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Actuality. Seasonal outbreaks of respiratory infections leading to severe complications and high
mortality are characteristic of the influenza virus type A. Various etiotropic antiviral agents have been
developed since the middle of the last century against influenza epidemics and pandemics. The rapid
adaptation of the influenza virus and the emergence of drug-resistant strains are the serious problems in
the influenza infection treatment. Therefore, the effectiveness of newly developed drugs is determined
based on an assessment of their interaction with drug-resistant influenza virus strains. Phenolic acids
of plant origin are promising compounds for the development of antiviral agents with a wide spectrum
of biological activity and are less susceptible to the emergence of resistant to them strains.

The aim of this work was a comparative study of the antiviral activity of four phenolic acids: Gallic,
Syringic, Vanillic and Protocatechuic against influenza A virus in in ovo experiments.

Material and methods. In the present work on the model of two drug-resistant strains of the
influenza A virus a comparative study of the antiviral activity of four plant origin phenolic acids: Gallic,
Syringic, Vanillic and Protocatechuic is carried out.

Results and discussion. It was shown that Gallic acid is able to inhibit the reproduction of influenza
virus A/H5N3 by 50% at a concentration of 1.35 ug/mL; and at a concentration of 0.1 ug/mL is able to
inhibit the 50% reproduction of influenza virus A/H3N2, which is comparable with the activity of last-
generation anti-influenza drug Tamiflu.

Conclusion. It was shown that for the pronounced antiviral activity phenolic acid must have at least
two hydroxyl groups in molecule. The replacement of hydroxyl groups to methoxy leads to an almost
complete loss of antiviral properties by phenolic acid. The gallic acid is a potential candidate for the
development of promising agents for the treatment of influenza A virus.
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Kapcbl 6enceHainirin canbiCTeipManbl 3epTTeY: CUpeHanbIK, rannablk, BAaHUINUH XXOHE NPOTOKaTEXThI
A TymMaybl BUPYCbIHA Kapchbl.

MaTtepuan xaHe agictepi. Ocbl XymbicTa A TyMaybl BUPYCbIHbIH, €Ki Aapire TesiMai WwTaMmmaapbl-
HbIH ynriciHge TepT ecimaik dheHon KblWKbINAapbIHbIH: rans, CUPeH, BaHUINH XXoHe NPOTOKaTeXThbIH,
BMpYCKa Kapcbl 6enceHginirine canbiCTbipMarnbl 3epTTey Xyprisingi.

HaTuxkenepi xoaHe Tankbinaybl. [ann kblwKbinbl 1,35 MKr/Mn KoHUueHTpauusacbiHaarbl A/HSN3
Tymaybl BUPYCbIHbIH penpoayKkunsacelH 50% - fa, an koHueHTpauuagarsl 0,1 mkr/mn A/H3N2 Tymaybl
BUPYCbIHbIH penpoayKumachiH 6acyra kabineTTi ekenAiri aHbikTanabl, 0yn TammdnyabiH COHFbI OYbIH-
[afbl rpUNMNo3fFa Kapchbl npenapaTtbiHbIH 6enceHainiriveH canbicTelpyfa 6onagpl.

KopbITbiHAbI. BenrineHreH Bupycka kapcbl 6enceHAinikTiH KepiHici ywiH peHon KbIWKbINbIHbIH
KypamblHAa keMiHae eki rmapokcy Tobbl 6onybl Kepek ekeHAiri kepceTingi. [Mapokcu TonTapbiH Me-
TOKCM TOObIHA aybICTbIpy onapAblH BMPYCKa KapcCbl KacueTTepiH PeHOonN KblWKbINbIMEH TOMbIKTaN
XKofanTyfFa akenegi. fann KblwKbinbl - A TyMayblH BUPYCbIH eMAEYre apHanfaH nepcnekTuBTi npena-
paTTapAbl 93ipney yLwiH bIKTUmMan KaHguaar.

