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Abstract: One way to preserve the purity of ecosystems
is the use of polyene antibiotics (PA) with specificity
and selectivity of their action on viral and fungi plant
cells. In the process of our prolonged scientific activity
on the base of polyene antibiotics was discovered a
new membrane-active preparation whose basic action
is connected with its ability to quickly, high selectivity,
and efficiency to destroy simultaneously viral and fungi
infections of plants. The most effective of the studied
PA were amphotericin B and levorin A, produced
respectively by soil microorganisms Actinomyces
nodosus and Actinomyces levoris. A theoretical analysis
of practical aspects of the use of PA is presented
to develop an ecological model of environmental
protection from carriers of infection. The relationship
between the structure of antibiotics and their function in
membranes has been established. The physicochemical
properties and biological role of dimethyl sulfoxide
(DMSO) in combination with PA were studied for the
first time. It was found that the use of amphotericin
B and levorin A, in the DMSO complex enhances the
biological activity of the initial antibiotics. It was found
that the studied antibiotics have a steep dependence
of conductivity on their concentration, which made
it possible to identify the effective concentrations of
each of them in the formation of ion channels. The
conducted research allowed to theoretically substantiate
and present practical recommendations for the targeted
synthesis of PA and their derivatives with specified
properties. For example, alkylation of the polar part
of PA molecules increases the biological activity and
selectivity of their action on cell membranes. As a
result of the conducted research, for the first time it was
possible to identify a new compound Infanvir, which
has the ability to effectively and selectively suppress
the growth of pathogenic viral infections in plant cells.
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A Eurasian patent has been obtained for the developed
drug.

Keywords: crops, fungi infection, INFANVIR, polyene
antibiotics, viral infection

INTRODUCTION
Vegetable and fruit crops are a valuable source of
biologically active compounds. Their protection from
pathogenic microorganisms is an important problem for
agriculture. The social aspect of maintaining the purity
of ecosystems involves the creation of effective ways to
combat pathogenic microorganisms. Currently existing
protective equipment is not able to completely prevent
the spread of viral and fungal infections. Recently,
intensive work has been carried out in many countries
to create drugs that can selectively affect the cells of
pathogenic microorganisms and effectively suppress
their growth [Ibragimova, 2010; Huseynovaetal.,2012].
Generally, plant diseases caused by the three main
pathogenic microbes: fungus, bacteria and virus. Here
are a few examples of common signs and symptoms
of fungal, bacterial and viral plant diseases. Fungal
disease signs are leaf rust, stem rust, sclerotinia,
powdery mildew. Bacterial disease signs are bacterial
ooze, water-soaked lesions, bacterial streaming in
water from a cut stem. Viral disease signs are none
because the viruses themselves cannot be seen. Fungal
disease symptoms are anthracnose, phytophthora,
leaf spot, chlorosis. Bacterial disease symptoms are
leaf spot with yellow halo, fruit spot, cancer, crown
gal. Viral disease symptoms are mosaic leaf pattern,
crinkled leaves, yellow leaves, plant stunting. There
is a lot of overlap between fungal, bacterial and
viral disease symptoms [Alekseeva, Ivanova, 2015].
The plant diseases are attempted to control by the
use of antibiotics by plant pathologists all over the
world since the discovery of penicillin. Although there
are about 900 kind of antibiotics of which the chemical
structures have been studied, only more than 10 types
of antibiotics possessed practical application towards
agriculture. The reason may be due to the instable
nature of antibiotic, high cost, high toxicity on warm-
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blooded animal and toxic effects on plants. Agricultural
antibiotics are usually formulated as powders with 17%
to 20% active ingredient [Manyi-Loh et al., 2018].

The powder formulation is dissolved or suspended
in water to get concentrations of 50 to 300 ppm with
its suitable application as a fine mist to the target plant
parts. Due to its expensive in nature, antibiotics are used
primarily on high-valued fruit and vegetable crops and
ornamental plants production where their cost of use
can be regained. The widely used known antibiotics
available belongs to actinomycetes and few are of fungi
and bacteria origin [Abhilash et al., 2016].

