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EFFECT OF METAL NANOPARTICLES
ON EBV-ASSOCIATED CELL CULTURE

Today, one of the topical areas of research is the search for antiviral drugs to fight against virus-associated oncological mani-

festations. One of the viruses for which a role in the transformation of cells is proved is Epstein-Barr virus (EBV), which is
associated with a variety of lymphoproliferative diseases. The use of drugs that not only inhibit the replication of the virus
but also stimulate the elimination of tumor cells is important for the treatment of tumors associated with the viruses. The
purpose of this work was to investigate the ability of silver and gold nanoparticles to inhibit EBV replication under conditions
of chronic infection. Methods. The objects of the study were 5 to 20 nm gold and silver nanoparticles stabilized with trypto-
phan, sodium dodecyl sulfate, and citrate. The investigations were performed in P3HR-1 (virus-productive) lymphoblastoid
cells. MTT-assay, neutral red and trypan blue dyeing were used to study cell viability. Antiviral activity was estimated by the
real-time polymerase chain reaction (RT-PCR). Transmissive electron microscopy was used to visualize nanoparticle-virus
binding. Results. It was found that nanoparticles of silver and gold stabilized by tryptophan and citrate were low-toxic for the
used cell cultures; the vitality of the cells was in the range of 65—100%. Silver nanoparticles in a citrate buffer were more ef-
fective against EBV because the used concentrations inhibited replication of the virus up to 70%. Gold nanoparticles reduced
the amount of EBV DNA by a maximum of 16% at the lowest concentration of 0.00001 ug/mL, indicating a dose-dependent
effect. The virucidal effect of gold nanoparticles against EBV was shown using transmissive electron microscopy. It was found
that the interaction of the virus with 5 nm gold nanoparticles for 2 hr leads to damage of EBV virion, which indicates their
virus-static effect. Conclusions. Thus, the cytotoxic and antiviral activity of silver and gold nanoparticles in different stabiliz-
ers was analyzed. Citrate buffer-stabilized silver and gold NPs were more effective against EBV.
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The emergence of a new coronavirus strain and | research and scientifically substantiated data on
the related COVID-19 pandemic necessitate the | bactericidal, fungicidal, and antiviral properties
search and development of new classes of re- | of gold and silver nanoparticles (NPs), there are
agents with antiviral activity. Despite extensive | no licensed preparations based on them. Thus,
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the universal characterization of the biological
properties of nanoparticles will allow us to ap-
proach the creation of a new drug with polyva-
lent properties, at the same time safe for human
health. Potential applications of NPs of gold and
silver in biomedicine are increasingly reported
due to the ease of synthesis, characteristics of
bioinert materials, optical properties, chemical
stability, high biosumistence, and specificity.
The spectrum of the use of such NPs in the cur-
rent medical and biological research is extreme-
ly wide. In particular, it includes genomics, bio-
sensors, immune analysis, clinical chemistry,
detection and photothermolysis of microorgan-
isms and cancer cells; targeted delivery of drugs,
DNA and antigens; optical biovisualization,
and monitoring of cells and tissues by means of
modern registration systems [1].

Epstein-Barr virus (EBV) is one of the most
widespread viruses in the human population. It
is best known as the primary cause of infectious
mononucleosis (or «lymphatic fever»). It is also
indirectly associated with various malignant
lymphoproliferative diseases: lymphogranulo-
matosis (Hodgkin’s disease), certain non-Hodg-
kin’s lymphomas (particularly Burkitt’s lympho-
ma — Central African lymphoma), post-trans-
plantation lymphoproliferative disease, and he-
mophagocytic lymphohistiocytosis. About 200
thousand cases of cancer per year are associated
with EBV. It is known that infection with EBV
can occur through oral plaque transmission or
from the vsilverinal tract [2].

Thus, EBV infection is a problem in various
areas of medicine, including infectiology, infec-
tious neurology, transplantology, and hematol-
ogy. In recent years, there has been an increase
in the number of cases of EBV infections, which
in some way reflects the general trend of an
increase in the number of infectious diseases
caused by viruses [3].