Herisri ce3gep: Tymay, rann KpllWKbinbl, MPOTOKaTEX KbILKbIMbI, BUPYCKa Kapcbl 6enceHainix.
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Ce30HHble BCMbILWKN pecnMpaTopHbIX MHEKUUIA, NPUBOAALLMNX K TSXKENbIM OCNOXKHEHUAM U Bbl-
COKOWM CMepPTHOCTW, XapaKTepHbl MMEHHO Ans Bupyca rpunna tuna A. [ina 6opbbbl ¢ anMaeMmamm n
naHAeMUAMU rpunna c cepeanHbl NPOLLIOro CToneTus paspabaTbiBaloTCs pasfmyHble 3TUOTPOMHbIE
npoTUBOBMPYCHble cpencTBa. Cepbe3Hon nNpobrnemon npu nekapcTBEHHOW Tepanuu rpunmno3Hom
nHekunn sinsieTcs GbicTpas aganTauust BUpyca rpunna v nosiBrieHne riekapcTBEHHO-YCTONYMBBIX
wtammoB. [MoaTomy ahhekTUBHOCTbL BHOBb pa3pabaTtbiBaeMbiX NIEKapCTBEHHbLIX CPEACTB onpeae-
NSeTCA Ha OCHOBE OLEHKM MX B3aUMOAENCTBUSA C NeKapCTBEHHO-YCTONYMBBLIMI LUTAaMMaMmn Bupyca
rpunna. ®eHonbHble KMCNOTbl PACTUTENBHOIO NPOUCXOXAEHNS ABMAIOTCA NEePCnekTUBHbIMY coean-
HEeHVMAMKN ANs co3faHus NPOTUMBOBUPYCHbLIX NpenapaToB C LWWMPOKMM CNEeKTPOM BGMONorm4yeckon ak-
TUBHOCTW N MEHEEe NoABEPXEHbI K MOABMEHNIO PE3UCTEHTHBLIX K HUM LUTaMMOB.

Llenb pa6oTbl. CpaBHUTENbHOE M3yYeHWE NPOTUBOBUPYCHON aKTUBHOCTU YETbIPEX (DEHOSbHbIX
KMCMOT: CUPEHEeBOW, rannoBon, BaHUIMHOBOW M NPOTOKaTEXOBOMW NPOTMB BUpYyca rpunna A B aKkcne-
puMeHTax in ovo.

MaTtepuan u metoabl. B HacToswen paboTe Ha MoAenu ABYX NeKapCTBEHHO-YCTONYMBbLIX LUTaM-
MOB BMpYyca rpunna A npoBeAeHO CpaBHUTENbHOE N3yYeHre NPOTUBOBMPYCHON aKTUBHOCTUN YeTbIpex
pacTUTEnNbHbIX PEHONbHBLIX KUCNOT: ranfoBow, CUPEHOBON, BAHUMHOBOW 1N MPOTOKaTEXOBOWN.

Pe3ynbTathl U 06CyXAeHMe. YCTAHOBMEHO, YTO ranfioBas KucrnoTta B KoHUeHTpauuu 1,35 mkr/
mn cnocobHa Ha 50% nogaenaTe penpoaykumto Bupyca rpunna A/H5N3, a B koHueHTpauum 0,1 mkr/
M - penpoaykuuto Bupyca rpunna A/H3N2, 4To conocTaBUMO C aKkTUBHOCTbLIO MPOTUBOTPUMNMNO3HOTO
npenapara nocnegHero nokoneHns Tammdnio.

BbiBoAbI. [lokasaHo, 4TO 4N NPOSIBNEHNS BblpaXXeHHOW NPOTUBOBUPYCHON aKTUBHOCTY DEHOMb-
Has KMcnoTa B CBOEM COCTaBe AOSKHa MMETb He MeHee ABYX MMAPOKCU-rpynn. 3ameHa rnapokcu-
rpynn Ha MeTOKCU-Tpynny MpPUBOAWUT K NPAKTUYECKU MOMHOW noTepe (PEHONbHOW KUCIOTOMW CBOMX
NPOTMBOBUPYCHbIX CBOWCTB. [@annoBas kncrnoTa ABnseTcsa NoTeHUManbHbIM kKaHaMaaToM B pa3paboT-
Ke NepCcrnekTUBHbIX NIEKapCTBEHHbIX CPEACTB ANs Tepanuu Bupyca rpunna A.

KnroyeBble cnoBa: rpunn, rannosas KMcnoTa, NpoTokaTexoBas KMCnoTa, NpoTMBOBUPYCHAs ak-
TUBHOCTb.