Polyene macrolide antibiotics are of particular
interest. The composition of the drug INFANVIR
contains two components that are not identical in their
chemical structure and physico-chemical properties.
Studies have shown that polyene antibiotics (PA)
have important properties - to inactivate some viruses,
prevent their penetration into the cell and inhibit their
reproduction. Moreover, water-soluble derivatives of
PA - amphotericin B, levorin and mycoheptin, when
administered together with inactivated antiviral drugs,
can stimulate specific immunogenesis. Recently, there
have been real prospects for expanding the scope of
application of PAs to combat viral and fungal infections
of plants [Ibragimova et al., 2014; Ibragimova, 2010].

MATERIAL AND METHODS

INFANVIR which we got Eurasian Patent No. 022438
is a yellow amorphous powder without an accurate
melting point. It is highly soluble in dimethyl sulfoxide
(DMSO), dimethylformamide and pyridine, slightly
soluble in lower alcohols. Solubility in alcohols
increases in the presence of 20-30% water. Insoluble in
chloroform, anhydrous acetone, diethyl and petroleum
ether. INFANVIR has amphoteric properties, ionizing,
forms a cation in an acidic environment, and an anion in
an alkaline environment [Eurasian Patent No. 022438].
According to its chemical nature, INFANVIR belongs
to heptaene PAs. In a complex with DMSO, it is a dark
yellow liquid with a bitter taste and a specific odor.
INFANVIR is one of the components of the complex
antibiotic mixture levorin.

The drug INFANVIR is obtained by dissolving 1 g
of a powder of the active ingredient with a biological
activity of 25,000 units / mg in 100 ml of DMSO [Yu
Z. et al., 2016]. After thorough mixing, the composition
is kept for a day at room temperature. The liquid is then
filtered and stored in a dark, cool place. The result is a
stock solution of infanvir ready for use. The indicated

62

concentration of INFANVIR is threshold, since above
this concentration the active ingredient precipitates when
diluted with water. The usage of the drug with such a
ratio of components is highly effective. 1 1 solution of
INFANVIR diluted in 100-200 liters of water and then
infected surface of vegetable crops sprayed with this
solution and their root system is processed [Ibragimova,
2010]. The biological activity of INFANVIR was
determined by the lipid bilayer membrane (BLM)
method. BLM was obtained from phospholipids isolated
from the white matter of bovine brain by applying a
drop of phospholipids to a hole in a Teflon cell. Total
phospholipids were purified from neutral lipids by
acetone washing and stored at 0°C at a concentration of
20 mg/ml in chloroform-methanol solution in a volume
ratio (2:1). The integral conductivity of membranes was
studied depending on the antibiotic concentration in the
potential fixation mode. At a certain concentration of the
antibiotic, the maximum conductivity of the membranes
is achieved, which is taken as the main component in the
preparation of the drug.

Test report for the biologically active drug
"INFANVIR" based on the company "AGRI BIO
ECOTECH" (Absheron, Azerbaijan) and based on the
company "REAL PLUS". In order to find an effective
drug against pathogenic microorganisms of vegetable
crops, experiments were carried out in greenhouses,
as well as in open soils of the company "AGRI BIO
ECOTECH" and "REAL PLUS", where cucumbers,
tomatoes, eggplants and peppers are grown. A hundred
plants are used for each crops and ten of them are control
plants in each crops.

On the basis of the company "AGRI BIO ECOTEH"
a test was carried out of the biologically active drug
"INFANVIR", developed at the Department of Soil
Science of Baku State University. The drug "INFANVIR"
is created on the basis of polyene antibiotics (due to patent
reasons, the composition of the drug "INFANVIR" is
not disclosed). The mechanism of action of this class of
compounds is based on their binding to the cytoplasmic
membranes of cells, the formation of ion channels in them,
which ultimately leads to cell lysis. To date, not a single
drug has been found that would have the ability to stop
and completely suppress the development of infections
in plants. From this point of view, the relevance of the
ongoing research does not raise any doubts. Studies on
the basis of "AGRI BIO ECOTEH" in greenhouses, as
well as in open ground, showed the high effectiveness
of the drug on pathogenic microorganisms. Treatment
of plants, as well as soil affected by viral and fungal
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infections, by spraying infected areas with INFANVIR
solution at the rate of 100 ml of the original solution
dissolved in 10 liters of water at 15-35° C leads to the
complete destruction of viral and fungal infections.

