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Abstract

A new bacteriocin, produced by Streptococcus thermophilus 81 has been isolated, purified and characterized. By its heat
sensitivity and broad inhibitory spectrum it does not resemble any other S. thermophilus bacteriocin. The mode of action is
bacteriostatic. This peptide of 32 amino acids is efficient against several Bacillus species, Listeria monocytogenes,
Salmonella typhimurium, Escherichia coli, Yersinia pseudotuberculosis and Yersinia enterocolitica. This bacteriocin is heat
labile but its activity was not altered by pH variation from 3 to 10. Six months of storage at 40°C did not influence the
activity. The inactivation by detergents and the inability to resolve the protein in SDS-PAGE supposes a more complex
structure or a possible stabilizing effect of other molecules. The low sensitivity of Lactobacillus delbrueckii subsp.
bulgaricus to the isolated bacteriocin suggests that S thermophilus 81 may be used in yoghurt starters. [ 1998 Elsevier
Science BV.
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1. Introduction

Sreptococcus thermophilus is a species with
widespread application in milk fermentation pro-
cesses. As a component of starters for yoghurt and
different cheeses S thermophilus is usually culti-
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vated in combination with other lactic acid bacteria
(LAB). In mixed cultures it is necessary to use
strains which do not negatively influence the growth
of each other. In this respect it is important to
investigate the inhibitory activity of the starter
components.

The strains of S thermophilus are rare producers
of bacteriocins and the latter are not well studied.
Large amount of research on LAB bacteriocins was

0168-1605/98/$19.00 [ 1998 Elsevier Science BV. All rights reserved.

Pll: S0168-1605(98)00067-1
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Abstract

Analysis of the RNA sequence of the disoxaril-resistant and disoxaril-
dependent mutants of the Coxsackievirus B1 was carried out. The wild type
disoxaril-sensitive strain (Connecticut 5), two disoxaril-resistant mutants, one
of them produced in FL cells and the other one isolated from brains of newborn
mice, infected with Coxsackievirus B1 and treated with disoxaril, and a disoxaril-
dependent mutant obtained from the resistant strain underwent 9 passages in
cell culture were included in the present study.

A RT-PCR assay with primer sets selected from a region of the
Coxsackievirus B1 genome coding for the capsid protein VP1 was carried out.
A parallel comparative analysis of the sequences of resulting fragments from
the disoxaril mutants studied and the GenBank sequence of origin of the VP1
gene of Coxsackievirus B1 was performed with the BLAST alignment tool.

The resistant mutant obtained in mice was found to be very similar to the
sirain, developed in cell cultures (97%). High degree of similarity (97%) between
the resistant mutant produced in cell cultures and the dependent strain was
observed, as well. The similarity of the resistant and dependent mutants to the
wild strain was only 91-92%.

Introduction

The viruses in the family Picornaviridae are clinically important pathogens
causing variety of human diseases. The main reason for the failure of
antipicornaviral therapy is the quick resistance development. Random genetic
muntation can occur at a very high frequency in a number of RNA viruses and
especially in picornaviruses (Sierra et al., 2000; Crotty et al., 2001). The high
sumber of mutants in the picornaviral population is a result of point mutations
occuring randomly during the viral replication.

Alarge group of picornavirus inhibitors are compounds (WIN compounds)
stabilizing the virion and blocking its uncoating. The target for these compounds
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Disoxaril inhibits enterovirus replication by binding to the hydrophobic pocket within the
VP1 coat protein, thus stabilizing the virion and blocking its uncoating. Disoxaril-resistant
(RES) mutants of the Coxsackievirus Bl (CVB1/RES) were derived from the wild disox-
aril-sensitive (SOF) strain (CVB1/SOF) using a selection approach. A disoxaril-dependent
(DEP) mutant (CVB1/DEP) was obtained following nine consecutive passages of the disox-
aril-resistant mutant in the presence of disoxaril. Phenotypic characteristics of the disoxaril
mutants were investigated. A timing-of-addition study of the CVB1/DEP replication dem-
onstrated that in the absence of disoxaril the virus particle assembly stopped. VP1 RNA
sequences of disoxaril mutants were compared with the existing Gen Bank CVBI1 reference
structure. The amino acid sequence of a large VP1 196-258 peptide (disoxaril-binding re-
gion) of CVB1/RES was significantly different from that of the CVB1/SOF. Crucially im-
portant changes in CVB1/RES were two point mutations, M213H and F237L, both in the
ligand-binding pocket. The sequence analysis of the CVB1/DEP showed some reversion to

CVB1/SOF. The amino acid sequences of the three VP1 proteins are presented.

Key words: Coxsackievirus B1, Disoxaril Mutants, VP1 Amino Acid Sequence

Introduction

A number of studies have shown that the lack
of success in the development of an effective
chemotherapy of enteroviral infections is due
to the extraordinarily fast development of drug
resistance to each of the known specific picorna-
viral replication inhibitors — protein ligands. This
phenomenon is due to the extraordinarily high
mutation rate (10°-10"*) (Richards and Ehren-
feld, 1990) based on the great infidelity of the
viral RNA-dependent RNA polymerase thus giv-
ing rise to a viral population of billions of quasi-
(pseudo-)species. One mutation per each newly
synthesized molecule of poliovirus RNA has been
established (Agol, 2006). This can explain the vast
diversity of clinical manifestations caused by al-
most every one of the members of the Enterovi-
rus genus.

Twenty years ago it was found that WIN com-
pounds (such as arildone, disoxaril, pleconaril)

inhibit the virion uncoating process (Fox et al.,
1986). The direct crystal X-ray analysis of virus-
inhibitor complexes showed that the primary
target structure of this action is the hydrophobic
pocket beneath the “canyon” on the VP1 protein
(Rossmann, 1989). WIN compounds inserted into
a cleft formed by a twisted f-sheet increase the
structural rigidity of the VP1 subunit thus pre-
venting virus uncoating.

Disoxaril is a typical representative of the
WIN compounds — a highly effective inhibitor of
a broad spectrum of entero- and rhinovirus sero-
types. Enterovirus resistance to disoxaril has been
established initially with poliovirus type 3/Sabin
(Mosser et al., 1994). Later this resistance was ob-
served in Coxsackievirus B3 (CVB3) to another
WIN compound, pleconaril (Groarke and Pevear,
1999).

In our previous research (Nikolova and
Galabov, 2003) we have demonstrated the de-
velopment of resistance to disoxaril during treat-
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PERSPECTIVES FOR EFFECTIVE CHEMOTHERAPY OF
ENTEROVIRUS INFECTIONS

A. S. Galabov, L. Nikolaeva-Glomb, I. Nikolova, R. Vassileva-
Pencheva

Department of Virology, The Stephan Angeloff Institute of Microbiology,
Bulgarian Academy of Sciences, Sofia, Bulgaria

Abstract

Human enteroviruses distributed worldwide are causative agents of a broad spectrum
of diseases with extremely high morbidity, including a series of severe illnesses of the
central nervous system, heart, endocrine pancreas, skeleton muscles, etc., as well as the
common cold contributing to the development of chronic respiratory diseases, and the
chronic obstructive pulmonary disease. The above diseases along with significantly high
morbidity and mortality in children, in the high-risk populations (immunodeficiencies,
neonates) definitely formulate the chemotherapy as the main tool for the control of
enterovirus infections. At present, clinically effective antivirals for use in the treatment of

_enteroviral infection do not exist, in spite of the lots of work carried out in this field. The
main reason for this is the development of drug resistance.

The monotherapy courses were the only approach used till now. For the first time in
the research for anti-enterovirus antivirals our team introduced the testing of combination
effect of the selective inhibitors of enterovirus replication with different mode of
action. We studied alongside the process of development of resistance to the strongest
inhibitors of enteroviruses, WIN compounds (VP] protein hydrophobic pocket blockers),
especially in the models in vivo, CVB infections in mice. We introduced the tracing of
a panel of phenotypic markers (MIC,; value, plaque shape and size, stability at 50°C,
pathogenicity in mice) for characterization the drug-mutants (resistant and dependent)
as a very important stage in the study of enterovirus inhibitors. Moreover, as a result of
VP1 RNA sequence analysis performed on the model of disoxaril mutants of CVBI1, we
determined the molecular basis of the drug-resistance, two point mutations — M213H and
F237L, both in the ligand-binding pocket. The sequence analysis of the drug-dependent

mutant showed some reversion to the wild drug-sensitive virus strain.

47



A large-scale study of the combined effect of a series of anti-enteroviral agents
th different modes of action resulted in the selection of a number of very effective in
ro double combinations revealing synergistic character of the combination effect and
road spectrum of sensitive enteroviruses. Two antivirals developed in our previous
dies were involved in these studies, PTU-23 and oxoglaucine. The most prospective
ainment in our study in this field was the development of a novel scheme for the
mbined application of anti-enteroviral substances in coxsackievirus B1 neuroinfection

newborn mice. It consisted of a consecutive, alternating and non-simultaneous,
ministration of the substances in the combination. A triple combination - disoxaril-
anidine.HCl-oxoglaucine (DGO), showing good efficacy was selected. Its effectiveness
s expressed in a marked reduction of mortality rate in infected mice as compared both
the placebo group, and to the partner compounds used alone every day, and to the same
nbination applied simultaneously every day. Studies of the drug sensitivity of viral brain
lates from mice, treated with DGO combination showed not only preserved, but even
reased sensitivity to the drugs included in the combination. Obviously, the consecutive
rnating administration of anti-enteroviral substances hinders the occurrence of drug-

istance in the course of the experimental enteroviral infections in mice.
Key Words: enteroviruses, antivirals, drug-resistance, combination effects

Pesome

PasnpocTpanenn noBceMeCTHO, eHTEPOBUPYCUTE Ca MPHIUHUTEIM HA LIMPOK CIIeK-
) OT 3a60M151BaHMs, BIJTFOYBAIL TEXKH ChCTOSHMS ¢ naronorus Ha [IHC, cepuerto, cke-
HUTE MYCKYIIM U JIp., @ CBIIO TaKa U T. HAp. HACTHHKH, KOUTO 01Xa MOIVIM 2 JIOBEJAT
Pa3sBHTHETO HA XPOHWYHHM PECIMPATOPHM 3a60JABAHMSA ¥ XPOHWYHA OOCTPYKTHBHA
onpobHa Gonect. MHOro BucokaTa 3a601€BaeMOCT U CMBPTHOCT HpHU JIEUATa, KAKTO
PH BUCOKO-PHUCKOBUTE IPYHH (MMYHOAE(QUUNTHH NAMMEHTH K HOBOPOJIEHH) KATEro-
HO OIPEJIENIAT XMMHOTEPANHATA KaTO OCHOBHO OPBXKHE 32 KOHTPOII Ha EHTEPOBUPYC-
€ uH@exuun. HezaBHCUMO OT uHTeH3MBHata paboTa B Tasu oOJACT, Ha TO3M eTal
12 aHTUBMPYCHH NPENapaTh, KOUTO Ja ca KIHHUYHO e(DeKTUBHM 3a JICYEHHE HA TE3U
sexin. OCHOBHATA NPUYHMHA 33 TOBA [ONOKCHUE € PA3BUTHETO Ha JIEKAPCTBEHA pe-
PEHTHOCT.