Onsa untupoBaHusa: Typmarambetoa A.C., borosieneHckuit A.M., Anekctok IN.T., Anekctok M.C.,
BepesnH B.3. ®eHonbHbIE KNCNOThI PACTUTENBHOTO MPOUCXOXAEHUS KaK NEePCNEKTUBHBIA NCTOYHUK
Ansa paspaboTkm NpoTMBOBUPYCHbIX cpeacTB // MeanumHa (Anmatel). — 2019. - Ne9 (207). — C. 55-60.
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trum variants of influenza virus [1]. All age and social ~ population are high contagiousness of the pathogen, airborne

categories of people are susceptible to this virus. Every  transmission and high population density in modern society.
2-3 years a change in the antigenic determinants of influen- Vaccination and etiotropic antiviral drugs are used for the
za A virus circulating in a certain area occurs which leads to  prevention and treatment of influenza. The effectiveness of
epidemics or serious outbreaks of the disease [2]. The main  vaccination is directly related to the timing of its implemen-

T o date there are about 2000 different by antigenic spec-  reasons for the rapid spread of the influenza virus among the
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tation before the epidemic starting. The composition of the
influenza vaccine also is very important, specifically the cor-
respondence of the vaccine strain to the epidemic strain. The
effectiveness of drug therapy is determined by the sensitivity
of the epidemic virus to a specific drug. In this case the mech-
anisms of action of the antiviral drug may vary significantly.
Thus the adamantane-type drugs (Rimantadine) prevent the
cleavage of the surface viral antigen hemagglutinin and as a
result the fusion of the viral membrane with the lysosomal vac-
uole due to the blocking of the viral membrane M2 protein,
which makes it impossible for the virus enter to the host-cell
[3]. There is other mechanism of action for inhibitors of the vi-
ral enzyme neuraminidase (oseltamivir, zanamivir, etc.) which
prevent the process of viral particles budding from the host-
cell by interacting with the active center of the enzyme [4].

A significant drawback of commercial synthetic anti-influ-
enza drugs is the emergence of resistant influenza virus strains.
At the same time neuraminidase inhibitors are more sustainable
to the appearance of resistance in the influenza virus epidemic
strains, at the moment; but have less clinical efficacy and high-
er cost than adamantane-type drugs which makes them less ac-
cessible for the use by a wide range of population [5, 6].

For these reasons the search and further development of
drugs for the prevention and treatment of influenza for the in-
troduction into the clinic remains relevant today. Since the 80s
of the last century there has been increased research interest
to antiviral drugs of plant origin [7, 8]. This interest is due to
the low toxicity of plant preparations, their polyvalences, and
mild action which allows the use of these drugs for a long time
without side effects for health.

Phenolic compounds of plant origin have a wide range of
biological activity including antiviral [9, 10]. They are found
in almost all higher plants. Phenolic acids found in various
plants, fruits and vegetables have such biological properties
as antioxidant, antiviral, anticancer, antimicrobial, anti-inflam-
matory [10, 11, 12].

The aim of this work was a comparative study of the antivi-
ral activity of four phenolic acids: Gallic, Syringic, Vanillic and
Protocatechuic against influenza A virus in in ovo experiments.

MATERIAL AND METHODS

Avian influenza virus strain A/Tern/South Africa/1/1961
(H5N3) resistant to commercial antiviral drugs (Rimantadine,
Tamiflu) and human epidemic influenza virus strain A/Al-
maty/8/98 (H3N2) were used.

Viruses were grown in the allantoic cavity of 10 days
old chick embryos (36 h., 37°C). The virus titre was 107-10°
EID50/mL in the allantoic fluid.

The hemagglutination activity of viruses was determined
according to the standard method [13] using 0.75% suspension
of chicken red blood cells.

As objects of study purified plant origin phenolic acids were
used: Gallic, Syringic, Vanillic and Protocatechuic with different
amounts of hydroxyl and methoxy groups. The structural formu-
la of the studied phenolic acids is presented in Figure 1.

The study of the specific antiviral activity of phenolic acids
of plant origin was carried out in accordance with the method-
ological recommendations of the “Guidelines for preclinical
studies of drugs” [14, 15]. The main criterion at the study of
the specific antiviral effect of the compounds is the chemo-
therapeutic index (CTI), which is determined by the ratio of
the average toxic concentration of the substance (TCs) to the
average effective virus-inhibiting concentration (ECsy).

