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study of the role of lymphoid clusters associated with FALC (fat-associated lymphoid clusters) in the processes of
adhesion formation remains actual. The novelty of the work consists in the study of the characteristics of the distri-
bution and number of lymphocytes in the mesentery of the small intestine in adhesion disease in comparison with
the norm in rats. The aim: to study the features of the morphofunctional state of peritoneal tissues and lymphoid
clusters associated with adipose tissue (FALC) in normal rats and with adhesion disease. Materials and methods:
preparation, macroscopic, microscopic, histological (production of film preparations), staining with hematoxylin and
eosin, mathematical (morphometric grid — the number of immunocompetent cells was counted on a standard area
of 1000 um2), planimetric (the mesenteric plane of the small intestine and the area that was changed by spike
processes), statistical according to Student. Conclusions. Lymphoid clusters associated with FALC adipose tissue,
represented by diffusely located lymphocytes of small, medium and large diameter and plasma cells, are observed
in the mesentery of the small intestine. The experimental form of adhesion disease was characterized by gradual
changes in the tissues of the mesentery of the small intestine and the formation of adhesions, which were noted
on the 7th day of observation by a decrease in the mobility and gelatinization of the tissue; thickening and density
of the connective tissue of the mesentery of the small intestine on the 14th day; the appearance of granular forma-
tions with hard conglomerates of heterogeneous structure in the tissue on the 21st day of observation. Adhesion
formation was accompanied by dynamic changes in the structure of lymphoid tissue. There is an accumulation of
lymphocytes in some areas of the mesentery on the 7th day of the study. The number of lymphocytes per standard
unit of area also changes: on the 14th day, the indicator increases by 44%, on the 21st day by 47% compared to the
7th day of observation.

Key words: small intestine, rats, experiment, histological changes of peritoneum, immunity, morphology, micros-
copy, morphometry.
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RESULTS OF INSECTICIDE TESTING IN THE CONTROL OF IXODES TICKS
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Tin connection with the emergence of epidemiological threats caused by the expansion of the ranges of ixodid
ticks, there is an urgent need to develop various measures related to the regulation of the number of these arthro-
pods. Among these measures, the development of insecticidal drugs of chemical and natural origin occupies a promi-
nent place. The first such drugs began to appear in the United States in the 50s and 80s of the twentieth century.
Subsequently, similar drugs began to be developed in many countries where ixodid ticks began to pose a threat to
public health.

Insecticides for controlling harmful arthropods, including ticks, are also produced and used in Ukraine. However,
most of them are designed to control ectoparasites directly on the host body, and only a small number of them are
intended to limit their number directly in biocenoses.

Some of the drugs of chemical and natural origin tested by us, which are based on active substances such as iver-
mectin, alphacipermethrin, piperonyl butoxide, as well as antibiotics of natural origin (macrolides, sterols, phospho-
lipids and phytohormones), can be effectively used to limit the number of ixodid ticks directly in natural and artificial
biotopes, without harming other members of these biotopes. The results of such testing showed that the lethal effect
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of drugs based on ivermectin and alphacypermethrin and piperonyl butoxide at a concentration of 5% is observed in
100% of Ixodes ticks within 10-12 minutes. Preparations based on antibiotics of natural origin (macrolides, sterols,
phospholipids and phytohormones) do not cause lethal effect in ticks even at concentrations above 10%.

Key words: acaricides, ticks, infectious diseases, parks.

Connection of the publication with planned re-
search works.

The presented material is a fragment of scientific re-
search within the framework of the initiative research
work “Biology, epidemiological significance and mea-
sures to limit the number of ixodes ticks in urban and
agrocenoses of the western region of Ukraine” (state
registration number 0120U0104153) of the Department
of Medical Biology of I. Horbachevsky Ternopil National
Medical University, Ministry of Health of Ukraine.

Introduction.

Ticks are the carriers of pathogens of dangerous in-
fectious diseases, and their bites can threaten humans
with about 150 diseases. Among them, the most epide-
miologically important are tick-borne viral encephalitis,
Lyme disease, granulocytic anaplasmosis, monocytic
ehrlichiosis, Crimean-Congo hemorrhagic fever, hemor-
rhagic fever with renal syndrome, tularemia, etc.