The effect of the drug "INFANVIR" on plant objects
(Prunus persica (L.) Batsch) in conditions of plant
disease with tobacco mosaic virus are also studied in
the plantation in Guba district (Azerbaijan). The author
of the drug drew attention to the fact that the drug
"INFANVIR" has the ability to completely suppress the
growth of the tobacco mosaic virus (Tobacco mosaic
virus). It should be noted that after treatment with
INFANVIR, infected plants are not only cured, but
complete plant regeneration occurs. Eurasian patent has
been obtained for the developed drug.

RESULTS

Almost half of the detected infectious plant diseases
are viral [Baghirova et al., 2020]. To obtain biologically
active compounds, soil actinomycetes are used that are
capable of synthesizing antibiotic substances that have
a specific effect on pathogenic microorganisms. Soil
actinomycetes, synthesizing most antibiotics, play a key
role in enhancing soil fertility. Antibiotics have several
valuable advantages in the fight against phytopathogenic
microorganisms in comparison with other substances.
They easily penetrate the organs and tissues of plants,
have an antibacterial effect and are relatively slowly
inactivated in them. The use of antibiotic preparations in
crop production gives a significant economic effect. They
are widely used in crop production due to the negative
consequences of the use of pesticides. Antibiotics have
a selective action and, suppressing the development
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Figure 1. Delivery of antibiotics into citrus seedlings.
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of phytopathogenic viruses and fungi, are practically
harmless to plants. Numerous experimental studies have
shown that most of the antibiotics used penetrate well
into plant tissues through roots, stems, and leaf surfaces,
and are absorbed into seeds (Fig. 1).

Amphoteric antibiotics penetrate especially quickly
into plant tissues. There are various ways to introduce
antibiotics into plant tissues. The most widely used
methods are spraying or pollinating the aerial parts of
the plant, soaking the seeds, and direct tillage. This
treatment method gives good results in the fight against
diseases, the pathogens of which develop on the surface
and in plant tissues (Fig. 2).

The drug "INFANVIR" was created based on
membrane-active macrolide antibiotics. The mechanism
of action of this class of compounds is the basis of
their formation of molecular-sized structural channels
in cell membranes, selectively passing through ions
and organic compounds. The biological effect of PA
is connected with change of permeability of lipid
and cell membranes for ions and organic substances.
For determination of biological activity of antibiotic
dependence of membrane conductivity in membranes
on concentration INFANVIR was studied. [[brahimova,
2010] You can see in figure 3, that maximum activity of
an antibiotic is observed at concentration 10°-10-° M.

Membranes were formed of mix phospholipid —
cholesterol 20:1 in the water salt solutions containing
10 M of KCl at pH=6.5, t=220° C. Potential on a
membrane of +100 mV (from the antibiotic side).

Proceeding from these data concentration of an
antibiotic which corresponds to its maximum biological
activity is calculated. At small 10" M of INFANVIR
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delivery (B). [Fuad Al Rimawi et al., 2019]
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Figure 2. The effect of the drug "INFANVIR" on plant objects (peach) in
conditions of plant disease with tobacco mosaic virus: 1- the initial period, 2-
plants before treatment with the drug and 3- the same plants after treatment with
the drug. Conditions of the experiment behavior — 100 ml of "INFANVIR" +200
ml of H,O into the soil,irrigation of leaves 100 ml of "INFANVIR" + 1 1. H,O.