Now we know that gold and silver NPs ex-
hibit their antiviral and antimicrobial activ-
ity by means of various mechanisms. First, the
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unique properties of NPs, such as their small
size (which can facilitate the delivery of drugs to
anatomically relevant places), large surface area
and volume ratio (which guarantees the possi-
bility of placing large corrosive substances (such
as drugs), and regulated surface charge (for
easier penetration into the cell through its nega-
tively charged membrane). All these advantages
make NPs attractive tools for the development
of drugs for the treatment of diseases caused by
viruses and microorganisms [4].

The size of NPs is very important for their
activity and stability. For example, it was found
that the smaller the size of silver NPs, the higher
their toxicity. Silver NPs sizing up to 10 nm (es-
pecially 5 nm) demonstrate the highest bacteri-
cidal eftect [4]. However, when the diameter ex-
ceeds 50 nm, NPs lose their efficacy completely
due to poor penetration into the middle of the
cell. The form of silver NPs also determines their
ability to interact with pathogens; nanocrystals,
nanoplates,and quantum dots are the most ef-
fective against bacteria [5].

The aim of this work was to investigate the
ability of silver and gold NPs to inhibit EBV rep-
lication under conditions of chronic infection.

Materials and methods. Cell cultures and
their cultivation. P3HR1 — human B3 lympho-
cytes producing EBV was obtained from the Tis-
sue Bank of the Institute of Experimental Pathol-
ogy, Oncology and Radiobiology of the NAS of
Ukraine (Kyiv, Ukraine).

B95-8 — mammalian lymphocytes, which
are transformed by EBV and chronically pro-
ducing it, was loyally provided by the Institute
of Virology of the Russian Academy of Medical
Sciences (Moscow, Russia).

Lymphoblastoid cultures were grown on a
cultural medium consisting of 90% RPMI-1640
medium with L-glutamine (2 mM) (Sigma,
USA), 10% fetal bovine serum, and antibiot-
ics (50 pg/mL gentamicin) in plastic flasks
(Sarstedt, Germany), at 37 °C in a thermostat
under a 5% CO, atmosphere. Every three days,
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passages were carried out to the concentration
of 5-10° cells/mL. Every two days, the prolif-
erative activity of the cells was checked using a
light microscope Micromed XS-3320 (Ukraine)
at 20x magnification.

Studying samples of metal nanoparticles.
NPs, gold and silver in sizes from 5 to 20 nm,
which were synthesized at the Chuik Institute
of Surface Chemistry of NAS of Ukraine and
submitted for examination, were investigated.
Tryptophan, sodium citrate, and dodecyl sul-
fate were used as stabilizing agents for NPs. The
molar concentration of metals was for silver
10~* mol/L = 0.0107 g/L (10.7 ug/mL) and for
gold 10-* mol/L = 0.0197 g/L (19.7 ug/mL).

Determination of cytotoxic action of NPs by
the colorimetric method with MTT. The investi-
gative method of the cell viability is based on the
function of the mitochondrial dehydrogenase
system of intact cells, which under normal con-
ditions, MTT (3,(4,5-dimethyltriazol-2-yl)-2,5-
diphenyltetrosolium bromide) substrate convert
into formazan (BioFroxx, German). The reac-
tion product can be determined by the quantita-
tive spectrophotometric method. MTT conver-
sion to formazan is dose-dependently decreased
when the cells are inhibited by the studied toxic
substances. Cells were seeded in 96-well plates
with a density of 5000000 cells/mL in 100 uL per
well. 100 puL of a medium containing the stud-
ied drugs in different concentrations was added
to corresponding wells. Control cell wells were
a medium not added with drugs. At least 3—4
wells were used for each drug concentration. The
plates with cells were incubated in the thermo-
stat at 37 °C in a 5% CO, atmosphere for 48 hr.
Then 20 uL of MTT substrate diluted in a sterile
phosphate buffer (pH 7.2) at room temperature
to a concentration of 5 mg/mL was added to
each well of the 96-well plate, and the cells were
incubated for 2 hr at 37 °C. The medium was
removed after incubation, and 150 puL of 96%
ethanol was added to the wells to dissolve the
formazan crystals. The optical density of the so-
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lutions was determined spectrophotometrically
using a Multiscan FC plate reader (ThermoFish-
erScientific, USA) at a wavelength of 538 nm.
The measured optical density of cells treated
with investigated drugs was compared with that
of the control cells, and the following formula
was used to calculate% of cellular viability in the
presence of different concentrations of drugs [6]:

% viability capacity = (A/B x 100) (1.1)

where A is the average value of the optical den-
sity of the test samples for the given concentra-
tion of drugs;

B is the average value of the optical density of
the control cells.

Virus purification and transmissive electron
microscopy. The EBV was produced using a sus-
pension of B95-8 lymphoblastoid cells. For virus
accumulation, cells-producers were cultured
without medium replacement at a cell density
of 1-10° cells/mL for 10 days with a TFA (12-O-
tetradecanoylphorbol-13-acetate) inductor at a
concentration of 20 mM (Sigma, USA), which
was added according to the manufacturer’s in-
structions. The first stage of centrifugation was
performed to precipitate the virus from the su-
pernatant (90,000 g, 2 hr, 4 °C). The obtained
suspension was suspended in a TNB buffer
(0.01M Tris-HCI, pH 7.2, 0.15M NaCl). The fol-
lowing centrifugation was at 76,000 g, 1 hr, 4 °C.
The opalescent ring will be between the dextran
fractions 15% and 30% and will contain only the
virus. The extracted sample was diluted with an
equal amount of the TNB buffer and subjected to
another step of centrifugation for virus precipi-
tation and dextran purification (60,000 g, 1 hr,
4 °C) The obtained sediment contained only the
virus. Preparations containing EBV were stored
in aliquots at —70 °C.

The purified virus in an amount of 5 uL was
applied to prepared copper plates with a form-
var coating and carbon fillings. The adsorption
of the sample onto the plate lasted 1 hr. The
nanoparticle samples were not contrasted or
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disintegrated. The samples containing the vi-
rus were contrasted with a 2% aqueous uranyl
acetate solution for 45—55 sec and discharged
in sterile H,O for 10 sec. Microscopy was per-
formed on a TEM microscope Jeol 1400 (Jeol,
Japan) at 80 V.

Study of antiviral activity of NPs. Cells
were seeded in 12-well plates with a density of
5000000 cells/mL in 1000 uL per well. 1000 puL
of medium containing the studied drugs of dif-
ferent concentrations was added to the corre-
sponding wells. The control cell wells were a me-
dium without the drug. At least 3—4 wells were
used for each drug concentration. The plates
with cells were incubated in the thermostat at
37 °C in a 5% CO, atmosphere for 48 hr. Then
the cells in each well were counted, and 500,000
cells were selected for further PCR analyses.

Polymerase chain reaction. Virus DNA was
detected using commercial kit C-8896 «Real-
Best Extraction 100» (Vector Best, Russia). A
DS-11 FX+ spectrophotometer (DeNovix, USA)
was used to determine DNA concentration. The
polymerase chain reaction method was used to
determine the level of reproduction of viruses
in the studied cells. Detection of EBV DNA was
carried out using test-systems D-2185 «RealBest
DNA EBV» (kit 1) (Vector Best, Russia) accord-
ing to the manufacturer’s instructions for real-
time detection with Quant Studio 3 biosystems,
Life Technologies (Thermo Fisher Scientific,
Singapore).

Statistical data processing. Statistical pro-
cessing of the data was performed according to
the standard approaches to the calculation of
statistical errors (standard deviation). The re-
sults were expressed as the mean+S.D. of the
values obtained in three independent experi-
ments. The indicator p<0.05 indicated a statisti-
cally significant difference between the control
and the studied samples.