MznursaHeTo edexTa Ha MOHOTEPAIIEBTHUHM KyPCOBE C EHTEPOBUPYCHH MHXUOUTO-
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pu 0e eNUHCTBEHUST IIOAXO/ p3moi13BaH ocera. HaummaT exun 3a mbpBU BT BEBEJE U3-

ClIeBaHHS BbPXy KOMOMHUPaHHTE e()EKTH Ha CEIEKTUBHY MHXUOUTOPH Ha EHTEPOBUPYC-

Ha seiictBue. Hapen ¢ ToBa, HUE U3CeBaxMe
HaTa peIIMKaLus C pa3auyeH MexaHHU3bM Ha I pea )

MpOIECa HA PA3BUTHE Ha pe3HCTEHTHOCT KbM Haii-e(heKTHBHUTE HHXUOUTOPH HA eHTe-

posupycute — WIN chequHeHHATd (6noxupawn xuapopobuus nxob B 6enreka VPI).

Tesu u3ciensanus Gsxa npopeAcHH OCHOBHO in vivo, Ha MOJeJIM Ha KOKCaku B BHpycHH

unexupy B MULIKY. C e xapaKTEPU3MPaHe Ha JIEKAPCTBEHUTE MYTAHTH (PE3UCTEHTHU

¥ 3BHCHMH), KOETO € MHOro BakHa ¢a3a B U3y4aBaHETO HA EHTEPOBUPYCHHUTE MXMOHU-
b

TOPH, HHE MPEACTABHXME NpOCIEABAHCTO HA MaHe ot ¢enorunuu mapkepu (MUK,
b

(OpMa 1 roJIeMHUHA Ha TUIAKHTE crabunsoct ripu 50° C, matoreHHocT 3a Mulukn). OcBeH
b

TOBA, KATO PE3yJITAT OT cexpeHIMOHEH aHATH3 HA yUacThKa Ha PHK, xonupaiua 6entbka
£

VP1, u3BbpLUEH Ha MOXEN HA JM30KCAPUIIOBUTE MYTAHTH HA CVBI1, Hue ycraHoBuxme
‘.

€3UCTEHTHOCT — JiBE TOUKOBU MyTalun (M213H
MOJIEKY/IHATa OCHOBA Ha JlekapCTBEHATA P y (

u F237L), HaMupaiy ce B uMrani-CBbP3BaLIHs J0k00. CeKBEHIIMOHHUAT aHAIN3 Ha Jie-
g

KApCTBEHO-3aBUCHMHS MyTaHT poxa3sa eHa peBepCus KbM JUBHA JIEKAPCTBEHO-4YBCTBU -
TEJIEH BUPYCEH 1laM.

[lInpokomaraGHo npoy4BaHe Ha xoMOHHUpaHUs eheKT Ha CepUsl OT aHTU-EHTEpO-

BUPYCHHM areHTH C pa3jiMyeH MexaHu3bM Ha neﬁcmue JOBEAEC N0 l'l01160pa Ha peauna

MHOI'O C(i)eKTHBHH in vitro IIBOﬁH” KOMGHHaI_lMHH, KOHTO I10Ka3axa CHHEPru4€H Xapaxkrep

Ha KOMGMHMPaHHS edekT Npy WHPOK CIIEKTBD OT HyBCTBUTE/IHH CHTEPOBUPYCH. B Te3u

eKCIIepUMEHTH 6Xa BKIIoueH| 1 /182 eHTepOBUPYCHH HHXUOHTOPA, Yniito edekr be no-

KA3aH 3a BPBY IIHT IPY HalA [IpeMILHK U3CIIE/IBAHMS - PTU-23 u oxcornayuu. Hai-

[EPCHEKTHBHOTO ITOCTHKEHUE ga HallMTE IIpOyYBaHUA 6e IpUJIaraHeTo Ha HOBa CXeMa

3a KOM6[/[H”paﬂ() npujarage Ha AHTU-EHTEPOBUPYCHHU BEUIECTBA [IPH KOKCAKH B HEBpO-

HHQ)CKU.HX B HOBOPOJEHH MULIKH. Ta3u cxema ce CbCTOM B MOCJIEA0BATEIHO peayBailo

ce, a He eAHOBPEMEHHO, Npuiaraie Ha BellecTBaTa B komOuHauuaTa. be nogbpaHa eqHa
b : ]

TpoiiHa KOMOMHALUSL — oKcoryayHH-TBAHUIH HCl-oxcornayuus (DGO), nokaspama

7106pa AHTHBUPYCHA AKTUBHOCT. Heiinara e)eKTUBHOCT c€ M3pa3sBa B OTYETIIMBA HaMa-

JIABAHE HA CMBPTHOCTTA Ha 3apa3CHMTE HHUBOTHH, TIPH CPaBHEHNC ¢ manebo rpynara,

C rpynuTe TPETMPAHU exegHeBHO © MOHOTEPAINEBTHYEH KypC OT I[apTHHUPAIIMTE CH B

KOMOMHALMATA BEIIECTBA, KAKTO H € komOuHanuaTa DGO npu exegHeBHO €IHOBpEMEH-
£

HO TpHjaraHe Ha TPUTE c'bell]/ﬂ{eHHﬂ. W3cienBaHeTo Ha JieKapcTBeHaTa 4yBCTBUTEIHOCT

Ha BUPYCHM MO3bYHH H30N1aTH p3€TH OT MUIIKH, TPECTUPAHH C Ta3y KOMOMHAUM MoKa3a
. £ ]
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RESEARCH ARTICLE

Detection of cytomegalovirus (CMV) DNA by
PCR in patients with unknown inflammatory
eye diseases

ABSTRACT

Cytomegalovirus (CMV) is well known as pathogenic agent of intraocular
inflammatory diseases. Light microscopy and immunohistochemical studies have
limitations in the identification of this virus, but detection and typing viral DNA
with Polymerase Chain Reaction (PCR) offers a rapid, highly specific, and easily
interpretable means of identifying CMV in patients with ophthalmic lesions. Two
patients (34-year-old male and 48-year-old male) who developed retinitis with
unknown causative agent were studied for presence of CMV DNA. We used PCR
kit for the qualitative detection of Cytomegalovirus (CMV 500/800 IC) provided
for us by “Sacace Biotechnologies”. The target of the PCR reaction was the
“Major Immediate-Early” (MIE) gene. Positive and negative controls were used
to avoid false results. Our PCR analysis showed the presence of CMV-DNA
within the samples.

Key words: Cytomegalovirus, CMV, DNA, PCR, inflammatory eye disease

total DNA isolation. We used the protocol supplied by the
manufacturer. 100 pl of each sample, 10 pl if Internal

Intraocular inflammation caused by viral infection is one
of the major known types of endogenous inflammatory eye
diseases (Koizumi et al., 2008). Herpesviruses are common
pathogens of retinitis but uncertain identification of
herpesvirus primary infection and reactivation symptoms can
make diagnosis difficult (van Boxtel et al., 2007). CMV
rarely causes retinitis in non-immunocompromised adults but
is typical in congenitally infected neonates (Usui et al.,
1993). It is well known that a number of ocular surface
diseases such as papillary conjunctivitis, chronic blepharitis,
or dry eye are associated with infections by this family of
viruses due to their ubiquitous nature (Ergazaki et al., 1994;
Karavellas et al., 2001; Martin et al., 2002; Eid et al., 2008).
In the present study, we employed PCR method to detect
viral DNA in aqueous humour from two patients with
clinically diagnosed retinitis.

Materials and Methods
DNA extraction

DNA-Sorb-B Kit (Sacace Biotechnologies) was used for

Control and 300 pl of Lysis Solution were mixed together in
appropriate tubes. The tubes were incubated for 5 min at
65°C then centrifuged briefly for 7-10 sec. 20 pl of DNA
Sorbent was added to each tube followed by incubation for 6
min at room temperature. Then all tubes were centrifuged for
30 sec at 5000g. The supernatant from each tube was
removed by a micropipette without disturbing the pellet. 300
pl of Washing Solution 1 were added to each tube followed
by centrifuging for 30 sec at 8000g. The supernatant was
removed and discarded. 500 pl of Washing Solution 2 were
added to each tube this time. The supernatant was removed
and discarded again. This step was repeated and then the
tubes were incubated with open cap for 5 min at 65°C. The
pellet was resuspended in 50 pl of DNA-eluent and incubated
for 5 min at 65°C. The tubes were centrifuged for 1 min at
120009 and the DNA in supernatant was ready to be used for
PCR amplification.

