UDC 578.825..615.281.8

A.V. Golovan', N.V. Nesterova', S.D. Zagorodnya', L.V. Alexeeva’, L.1. Palchykovska’,
L.S. Usenko’, G.V. Baranova’

! Zabolotny Institute of Microbiology and Virology, National Academy of Sciences of Ukraine,
154 Acad. Zabolotny St., Kyiv, MSP, D 03680, Ukraine
’Institute of Molecular Biology and Genetics, National Academy of Sciences of Ukraine,
150 Acad. Zabolotny St., Kyiv, D 03680, Ukraine

INHIBITORS OF EPSTEIN-BARR VIRUS REPRODUCTION -
RIBONUCLEOSIDES OF 3-SUBSTITUTED 1,2,4-TRIAZINOIS,6-b][1,4]
BENZOTHIASINES

Studying of antiviral effect of condensed triazine derivatives - 3-oxo- triazinobenzothiazine (the preparation
Nel), its ribonucleoside (the preparation Ne3) and ribonucleoside of its 3-thio-analogue (the preparation Ne2) on
reproduction of Epstein-Barr virus (EBV) in lymphoblastoid Raji cells is reported in present work. The cytotoxic
action of these preparations on test cells was determined and CC|,
for preparation Ne2 - 625 ug/ml, and for preparation Ne 3 - 750 ug/ml. Antiviral activity of the preparations
was tested by inhibition level of accumulation of viral DNA in the cell culture, and effective concentration (EC,
index) was determined for each preparation. EC. constituted 1ug/ml for each triazinobenzothiazines. Selectivity
index (SI) was 125 for preparation Nel, for preparation Ne2 - 625, and for preparation Ne3 - 750. The obtained
results of studying of triazinobenzothiazines as inhibitors of EBV-infection support their high antiEBV activity
and can be interesting for further investigations.

index was 125 ug/ml for the preparation Ne 1,

Keywords: Epstein-Barr virus, antiviral effect, ribonucleosides.

High morbidity caused by herpesviruses is one of actual problems of modern medicine. Her-
pesviruses are capable to infect practically all organs and systems of a host organism causing latent,
acute and chronic forms of infection [9]. Epstein-Barr virus (EBV) is related to Gammaherpesviri-
nae subfamily but differs by its lymphotropism. Primary infection of human by the virus occurs
more often at childhood with following development of infectious mononucleosis [8]. The virus is
able to persist in a host organism and then to cause lymphoproliferative diseases, stomach and paro-
tis adenocarcinomas, lesions of central and peripheral nervous system of human [5,11,14,16].

Nowadays, the main group of antiherpetic drugs with direct antiviral activity is most widely
represented by a set of acyclic nucleosides preparations. Acyclovir, Ganciclovir and their deriva-
tives, as well as acyclic nucleotide analogues Cidofovir and Adefovir are used for inhibition of
EBV-infection in medical practice worldwide [2,17]. Only Acyclovir (trade mark “Zovirax™) and
Ganciclovir (trade mark “Cymevene”) are registered in Ukraine [3].

Formation of resistance to known drugs stimulates the search for new effective antiherpetic
substances. The condensed triazine bases (triazinoindoles, pyridotriazines, triazinobenzimidazoles
and their derivates) provoke significant interest in connection with their broad spectrum of antibac-
terial [12,13] and antiviral [1,6,8,10] activities. The new series of the condensed triazine - 1,2,4-
triazinobenzothiazines were synthesized at the Institute of Molecular Biology and Genetics of NAS
of Ukraine.

The purpose of present study is the comparative examination of the effect of a series of 1,2,4-
triazinobenzothiazines using Acyclovir as reference preparation on Epstein—Barr virus reproduction
in Raji cell culture.
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Materials and methods

Cell cultures. Lines of lymphoblastoid B-phenotype Raji cells (human B-lymphocytes isolated
from Burkitt’s lymphoma) and B 95-8 cells (lymphocytes of peripheral blood of marmoset mon-
keys) were used as in vitro model of EBV-infection.