The task of non-specific prophylaxis is to protect
people from bites of blood-sucking arthropods. This task
is solved in two ways: by exterminating ticks in natural
foci of infections and by individual protection of people
from their bites. The fight against various ectoparasites,
including ixodes ticks, is the subject of a relatively small
number of publications, most of which are published
in Europe and North America. In 50-80 years, the main
tactic for controlling ixodes infestations was the use of
conventional synthetic acaricides [1, 2].

Most modern acaricides include pyrethroid and car-
bamate compounds as active ingredients and are effec-
tive in reducing tick populations.

However, many synthetic drugs were toxic to other
animals and human and polluted the environment
when used in tick control. Therefore, subsequently, they
began to use drugs with active ingredients of plant or
animal origin.

Currently, new drugs based on natural antibiot-
ics (macrolides, sterols, phospholipids and phytohor-
mones), avermectins and alphacypermethrin and piper-
onyl butoxide have appeared on the Ukrainian market of
acaricidal drugs. However, the acaricidal effect of these
drugs on limiting the number of Ixodes ticks in natural
and urbanized habitats remains unclear.

The aim of the study.

To determine the effectiveness of insect-acaricidal
drugs on Ixodes ticks and to test them in the park.

Object and methods of research.

We used 80 Ixodes ticks collected from the environ-
ment with the help of a “flag”, a cloth with a rough sur-
face, white, 1x1 m in size, which was fixed transversely
with slats (or a frame made of wire with a diameter of
5-6 mm). The whole structure was attached to a 1.5-
meter long longitudinal rod. Holding the pole from the
side, they pulled the cloth across the grass. After walk-
ing a distance of 50-100 meters, they checked the “flag”
on both sides and removed ticks from it with tweezers.
The captured ticks were placed in hermetically sealed
boxes and subsequently examined for identification and
detection of disease agents. For long-term storage, ticks

were placed in 70% alcohol or frozen. Ticks were manu-
ally removed from humans and animals using tweezers.
The SEO-IMAGLAB optoelectronic system was used to
identify ticks. Acaricides against ticks of the species Ixo-
des ricinus and Dermacentor reticulatus were used as Ne
1, Ne 2 and Ne 3 based on antibiotics of natural origin,
ivermectin and alphacipermethrin with piperonyl butox-
ide, respectively, at a working concentration of 1.0% to
5.0%.

The study was conducted in two stages.

The first stage was doing in the laboratory for the
study of ticks and tick-borne infections of the Ternopil
National Medical University. At this stage, the acaricidal
effect of the Drug Ne 1, the active ingredient of which
is a complex of natural avermectins A1, A2, B1 and B2
(0.01%) isolated from the soil streptomycete Streptomy-
ces avermitilis, Drug Ne2 — 1 ml of which contains the
active ingredient ivermectin — 10 mg, filler — up to 1 ml
and Drug Ne 3 — 1 ml of which contains alphaciperme-
thrin — 90 mg and piperonyl butoxide — 118 mg. For this
purpose, 4 groups of ticks were formed (3 experimental
and 1 control, n=10 each). Ticks were placed on Petri
dishes. Ticks of experimental groups 1, 2, and 3 were
disinfested with 5.0 % aqueous solutions of drugs Neo1,
Ne2, and Ne3, respectively. Ticks of the control group
were sprayed with water.

At the second stage, the optimal working concentra-
tion of the drug that showed the best acaricidal effect
was determined. To accomplish this task, five groups of
ticks were formed (4 experimental and 1 control from
the first stage, n=10 in each). Each group of ticks was
placed on a white cloth with a size of 50-50 cm?. Ticks
were disinfested with an aqueous solution of Prepara-
tion Ne3 in the following concentrations: experimental
1-2.0%; experimental 2 —3.0%; experimental 3 —4.0%;
experimental 4 — 5.0%. Ticks of the control group were
sprayed with water. The air temperature outside was
18-19.0°C. The temperature of the working solution was
17.0°C.

Water and acaricidal agents were applied using a
spray bottle.