Control DNA

The positive and negative controls used in this study were
supplied in the CMV 500/800 IC Kit.
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Investigation of Antioxidant and Antiviral Properties of Geraniol
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Abstract

Geraniol is an acyclic monoterpene alcohol with characteristic rose-like odour. It is an important
constituent of Bulgarian Rosa alba L. and Rosa damascena Mill. essential oils. The purpose of the present
study was to investigate antioxidant ability as well to reveal the potential for antiviral activity of geraniol
against the replication of viruses belonging to different taxonomic groups and representing important hu-
man pathogens. Geraniol significantly depressed the effect of oxidation - it showed good ability to capture
2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals and to inhibit lipid peroxidation in a egg liposomal suspen-
sion. Geraniol showed low cytotoxicity toward HEp-2 cells. It was tested in vitro for its activity against
viruses representing important human pathogens assigned to different taxonomic groups: coxsackievirus
B1 (CV-B1) from the Picornaviridae family, respiratory syncytial virus (RSV) from the Paramyxovir-
idae family, and influenza virus A/Aichi/68/H3N2 from the Orthomyxoviridae tfamily. In vitro antiviral
effect was examined by the virus cytopathic effect inhibition assay. Geraniol showed antiviral activity only
against CVBI1 - the ratio of selective index is 3.9. The investigated biological properties of geraniol, includ-
ing good antioxidant and antiviral activities against some virus families, together with negligible toxicity,
warrant further studies to explore the feasibility of formulating geraniol-containing consumer products with
health promoting properties.
Key words: geraniol, antioxidant activity, antiviral properties

Pe3rome

I'epanunon e anuKIMYEH MOHOTEPIIEHOB AJIKOXOJI C XapaKTepeH MUpHC Ha po3a. Toll € Ba)kHa CbCTaBHA
4acT OT €TePUYHUTE Maciia Ha Obarapckara Rosa alba L. m Rosa damascena Mill. llenta Ha HacTOSIIIOTO
IpOy4BaHEe € Jla C€ M3CJIe[Ba aHTHOKCHJIAHTHATa CIIOCOOHOCT, KAaKTO M Jia C€ pa3Kpue MOTEeHLHasla 3a
AHTUBUPYCHA aKTUBHOCT Ha FEPaHUOJI CpPElly PEIIMKAlUsATa Ha BUPYCH, IPUHAAIEKAIIN KbM Pa3IndHU
TaKCOHOMUYHHU TPYIIH, KOUTO Ca Ba)KHU YOBEILIKU NaroreHu. [ epannon nokasza 1o0pa ciocoOHOCT /1a yiaBs
2,2-nudenun- 1 -nmukpunxuapasui (DPPH) pagukanu u ga mHXUOUpa IUNUIHATA TIEPOKCUAALINS B MOJIETTHA
CUCTEMa OT siifueHu 1uno3oMHu. [ epannon geMoHcTprpa HUCKa HUToTOKcHuYHOCT KbM HEp-2 knetku. In vitro
Oellie TeCTBaHA HEroBaTa aKTUBHOCT CPEIy BUPYCH, KOUTO Ca BaXKHH YOBEIIKH MAaTOT€HU, IPUHAICKAIIH
KbM pa3iuyHu TakcoHomuuHu rpynu: Kokcaku Bl Bupyc (CV-Bl) ot cemeiictBo Picornaviridae,
pecnipatopen cuniutuaneH Bupyc (RSV) ot cemeiictBo Paramyxoviridae v rpunien Bupyc A/Aichi/68/
H3N2 ot cemeiictBo Orthomyxoviridae. AHTUBHUPYCHUAT ePeKT Oelre W3ClIeaBaH in Vitro B MMOCTaHOBKA
Ha MHoroiukioB LIIE (muronaruyueH eexT)-uHxubupai Tect. [ epaHron nokaza aHTUBUPYCHO JCHCTBHE
camo cpeury CVBI - cenexktuBHuat unnekc € 3.9. M3cnenBannte 6MOJ0THYHN CBOWCTBA HA T€PAHUOI, CPEJL
KOWTO ca 100paTa aHTUOKCUIAHTHA U aHTHUBUPYCHA aKTUBHOCT CPEIIly HSIKOW BUPYCHHU CEMEHCTBA, 3a€/IHO
C HE3HauUMTEIHATa TOKCUYHOCT, HaJlaraT MIPOBEKIAHETO Ha JON'BJIHUTEIHH U3CIIEABaHMS, 32 Ja CE IPOy4H
MIPUJIOKUMOCTTA Ha T€paHUOI-ChAbPKAIUTE MPOTYKTH ¢ JOOPH 3IpaBOCIOBHU IMOKA3aTENH.

*Correspondence to: Milka Mileva
E-mail: milkamileva@gmail.com
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Anti-enteroviral triple combination of
viral replication inhibitors: activity against
coxsackievirus Bl neuroinfection in mice

Adelina Stoyanova', Ivanka Nikolova', Gerhard Pt'jrstingerz,
Georgi Dobrikov?, Vladimir Dimitrov?, Stefan Philipov® and
Angel S Galabov'

Abstract

Background: Chemotherapy is an important tool for controlling enterovirus infections, but clinically effective anti-
enterovirus drugs do not currently exist, mainly due to the development of drug resistance. We investigated
the combination effects of enterovirus replication inhibitors in order to limit this process. In previous studies, we
showed the efficacy of consecutive alternating administration of the triple combinations disoxaril/guanidine/oxoglaucine
and pleconaril/guanidine/oxoglaucine against coxsackievirus Bl infection in newborn mice. Drug sensitivity tests of
the viral brain isolates showed that these drug combinations prevented the development of drug resistance.
Methods: In the current study, we replaced guanidine-HCI with enteroviral RNA synthesis inhibitor MDL-860 to test
the effect of a new triple combination—pleconaril/MDL-860/oxoglaucine—applied via consecutive alternating adminis-
tration in newborn mice infected subcutaneously with 20 MLDs( of coxsackievirus Bl.

Results: The pleconaril/MDL-860/oxoglaucine combination via consecutive alternating administration showed high
activity at the 75 mg/kg MDL-860 dose: a protective effect of 50% and a pronounced suppression of brain virus titers.
Moreover, along with prevention of drug resistance, a phenomenon of increased drug sensitivity was established.
MDL-860 sensitivity in pleconaril/MDL-860/oxoglaucine increased 8.2 times vs. placebo (29 times vs. monotherapy)
on day 7 and oxoglaucine sensitivity—4.9 times vs. placebo (by 6.8 times vs. monotherapy) on day 13. As concerns
pleconaril, a demonstrable prevention of drug resistance was registered without increase of drug sensitivity. Daily,
simultaneous administration of pleconaril/MDL-860/oxoglaucine showed no protective effects and led to a rapid devel-
opment of drug resistance.

Conclusions: These results add new support for using consecutive alternating administration treatment courses to
achieve clinically effective chemotherapy of enterovirus infections.

Keywords
Animal model, compounds, drug combination, drug resistance, picornaviridae

In recent decades, the interest on the role of entero-
viruses (EVs) in human infectious pathology has
increased.'® This is in part due to the large number
of investigations carried out on a series of EV-induced
infections manifested for the first time by epidemic
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spread in several regions of the globe, for example,
the enterovirus 71 (EV 71) epidemic in Southeast
Asia*’ and EV D68 in the USA.® Moreover, EVs are
causative agents of an unusual phenomenon for the
infectious pathology: one virus, in one region, during
one period of time (the summer season), to cause more
than 10 different clinical pictures affecting different

2Institute of Pharmacy, University of Innsbruck, Innsbruck, Austria
3Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian
Academy of Sciences, Sofia, Bulgaria

Corresponding author:

Angel S Galabov, The Stephan Angeloff Institute of Microbiology,
26 Academician Georgi Bonchev St., Sofia, Bulgaria.

Email: galabov@microbio.bas.bg.



Antiviral Research 121 (2015) 138-144

Contents lists available at ScienceDirect

ANTIVIRAL
RESEARCH

Antiviral Research

journal homepage: www.elsevier.com/locate/antiviral

Effect of consecutive alternating administration (CAA) of a triple
anti-enteroviral combination on Coxsackievirus B1 neuroinfection
in mice

@ CrossMark

Adelina Stoyanova, Ivanka Nikolova, Angel S. Galabov *

Department of Virology, The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, 26 Acad. G. Bonchev Str., 1113 Sofia, Bulgaria

ARTICLE INFO ABSTRACT

Article history:

Received 26 March 2015
Revised 15 July 2015
Accepted 16 July 2015
Available online 18 July 2015

Currently, clinically effective antivirals for use in the treatment of enteroviral (EV) infections do not exist.
The main reason is the development of drug resistance, the principle obstacle in the development of EV
infection chemotherapy, based til now on monotherapy. The most important achievement of our previ-
ous studies was the development of a novel scheme for in vivo application of a triple combination of EV
inhibitors with different modes of action against Coxsackievirus B (CVB) infections in mice. It consists of
consecutive alternating administration (CAA) of the substances in the combination. Here, we tested the

Keywords: effect of the triple combination pleconaril, guanidine-HCl, and oxoglaucine (PGO) via CAA in newborn
CVB1 NS . . . . . . .

Mice mice infected with a neurotropic strain of CVB1 (20 LDso per mouse). This combination manifested a con-
Pleconaril siderable protective effect with pleconaril doses of 25-200 mg/kg: it decreased mortality rate (protection
Oxoglaucine index, PI, between 31.3% and 67.7%) and increased mean survival time (MST) by 4-6 days. Pleconaril

monotherapy demonstrated activity similar to that of PGO via CAA, as measured by PI values, but MST
values were slightly lower. However, it also greatly suppressed growth of infected suckling mice, espe-
cially at 200 mg/kg. This toxic effect was avoided with CAA of PGO at pleconaril doses of 25-100 mg/kg.
Pleconaril monotherapy administered every 3 days was ineffective. The PGO with CAA treatment course
decreased infectious virus content, whereas pleconaril monotherapy did not. Analysis of drug-sensitivity
in brain samples from CVB1 infected mice, based on ICsq (50% inhibitory concentration) values from cell
culture experiments, showed that the CAA course counteracted the development of drug resistance to
pleconaril and oxoglaucine in the triple PGO combination and increased drug sensitivity. In contrast, ple-
conaril and oxoglaucine monotherapies resulted in drug resistance. This data clearly proves the effective-
ness of the proposed novel approach—the CAA treatment course—for combined application of EV
replication inhibitors.