concentration on single ionic channel with the low
conductivity which size about 0.3-0.5 pSm are formed
in membranes. Research showed that INFANVIR
the forming molecular complex at interaction with
cytoplasmatic membranes, promotes suppression of
virus and fungoid infections of vegetable and other types
of crops. Biological activity of PA sharply increasese at
dissolution in DMSO. PA in DMSO solution are about
10 times more effective in comparison with initial
water-soluble forms of antibiotics. INFANVIR contains
DMSO and an active component that allows to use it
at treatment of viral and fungoid diseases of vegetable
crops in the structure. INFANVIR possesses ability to
interact with envelops of virus particles and membranes
of fungi cell. There is the lysis of cells as result of
such interaction. Studies conducted in greenhouses, as
well as in open fields, of the preparation "INFANVIR"
showed high effectiveness of its effect on pathogenic
microorganisms. The initial solution of 100 ml of
preparation of viral (Tobacco mosaic virus) and fungal
infected plants and soil was dissolved in 10 liters of
water (temperature -15-35°). As a result, this operation
led to the complete destruction of viral and fungal
infections.

The effect of INFANVIR to bacterial disease in
cucumbers, tomatoes, eggplants and peppers shows
that this drug is highly effective in 60 and 120 minutes
exposition time against bacterial infections such as
Canditatus Phytoplasma solani, Pseudomonas syringae
pv. tomato, Ralstonia solanacearum, Septoria spp.,
Cercospora spp., Sclerotinica sclerotiorum, Ralstonia
salonacearum, Phytophthora capsici, Leveillula
taurica.

It has been shown that drug users can completely
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suppress the growth of the tobacco mosaic virus, tomato
mosaic virus, cucumber mosaic virus and alfalfa mosaic
virus. In particular, it should be noted that after treatment
with "INFANVIR," the infected plants are not only
cured but also complete recovery of the plants occurs.
In addition, vegetable plants treated with the drug had
twice the yield of control plants and also disease spots
number decrease twice (Fig.4). It should be noted that
antibiotics have a short active period on plants, usually
less than a week, and significant residues have not been
detected on harvested fruits and vegetables. The results
demonstrated that the antiviral effects of INFANVIR
were as effective as those of the commercial agent
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Figure 3. Dependence of conductivity of lipid
membranes on INFANVIR concentration.
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Figure 4. Virus diseases spot numbers and treatments dependence.

lentinan, in either the protective effect, inactivation
effect or curative effect and also the results demonstrate
that INFANVIR have potential as eco-friendly and safe
strategies to control tobacco mosaic viruses in the future
[[brahimova et al., 2014].

The use of antibiotics in plant protection is not as
high as in human and veterinary medicine, it is important
to consider its potential impact on the phytobiome.
There is a risk of unintended consequences, such as the
development of antibiotic resistance, which should not
be ignored.

It is important to note that the risk of antibiotic
resistance associated with the use of antibiotics in plant
protection cannot be ruled out due to the lack of data.
Therefore, it is crucial to adopt strong antimicrobial
stewardship practices to mitigate this risk, as suggested
by Miller et al. [2022]. It is also necessary to develop
practical and achievable surveillance programs
that collect quantitative data on the use and sales
of antibiotics, as well as the crops and area of their
application. This will aid in better understanding the
situation and assessing the risks of antibiotic resistance
selection and spread. Accurate data on the amounts
of antibiotics used in different crops are an essential
factor in identifying and quantifying the related risk of
developing antibiotic resistance.

Antibiotics became widespread in crop production
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when the adverse effects of the use of pesticides
became apparent, which, along with the suppression of
phytopathogenic microflora, poison beneficial species
of fish, birds and animals that feed on pollinated plants.
Antibiotics have selectivity of action and, suppressing
the development of phytopathogenic bacteria and fungi,
are practically harmless to plants and animals. Studying
the selective permeability of levorin channels for ions
and organic compounds is an important aspect for the
protection of agroecosystems.
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Miixtslif bitkilords polien antibiotiklarinin
funksional aktivliyinin todqiqi

Giilnar H. Sultanova
Tirkan C. Pasazado

Botanika Institutu, Azorbaycan Respublikasi Elm va Tohsil Nazirliyi,
Badamdar sossesi 40, Baki, AZ1004, Azarbaycan

Voafa X. Qasimova
Baki Doviat Universiteti, Z.Xalilov 23, Baki, AZ1148,
Azarbaycan