To determine the effectiveness of the drugs, the
time during which changes in tick behavior occurred
was noted. Observations were stopped when the exper-
imental ticks stopped moving. After that, the ticks were
placed under a stereomicroscope, where they were
tested for mobility by irritation with dissecting needles.

Each drug used in the study has a registration cer-
tificate. Drug Nol — registration certificate Ne B 039554
dated 31.12.2014, drug Ne2 — registration certificate Ne
— AV-09506-01-21 dated 08.10.2021, drug No3 — regis-
tration certificate Ne AV-00005-03-14 dated 15.07.2019.

Research results and their discussion.

In the practice of controlling Ixodes ticks, drugs of
chemical and biological origin are used in the form of
concentrated sprays, essential oils or liquids for oral use
by the hosts on which the ticks feed.

Fluazuron, registered in Switzerland (Acatak, Novar-
tis, Basel, Switzerland), with LD 50 and LD 95 of 19.5
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Table 1 — Acaricidal effect of drugs of natural and chemical used in strict accordance with the instructions.

origin on ticks in laboratory conditions, n=10

Particular attention should be paid to areas along

paths, dense grass, and the perimeter of recreation
Drug . . .
. Exposure |[Ticks died,| Ticks
Ne Group concentration, g pcs death. % areas.
% ’ ) ! In the specific prevention of tick-borne infec-

1 |Experimental 1 5 15 0 0 tions, significant progress has been made in over-
2 | Experimental 2 5 12 ) 20 coming viral tick-borne encepha!lt!s. In Ukraine,

- according to the Order of the Ministry of Health
3 | Experimental 3 5 10 10 100 | of Ukraine Ne 595 of September 16, 2011, vaccina-
4 | Control (Water) water 10 0 0 tions against this disease are carried out on epi-

mg/kg and 100 mg/kg, was first used as a drug to con-
trol Ixodes ticks [3].

The best known and most widely used drug of natu-
ral origin is the chamomile extract pyrethrin, which acts
on the sodium channels of nerve cell membranes, lead-
ing to paralysis and death of ticks [4].

Essential oils of some plants also have an acaricidal
effect. For example, lemongrass essential oil (Cymbo-
pogon citratus Stapf), which may contain several biolog-
ically active compounds, such as citral a, citral B, netol
geraniol, citronellal, terpinolene, geranyl acetate, myr-
cene, and terpinol methylheptenone, is highly effective.
Lemongrass essential oil leads to 96 % to 100 % death of
certain species of Ixodes ticks [5].

Oral drugs administered to animals per os are quite
effective. For example, Fluralaner has a high effect
against ectoparasites and is widely used to control ixo-
dids on dogs and cats. Isoxalolin blocks and inhibits ar-
thropod gamma-aminobenzoic acid and chloride chan-
nels, and is also toxic to arthropod neurons. The drug’s
half-life in animals is 116 days [6].

One of the most important ways to prevent infec-
tious diseases transmitted by Ixodes ticks is to vaccinate
the population that is or may temporarily be at risk.
Such vaccines have already been developed and tested.
For example, the LYMERIix® vaccine has been registered
and developed in the United States to prevent Lyme
borreliosis [7, 8, 9].

One of the works that deals with the issues of
controlling Ixodes ticks in Ukraine is the work of
Levytska V. A [10]. As part of her research, experiments
were conducted to determine the effect of four drugs:
Cyfluthrin, Permethrin, Imidacloprid and Fipronil
on ticks of two species I. ricinus and D. reticulatus.
According to the results of the study, the first two drugs
showed the best effect, namely 100% mortality of ticks
within 24 hours: Cyfluthrin and Permethrin. The other
two drugs caused the death of only 10-40% of ticks
during 24 hours of exposure.

Treatment with acaricides should be carried out
before the onset of tick activity, in the spring as soon
as the snow melts. Acaricide preparations should be

Table 2 - Effect of Drug Ne3 in different concentrations

on ticks in vivo n=10

demic indications. Non-immune contingents and
persons who will be in the epidemic center of this infec-
tion are subject to vaccination [11].