Results. A cytotoxic effect of silver and gold
NPs with different stabilizers was tested by the
MTT test, which evaluated the mitochondrial

ISSN 1028-0987. Microbiological Journal. 2022. (5)

120

N oTrpAg ©CitAg ®m SDSAg
& 100 +

8 80

z 60

F 40t

<

<20

0
1.07 0.11 0.01
pg/ml

Fig. 1. Cytotoxic effect of silver NPs on the viability of
P3HR1 cells
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Fig. 2. Cytotoxicity of gold NPs against the viability of
P3HRI cells

activity of the cells. The number of metabolic-
active cells for each concentration of NPs was
determined.

The MTT test revealed that silver NPs sta-
bilized with tryptophan and citrate solution
showed lower toxicity compared to the silver NPs
stabilized with sodium dodecyl sulfate (Fig. 1).
The viability of cells treated with silver NPs in
tryptophan was in the range of 80—87% at all
studied concentrations, in citrate — 65 — 80%,
whereas in SDS — 50—82%.

Gold NPs did not reveal marked toxicity to-
ward P3HRI cells (Fig. 2). The highest investi-
gated concentration inhibited approximately
30% of cells.

The antiviral effect of NPs was studied. As
seen in Fig. 3, silver NPs in all the used stabi-
lizers showed high antiviral activity against
EBV, which increased with the NPs dilution. At
the same time, silver NPs in citrate buffer were
more effective at low concentrations (from 1.07
to 0.0107 pg/mL). They inhibited virus DNA
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Fig. 3. Antiviral activity of silver NPs against Epstein-
Barr virus
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Fig. 4. Inhibition (%) of the level of expression of EBV
DNA under the influence of different concentrations of
5 nm gold NPs

replication up to 70%. The application of SDS-
stabilized NPs (0.0107 and 0.00107 pg/mL) led
to a 62—68% decrease in the reproduction of
EBV, whereas the antiviral effect of trypto-
phan-stabilized NPs was much lower, amount-
ing to 45—59%.

Gold NPs in concentrations of 10-°, 1074, and
1073 ug/mL were added to the culture of cells,
48 hr later the samples were taken off, and DNA
of EBV was determined using the PCR method
(Fig. 4). The control of non-treated cells was
taken as 100%, and the inhibition (%) was deter-
mined. Each sample was examined in three rep-
etitions, and the average value was determined
with the standard deviation not above 0.05.

So, gold NPs reduced the amount of EBV
DNA by a maximum of 16% at the lowest con-
centration of 0.00001 pg/mL, indicating a re-
versed dose-dependent effect.
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Transmission electron microscopy of sam-
ples of NPs and the virus was carried out. Dur-
ing incubation for 1 hr, there was a marked as-
sociation of the virus with NPs. The association
of the virus with 5 nm gold particles was more
significant (more than 10 NPs per 1 virion) (Fig.
5A). The samples included both intact virions
with NPs (viruses without damaged membrane
covered with NPs) and virions with a damaged
membrane (damage or loss of the membrane by
the virus is regarded as loss of the ability to infect
cells). Incubation of 5 nm gold NPs with the virus
for 2 hr resulted in damage of EBV coronae. There
were not only virions with a damaged lipid en-
velope but also virions that completely lost their
spherical morphology (Fig. 5C). Such damage of
virus leads to the loss of the ability to infect cells.

Discussion. Thus, cytotoxic and antiviral ac-
tivities of silver and gold NPs in different sta-
bilizers have been analyzed. Silver NPs in a ci-
trate buffer stabilizer were more effective against
EBV. It should be noted that the EBV model is
a virus-associated B lymphoma. The results ob-
tained testify to the high antiviral potential of
gold and silver NPs as well as to the important
role of stabilizers in their preparation, concen-
tration, and size.

Nanomedicine is an extremely promising
branch of biotechnology with a great number
of new promising drugs. The main advantage of
NPs is their size, which determines their unique
chemical and physical properties, which can be
used for visualization, diagnostics, and treat-
ment [7]. There have been some systems that
include NPs already subjected to clinical trials,
in particular, drugs that contain liposomes and
conjugated antigens.

