three-dimensional dose response model (MacSynergy
I program) generated a synergy volume > 50 unit 2% at the
5% confidence level, implying moderate synergy with poten-
ial importance in vivo. Both analyses confirmed the synergistic
nteraction of ST-246 and TTP-018. In addition, there was no
vidence of cytotoxicity with any of the compounds alone or in
ombination at the concentrations tested. Our findings suggest
hat the combination of ST-246 and TTP-018 produce greater
han additive or synergistic antiviral effects in vitro.

eferences

olken, et al., 2006. Abstract in 2006 FASEB Summer Research
Conference Poxviruses.

ang, et al., 2005. J. Virol. 79, 13139–13149.

oi:10.1016/j.antiviral.2007.01.148
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hiazolobenzimidazoles, a Novel Class of Enterovirus
nhibitors, Target the 2C Protein

rmando M. De Palma 1,∗, Ward Heggermont 1, Erik De
lercq 1, Alba Chimirri 2, Johan Neyts 1

Rega Institute for Medical Research, University of Leuven,
2
euven, Belgium; Dipartimento Farmaco-Chimico, Univer-

ità di Messina, Messina, Italy

espite the fact that enteroviruses are implicated in a vari-
ty of human diseases, there is no approved therapy for the

S
i
p
a
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reatment of enteroviral infections. We previously reported on
series of 2,6-dihalophenyl-substituted 1H,3H-thiazolo[3,4-

]benzimidazoles with anti-enterovirus activity. In order to
nravel the mechanism of action of these compounds, time-of-
rug addition assays were performed, and virus, resistant to the
ost potent compound (CHI-033) was generated. Genotyping

f drug-resistant strains revealed four amino acid mutations in
rotein 2C: K107R, A224V, I227V and A229V. Mutations at the
atter two positions have been described earlier for echoviruses
Klein et al., 2000) that are resistant to [2-(a-hydroxybenzyl)-
enzimidazole] (HBB), which suggests a similar mechanism of
ction Moreover, poliovirus, resistant to guanidine hydrochlo-
ide, another 2C inhibitor has been reported to carry mutations
t positions 225 and 227 (Pincus et al., 1986). This suggests
n important role for the 2C region encompassing amino acids
24–229 in enteroviral replication. To study whether or not indi-
idual mutations are sufficient to confer resistance, either single
utations or multiple mutations are being introduced in a full-

ength infectious clone of coxsackievirus B3. (Cross)-resistance
rofiles will be determined with the selected 2C inhibitors as well
s for other known enterovirus inhibitors. It is our aim to unravel
he precise molecular mechanism by which these compounds
nhibit the function of 2C and thus viral replication.

eferences

lein, et al., 2000. J. Gen. Virol. 81, 895–901.
incus, et al., 1986. J. Virol. 57 (2), 638–646.
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42

elective Phosphorylation of Antiviral Drugs by Vaccinia
irus Thymidine Kinase

mma Harden 1,∗, Kathy Keith 1, Mary Johnson 1,
lexis McBrayer 1, Ming Luo 2, Shihong Qiu 2, Debasish
hattopadhyay 2, Xuesen Fan 3, Paul Torrence 3, Earl Kern 1,
ark Prichard 1

Department of Pediatrics, University of Alabama School of
edicine, USA; 2 Department of Microbiology, University of
labama School of Medicine, USA; 3 Northern Arizona Uni-
ersity, USA

he antiviral activity of a new series of thymidine analogs was
etermined against vaccinia virus (VV), cowpox virus (CV), her-
es simplex virus, and varicella zoster virus. Several compounds
ere identified that had good activity against each of the viruses

ested including (N)-methanocarbathymidine, and a series of 5-
ubstituted thymidine analogs. To investigate the possibility that
hese drugs might be phosphorylated preferentially by the viral
K homologs, the antiviral activity of these compounds were
lso assessed using TK negative strains of some of these viruses.

ome of these compounds were shown to be much less effective

n the absence of a functional TK gene in CV, which was unex-
ected given the high degree of homology between this enzyme
nd its cellular homolog. This unanticipated result suggested

dx.doi.org/10.1016/j.antiviral.2007.01.147
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