In our research, we tested three drugs, one of which
was of biological origin the other two were synthetic.

Drug Ne 1 is a biological product that contains anti-
biotics of natural origin — macrolides, sterols, phospho-
lipids and phytohormones. It can be used as a bioinsec-
ticide, bioacaricide and bionematicide.

Drug Ne 2 is a chemical product with ivermectin as
its main active ingredient. Its main purpose is to combat
internal parasites of pets, in particular helminths. The
substance enhances the release of gamma-aminobutyr-
ic acid in presynaptic neurons.

Drug Ne 3 is a combined insecticidal acaricide with
alphacypermethrin and piperonyl butoxide as active in-
gredients. This drug has a moderate toxic effect on ver-
tebrates and invertebrates, and therefore is classified as
a Class lll toxicity drug. The results of acaricidal action of
the drugs are presented in table 1.

After application of a 5.0% solution of preparation
Nel at an exposure time of 15 minutes, ticks remained
viable, although in some individuals their activity de-
creased. In our opinion, the active substances of drug Ne
1 did not enter the ticks’ body through the ticks’ covers.

Thus, antibiotics of natural origin — macrolides, ste-
rols, phospholipids, phytohormones and a complex of
natural avermectins of groups Al, A2, B1 and B2 at a
concentration of 0.01% and the waste products of the
soil bacterium Streptomyces avermitilis, which are com-
ponents of preparation Ne 1 at 5.0% concentration, do
not lead to the death of ticks.

After applying a 5.0% solution of preparation Ne 2,
three 1. ricinus ticks died within 12 minutes. The three
dead ticks were placed under a stereomicroscope, and
the arthropods showed mobility and responded to irri-
tation with a dissecting needle. Thus, to achieve 100.0%
tick mortality, it is necessary to increase the working
concentration of the drug, which leads to an increase in
the cost of working solutions.

The use of a 5.0% solution of drug Ne 3 on /. ricinus
ticks in the laboratory showed that after spraying them,
the lethal effect of the drug was manifested within 5
minutes. This is confirmed by the fact that
the ticks placed under a stereomicroscope did
not show mobility and did not respond to ir-

Drug Ticks | Ticks - ; ; :

- Group concentration | EXPOUre| gicd | death, ritation with a dlisechng needle. In laboratory
% time, min| " % conditions, a 5.0% solution of drug Ne 3 led to
1 Experimental 1 (drug No. 3) 20 10 1 10 the death of all ticks within 10 minutes. Thus,
d he active substances alphacipermethrin and

2 Experimental 2 (drug No. 3) 30 10 3 30 t . N .
_ , piperonyl butoxide of at 5.0% concentration

3 Experimental 3 {drug No. 3) 4,0 10 6 60 | are effective in killing ticks.

4 Experimental 4 (drug No. 3) 50 10 10 100 At the second stage, the optimal working
. concentration of drug Ne 3 was determined,
> Control (Water) water 10 0 0 | at which it would have a lethal effect on ticks
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in the park. The results of the study are presented in
table 2.

From the data in table 2, it can be seen that under
the action of a 2.0% solution of drug Ne3, one tick died
within 10 minutes, and under the action of 3.0% and
4.0% solutions of preparation Ne 3, the number of dead
ticks increased to three and six, respectively. Drug Ne3
at 5.0% concentration for 10 minutes of exposure re-
sulted in 100.0% death of ticks in the park.

Conclusions.

1. Drug Ne 1 is ineffective in the control of Ixodes
ticks.

2. Drug Ne 2 oral in a concentration of 5.0% can be
used to limit the number of Ixodes ticks in parks. The
time of action is 10-12.0 minutes.

3. Grug Ne 3 in a concentration of 5.0% can be used
to limit the number of Ixodes ticks in city squares, parks,
as well as in areas adjacent to livestock farms and poul-

try houses. The drug has a duration of action of 10.0
minutes.

4. There is a need to conduct additional research
on the safety of drugs on the fauna of biocenoses, in
particular on invertebrates: insects, mollusks, and
arachnids.

Prospects for further research.

To test a combination of acaricidal drugs and their
safe use in parks of cities and towns.