Ekosistemlari tomiz saxlamagin bir yolu bitkilards virus
vo gbobolok hiiceyralorino qarst spesifikliyi vo segiciliyi
ilo segilon polien antibiotiklarinin (PA) istifadssidir.
Polien antibiotiklorino asaslanan uzunmiiddotli elmi
foaliyyotimiz zamani osas tosiri bitkilorin virus vo
gobalok infeksiyalarmi eyni vaxtda mohv etmok
qabiliyyatiolan yiiksok seciciliyi va effektivliyiilo alagali
yeni bir membrano-aktiv dorman kosf edildi. Todqiq
olunan PA-dan an tasirli olani torpaq mikroorqanizmlori
Actinomyces nodosus vo Actinomyces levoris torofindon
istehsal olunan amfoterisin B va levorin A, idi. Otraf
miihitin  infeksiya dastyicilarindan  gorunmasinin
ekoloji modelini hazirlamaq ii¢lin PA-dan istifadonin
praktiki aspektlorinin nozeri tohlili toqdim olunur.
Antibiotiklorin qurulusu ils onlarin membranlardaki
funksiyalar1 arasinda slage qurulur. Dimetilsulfoksidin
(DMSO) fiziki-kimyavi xiisusiyyatlori vo bioloji
rolu PA ilo birlikde Oyronilmigdir. DMSO kompleksi
ilo birlikdo amfoterisin B vo levorin A, istifadesinin
ilkin antibiotiklorin  bioloji  aktivliyini  artirdig1
askar edilmisdir. Todqiq olunan antibiotiklorin
kegiriciliyinin onlarin  konsentrasiyasindan kaskin
astliligina malik oldugu, ion kanallarmin omolo
golmasindo  hor birinin  tosirli  konsentrasiyalarini
toyin etmays imkan verdiyi agkar edilmisdir. Aparilan
todgigatlar PA-larin  vo miioyyan xiisusiyyatlora
malik téramalarinin maqsadyonlii sintezi li¢lin nazari
cohotdon osaslandirmaga vo  praktiki tovsiyalor
vermaya imkan verdi. Masalon, PA molekullarmin
qiitb hissosinin alkillogsmasi bioloji aktivliyi vo hiiceyra
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membranlarina tosirinin segiciliyini artirir. Aparilan
tadqiqatlar noticasindo ilk dofs bitki hiiceyralorinda
patogen virus infeksiyalariin bdyiimosini effektiv vo
secici sokildo dayandirmaq qabiliyystine malik olan
yeni INFANVIR birlosmosini miioyyan etmok miimkiin
oldu. Hazirlanmis derman {igiin Avrasiya patenti alindu.

Agar sozlor: kond tosorriifatt  bitkilori, gobalok
infeksiyasi, INFANVIR, polien antibiotiklor, viral
infeksiya

HccnenoBanue pyHKIMOHATBHON AKTHBHOCTH
MOJTHECHOBBIX AHTHOMOTHKOB B Pa3JIHYHBIX
€eJIbCKOX035IHCTBEHHBIX KYJbTYpaXx.

I'tonbuap I. Cynranosa

Tropkan [Ix. [Tamazane

Hnemumym 6omanuxu, Munucmepcmea Hayxku u Obpasosanus
Aszepbatioscanckoii Pecnybauku, baoamoapckoe wocce 40,
baky, AZ1004, Azepbaiiosrcan

Baga X. I'aceimoBa
bakunckuii Tocyoapemeennviti Yuusepcumem, ya. 3. Xaaunosa 23, Baky,
AZ1148, Azepbatioscan

OmauM w3 cnocoOOB — COXpaHEHWS  YUCTOTHI
DKOCHCTEM SIBJIIETCA HCIIOJIL30BAHUE IIOJHEHOBBIX
antuonoTHKoB (ITA), obmamarommx crennuIHOCTHIO
U U30MpaTeNnbHOCThIO JIEHCTBHS HA BUPYCHBIE U

rpuOKOBBIC KJIETKM pacTeHuil. B mpouecce Hamel
JUINTENIbHOW  HAayyHOW JIEATEIIBHOCTH Ha OCHOBE
MOJIMCHOBBIX ~AHTUOMOTHKOB ObUT OTKPBIT HOBBIN