Rimantadine®, Olanpharm, Latvia (alpha-methyltricyc-
lo [3.3.1.1/.7] decan-1-methanamine as hydrochloride, CAS
13392-28-4) and Tamiflu®, Hoffmann-La Roche, Switzerland
(3R,4R,5S)-4-acetylamino-5-amino-3-(1-ethylpropoxy)-1-cy-
clohexene-1-carboxylic acid ethyl ester, phosphate, INN oseltam-
ivir, CAS 196618-13- 0) [16, 17] were used as reference drugs.

For mathematical processing of the results standard meth-
ods for finding the mean values and their average errors were
used [18].

RESULTS AND DISCUSSION

Study of the antiviral activity of 4 phenolic acids of plant
origin (Gallic, Syringic, Vanillic and Protocatechuic acids)
against human and avian influenza viruses was carried out.

A study of the ability of compounds to inhibit the repro-
duction of influenza virus was carried out in the range of doses
from 0.1 pg/mL to 2.5 pg/mL.

It was shown that in a studied dose range the structure of
phenolic acid significantly affects the ability to suppress the
reproduction of the influenza virus (Figures 2, 3). In the stud-
ied dose range only gallic acid was able to effectively suppress
the reproduction of the influenza virus (inhibit more than 50%
of 100 infectious doses of the virus) regardless of its antigenic
structure. An interesting fact is that protocatechuic acid which
effectively suppresses the reproduction of the A/H5N3 influ-
enza virus turned out to be ineffective against the A/H3N2 in-
fluenza virus.

@) OH O OH

OH OCH,

OH

Protocatechuic acid

HO

Vanillic acid

HO

Os_OH OO+
OH H,CO OCH;,
OH HO
Gallic acid Syringic acid

Figure 1 — The structure of the studied phenolic acids of plant origin
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Figure 2 - The dose-dependent effect of the virus-inhibiting activity of phenolic acids on the model of human influenza
virus strain A/Almaty /8/98 (H3N2). Control IV — influenza virus
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Figure 3 - The dose-dependent effect of the virus-inhibiting activity of phenolic acids on the model of avian influenza
virus strain A/Tern/South Africa/1/1961 (H5N3). Control IV — influenza virus
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Most antiviral activity research including prophylactic and
therapeutic are carried out in in vitro experiments believing
that these data can be extrapolated to live models in vivo. 10-
12 days old chicken embryos are alternative to cell culture and
animal model for influenza virus propagating and antiviral ac-
tivity investigation. The main advantage of chicken embryos is
that the virus propagated in the germinal membranes, secreted
into the allantoic and amniotic fluid where it accumulates in
large quantities. The use of chicken embryos led to a genuine
revolution in the study of viruses, which was continued by the
introduction of tissue culture into the virological technique. At
the same time the model of chicken embryos for propagation
and investigation of susceptible viruses has retained its signif-
icance today. Despite its shortcomings the method is relatively
simple, convenient, and cheap and is widely used in virological
studies [19, 20].

In our research a comparative study of the anti-influenza
activity of four phenolic acids differing in amounts of hydrox-
yl and methoxy groups was carried out. It was shown that the
severity of antiviral activity is directly related to the number of
hydroxyl groups in the phenolic acid molecule. The greatest
antiviral activity in in ovo experiments on both strains of mod-
el influenza A viruses was shown by gallic acid, which had 3
hydroxyl groups in its molecule at C3, C4 and C5 positions.
The anti-influenza activity of gallic acid in relation to the A/
HS5N3 influenza virus strain resistant to commercial anti-influ-
enza drugs was comparable to the activity of the commercial
antiviral drug Tamiflu, the most effective anti-influenza drug
known to date (table 1). Significant antiviral activity of gallic
acid was also shown against the epidemic strain of human in-
fluenza virus A/H3N2.

Table 1 — EC;, of tested compounds on the model
influenza A virus strains

Antiviral activity, ug/mL
Compound
H3N2 H5N3
Gallic acid 1.35+£0.055 0.1+0.004
Protocatechuic acid Na* 0.59+0.029
Tamiflu 0.22+0.01 0.05+0.002
*Na — Concentration not achieved

Protocatechuic acid having only 2 hydroxyl groups (C3,
C4) showed less pronounced antiviral activity than gallic acid
on the model influenza virus strain A/HSN3. In the studied dose
range for protocatechuic acid it was not possible to determine
the EC50 on the epidemic strain of influenza virus A/H3N2.

Syringic acid in the studied dose range was able to sup-
press only up to 12% of reproduction of the influenza virus A/
HS5N3 and A/H3N2. Substitution of two hydroxyl groups (C3
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