Guanidine-HCI
Drug sensitivity

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Human enteroviruses, distributed worldwide, are causative
agents of a broad spectrum of diseases with enormously high mor-
bidity, including a series of severe illnesses that involve pathologies
of the CNS, heart, p-cells of pancreas, skeletal muscles, and so on.
With the common cold, they contribute to the development of
chronic respiratory diseases, including chronic obstructive pul-
monary disease. It should be stressed that there is significantly high
morbidity and mortality in children and high-risk populations (peo-
ple with immunodeficiencies, neonates) (Pallansch and Roos, 2006;
Tan, 2005; Mallia et al.,, 2007). The unusually large number of

* Corresponding author.
E-mail address: galabov@microbio.bas.bg (A.S. Galabov).

http://dx.doi.org/10.1016/j.antiviral.2015.07.004
0166-3542/© 2015 Elsevier B.V. All rights reserved.

enterovirus serotypes that are causative agents of clinical illness
hamper the establishment and introduction of anti-enterovirus
vaccines. All these facts point to chemotherapy as the main tool
for controlling enterovirus infections. The high prevalence of inap-
parent cases (more than 85%) (Morens and Pallansch, 1995;
Pallansch and Roos, 2006; Strauss and Strauss, 2008) is a strong
argument for beginning administration of specific anti-enteroviral
chemotherapeutic agents during the disease latency period. Such
urgent prophylaxis is especially indicated for all children during
enteroviral infection outbreaks in childcare settings (nursery
schools, kindergartens, primary schools, pediatric hospital units,
and so on) (Morens and Pallansch, 1995). Doing so could result in
reduced risk of acquired diabetes and other severe forms of
enterovirus-induced infections (Hyoty et al., 1995; Hyoty and
Taylor, 2002; Galabov and Angelova, 2006).
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Abstract

Human enteroviruses distributed worldwide are causative agents of a broad spectrum of diseases
with extremely high morbidity, including a series of severe illnesses of the central nervous system,
heart, endocrine pancreas, skeleton muscles, etc., as well as the common cold contributing to the
development of chronic respiratory diseases, including the chronic obstructive pulmonary disease.
The above mentioned diseases along with the significantly high morbidity and mortality in children,
as well as in the high-risk populations (immunodeficiencies, neonates) definitely formulate the che-
motherapy as the main tool for the control of enterovirus infections. At present, clinically effective
antivirals for use in the treatment of enteroviral infection do not exist, in spite of the large amount of
work carried out in this field. The main reason for this is the development of drug resistance. We
studied the process of development of resistance to the strongest inhibitors of enteroviruses, WIN
compounds (VP1 protein hydrophobic pocket blockers), especially in the models in vivo, Coxsa-
ckievirus B (CV-B) infections in mice. We introduced the tracing of a panel of phenotypic markers
(MICsp value, plague shape and size, stability at 50°C, pathogenicity in mice) for characterization of
the drug-mutants (resistant and dependent) as a very important stage in the study of enterovirus inhi-
bitors. Moreover, as a result of VP1 RNA sequence analysis performed on the model of disoxaril
mutants of CVB1, we determined the molecular basis of the drug-resistance.

The monotherapy courses were the only approach used till now. For the first time in the research for
anti-enterovirus antivirals our team introduced the testing of combination effect of the selective inhi-
bitors of enterovirus replication with different mode of action. This study resulted in the selection of
a number of very effective in vitro double combinations with synergistic effect and a broad spectrum
of sensitive enteroviruses. The most prospective attainment in our examinations in this field was the
development of a novel scheme for the combined application of anti-enteroviral substances in cox-
sackievirus B1 neuroinfection in newborn mice. It consisted of a consecutive, alternating and non-
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simultaneous administration of the substances in the combination. The triple combination - disoxa-
ril-guanidine. HCIl-oxoglaucine (DGO) showed a high effectiveness expressed in the marked redu-
ction of the mortality rate in infected mice as compared both to the placebo group, and to the partner
compounds used alone every day, and to the same combination applied simultaneously every day.
The studies of the drug sensitivity of viral brain isolates from mice treated with DGO combination
showed not only preserved, but even increased sensitivity to the drugs included in the combination.
Obviously, the consecutive alternating administration of anti-enteroviral substances hinders the
occurrence of drug-resistance in the course of the experimental enteroviral infections in mice.

Key words: enteroviruses, antivirals, drug-resistance, combination effects.

Enteroviruses in human pathology

Human enteroviruses, members of a large
genus in the Picornaviridae family, are distri-
buted worldwide and represent the most com-
mon of human viruses, possibly infecting a bil-
lion or more individuals annually and resulting
in hundreds of thousands of hospitalizations
per year in the developed world only (Pal-
lansch, 2011). Enteroviruses are very efficient
infective agents although the majority of infe-
ctions are asymptomatic or mild in their clini-
cal course (Morens, 1995; Pallansch, 2006;
Strauss, 2008). The contagiousness is such that
actually, if an individual in a given group deve-
loped the symptoms of an enteroviral infection,
it would be certain that all members of the
group were infected (Pallansch, 2011). Along-
side the asymptomatic or mild clinical course
of the majority of infections, a wide variety of
diverse syndromes and diseases are associated
with non-polio enterovirus infections. The most
common clinical manifestation is the upper res-
piratory tract discomfort (Chuang, 2010), fever,
and, occasionally, mild gastrointestinal symp-
toms (Morens, 1995). But non-polio enterovi-
ruses may cause a broad spectrum of diseases
due to their ability to affect various organs and
systems including the central nervous system,
the respiratory system, the skin, the heart, the
pancreas, the eyes. The most common tissue
specific localization of the enteroviral infection
is the central nervous system, resulting in asep-
tic meningitis, or much more rarely, in ence-
phalitis. Some enteroviruses may manifest tro-
pism to other definite tissues like the cardio-
tropic coxsackieviruses or those viruses affec-
ting the pancreatic beta cells, but the tropism is
neither unique, nor specific (Archard, 1987;
Tauriainen, 2011). Disseminated infection can
lead to exanthema, non-specific myalgias or se-
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vere multiorgan disease in neonates (Morens,
1995). Individual serotypes can be associated
with different clinical manifestations and vice
versa, a particular clinical manifestation can be
caused by several different serotypes (Strauss,
2008). Severe and life-threatening conditions,
such as meningitis, encephalitis, neonatal sep-
sis, myocarditis, pancreatitis, as well as further
complications and some chronic diseases later
in life, i.g. insulin dependent type 1 diabetes
mellitus (Hyoty, 2002; Galabov and Angelova,
2006) and dilated cardiomyopathy (Schulthe-
iss, 2006) can be attributed to an enterovirus
infection, especially early in life. Symptomatic
infections include also the summer cold, her-
pangina, hand-foot-and-mouth disease, pleuro-
dynia (Bornholm disease), rashes, hemorrhagic
conjunctivitis, uveitis, chronic fatigue syndro-
me. Human rhino viruses, which comprise
another numerous group within the enterovirus
genus, cause the common cold in individuals of
all ages contributing to the possible develop-
ment or exacerbation of chronic respiratory
diseases later in life (Tan, 2005; Mallia, 2007).
All enteroviruses due to their high stability in the
environment can also be the causative agents of
nosocomial outbreaks, particularly severe in
neonatal units and nurseries (Aitken, 2001).

Chemotherapy in the control

of enterovirus infections

As the number of human enteroviruses is
quite big and their mutation rate is rather high,
it is considered that efforts for the development
of a successful vaccine would not lead to an
efficient control. This definitely formulates che-
motherapy as the main tool to overcome the
infection. What is more, the new strategy for
poliomyelitis eradication claims for the deve-
lopment of safe and efficient anti-polio drugs.
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Abstract Cervical carcinoma is the second most common
malignancy among women in both incidence and mortality.
Although much is known about the etiology and treatment
of cervical cancer, the role of genetic alterations in the
multistep pathway of cervical tumorigenesis is largely
unknown. The aim of this study was to characterize the
genomic changes in the cervical pre-cancerous lesions and
tumors, induced by different types of human papillo-
maviruses. In this research was used the BlueGnome
CytoChip oligo 2 x 105 K microarray for whole-genome
oligo-array CGH. Microarray CGH analysis of 40 speci-
mens was carried out—12 specimens from patients with
early-stage squamous cell carcinomas; 19 specimens from
patients with mild to moderate dysplasia and 9 with severe
dysplasia. First we performed microarray CGH analysis of
five DNA pools which contained the DNA from homoge-
neous groups of patients. The results revealed presence of
micro chromosomal aberrations in chromosome region
14q11.2. According to the genome database these aberra-
tions represent polymorphisms. Microarray analysis of
DNA from 9 separate carcinoma lesions revealed a total of
26 aberrations in 14 chromosomes of nine patients. Our
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results showed the advantages of high-resolution chips in
the clinical diagnosis of patients with cancerous and pre-
cancerous lesions caused by viral infection with HPV, but
also highlight the need for extensive population studies
revealing the molecular nature and clinical significance of
different CNVs and the creation of detailed maps of vari-
ations in the Bulgarian population. This would facilitate
extremely precise interpretation of specific genomic
imbalances in the clinical aspect.

Keywords Human papillomavirus - Microarray CGH
analysis - Genomic aberration - CNV - Cervical cancer

Introduction

Cervical cancer (CC) is the second most common cancer in
women worldwide, affecting 500,000 individuals each year,
and it is the main cause of death of women with cancer in
developing countries. Despite the damage caused by the
oncoviral proteins, CC is a rare complication of the viral
infection because most infections are transient and do not
evolve into neoplastic lesions. Although 95 % of the patients
with precancerous lesions harbor HPV, only a small fraction
of the cases eventually progress to invasive cancer [25]. On
average, it takes 12—-15 years before a persistent HPV infec-
tion may, via the premalignant stages of cervical intraep-
ithelial neoplastic lesions (CIN), lead to CC. These findings
suggest HPV infection alone does not cause the disease and
other factors, such as abnormal host genes, could be associ-
ated with the development of invasive cancer. Further iden-
tification of such genetic alterations is critical in our
understanding of the molecular basis of CC development [18].

Several genomic regions have been identified with
changes in the number of DNA copies copy number-altered

@ Springer
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Abstract

Squamous cell carcinomas (SCCs) are the most common malignancy in the
head and neck region. Common risk factors in head and neck squamous cell carcino-
ma (HNSCC) are smoking and alcohol abuse, however, in an increasing proportion
of cases, no significant smoking or drinking history has been reported.