MeMOpPaHOAKTHBHBIA Mpernapar, OCHOBHOE JEHCTBHE
KOTOPOIO CBSI3aHO C €ro CIOCOOHOCTBIO OBICTPO, C
BBICOKOW M30MparelbHOCTBI0 U 3(PQPEKTUBHOCTHIO
YHUYTOXXaTh OJHOBPEMEHHO BUPYCHBIE M TI'PHOKOBBIC
nHpekunn pacteHuil. Haubonee s>ddekTuBHBIMU
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13 M3YyYEHHBIX MpenaparoB Obu amdorepuuuH B
U JIEBOPHH A, THPOIYyUHMPYEMBIE COOTBETCTBEHHO
[IOYBEHHBIMH MUKPOOPTraHu3MaMu Actinomyces nodosus
u Actinomyces levoris. IlpencraBieH TeOpeTHYECKHN
aHaJIM3 MPAKTUUECKUX AacleKTOB mnpuMeHeHust [IA
Uil pa3pabdOTKH  HKOJOTMYECKOM MOIENH  3allHUThI
OKpY)KalolleHd cpeasl OT IEPEHOCUYHMKOB HMH(EKIHH.
VYcraHoBIIeHa B3aUMOCBSI3b  MEXKIY CTPYKTYpOH u
¢ynknueir I1AB MmemOpanax. BriepBbie ObUTH U3y4eHBI
(PU3UKO-XMMHUYECKUE CBOWCTBAa U OMOJIOTHYECKasi poIib
mumerwicynbokcuna (JJMCO) B coueranuu c [IA.
Bbu10 00HApyKEeHO, YTO UCTIONB30BaHKE aM(pOTEPULIUHA
B u nesopuna A, B xommiekce ¢ JIMCO mosblmaer
OMOJIOTMYECKYIO aKTUBHOCTD UCXOJHBIX aHTHOMOTHKOB.
beuto  oOHapyxeHO, YTO H3y4yaeMble aHTHOMOTHKH
HMEIOT PE3KYyI0 3aBUCHMOCTh IPOBOIUMOCTH  OT
UX KOHIEHTpPAlM{, 4YTO T[IO3BOJIWJIO  ONpPEEIUTh
3¢ QEeKTUBHBIC KOHIEHTPALMK KaXIOTO M3 HHUX IIpH
(opMUPOBaHMM HMOHHBIX KaHaioB. lIpoBeneHHBIC
HCCIIEOBAHNSI TIO3BOJIMIIM TEOPETHYECKH OOOCHOBAThH
U TPEACTaBUTh NPAKTUYECKUE PEKOMEHAAIMU IO
LIEJICHANPABICHHOMY ~CHUHTe3y pou3BoaHbix  [IAc
3aJaHHBIMH CBOMCTBaMH. Hampumep, aaxumupoBaHHE
moJisipHOM  4vacth  Mojekyn  [IA  moBelmaer
OMOJIOTMYECKYIO aKTUBHOCTb M HM30MPAaTENbHOCTh HX
BO3ICHCTBHUS Ha KJICTOYHbIE MeMOpaHbl. B pesynsrare
MIPOBEJCHHBIX ~ HMCCJICIOBAaHUI  BIEPBBIC  YIAJIOCh
uaeHTHGUIUPOBaTh HOBOe coenuHenue Mudbausup,
KOTOpOoe 00yazaeT CrnocoOHOCThIO APPEKTUBHO U
n30MpaTeNbHO MOAABIATh POCT MATOTCHHBIX BUPYCHBIX
nHpeKkunii B KieTkax pacreHuid. Ha paspaOoranHbIN
mpenapar mojy4eH eBpasuiCKUi NaTeHT.

Knrwouesvie cnosa: cenvbckoxossaicmeenuvie Kyabmypol,
epudrosas ungpexyus, HUHDPAHBUP, nonuenosvie
AHMUOUOMUKU, BUPYCHAS UHDEKYUS