The authors of the article are sincerely grateful to
Liudmyla Oleksiivna Biliavska, Doctor of Biological Sci-
ences, Senior Researcher, Head of the Department of
General and Soil Microbiology of the D.K. Zabolotnyi
Institute of Microbiology and Virology of the National
Academy of Sciences of Ukraine, for the opportunity to
test the acaricidal effect of the drug based on antibiot-
ics of natural origin — macrolides, sterols, phospholipids
and phytohormones.
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PE3V/IbTATU ANPOBALLIT AlT IHCEKTULMAIB Y BOPOTbEI 3 IKCOAOBUMMU KNILLAMU

Nopobiscbkuii C. C., lincbKa B. B., CTpaBcbkuii C. 1., degoHioK /. f.

Pe3stome. Kniwi € Hocismu 36yaHMKIB Hebe3neuyHnxX iHPEeKLiMHNX 3aXBOPIOBAHb, @ IXHi YKYCU MOXKYTb 3arpoy-
BaTU NtoanHi 6a1m3bko 150 Heayramu. BopoTbbi 3 pisHOMaHITHUMK eKTonapasuMTamu, B TOMY YMCAi i 3 ikKcogoBUMU
KAilLaMm NpUypoYeHo BilHOCHO HEeBEeNMKa KiNbKicTb Nybaikauiit\, 6inbluicTb 3 AKMX ony6iKoBaHi B KpaiHax Esponu
i MiBHiYHOT AMepuKu.

HWHI Ha pUHKY akapaumaHWX nNpenapatis B YKpaiHi NOABAAKOTbCA HOBI NpenapaTn, 4O CKAAAy AKOro BXOAATb
AHTMBIOTMKM NPUPOAHOrO MOXOAKEHHA — MaKponigu, cteponu, docdhoninign Ta GiToropmoHu, XimivuHMIA Npenapar,
OCHOBHOO [1il04OI0 PEYOBMHOK AKOTO € iIBEPMEKTUMH Ta KOMBIHOBaHUI iHCEKTOAKapULMA, AIOYMMKU PEYOBUHAMM
AKOro € anbdaLmnepMeTpuH i ninepoHiny byTokema.. OAHaK akapuumaHa 4ia uux npenaparis Woao obmeKeHHsA
YMCEeNbHOCTI KNiLWwiB y NpMpogHUX Ta ypbaHisoBaHMx BioTonax 3anMLWLIAETbCA HE3 ACOBAHOLO.

MeTa: BU3HAUMTU eDEeKTUBHICTb Ail OKpeMmUx iHCEKTOAKapuLMAIB Ha iKCOAOBMUX KAiWiB i npoBecTy anpobauy,ito
LMX NpenapaTis B yMOBaXx NapkKy.

[ocnigrKyBaHi npenapati BunpoboByBaan Ha iKCOAOBUX KANilax ABOX BUAiB: Ixodes ricinus Ta Dermacentor retic-
ulatus. Anpobauia npenapartis 34ilicH0Banaca B n1abopaTopii Ta B npupogHMx ymoBsax. lNpenapatu, AKi npoxoauan
anpobalito, € cepTUdiKoBaHMMM i 3acTOCOBYHOTHCA B 60pOTLOI 3 iHWMMKM eKTonapasuTamm Ta ¢itodaramm.

MpenapaT Ha OCHOBI aHTUBIOTUKIB NPUPOAHOrO NOXOAKEHHSA Yy 5,0% KOHUEHTpaLii Npu3BoAMNB 40 HE3HAYHOTO
3HMXKEHHA aKTUBHOCTI KAiWwiB. Yepes MOKPMBM YNEHOCTOHOMMUX [Ail0Yi PEYOBMHM LIbOro npenapaTty He noTpanaanm
BCEPeANHY MOro opraHiamy. Ha Hawy AymKy Lei npenapaT NOBUHEH NOTPANMTU CNOYATKY B POCAUHY, @ BXKE NOTiM
pasom i3 il cokamm Ao Kniwa.