Approximately 35 years ago, a role of human papillomavirus (HPV) in cervi-
cal cancer was postulated. Today, it is well established how this very heterogeneous
virus family represents an important human carcinogen, causing not only the vast
majority of cervical and ano-genital tumors, but also a variable number of cancers
in other districts of the human body including the head and neck. The fifth leading
cause of cancer mortality rate proved oropharyngeal squamous cell carcinoma (OP-
SCC) — throat cancer associated with positive results for the presence of HPV. HPV
oral and oropharygeal cancers are harder to discover than tobacco related cancers
because the symptoms are not always obvious to the individual who is developing
the disease, or to professionals that are looking for it. They can be very subtle and
painless. We present cases of three patients (47-year-old male, 48-year-old male and
55-year-old male) diagnosed with benign warts in the oral cavity were studied for
the presence of HPV DNA. We used PCR kit for the qualitative detection of human
papillomaviruses (REF V-10/14-50F) provided for us by “Sacace Biotechnologies™.
The targets of the PCR reaction were E6, E2, E1, L1 genes. Positive and negative
controls were used to avoid false results. Our PCR analysis showed the presence of
HPV-DNA (HPV 6) within the samples.

Key Words: Human papillomavirus, PCR, oropharyngeal squamous cell carcinoma

Pesrome

[TnockoknerbunuTe KapruHomu (SCCs) ca Haif-4ecToTo 370KaYeCTBEHO 3a00-
NsBaHE B 00JACTTa Ha IVlaBaTa U IIHsATa Ha YoBeka. Haii-o0mure pucKoBH GakTopH
3a pasBuTHE Ha pak B obnacrTa Ha rasara (HNSCC) ca TIOTIOHOIYIIECHETO M 3710-
ynorpebara ¢ ankoxoi. [Ipe3 mocneqHuTe ToquHM obave pacTar Cly4auTe Ha TO3H
BHJI 3a00/5BaHe IPH XOpa, KOUTO HE Ca M3JI0XKEHH Ha TE3H PUCKOBH (aKTOpH.

IIpeau 35 romuHu ce 10Ka3a poisTa Ha YOBEIIKKs nanunoMeH Bupyc (HPV) npu
paka Ha MaTo4yHara Iuiika. Jlnec e 100pe H3BECTHO, Y€ BUPYCH OT TOBA XETEPOTCHHO
CeMENMCTBO MpEICTABISIBAT BaKeH KaHIEpOreHeH (aKkTop 3a 40oBEKa, IPUYHHSIBANKH
HE CaMO paKk Ha MaTO4HaTa IIHMHKa, a ¥ aHO-TEHUTAIHA TYMOPH, KaTo Be4e UMa JaH-
HHU M 32 pasaudeH Opoil 370Ka4ecTBeHH 3a00sBaHusA B APYTH 00IaCTH HA YOBEIIKO-
TO TsAJIO, BKIIOYUTEIHO IIaBaTa M musATa. Ilerara Boxema npu4ymMHa 3a CMBPTHOCT
OT pakoBH 3a00JsBaHus ce oka3sa opodapunreanaus kapuuaom (OPSCC) - pak Ha
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I'BPJIOTO, ACOLUUPAH C MOJOKUTEIHH PE3Y/ITaTH 38 HAIMYHUE Ha HPV. PakoBure 3a-
GoJISIBAHMS HA yCTATa M ThPJIOTO, CBBP3aHU C BUPYCHA €THOJIOTH, Ca MO-TPY/IHH 33
OTKPHBAHE OT Te3H CBbP3aHH C TIOTIOHOIYLICHETO, Thif KaTO CHMITOMHUTE HE BUHAIH
ca OYEBMIHH 32 MAIMEHTa U JIEKyBaIlus ro jekap. B Hacrosmara pabora npezacra-
BsIME TPUMa MALUEHTH, ¢ IHAarHo3a 100pOKaveCcTBEHNA OpazaBULH B yCTHATa KyXH-
Ha, H3CIe/BaHH 32 Hanmune Ha BupycHa JIHK. 3a nenta u3nonssaxme nojaMMepasHo
BeprokHa peakist PCR KHT 32 Ka4eCTBEHO OTKPUBAHE HA HOBCLIKUTE IMAITHIOMHH
supycu (REF V-10/14-50F, ,,Sacace Biotechnologies®). MuieHara Ha IOJIMMEPa3HO
BEpIIKHATA PeaKiHs Osxa BUPYCHUTE ICHH E6, E2, E1 u L1. 3a Banuaupane Ha pe-
3yaTaTHTE 6SXa M3MOI3BAHH TIONIOXUTEIHY U OTPUIATEIHA KOHTPOIIH. Pesynrarure
HH oKasaxa Haymure Ha BupycHa JJHK (HPV 6) BbB BCHYKH H3C/IC1BAHN mpoou.

Introduction
Squamous cell carcinomas (SCCs) are the most common malignancy in the

head and neck region. The most common risk factors for cancer in the head and
neck (HNSCC) are smoking and alcohol abuse (Ragin and Taioli 2007; NCCN 2016;
Soares et al. 2015). Common risk factors in head and neck squamous cell carcinoma
(HNSCC) are smoking and alcohol abuse, however, in an increasing proportion of
cases, no significant smoking or drinking history has been reported (Kumar et al.
2008; Frakes et al. 2016).

Approximately 35 years ago, a role of human papillomavirus (HPV) in cervical
cancer was postulated (Gillison et al. 2012; Ukpo et al. 2013). Today, it is well estab-
lished how this very heterogeneous virus family represents an important human car-
cinogen, causing not only the vast majority of cervical and ano-genital tumors, but
also a variable number of cancers in other districts of the human body including the
head and neck. The fifth leading cause of cancer mortality rate proved oropharyngeal
squamous cell carcinoma (OPSCC) — throat cancer associated with positive results
for the presence of HPV (O’Rorke et al. 2012; Lohaus et al. 2014; Ward et al. 2014).

Undoubtedly, all problems referring to the prophylaxis of socially significant
diseases in Bulgarian population are current. Nowadays, a particular attention is pay-
ing to the etiological factors of the treated disease, making the topic of the current
study up-to date, as well as the research on the molecular mechanisms underlying
in the oropharyngeal carcinoma and in that way the prevention and treatment of this
disease will be improved.

Until now, molecular epidemiological survey on virus-throat cancer in Bulgari-
an patients has not been conducted.

There are over 100 types of human papillomavirus. Many people get infected
with it in certain moment of their lives. Two strains of human papilloma virus are
associated with the greatest risk of cancer — HPV 16 and HPV 18. It is believed that
HPV 16 is responsible for about 60% of cervical cancers, 80% of the diseases of

anal cancer and 60% of cancers of the mouth. Treatment and prognostic analysis of
the disease depends on demonstrating the link between human papillomavirus and
developing oropharyngeal cancer (Hong et al. 2010).

Approximately 8260 cases of throat cancer are registered every year in our
country, of which statistically around 4000 are fatal, putting it in fifth place as a
leading cause of death from cancer. Some studies have shown that the incidence
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Enteroviruses (EV) are non-enveloped, single-stranded (+) RNA
viruses belonging to the Picornaviridae family. This large family
includes several pathogens that are implicated in a wide range of
clinical manifestations, affecting humans as well as animals.
Indeed, enteroviruses are responsible for at least 10-15 million
symptomatic infections yearly. EV may also be linked to even more
serious illnesses, which can subsequently be life-threatening. Such
threads includes meningitis, encephalitis, myocarditis and insulin
dependent diabetes etc.! Coxsackieviruses, and in particular Cox-
sackie B group, have often been associated with the development
of myocarditis, which may lead to sudden death in young adults
or progress to dilated cardiomyopathy if untreated.>~* Over the
past decades, several classes of non-peptidic compounds have been
reported to be selective inhibitors of enterovirus replication after
in vitro testing (cell culture experiments). However, a sharp dis-
crepancy exists between the antiviral activity established in vitro
and in vivo (experiments involving laboratory animals). In contrast
with hundreds virus replication inhibitors showing in vitro effects
less than twenty manifested some in vivo activity. Unfortunately,
the efficient anti-enteroviral chemotherapy for clinical use is still
not established. The development of drug-resistance is the main
reason for the lack of antivirals in clinical use for enteroviral infec-
tions.” Nevertheless, some anti-enteroviral compounds have

* Corresponding authors.
E-mail addresses: gmdob@orgchm.bas.bg (G.M. Dobrikov), galabov@microbio.
bas.bg (A.S. Galabov).
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A series of twelve novel compounds, analogues of antiviral agent MDL-860 were synthesized and their
antiviral activity was evaluated in vitro against enteroviruses poliovirus 1 (PV1), Coxsackieviruses B1
(CVB1) and Coxsackieviruses B3 (CVB3). Compounds 14, 24 and 25 manifested strong antiviral effects
against CVB1 and PV1 (SI values of 405 and 118 for CVB1 and PV1 respectively). In contrast to the wide
anti-enteroviral activity of MDL-860, these three compounds were inactive against CVB3. Compounds 14,
24 and 25 along with MDL-860 were tested in vivo in mice infected with CVB1. Marked protective effects
of compounds 14 and 24 were established, PI values of 50% and 33.3%, respectively. In addition, almost all
of the tested compounds manifested very low toxicity.

© 2017 Elsevier Ltd. All rights reserved.

entered clinical trials — isoxazoles (“WIN compounds” - disoxaril,
pleconaryl), pirodavir and its analogues, imidazolidinones, chal-
cones, flavanes, diarylethers etc. (Fig. 1).°

Diarylether derived compound MDL-860 (2-(3,4-dichlorophe-
noxy)-5-nitrobenzonitrile, also known as DNB) was first reported
in 1980's. Indeed MDL-860 possesses a broad-spectrum of in vitro
activity against picornaviruses, by inhibiting an early event in virus
replication, after initial uncoating.””® MDL-860 mechanism of
action was elucidated in our recent publication, the identified tar-
get being the host phosphatidylinositol-4 kinase IIT beta (PI4KB).
MDL-860 also elicited in vivo efficacy in a model of coxsackievirus
B3 (CVB3) induced myocarditis.'® The promising results inspired
the development of many analogues of MDL-860 over the past dec-
ades. For example, Markley et al.'' synthesized and tested over
than 70 diarylethers (and their isosteric analogues) against several
piconaviruses. The latest work of Piirstinger et al. reports on the
synthesis of 60 new diarylethers and their activity against CVB3
replication.'? All obtained results clearly showed that the 2-
cyano-4-nitrophenoxy group is an essential building block for the
existence of antiviral activity of this class of compounds. However,
varying the substituents in the other aromatic ring can have a sig-
nificant impact on both the antiviral activity and cytotoxicity. Iden-
tified hit compounds, usually contain two to three halogen atoms
in the second aromatic ring.

