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30
ncrease of the Effect of Anti-Enteroviral Chemother-
py Used in Experimental Neurotropic Coxsackievirus B1
nfection in Newborn Mice when a Triple Combination
f Antivirals is Administered in a Consecutive Treatment
ourse

alitsa Vassileva-Pencheva ∗, Angel S. Galabov

The Stephan Angeloff Institute of Microbiology, Bulgarian
cademy of Sciences, Sofia, Bulgaria

Our previous study showed that the triple combination of
isoxaril, guanidine hydrochloride and oxoglaucine, applied in
new manner—consecutive administration of the partners, was
uite effective when given to newborn mice with neurotropic
oxsackievirus B1 infection, achieving around 50% survival
ate. This new consecutive administration approach is especially
uitable for treating enteroviral infections, in which the devel-
pment of resistance is very rapid due to the extremely high
iral mutation rate. The approach aims to restrict the resistance
evelopment in experiments in vivo, using antivirals with proved
igh efficiency in experiments in cell cultures. The partners in
he combination are applied consecutively every third day and
he treatment course begins on the day of the viral inoculation.
n this study we have optimized this scheme of administration
f the combination, examining the influence of the chronol-
gy of the application of the partners. The combination must
tart with disoxaril, followed by guanidine hydrochloride and
xoglaucine. The combinations which start with other antivirals
e.g. oxoglaucine or guanidine hydrochloride – have proved to
e ineffective. Brain samples were taken daily from day 4th p.i.
nwards in order to characterize the viral population in the brains
f the treated mice during the treatment course. The isolates were
urified by threefold cloning and then we studied the virus sen-
itivity to the inhibitors-partners by determining the IC50 values
f each compound in FL cell line using the plaque-inhibition
est of Hermann–Siminoff.

oi:10.1016/j.antiviral.2008.01.144

31
rodrugs of Antiviral Nucleosides Cleavable by Dipeptidyl-
eptidase-IV (CD26)

onsoles Velázquez 1,∗, Alberto Diez-Torrubia 1, M. Teresa
eromingo 1, Carlos Garcı́a-Aparicio 1, Jan Balzarini 2, Marı́a-
osé Camarasa 1

Instituto de Quı́mica Médica (CSIC), Madrid, Spain; 2 Rega
nstitute for Medical Research. KU Leuven, Leuven, Belgium

We have recently (Balzarini et al., 2004) described a novel
nzyme-based prodrug approach that provides conjugates of
herapeutic agents with a peptidic moiety as a carrier wherein
he conjugate [peptide]–[drug] is specifically cleavable by the

ndogenous dipeptidyl-peptidase IV enzyme (DPP-IV) present
n the surface of certain cells or in plasma. The lymphocyte
urface glycoprotein DPP-IV, also known as CD26, belongs
o a group of atypical serine proteases preferentially cleav-

H
o
H
H
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ng X-Pro (or X-Ala) dipeptides from the N-terminus of a
ariety of natural peptides. For proof of the concept, we
ocused on the anti-HIV-1 lipophilic TSAO compounds, since
his retrovirus mainly infect lymphocytes or macrophages that
bundantly express DPPIV/CD26 enzyme in their membrane.
(Xaa-Pro)n]–[TSAO-T] conjugates bearing di- and tetrapep-
ides sequences of different nature were prepared and studied. In
ll cases, DPPIV/CD26 was able to efficiently hydrolyse those
artificial substrates” different from natural peptides. Moreover,
t was possible to modulate the hydrolisis rate (half-life) and
hysicochemical properties of the compounds by modifying the
ature and length of the peptide (Garcı́a-Aparicio et al., 2006,
007). Once validated the prodrug strategy with TSAO deriva-
ives (the peptidic sequence was linked to a primary amino group
hich is bound on an aliphatic alkyl chain), we now study if

he prodrug strategy is feasible in primary amino groups bound
o purine or pyrimidine rings. The synthesis of conjugates of
everal antiviral purine or pyrimidine nucleoside drugs bearing
ifferent di- and tetrapeptide sequences, their ability to act as
fficient substrates of DPPIV/CD26 enzyme and their human or
ovine serum hydrolisis profiles will be herein described.
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32
iochemical Evaluation of a New Potential Antiviral Drug
PMP-5-Azacytosine

van Votruba ∗, Miroslav Hájek, Helena Kaiserová, Eva
loušt’ová, Marcela Krečmerová, Antonı́n Holý

Institute of Organic Chemistry and Biochemistry v.v.i.,
cademy of Sciences of the Czech Republic, Prague, Czech
epublic

(S)-1-[3-Hydroxy-2-(phosphonomethoxy)propyl]-5-
zacytosine (HPMPazaC) is a new 5-aza analogue of a
uccessful antiviral compound HPMPC (cidofovir, Vistide®),
hich has been used for the treatment of cytomegalovirus

CMV) retinitis in AIDS patients. While the initial screening
ests indicated that the antiviral effects of HPMPazaC might
e superior to those of HPMPC, we have investigated the
ntracellular metabolism of a (3H)-labeled HPMPazaC in the
CRF-CEM cells. Nine major metabolites have been found:

PMPazaCp-choline (which may serve as an intracellular depot
f HPMPazaCpp, an active form of the drug), HPMPazaC,
PMPazaU, HPMPazaCp, HPMPazaUp, HPMPazaCpp,
PMPazaUpp and two unknowns–most likely diphosphates

dx.doi.org/10.1016/j.antiviral.2008.01.144
dx.doi.org/10.1016/j.antiviral.2008.01.145
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ith open triazine ring. Interestingly, formation of HPMPazaU
by deamination of HPMPazaC) has not been observed with
PMPC (Cihlář et al., 1992) suggesting that the metabolic
rofile of HPMPazaC is more complex. We have also studied
he effect of HPMPazaC on human telomerase expression since
t is believed that inhibition of telomerase activity could result
n toxicity to normal cells which express telomerase (Tendian
nd Parker, 2000) (contrary to the anticancer treatment where
nhibiting telomerase in cancer cells is a part of therapeutic
ffect). Moreover, inhibition of telomerase activity has been
reviously observed with a number of other acyclic nucleoside
hosphonates (Hájek et al., 2005). Here we demonstrate that
PMPazaC, however, is only a weak inhibitor of human

elomerase expression (IC50 > 500 �M). HPMPazaC is virtually
ree of cytotoxicity at relevant doses (GIC50 > 1 mM HL-60
ells, 72 h). The concentration corresponding to the GIC50 value
auses a cell cycle arrest in S-phase indicating interference
ith DNAreplication. Further studies will be conducted to

larify the interactions of HPMPazaC with cellular replicative
olymerases.
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Microbicide Transmission and Sterilization Assay

MTSA) Defines the Effective Concentration of Topical HIV
icrobicides Required to Suppress Virus Transmission

aren M. Watson ∗, Christa E. Buckheit, Robert W. Buckheit
Jr.)

ImQuest BioSciences, Inc., Frederick, USA

An effective topical anti-HIV microbicide must prevent the
ransmission of virus to target cells in the vaginal epithelium by
oth cell-free virus and cell-to-cell transmission of virus from
nfected lymphocytes in the semen. We have previously reported
he development of a microbicide transmission and steriliza-
ion assay (MTSA) which defines the effective concentration of

microbicide required to totally suppress the transmission of
IV. When compared with results obtained from standard virus

ransmission inhibition assays, the MTSA may be more predic-

ive in determining the concentration of a candidate microbicide
hich must be employed to totally suppress virus transmission

n the clinical setting. We have evaluated the efficacy of several
pproved drugs, potential microbicide candidates representing
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ultiple mechanisms of action, and a group of structurally sim-
lar pyrimidinediones with equivalent activity in the standard
ransmission assays. Our data would suggest that the MTSA
s robust enough to segregate transmission inhibitory capa-
ility between compounds that have highly similar chemical
tructures and biological anti-HIV activities and mechanisms
f action. The results also suggest that the EC50 concentra-
ion defined in standard transmission assays can vary greatly
rom that determined in the MTSA. In some cases (SJ-3339,
C781 and Efavirenz), the EC99 concentration defined in stan-
ard transmission inhibition assays closely approximates the
terilizing concentration defined in the MTSA; in most cases
he two concentrations are very different. The MTSA has also
een optimized to better mimic the sexual transmission of HIV
o include variables such as the effects of viral MOI, the rela-
ive effects of using a cell-free or cell-associated virus inoculum,
he timing of microbicide application, the ability to inhibit drug-
esistant viruses, and activity in the presence of semen or vaginal
uids. We believe the MTSA will address the critical issue of
efining the concentration of a microbicide that will need to
e utilized in human clinical trials and allow direct compari-
on of the relative transmission inhibition ability of different
icrobicide candidates.

oi:10.1016/j.antiviral.2008.01.147

34
tereospecificity, Substrate, and Inhibitory Properties of P-
orano Nucleoside Diphosphates for Creatine, Pyruvate,
nd NDP Kinases

harlotta Wennefors ∗, Mikhail Dobrikov

Barbara-Ramsay Shaw Duke University, Durham, USA

Pyruvate kinase (PK) and creatine kinase (CK) are poten-
ially responsible for the last phosphorylation step of antiviral
ucleoside diphosphates (NDPs) to their nucleoside triphos-
hates (NTPs). NTP analogs with Rp �-P-borano modification
ave proven to be better chain terminators for viral reverse
ranscriptases than their parent compounds. A borane group
s isoelectronic with O in normal phosphate, isolobal with S
n thiophosphates, and isosteric with CH3 in methylphospho-
ates. The low electronegativity of the boron atom may be a
eason why the �-P-borano group accelerates the incorporation
f chain terminators into viral DNA, which in turn increases the
otency of these drugs. Here, effects of nucleobase, ribose, and
-P substitution on the substrate specificities of CK, PK, and
DP kinase (NDPK) are evaluated. CK and PK show opposite

tereospecificity to �-P substitution and may serve as a means
or activation of antiviral �-P-borano substituted NDPs. Direct
inding and TSAC binding affinities of the substrate analogs
ere determined. CK and PK showed two separate binding
odes and negative cooperativity for binding of the second

ubstrate molecule. In steady-state kinetics, the Sp-ADP�B iso-

er was a 70-fold better substrate for CK than the Rp-isomer,
hereas PK showed a preference for the Rp-isomer. Although
p-ADP�B isomer is minimally phosphorylated by CK or PK, it
oes not significantly inhibit either of these important enzymes.

dx.doi.org/10.1016/j.antiviral.2008.01.146
dx.doi.org/10.1016/j.antiviral.2008.01.147