The cells have been received from bank of cell cultures of D.I. Ivanovsky Institute of virology
of AMS of Russia (Moscow).

The cells were cultured in RPMI 1640 medium (Sigma, USA) containing 10% (v/v) fetal bovine
serum (Sigma, USA) with antibiotics and incubated with 5 % CO, at 37°C.

Epstein—Barr virus was isolated from EBV-producing lymphoblastoid cell line B95-8. The
virus purification was carried out by Wolls, Kroford method [19].

Preparations. 1,2,4-triazinobenzothiazines were dissolved in minimal volume of dimethylsul-
foxide (Sigma, USA) with following dilution in whole RPMI 1640 medium to required concentra-
tions. Range of 1000 — 0,1 pg/ml concentrations of these preparations was used in experiments
for definition of cytotoxic effect and antiviral activity. Acyclovir — 2-amino-9-[(2-hydroxyetoxy)-
methyl]-1,9-dihydro-6H-purine-6-on («Acycloguanosiney, the substance, Sigma, USA) at the con-
centration range of 250 — 0,5 pg/ml was used as the reference preparation in antiviral activity stud-
ies.

Chemistry. 3-oxo- and 3-thio-1,2,4-triazinobenzothiazines were synthesized as described by
Alexeeva et al. [1]. The synthesis of 3-oxo- and 3-thio-triazinobenzothiazines ribonucleosides pro-
posed for study was carried out by two alternative manners. Namely: by direct glycosilation of
corresponding tricyclic aglycon by tetraacetylribose under condition of “silyl condensation” with
following deblocking of intermediate acylnucleoside, or annelation of triazine cycle of N2-azanu-
cleoside (6-azauridine) by 2-aminothiophenol. The first mode was more effective for obtaining of
desired compounds (2 and 3) and was suggested for their preparative development. Individuality and
structure of the given substances were confirmed by chromatography, UV-, 'H-NMR- spectroscopy
and mass—spectral methods [1].

Some structural characteristics of synthesized substances are demonstrated below (Table 1).

Table 1
Structural formulae of tested preparations
Preparation Structural formulae
o H N
3-oxo-base Y ji/
(preparation Nel) HN\N/ s
S<_N._N
N,-glycoside Y -
f 3-thio-b OuN 7
of 3-thio-base HOv N s
(preparation Ne2) S
HO OH
H
o N N
N_-glycoside Y :[/
of 3-oxo-base ° N_ =~
‘ HO N~ S
(preparation Ne3) /
HO  ©OH
Preparations Chemical name Formula MW
1 2,4-dihydro-3-ox0-1,2,4-triazino[5,6-b] [ 1,4]benzothiazine CHN,08 218,24
2-B-D-ribofuranosyl-3(4H)-thio-1,2,4-triazino[5,6-b][1,4]
2 L Cc H,N,0,S, 366,4
benzothiazine
2-B-D-ribofuranosyl-3(4H)-oxo0-1,2,4-triazino[5,6-b][1,4]
3 . C,HNOS 350,35
benzothiazine
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Cytotoxicity testing. Cytotoxic analysis of investigated substances at which viability of cel-
lular population of Raji line reduced by 50 % (CC,, index) was carried out by MTT-method. The
method is based on measuring of activity of living cells via mitochondrial dehydrogenase activity
as processing of the MTT artificial substrate (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) (“Sigma”, USA) in formazan. 25 pl of solution, containing 5 mg of MTT/ml, was added to
each well maintained cells and corresponding preparations in respective concentrations of 100ul to-
tal volume on the 96-well microtitration plate with following incubation for 3h at 37° C at 5% CO,.
After incubation period experimental materials were centrifuged at 1000g for 10 min and then the
contents of each well were removed and 200 pl of 96% ethanol was added to dissolve the dye. The
measurement of optical density (OD) at 540 nm wavelength using multifunctional reader Dynatech
(Sweden) was preceded by 10 min of gentle shaking at 37°C. The percentage of MTT conversion
in formazan was accounted for each well comparing the optical density (OD) of experiment with
control. Each concentration was investigated in three repetitions with calculation of average value.