Despite the reported promising results, recently this class of
compounds has been neglected in terms of further investigation
with respect to their antiviral activity. Thus, the current study
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Abstract

The cytotoxicity of four merocyanines (L-6, L-8, L-9 and L-10) on monolayer cell
culture MDBK was determined. The lowest toxicity of all compounds showed L-9 (CCs =
843.5uM), followed by L-10 (CCsy = 603.5uM). Highest toxicity showed L-8 (CCsy =
11uM).

The antiviral activity of the substances on the replication of herpes simplex virus type 1
(HSV-1) was determined. The significant effect on the replication of intracellular HSV-1
showed substances L-10 with a selective index (SI) = 20.8.

The effect of the test substances on the activity against the virulence of the extracellular
HSV-1 virions was also investigated. Activity was determined in five time intervals: 15, 30,
60, 90and 120 minutes. The strongest activity showed L-8 which decreases the virus titer with
Alg =2, followed by L-6, L-9 and L-10 with Alg = 1.75.

Keywords: Herpes simplex virus type |, viral replication, antiviral drugs, therapy, synthesis,
acyclovir (ACV)

Introduction

Herpes simplex virus (HSV) exists as two types: HSV-1 and HSV-2, of which HSV-1
primarily causes infections of the mouth, throat, face, eyes and central nervous system but can
also cause genital infection. HSV can cause various diseases but is most often characterized
by the formation of lesions on the skin and mucous membranes of the infected area. After the
primary infection, the virus always forms latent lifetime infection. Especially severe herpes
infections are those in the eye [17] and herpes encephalitis [23]. HSV-1 may lead to partial
damage to the nervous system and increase the risk of developing Alzheimer's disease [8, 9,
6]. One of the diseases ending often fatal is Neonatal herpes simplex caused by vertical
transmission of HSV (type 1 or 2) from the mother to the newborn [1, 20].

Acyclovir (ACV) as well as other nucleoside analogues are effective in the treatment
of HSV infections, but in a number of cases therapy fails due to the occurrence of ACV-
resistant mutants [4, 14, 22]. Therefore, it is necessary to find new therapies whose
mechanism of action is different from that of acyclovir.

For the past decades, many studies were conducted in the field of photodynamic
inactivation of viruses. Numerous efforts have been made to seek new methods of virus
inactivation because of their ability to develop resistance to antiviral agents. Particular
attention is paid to photosensitizers and their antiviral activity in the treatment of
contaminated blood as no side effects in cells or plasma proteins are seen in this process [3, 7,
11,13].
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ABSTRACT

New hyperbranched polymer modified with six 1,8-naphthalimide units (P1000-Napht) was tested in vitro for antimicrobial activity
against Gram-positive bacteria Bacillus subtilis and Bacillus cereus, Gram-negative bacteria Pseudomonas aeruginosa and
Acinetobacter johnsonii, and the yeasts Candida lipolytica. The new modified polymer displayed moderate to good antimicrobial
potential against the tested strains. The effect of the P1000-Napht on membrane permeability of bacterial cells was evaluated, and
cytotoxicity assay was performed against HEp-2 cell line. The antibacterial finishing of the treated cotton fabric and polylactic acid film
was assessed toward Gram-positive and Gram-negative bacteria. The obtained results suggest that the new modified dendritic polymer
may be developed as promising antimicrobial alternative for biomedical application.

Keywords: antimicrobial activity, antibacterial cotton fabrics, cytotoxic activity, hiperbranched polymer, 1,8-naphthalimide, polylactic

acid films.

1. INTRODUCTION

The emergence of microbial resistance to conventional
antibiotics is a serious threat to the effectiveness of current
antimicrobial therapy [1]. Therefore, the discovery of novel
antimicrobial agents to which the pathogenic microbes cannot
develop resistance easily is one of the major medical concerns of
the 21% century [2]. Nanomaterials could serve as a long-term
solution to the growing problem of antimicrobial resistance
because they have shown antimicrobial effect against a wide range
of drug-resistant pathogens. Dendrimers are a special class of
nano-sized, polymeric macromolecules with highly branched
three-dimensional architecture consisting of an initiator core, a
radiating interior structural layer composed of repeating
generations (G0-G10), and end-groups attached on an outer layer
of repeat units [3, 4]. These end-groups can be functionalized, thus
modifying physicochemical or biological properties of dendrimers
[5]. The low polydispersity and the ability to precisely control
their surface chemistry make dendrimers especially useful for
pharmaceutical and biomedical applications [6-9]. Many
researchers are focused on dendrimers as potential antimicrobial
compounds or agents improving antibacterial or antifungal activity

2. EXPERIMENTAL SECTION

The syntesis and characterization of HBP P1000-Napht
(Scheme 1) have been described recently [14].
Microorganisms. The antimicrobial activity of the new HBP
P1000-Napht was tested against the following model pathogenic
strains (Collection of the Institute of Microbiology, Bulgarian
Academy of Sciences): Gram-positive bacteria Bacillus subtilis
and Bacillus cereus, Gram-negative bacteria Pseudomonas
aeruginosa and Acinetobacter johnsonii, and the yeasts Candida

of existing chemotherapeutics [10]. As the mechanism by which
dendrimers kill or inhibit the growth of bacteria depends in
particular on the type of dendrimer peripheral groups, special
design is required for the synthesis of dendrimers for biomedical
applications [11]. It has been found that dendrimer biocides are
more potent than both polymeric biocides and small molecule
biocides. The significant improvements of biocide action of
dendrimers are attributed to the high number of functional groups
in a compact space and their polycationic structure [12].

Hyperbranched polymers (HBP) are a class of synthetic
tree-like macromolecules called dendritic polymers with densely
branched structure and a large number of end functional groups
[13]. Recently, a new fluorescent HBP containing 1,8-
naphthalimide units in the side-chain of a commercial HBP,
designated as P1000-Napht, has been synthesized for the first time
through click chemistry, and its photophysical properties have
been investigated [14]. In the present study, the antimicrobial,
biofilm inhibitory and cytotoxic activities of the newly
synthesized P1000-Napht are investigated and some possible
applications are discussed.

lipolytica. The cultures were maintained at 4°C on Mueller-Hinton
agar (MHA\) slants and transferred monthly.

Agar diffusion assay. The antimicrobial activity of the P1000-
Napht was firstly tested by the agar well diffusion assay. MHA
plates of 3-4 mm thickness were seeded with aliquots of overnight
grown test cultures. Stock solution of the investigated HBP in
DMSO (0.5%) was prepared and equal amounts (30 pl) were
added into wells (8 mm in diameter) punched into MHA.

Page | 3053
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Abstract

The cytotoxicity of two salts of violuric acid (K-12 and K-98) on monolayer cell culture
MDBK was determined. Both substances showed close toxicity values K-12 (CCsy = 640uM)
and K-98 (CCsp = 630 uM).

The antiviral activity of the substances on the replication of herpes simplex virus type 1
(HSV-1) was determined. Stronger effect on the replication of intracellular HSV-1 showed
substances K-98 with a selective index (SI) = 74. Significant activity also demonstrates and
the other substance K-12 (SI = 64).

The effect of the test substances on the activity against the virulence of the extracellular
HSV-1 virions was also investigated. Activity was determined in five time intervals: 15, 30,
60, 90 and 120 minutes. A low virucidal effect is marked at 30 minutes with Alg = 1.5 for
both compounds. K-12 showed a higher inhibition value of Alg = 1.75 when measured at 90
min which has time-dependent properties.

Keywords: Herpes simplex virus type I, viral replication, salts of violuric acid, therapy,
synthesis, acyclovir (ACV)

Introduction

According to the World Health Organization data, more than 3.7 billion people aged up to
50 years (67%) of the world's population have HSV-1 infection. Primary infection with the
virus is most common in infancy through oral-to-oral contact. More than 417 million people
aged between 15-49 years (11%) worldwide have an HSV-2 infection that is defined as
sexually transmitted. The results are even more disturbing, considering that more than 140
million people aged between 15-49 years have an already established genital HSV-1 infection,
also taking into account the fact that both HSV-1 and HSV-2 are lifetime infections (8).

Therapy against the replication of herpes simplex viruses based on the use of nucleoside
analogues, the largest application of which received acyclovir (ACV), has been developed.
The disadvantage of this therapy is the relatively rapid formation of resistant mutants, leading
to failure of the treatment (3).

Therefore, numerous studies have been carried out in different directions, both with
natural and synthetic products for the detection of new therapies against herpes infection (3,
7).
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Testing of Silanes for Antiviral Activity
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Abstract

Forty-three organosilicon class of compounds were tested for antiviral activity using a wide scope
screening program in vitro (in cell cultures) including eight model strains of viruses belonging to seven tax-
onomic groups including causative agents of infections in which applications of chemotherapy is indicated.
The results obtained demonstrated a marked activity of di(hexadecanoyloxy)diphenylsilan (compound 27)
only against human cytomegalovirus (SI = 30.9). A marked activity toward this virus at a low m.o.i. was
recorded also by 1-o-dimethyl(octadecyl)silyl-(2,3,4,6-o-tetraacetyl-B-D-glucopyranosid) (compound 20).
Small to borderline effect against this virus was found by silanes 2, 7, 15, 19 and 34, at silanes 2, 3 and 25
toward influenza virus A(H3N2) and at silane 9 versus vaccinia virus. As concerns the cytotoxicity it was
established a strong variation towards different cell cultures used, the higher susceptibility of the HEp-2
cells been recorded.
Keywords: silanes, antiviral testing, in vitro, cytotoxicity

Pe3rome

Yetupuaecer U TpU ChEAMHEHHUS OT Kjaca OPraHOCWIMKOHM OsiXxa W3MUTaHU 32 aHTUBHPYCHA
aKTHUBHOCT 4pe3 IIUPOKO-CIIEKThbpHA CKPUHUHIOBA MPOTpaMa in Vitro, ChCTOSIA CE OT OCEM MOJCIIHU
[IaMOBE Ha BUPYCH, NMPUHAUICKAITA KbM CEIEM TAKCOHOMHYHH TPYIH, BKIIOYBAIIM NMPUYMHUTEITH Ha
nH(pEKIUH, TPU KOUTO € TMOKa3aHOo MpUIoKeHHe Ha xumuorepanus. [lomyueHuTe pesynraru mokaszaxa
OTYETIMBA AKTHUBHOCT Ha JU(XEKCAaHOWIOKCH)audeHuncunan (cheauHeHne 27) camo Cpelry YOBEIIKHS
uutoMeranoBupyc (SI = 30.9). OtyeTnuBa akTUBHOCT CHPSIMO TO3U BUPYC IPU HUCKA MHOXKECTBEHOCT Ha
uH(pekuusTa 6€ 0OTYeTeHa ChIIO OT 1-0-auMeTu(oKTaaeI)cuini-(2,3,4,6-0-B-D-mmokonupano3un) (Cb-
enunenue 20). Cnab 1o rpaHudeH eQeKT CupsMo TO3U BUpYC Oe HamepeHa mpu cunanu 2, 7, 15, 19 u 34,
npu cuinanu 2, 3 u 25 cpenty rpunes Bupyc A(H3N2) u npu cunan 9 cpenty Bupyc Bakiunue. 11lo ce kacae
710 IIUTOTOKCUYHOCTTA, YCTAHOBEHO O€ CHIIHO BapHpaHe CIPSIMO PA3IUYHUTE U3IOI3BAHU KIEThYHU KyJI-
TYPH, KaTO Hali-BICOKA YyBCTBUTEIHOCT Oe oTyeTeHa npu kietku HEp-2.