Today there is a large enough number of works
confirming their antitumor, bactericidal, fun-
gicidal, virucidal, and antiviral activity [8, 9].
Nanosilver is an effective agent against bacteria,
viruses, and other eukaryotic microorganisms
due to its key mechanisms of action based on the
release of silver ions, which enhance antimicrobial
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activity and lead to protein and DNA damage [4].
A possible mechanism of the silver NPs action in
the cell which we can foresee could be the interac-
tion of Ag+ with clathrin necessary for influenza
virus penetration into the cytoplasmic space. It
has been previously reported that nanosilver ac-
tively associates with proteins and influences their
conformation and functions [10], therefore + can
influence clathrin in the endosome, mobilizing it
in the cytoplasm and thus blocking the transport
of virions into the cell. Hu R.L. et al. [11] showed
that PVP-coated 30—40 nm silver NPs inhibit-
ed HSV-2 at the early stages of viral replication.
Their virucidal effect after 1 hr of contact with the
virus was also shown. The work of Baram-Pinto
D. et. al [12] demonstrated the antiviral effect of
silver NPs coated with mercaptoethane sulfonate
(MES), which effectively inhibited HSV1 in cells,
implying that the antiviral effect of Ag-MES NPs
is due to their polyvalent nature.

Gold NPs, due to their ultrafine sizes, can
easily penetrate into tissues and cells. Vijayaku-
mar S. [13] showed that gold NPs stabilized with
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100 nm

Fig. 5. Electron microscopic images of interaction of gold
NPs with Epstein-Barr virus depending on the contact time:
a — 5 nm NPs for 1 hr of incubation; the scale corresponds
to 100 nm; b — 20 nm NPs for 1 hour of incubation, scale
corresponds to 50 nm; ¢ — 5 nm NPs for 2 hr of incubation,
the scale corresponds to 50 nm; d — Intact virus, the scale
corresponds to 100 nm

polyline glycol inhibit the HIV-1 entry via link-
ing gp120 and preventing virus attachment to
CD4. These properties of gold NPs make them
an effective inhibitor of the virus studied.

Thus, basing on the results of our data and lit-
erature sources, we can conclude that the effec-
tive inhibition of the EBV in P3HR1 cells with
the studied NPs stabilized in different stabiliz-
ers under conditions of chronic infection is due
to the interaction of NPs with biomolecules and
DNA leading to the damage of virus proteins.
Gold NPs were less effective; they probably block
the viral penetration or viral entry for newly
synthesized virions into cells.

Conclusions. It was found that silver and gold
NPs stabilized by tryptophan and citrate were
low-toxic for the used cell cultures (the vitality
of the cells was in the range of 65—100%).

Silver NPs in citrate buffer were more effective
against EBV: the investigated concentrations in-
hibited replication of the virus up to 70%.

Gold NPs reduced the amount of EBV DNA
by a maximum of 16% at the lowest concentra-
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tion of 0.00001 pg/ml, indicating a reverse dose- | 5nm gold NPs for 2 hr leads to the damage of EBV
dependent effect. virions, which indicates their virus-static effect.

The virucidal effect of gold NPs against EBV was Acknowledgments. This work was sup-

shown using transmissive electron microscopy. It | ported by the National Research Foundation of
was found that the interaction of the virus with | Ukraine, Project 2020.02/0352.
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InctutyT Mikpo6ionorii i Bipyconorii im. JI.K. 3a6onotnoro HAH VYkpainu,
By AkazieMika 3abonoTHoro, 154, Kuis, 03143,Ykpaina