Antiviral assays. A level of inhibition of Epstein—Barr virus reproduction in Raji cell culture
was evaluated by quantitative PCR method using “AMPLY-Sens-100R” primers and reagents (Rus-
sia) with following evaluation using “Biotest A” software. The analyses were carried out according
to the instruction provided with the test-system. The level of EBV reproduction was determined as
genome equivalents of EBV DNA per cell. Tests were carried out in three repetitions.

Statistical data processing was carried out according to standard approaches with calculation of
the statistical error and analysis of correlation dependence using Origin 6.0 software [15,18].

Results

The cytotoxicity of preparations in vitro was studied in lymphoblastoid Raji cell culture. Inves-
tigations were carried out in 96-well culture plates using three parallel wells for each concentration.
Acyclovir was used as reference preparation. All substances were tested at the range of concentra-
tions from 1000 to 10 pg / ml. The level of the viability of Raji cells was counted relative to the
control of untreated cells which was accepted as 100%. The values of optical density (OD) obtained
as a result of the MTT-test were statistically processed and the standard error of three repetitions was
calculated. Its value did not exceed 0,05 confirming the reliability of the obtained results. The data
of cytotoxic activity for investigated samples are shown in Table 2.

Table 2
Cytotoxic activity of triazinobenzothiazines in Raji cell culture

3-oxo-base (the N,-glycoside of 3-thio-base | N,-glycoside of 3-oxo-

Preparation preparation Nel) * | (the preparation Ne2) * base(the preparation Ne3) *

Level of cell culture viability, %

Concentration, pg/ml

1000 0 31 47
500 5 53 54
100 56 83 78
50 71 87 80
10 85 94 82

The note: * a standard error +0,05

Table data shows that the preparation Nel led to almost 100 % of cell death at range of concen-
trations 1000 - 500 pg/ml, and at the same when testing of 3-thio- and 3-oxo-nucleosides (Ne2 and
Ne3) 1/3 of cells remained alive at maximum concentration of 1000 pg/ml stand. Further decrease
of concentration led to such level of viable cells that confirmed about dose-dependent effect of the
studied substances on the viability of Raji cell culture.

Origin 6.0 software was used for processing obtained data and construction of linear regression
graphs that allowed characterizing exact reverse dependence numerically between the concentration
of substance and corresponding optical density. The correlation coefficients (r) were as followed:
-0.92 for Nel, -0.96 for Ne2, and -0.93 for Ne3, demonstrating considerable degree of reliability and
the reverse character of this dependence (Fig.1). Obtained mathematic characteristics allowed cal-
culating the CC, - i.e. the concentrations of preparations that reduced proliferating activity of tested
cell population by 50%. An embedded statistic function based on the straight line equation was used
for calculation of the indexes.

38 ISSN 0201-8462. Mikpobion. xcypn., 2010, T. 72, Ne 2



Thus, studying the level of proliferating activity of Raji cells under the effect of different con-
centrations of tested triazinobenzothiazine derivatives established that 50% death of the cellular
population (CC, index) was achieved at concentration of the preparation Ne 1 — 125 pg/ml, Ne2 —
625 pg/ml, Ne 3 — 750 pg/ml.

Acyclovir was low-toxicity preparation; its CC, was 5000 pg/ml.

When analyzing the obtained data, it should be noted that comparing to Acyclovir 3-thio- and
3-oxo-nucleosides have 10 times higher toxicity (CC, ), when the toxicity of the 3-oxo-base Nel was
almost 40 times higher.

Studying of anti-EBV activity

Antiviral activity of test agents was estimated by level of inhibition of Epstein-Barr reproduc-
tion in Raji cell culture by quantitative PCR method at a concentration range from 10 to 0,1 pg/ml
at three repetitions. Reference preparation Acyclovir was tested at similar mode in concentrations
from 250 to 0,5 pg/ml.