Introduction
The presented organosilicon class of com-  sugar-organosilicon compounds as well as the ves-
pounds comprises di(acyloxy)dialkyl silanes, di(a-  icles formed by these compounds (Siosomes®) can

cyloxy)diaryl silanes, di(acyloxy)dialkoxysilanes,  be varied on a broad basis, thus enabling adapta-
tetra(acyloxy)silanes and sugar-organosilicon com-  tion to a particular problem. A large number of the
pounds — mono-, di- or trialkyl, alkoxysilyl sugar  silanes and sugar silanes such as alkylsilylsilanes,
(saccharide(s)) as pyranosid. alkoxysilylsilanes, alkylsilylphosphonate, alkylsi-
By appropriate composition of the four sub-  lylphosphites, hydroxyl and methoxy derivatives
stituents at the central silicon atom, the properties ~ of the sugar silanes and diemethylalkylsilylethyl
and uses of both the non-aggregated organo- and  saccharides have been prepared and physicochem-
ically characterised These compounds can be used:

* Corresponding author: 26, Academician Georgi Bonchev Str., BG-1113, (1) n non-aggregated form, as organosilicon and
Sofia; galabov(@microbio.bas.bg; phone: +359 2 870 0108; q: N
fax: +3g5928V7%@01109 &P sugar-organosilicon molecules; (ii) in aggregated
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ARTICLE INFO ABSTRACT

A series of 60 nitrobenzonitrile analogues of the anti-viral agent MDL-860 were synthesized (50 of which are
new) and evaluated for their activity against three types of enteroviruses (coxsackievirus B1, coxsackievirus B3
QSAR and poliovirus 1). Among them, six diaryl ethers (20e, 27e, 28e, 29e, 33e and 35e) demonstrated high in vitro

Keywords:
Coxsackieviruses

Is\l}fnm;SiS (sl activity (SI > 50) towards at least one of the tested viruses and very low cytotoxicity against human cells.
M‘S’E’ Se6nozomm es Compound 27e possesses the broadest spectrum of activity towards all tested viruses in the same way as MDL-

860 does. The most active derivatives (27e, 29e and 35e) against coxsackievirus B1 were tested in vivo in
newborn mice experimentally infected with 20 MLDs of coxsackievirus B1. Compound 29e showed promising in
vivo activity (protection index 26% and 4 days lengthening of mean survival time). QSAR analysis of the sub-
stituent effects on the in vitro cytotoxicity (CCsp) and anti-viral activity of the nitrobenzonitrile derivatives was
carried out and adequate QSAR models for the anti-viral activity of the compounds against poliovirus 1 and

Anti-enteroviral

coxsackievirus Bl were constructed.

1. Introduction

Enteroviruses are members of the Picornaviridae family, comprising
small non-enveloped viruses with single stranded positive sense RNA
genome. They are usually agents of mild infections but also cause en-
cephalitis, myocarditis, poliomyelitis, acute heart failure, and diabetes
mellitus. Enteroviruses are subject to significant changes over time
because of errors introduced during genome replication. Intraspecies
recombination between enteroviruses is also common, further pro-
moting genetic diversity. This genetic plasticity allows for widespread
epidemics and sporadic outbreaks to occur. Enteroviruses are now
classified into 15 distinct species. Among them are polioviruses (causal
agents of poliomyelitis in humans and nonhuman primates), coxsackie
A viruses (associated with herpangina, human central nervous system
disease, and flaccid paralysis in suckling mice), coxsackie B viruses
(human central nervous system and cardiac disease, diabetes, spastic
paralysis in mice), and the echoviruses (nonpathogenic in mice, and not

* Corresponding authors.

initially linked to human disease). New strains of coxsackievirus Bl
(CVB1), enterovirus-A71 (EV-A71), and enterovirus-D68 (EV-D68) have
emerged as causes of recent outbreaks in the United States, South-
Eastern Asia, and other countries, including more severe disease man-
ifestations than previously described. A recent outbreak of CVB1 has
once again demonstrated the epidemic potential of enteroviruses. In
mid-2007, cases of severe neonatal disease due to CVB1 were re-
cognized nearly simultaneously in several USA cities. In general, this
virus was recognized as one of the most commonly circulating en-
teroviruses in USA between 2009 and 2013 [1].

Significant progress has been made in the global effort to interrupt
poliovirus transmission and eradicate polio. However, attempts to
eliminate poliovirus 1 (PV1) circulation are still running in countries
like Afghanistan, Pakistan and Tadjikistan, but progress has been de-
layed by factors that have made vaccination unavailable for approxi-
mately 5-25% of children in the region [1]. In addition, to the best of
our knowledge, an efficient and approved chemotherapy against

E-mail addresses: galabov@microbio.bas.bg (A.S. Galabov), gmdob@orgchm.bas.bg (G.M. Dobrikov).
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Abstract: For the first time a fluorescent hyperbranched polymer modified with acridine (P1000-Acrid) was tested in vitro
for antimicrobial activity against different model pathogens. The results showed strong activity of the compound against the
used Gram-positive and Gram negative bacteria and yeasts. Cytotoxicity effect of P1000-Acrid has been studied towards
HEp-2 cell line. The antibacterial finishing of cotton fabric treated with the P1000-Acrid was evaluated towards Gram-
positive and Gram-negative bacteria. It has been shown that the studied P1000-Acrid polymer reduces bacterial growth and
prevents the formation of biofilm. The obtained results indicate that the studied P1000-Acrid hyperbranched polymer possess
good antimicrobial potential with the greatest effectiveness against the used Gram-positive strains.

Keywords: Hyperbranched polymer, Acridine, Antimicrobial activity, Cytotoxicity, Antibacterial cotton fabric

Introduction

The rapidly increasing emergence of antibiotic resistant
pathogenic bacteria creates an urgent need for alternative
antibiotics with new mechanisms of action [1]. Acridine
derivatives are very promising organic fluorophores which
can emit fluorescence with different color and intensity
depending of their molecule polarisation. Acridine is a
heteroaromatic polycyclic molecule that is well known for
its DNA intercalating abilities and pharmacological properties.
To date, many acridine derivatives have been synthesized
and exhibited a broad spectrum of biological activities such
as anticancer, antimicrobial, antitubercular, antimalarial,
antiviral and antifungal activities [2,3].

Hyperbranched polymers (HBP) are highly branched three-
dimensional macromolecules with unique structures and
properties such as abundant functional groups, intramolecular
cavities, low viscosity, and high solubility [4]. Their
pharmaceutical and biomedical applications are of great
interest and have been extensively investigated. Recently,
the synthesis and spectroscopic properties of a new fluorescent
acridine-modified hyperbranched polymer (P1000-Acrid)
has been described [5]. It has been shown that the polymer
emits yellow-green fluoresence and has pH sensor properties.
The preliminary test for screening its microbiological
activity against different Gram-positive and Gram-negative
bacteria and yeasts has shown promising results.

In the recent years, due to the resistance of pathogenic
microorganisms to a number of products widely used in
medical practice, antimicrobial properties of textile materials

*Corresponding author: evaston@yahoo.com
*Corresponding author: i.grabchev@chem.uni-sofia.bg
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have been intensively investigated. Antibacterial textile
materials have find different practical applications as
hospital bed linen, wound dressing, surgical implant tissues,
surgical sutures, towels, filters, work clothes, etc. due to
their potential for reducing the transmission of infections in
medical and healthcare environments [6]. Different synthetic
organic compounds, quaternary ammonium salts, metal ions
and nanoparticles with antimicrobial properties are used as
biologically active compounds [7]. In this regard in our
group, we conduct systematic investigations in search of
new effective compounds with antimicrobial activity. An
important part among them is the modified with fluorophores
dendrimers and hyperbranched polymers that exhibit biological
activity at low concentrations [8,9]. The use of such structures
in the preparation of antibacterial textile materials is a new
direction in our investigations [10-13].

In the present study, more detailled studies of antimicrobial,
biofilm inhibitory and cytotoxic activities of the new P1000-
Acrid have been performed. The first investigation of
antimicrobial activity of cotton fabric treated with the new
acridine derivative has also been assessed.

Experimental

The synthesis and characterisation of hyperbranched
polymer P1000-Acrid (Scheme 1) has been described
recently [5]. All organic solvents and chemicals used in this
study have been used as obtained from Sigma-Aldrich
whitout any adistional purifications.