XiMiYHWI NpenapaT 3 OCHOBHOO Ail0400 PEYOBMHOK iIBEPMEKTMH Y KOHLEHTpauji 5,0% cnpuumMHmB 3arnbenb
TPbOX CAMOK [. ricinus npoTarom 12 xs.

[Oitoyi peyoBrHM anbdaLmnepmeTpuH i ninepoHiny 6ytokema Tpetboro npenapaty y 5,0% KoHLeHTpaLii npm3Bo-
AsTb 8o 100,0% 3armbeni Kniwis B ymoBax napKy npotsarom 10 xB.

3a pesy/nbTaTaMu AOCNiIAKEHb NPenapaT Ha OCHOBI aHTMOIOTMKIB NPUPOAHOIrO MNOXOAKEHHA HE CMPUUYUHSAE Ne-
TaNbHOI Aii Ha IKcoA0BMX KAiLwLiB, BiH HeedeKTUBHMIN Y 6opoTbbi 3 iKcogoBMMM Kniwamu. MpenapaTi Ha OCHOBI iBep-
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MEKTUHY Ta anbdaumnepmeTpurHy i ninepoHiny 6yToKkcnay y KoHueHTpauii 5,0% MoXKHa BUKOPUCTOBYBaTU A/1A 06-
MEMKEHHS YMCeNbHOCTI IKCOA0BUX KILLIB Y peKpeaLiHMX 30HaX B MiCbKUX CKBepax, MapKax, Ci/IbCbKOrocnoaapcbKkmnx
Yrifgax, a TakoXk Ha TepUTopIaX, NPUAEMINX A0 NPUMILLEHb TBAPUHHULbLKUX depm i NTalwHKMKiB. Yac aji npenaparTis
61u13bKo 10,0 XBUAUH.

Knto4oBi cnoBa: akapuumam, Knili, iHdeKuiliHi XxBopobu, napku.

RESULTS OF TESTING THE EFFECT INSECTICIDES IN THE CONTROL OF IXODID TICKS

Podobivskyi S. S., Lipska V. V., Stravskyi Y. S., Fedoniuk L. Ya.

Abstract. Ticks are carriers of dangerous infectious diseases, and their bites can threaten humans with about
150 diseases. A relatively small number of publications have been devoted to the control of various ectoparasites,
including ixodes ticks, most of which have been published in Europe and North America.

Currently, new drugs are appearing on the Ukrainian market of acaricidal drugs, which include antibiotics of
natural origin — macrolides, sterols, phospholipids and phytohormones, a chemical drug with ivermectin as the
main active ingredient and a combined insecticidal drug with alphacipermethrin and piperonyl butoxide as active
ingredients. However, the acaricidal effect of these drugs on limiting the number of ticks in natural and urbanized
habitats remains unclear.

Objective: to determine the effectiveness of certain insecticidal acaricides on ixodes ticks and to test these drugs
in the park.

The investigated drugs were tested on two species of ixodid ticks: Ixodes ricinus and Dermacentor reticulatus.
The drugs were tested in the laboratory and in the wild. The drugs that were tested are certified and are used in the
fight against other ectoparasites and phytophages.

The drugs based on antibiotics of natural origin at 5.0% concentration led to a slight decrease in tick activity. The
active substances of this preparation did not get inside the arthropod’s body through the arthropod’s covers. In our
opinion, this drug should first get into the plant, and only then, together with its juices, to the tick.

A chemical preparation with the main active ingredient ivermectin at a concentration of 5.0% caused the death
of three female I. ricinus within 12 minutes.

The active substances alphacipermethrin and piperonyl butoxide of the third preparation at a concentration of
5.0% resulted in 100.0% death of ticks in the park within 10 minutes.

According to the results of the research, the preparation based on antibiotics of natural origin does not have
a lethal effect on Ixodes ticks, it is ineffective in the control of Ixodes ticks. Preparations based on ivermectin and
alphacipermethrin and piperonyl butoxide at a concentration of 5.0% can be used to limit the number of Ixodes
ticks in recreational areas in city squares, parks, agricultural land, as well as in areas adjacent to livestock farms and
poultry houses. The time of action is about 10.0 minutes.

Key words: acaricides, ticks, infectious diseases, parks.
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