BB HAHOYACTMHOK METAJIIB HA BEB-ACOLIIMIOBAHY KYJIBTYPY KIITUH

Ha cporopHinrHii feHb OGHMUM 3 aKTya/IbHUX HAIIPAMKIB JOCI/KeHD € MOIMIYK aHTUBIPYCHUX IIpenaparis ajs 60-
potbbu 3 BipycaconifoBaHuMI OHKOMTOriYHMMM IpossBaMu. OTHUM i3 BipyciB, I/ KOTO JOBe[ieHa POJIb B TPaHC-
¢dopmanii k1iTnH, € Bipyc Enmreitna-bapp (BEB), sikuit aconiloeTbes 3 HU3KOI0 TiMdonposidepaTHBHIX 3aXBOPIO-
BaHb. 3aCTOCYBAHHA IIPENapaTiB, AKi He TIIbKM IPUTHIYYIOTh PO3MHOKEHH: Bipycy, ajie if CTUMY/TIOITD eliMiHallio
IYXIMHHYX KIIITUH, € BaXK/IMBUM [I/IS JIIKYBaHHA IYX/IMH, ACOLIIOBAHMX 3 BipycoM. MeTa. [locmignTy 3HaTHiCTD
HAHOYACTMHOK Cpibya Ta 3070Ta iHribysaru pemtikario BEB B ymoBax xponiunoi indexuii. Metogu. O6’exTom
IOCTifKeHHs Oy/IM HAaHOYACTMHKM 30710Ta Ta cpibia Bix 5 £o 20 HM, cTabini3oBaHi 3a JOIOMOrow Tpunrodany,
momenacynbdary HaTpito Ta nUTpaTy. JocmimKeHHs npoBoaun B niMpobnacToinHux kiaitnHax P3HR-1 (mpopny-
KyIourx Bipyc). [/ BUBUEHHA )KUTTE3AATHOCTI KIITUH BuKopuctoBysamt MTT-MeTon 3 HeliTpanbHUM YepBOHUM
Ta TPUIIAHOBUM CUHIM papOyBaHHAM. [IpOTUBIpYCHY aKTMBHICTD OLIiHIOBa/IU 3a JOIOMOTOI0 IIONTiMepa3Hol JIaH-
1foroBoi peakuii B peanbHoMy 4daci (RT-PCR). Bisyasizaniio 3B>A3yBaHHSA HAHOYAaCTUHOK 3 BipycOM 3[i/ICHIOBa/IN
3a JOIIOMOTOI0 TPAHCMICUBHOI e/leKTpOHHOI Mikpockoril. PesyrbraTu. BusApieHo, o HaHOYaCTMHKY cpibia Ta 30-
n0Ta, cTabinisoBani TpUNTOMAHOM Ta UTPATOM, MATOTOKCUYHI: )KUTTE3HATHICTD KIiTUH 6y/Ia B Mexkax 65—100%.
Hanowactunku cpi6na B utpaTHoMy 6ydepi 6ymu 6inbur epextusanmu npotu BEB: gocnimkysaHi KoHIjeHTpail
IpUTHIYYBaIu pernikanio Bipycy 1o 70%. HanodacTunku sonora smenmrysanu Kinbkicts JJHK BEB makcuMy™m Ha
16% mipy HaitHVDKYi KoHIeHTpauii 0,00001 MKr/MiI, 10 CBifYUTh MpO Ko303anexHnit epekt. BctaHoBeHo, 110
B3a€EMOJIifl BipyCy 3 HAHOYACTMHKAMM 307I0Ta 5 HM IIPOTATOM 2 TOJ| IPMBOANTD IO MOIIKO/PKEHH 000/IOHKH Bipycy,
IO CBiguuTh Ipo iXHil BipyccTaTnunmii eexT. BucHoBKu. TakyuM 4nHOM, 6Y/I0 IpoaHaNi30BaHO UTOTOKCUYHY
Ta MIPOTVBIPYCHY aKTVBHICTb HAHOYACTVMHOK Cpibia Ta 30/10Ta y pisHMx crabinizaTopax. HaiiBuimy epekTuBHicTb
mozro BEB Bouy manu 3a crabimizanii qurparaum 6ydepom.

Knouosi cnosa: sipyc Enwumetina-bapp, Hanouacmunku cpibna, HaHO4ACMUHKU 3010Ma, AHMUBIPYcHa AKmugHicmo.
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