Treatment of Cotton Fabric with P1000-Acrid
0.005 g of P1000-Acrid was dissolved in 5 m/ ethanol-
water 1:4 (v/v) solution. Cotton fabric sample (1 g) (weight



& Thieme

Anti-Herpes Simplex Virus Type 1 Activity of Specially Selected

Groups of Tannins

Authors

Neli Vilhelmova-llieva', Rémi Jacquet?, Denis Deffieux?, Laurent Pouységu?, Tahiri Sylla2, Stefan Chassaing?,

Ilvanka Nikolova', Stéphane Quideau?, Angel S. Galabov'

Affiliations

1 Department of Virology, The Stephan Angeloff Institute of
Microbiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

2 Univ. Bordeaux, ISM (CNRS-UMR 5255), Cedex, France

Key words
ellagitannins, gallotannins, herpesvirus, antiviral screening
in vitro

received 23.03.2018
accepted 01.06.2018

Bibliography

DOI https:/[doi.org/10.1055/a-0640-2557
Published online: 2018

Published online: 2018 Drug Res

© Georg Thieme Verlag KG Stuttgart - New York
ISSN 2194-9379

Correspondence

Stéphane Quideau

University of Bordeaux

ISM (CNRS-UMR 5255)

351 cours de la Libération

Talence

F-33405 Cedex

France

Tel.: +33/5/40 00 62 82, Fax: +33/5/40 00 69 94
stephane.quideau@u-bordeaux.fr

Angel S. Galabov

The Stephan Angeloff Institute of Microbiology
Bulgarian Academy of Sciences

26 Georgi Bonchev Street

BG-1113, Sofia

Bulgaria

Tel.: +359/2/870 0108, Fax: +359/8700109
galabov@microbio.bas.bg

ABSTRACT

Anti-herpes simplex virus (HSV-1) activity of 9 ellagitannins,
including 6 natural compounds (castalin, vescalin, acutissimin
A, epiacutissimins A and B, mongolicain) and 3 vescalagin syn-
thetic derivatives (VgSBuSH, VgSOctSH, VgOMe), and 13 gallo-
tannin-type compounds [Gal-01A, Gal-01B, Gal-02A, Gal-02B,
Gal-03M, Gal-04A, Gal-04B, Gal-05M, Gal-07, Gal-08, Gal-09,
Gal-11M (tannic acid), as well as Gal-12 (gallic acid), Gal-13 and
Gal-14 (ellagic acid)] were examined in MDBK monolayer cell
culture. Their antiviral activity was determined by the cytopath-
ic effect (CPE) inhibition test and their cytotoxicity was evalu-
ated through the neutral red uptake assay. In general, the series
of ellagitannins showed a significantly stronger activity against
HSV-1 replication than that of the gallotannins. Six of the tested
ellagitannins manifested a well-pronounced activity: epiacutis-
simin B (selectivity index, SI>60.6), epiacutissimin A (SI>55.5),
acutissimin A (SI>34.8), mongolicain (SI>32.5), VgSBuSH
(SI>24.6) and VgOMe (SI>22.0). Four gallotannin-type com-
pounds inhibited the replication of HSV-1 at a lower but still
significant extent: Gal-04B (SI>35.7), Gal-04A (SI>28.5), Gal-
11M (tannic acid) (SI>25) and Gal-05M (SI=15.6).

Introduction

Infection with HSV-1 is highly contagious and ubiquitous worldwide.
In most cases, infection with the virus occurs during childhood and
is lifelong. HSV-1 infection usually manifests itself as oral herpes (in-
fection around or inside the mouth called oral-labial or oral-facial
herpes), and HSV-2 is the main causative agent of genital herpes (in-
fection in the genital or rectal area). In many cases, HSV infections
can lead to clinically expressed diseases of liver, lungs, eyes, and cen-
tral nervous system. The primary infection is usually asymptomatic,
butit can lead to gingivostomatitis, sometimes associated with phar-
yngitis or with small localized lesions. Then, the virus is transported

Vilhelmova-llieva N et al. Tannins Against HSV Type 1... Drug Res

via peripheral sensory nerves to the trigeminal sensory ganglion,
which subsequently led to the establishment of a lifelong latent in-
fection. Upon external stimulations (overexposure to wind, cold, wet,
heat, sun, and other triggers), latent virus reactivates and causes the
recurrence of the disease [1].

The clinically established chemotherapy against HSV infections
is routinely based on the utilization of anomalous nucleosidic ana-
logs that reduce the duration of symptoms of HSV invasion and lead
to more rapid healing of the lesions. The nucleosidic analogs used
have structural similarities with the natural nucleosides, and they
are capable of blocking the elongating growth of the newly biosyn-
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Abstract: A second-generation poly(propylene imine) dendrimer modified with acridine and its
Cu(Il) complex have been synthesized for the first time. It has been found that two copper ions
form complexes with the nitrogen atoms of the dendrimeric core by coordinate bonds. The new
compounds have been characterized by nuclear magnetic resonance (NMR), electron paramagnetic
resonance (EPR), fourier-transform infrared spectroscopy (FTIR) and fluorescence spectroscopy.
The spectral characteristics of the modified dendrimer have been measured in different organic
solvents, and a negative fluorescence solvatochromism has been observed. The antimicrobial activity
of the dendrimers has been tested against model pathogenic microorganisms in agar and by broth
dilution method. The cotton fabric treated with both dendrimers has been evaluated towards
pathogenic microorganisms. The obtained modified cotton fabrics have been shown to hamper
bacterial growth and to prevent biofilm formation. Dendrimer cytotoxicity has been investigated
in vitro in the model HEp-2 cell line.

Keywords: dendrimer; metallodendrimer; acridine; antimicrobial activity; antibacterial cotton

1. Introduction

Antibacterial surfaces are very important with regard to minimizing infectious diseases which
are one of the main causes of mortality worldwide [1]. This problem is mainly due to the increasing
resistance of pathogenic microorganisms to antibiotics applied in clinical practice [2] Heterocyclic
compounds have major role in the design and investigations of new bioactive drugs [3,4] Therefore
acridine derivatives are one of the intensively exploited organic fluorophores in which fluorescence
color intensity depends strongly on the polarization of their chromophoric system [5,6]. Possessing a
heteroaromatic polycyclic molecule acridine derivatives are well known for their DNA intercalating
abilities and pharmacological activity. That has led to the design and preparation of acridine compounds
with anticancer, antimalarial, antiviral and antifungal activities [5-10].

Dendrimers are macromolecules with well-defined molecular weight and a high degree of
branching units containing different reactive functional groups to which substances with biological
activity may be attached by a chemical bond or by weak intermolecular interactions [11]. Compared to
the low molecular weight bioactive compounds, dendrimers have the potential to deliver a large dose

Materials 2019, 12, 3020; doi:10.3390/ma12183020 www.mdpi.com/journal/materials
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ABSTRACT

Introduction: Due to the high prevalence of viral infections having no specific
treatment and the constant development of resistant viral mutants the search of effective
antiviral compounds is essential. The present work explores in vitro antiviral activity of
ethanolic extract from aerial parts of Tanacetum vulgare L. against viral strains of three
taxonomic groups, including agents that cause socially significant diseases in humans for which
antiviral chemotherapy is indicated, namely Coxsackievirus B1 (family Picornaviridae),
Herpes simplex virus typel (family Herpesviridae) and Influenza A virus (family
Orthomyxoviridae).

Aim: The aim of the current study was to evaluate antiviral activity of ethanolic extract from
herbaceous plant Tanacetum vulgare L. against some important human viruses for which
antiviral chemotherapy is needed and to characterize extract for its antioxidant activity in vitro.

Materials and methods: The crude aqueous ethanolic extract from aerial parts of Tanacetum
vulgare L. contained: flavonoids, determined as apigenin; coumarins, determined as
aesculintannic compounds, determined as tannin and others. Antiviral activity of ethanolic
extract from herbaceous plant Tanacetum vulgare L. against Coxsackieviris B1, Influenza A
and Herpes simplex virus type 1 was evaluated by viral yield reduction technique. The total
antioxidant activity was determined by measuring the capacity of the sample to inhibit the
generation of thiobarbituric acid reactive substances (TBARS).

Results: The results show the lowest toxicity of the extract on the MDBK cell line and close
cytotoxicity in Hep-2, whereas in the MDCK cells shows more than twice highest toxicity.
Testing the antiviral activity of Tanacetum vulgare L. extract revealed a slight inhibition of
replication of HSV-1 with a selective index 7.07 and IAV/H3N2 (SI = 3.69) but no specific
antiviral effect against CVB1 replication was reported. The evaluation of the antioxidant
activity showed great antioxidant activity of the ethanolic extract from T. vulgare — 26 mmol/I
for the applied 20 mg/ml extract.

Conclusions: The crude extract from aerial parts of the medicinal plant Tanacetum vulgare L.
demonstrated low cytotoxicity in Hep-2, MDBK and moderate cytotoxic effects in MDCK
cells. It exerted significant antiviral activity against HSV-1 as determined by the recorded
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Genome analysis of coxsackievirus
Bl isolates during the consecutive
alternating administration

course of triple antiviral
combination in newborn mice
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Abstract

Background: We developed a new approach for the treatment of enterovirus infections, the consecutive alternating
administration (CAA) of a combination of enterovirus inhibitors. On the model of coxsackievirus Bl (CVBI) in mice,
two phenomena were observed: absence of drug resistance and increased susceptibility to the antivirals. This study aims
to clarify the genetic basis of these phenomena.

Methods: Brain samples from CVBI-infected mice subjected to a CAA course with the combination pleconaril/MDL-
860/oxoglaucine were used for viral RNA extraction and next generation sequencing. In parallel, samples from
monotherapeutic courses of the three substances included in the combination were studied. Whole genome sequence
analysis was carried out on all samples.

Results: Samples of pleconaril monotherapy showed mutations in 5'untranslated region, VP3, 2C, 3C and 2A regions of
viral RNA, translated in amino acid substitution of the 2A protein. The MDL-860 course induced changes in CVBI RNA
in the VP3 and 2C regions. The oxoglaucine monotherapy samples showed RNA mutation and amino acid substitution in
the VPI region and nucleotide substitution in the 3D region. In the specimens taken from mice subjected to the CAA
course with pleconaril/MDL-860/oxoglaucine, the following RNA mutations were established: 5 untranslated region,
2A, and 2B, and amino acids substitutions in VP3 and 2A, which differ from those mentioned above. These changes could
be the reason for the prevention of drug resistance development and also to be considered as the basis for the
phenomenon of increased drug susceptibility.

Conclusions: The results reveal that the high anti-enteroviral efficacy of the CAA course is substantiated by the
appearance of specific changes in the viral genome.

Keywords
Drug combination, drug resistance, enteroviruses, genomic analysis
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Enterovirus (EV) infections are a significant cause of
morbidity and mortality throughout the world. EVs
have been associated with many human diseases,
including myocarditis; pericarditis; dilated cardiomy-
opathy; Bornholm disease; aseptic meningitis; poliomy-
elitis; juvenile insulin-dependent diabetes; hand, foot,
and mouth disease; common cold; uveitis; and so on.
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