The investigated samples were taken in 48 hours since this period was optimal considering Raji
cell line growth dynamics and EBV reproductive cycle. The levels of inhibition of viral DNA ac-
cumulation in infected cells treated with various concentrations of substances were determined in
relation to control infected but untreated cells in which viral DNA accumulation was accepted for
100% (Fig.2).

Fig.2 shows, that investigated preparations had pronounced antiviral effect in in vitro condi-
tions, their effective concentrations (EC,), i.e. the concentration reducing the level of EBV repro-
duction by 50 % for all preparations was 1 pg/ml. Taking into consideration the molecular weight,
it corresponds to 4.6 uM for 3-oxo-base (Ne 1); 2.8 uM for 3-thio-nucleoside (Ne 2); 2.7 uM for
3-oxo-nucleoside (Ne 3).

It should be noted that Acyclovir was not effective against EBV infection — its EC concentra-
tion was 220 pg/ml that corresponded to 0.98 M and was almost 1000 times higher than that for
triazinobenzothiazines.

Selectivity index (SI) for researched preparations was determined for the purpose of estimating
their potential anti-EBV properties. According to existing normative documents, the substance is
considered perspective for creation of drugs if its SI is over 16 [17]. The SI of the studied prepara-
tions was calculated by the ratio of cytotoxic and effective concentrations: selectivity index of base
was 125, N,-glycosides (preparations Ne2 and Ne3) — 625 and 750, accordingly. At the same time SI
of Acyclovir was 23 in this model system.

The received data demonstrate clearly the sufficient essential influence of 2-B-D-ribofuranosyl
fragment. Its presence in the molecule of nucleoside increases the level of antiviral action twice and
decreases its toxicity toward Raji cells in 6 times comparison with the base.

Based on the toxicity indexes (CC, ), the effective concentrations (EC,), selectivity indexes (SI)
of triazinobenzothiazines and Acyclovir (Table 3) it is possible to conclude that triazinobenzothi-
azines have high antiviral potential toward EBV and are interesting for further investigations.

Table 3
Indices of anti-EBYV activity of triazinobenzothiazines obtained from in vitro experiments

in lymphoblastoid Raji cell line

N,-glycoside N,-glycoside .
- - 2 2
Index 3-o0xo-base 3 thio-base 3 oxo-base Acyclovir
CC,, 125 pg/ml 625 pg/ml 750 pg/ml 5000 pg/ml
EC,, 1 pg/ml 1 pg/ml 1 pg/ml 220 pg/ml
SI 125 625 750 23

The data demonstrated in Table 3 allow considering investigated triazinobenzothiazines as per-
spective antiviral substances. Taking into account the results obtained by another research group
about the inhibition of reproduction of Herpes simplex virus type 2 by these nucleosides [1], it is
possible to assume the wide spectrum of their applications. This characteristic is important since
herpetic infections usually reactivate in mix-form in clinic practice.
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Figure 1. Alterations in the level of proliferating activity of Raji cells
under effect of tested triazinobenzothiazines. A linear regress method.
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Figure 2. The levels of inhibition of EBV DNA accumulation
as effected by triazinobenzothiazines.
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IHT'IBITOPYU PENNPOAYKIIi BIPYCY ENNIITEMHA-BAPP —
PUBOHYKJIEO3UIU 3-3AMIIINEHUX 1,2,4-TPUA3ZUHO|S,6-B][1,4]
BEH3OTIA3BUHIB

Pesome

B poboti mpexacrapieHi AaHi MO aHTUBIPYCHIM Aii NMOXiJHUX KOHAEHCOBAHOIO TPHUA3UHY — 3-OKCO-
TpuazuHoOeH3oriasuny (mpenapar Nel), iioro pubonykieosuny (nmpemapar Ne3) ta puboHykieo3uay 3-Tio-
aHanory (npenapar Ne2) Ha penponykuito Bipycy Emmreiina-bapp (BEB) B nimdoo6nacroinnux kmitunax Raji.
Busnauena IMTOTOKCHYHA J1isl PENIApaTiB Ha AOCIIPKyBaHi Kititnnu — nokasuuk CC, ), sxuii OyB 151 mpenapara
Nel — 125 mkr/min, Ne2 — 625 mxr/mi, Ne3 — 750mkr/mit. JlocnipkeHa aHTUBIpYCHA JTisl IPENapariB 1o PiBHIO
NpurHiueHHs HakonuyeHHs BipycHoi JIHK B KynbTypi KIiTHH Ta BU3HaYeHa e()eKTHBHA KOHIIEHTPALis (MOKa3HUK
EC,)) nns xoxuoi peyosunu. EC, | s 3-0kco TpuasuHoO6eH30TiazuHy Ta 060X puOOHYKIe031/1iB OyB 1 MKI/MIL.
Tunexc cenextuBHocTi (SI) s npenapara Nel ccranoBuB 125, nuist npenapara Ne2 — 625, npenapara Ne3 — 750.
OTpuMaHi pe3yibTaTH AOCIIUKEHHS TPHa3nHOOeH30Tia3uHiB siK iHri0iTopiB BEb-iH(ekuii cBixyars npo ix Bu-
coky aHTUBEDB aKTHBHICTb Ta MOXKYTb IPE/ICTABIISITH IHTEPEC IS HOAAIBLINX AOCIIKEHb.

KunrowoBi cnosa: Bipyc Enwmeiina-bapp, anHtuBipycHa Jiis, pUOOHYKIICO3HIH.
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HUTHUBUTOPHI PENTPOAYKIIUUA BUPYCA SIIITEMHA-BAPP
PUBOHYKJUIEO3U/bI 3-3AMEINEHHBIX 1,2,4-TPUA3UHO|5,6-B][1.,4]
BEH30TUA3UHOB

Pesome

B pabote npe/cTaBiIeHb! JaHHbIC IO AaHTUBUPYCHOMY ACHCTBHIO MPOM3BOJHBIX KOHICHCHPOBAHHOTO TPH-
a3uHa — 3-0Kco-Tpua3nHOOeH30THa3uHa (npenapar Nel), ero pubonykieosuna (npemnapar Ne3) u puboHykieo-
3upa 3-tHo-aHajora (mpemapar Ne2) Ha penpoaykuuio Bupyca Omiuteitna-bapp (BOB) B mumdo06aacTonIHbIx
kneTkax Raji. Onpeneneno nuToToKCHIECKoE AckCTBUE MPenapaToB Ha McceayeMble KieTku — nokasarens CC,
st iperapara Ne 1 cocraun 125 mxr/mi, ms npenapara Ne2 - 625 mxr/mi, s npenapata Ne 3 - 750 mMkr/
1. McenenoBaHo aHTUBUPYCHOE JIefiCTBHE MPENapaToB 110 YPOBHIO YIHETEHUs HakoruieHus BupycHoit JTHK B
KyNIBType KIETOK U onpesienena sbpdexruHas konuentpauus (EC ) ns kaxsoro semectsa. INokasarens EC,
UL 3-0KCO-TpHa3sHHOOCH30THA3WHA B 000X pubOHYyKIeo3unoB Obu1 | Mxr/miu. Muneke cenekruBHOCTH (SI)
quis npenapara Nel cocraBui 125, nuis npenapara Ne2 — 625, npenapara Ne3 — 750. IToimydeHHbIE pe3ysbTaThl
HCCIIEZIOBaHUS TPHA3UHOOCH30THA3MHOB KaK MHTMOUTOpoB BOB-MH(pEKINN CBUAETENBCTBYIOT 00 UX BBICOKOH
aHTUBOB akTUBHOCTH U MOT'YT HNPEJCTaBIATh HHTEPEC A AAIbHEHUIINX HCCIIeIOBaHUH.

Knrouesbie cnoBa: BUpyc Dnwmeiina-bapp, aHTUBUPYCHOE JIeHCTBHE, PUOOHYKIICO3UIBI.
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