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ABSTRACT

Introduction. Pesticide mixtures containing insecticide methomyl are commonly used in agriculture. However, the interaction of their active ingredients in a mixture
has been insufficiently studied.

The purpose of the study was to evaluate the nature of the combined action of a mixture of insecticides methomyl (carbamate) and bifenthrin (pyrethroid) using
various methods: a classical model (orthogonal planning of the experiment using nonlinear variables); a generalized linear regression model for the binomial
distribution (probit regression); and an isobologram. The study was conducted at the Federal Scientific Center of Hygiene named after F.F. Erisman of the Federal
Service for Supervision in Protection of the Rights of Consumer and Man Wellbeing, according to the protocol approved by the local bioethical commission.
Materials and methods. Ninety male outbred rats were administered 9 combined doses of the insecticides (combinations of LDs, LDs; and LDs for the
individual compounds, as devised from a preliminary study).

Results. Impaired coordination, tremor of the limbs and head, turning into convulsions, rapid (shallow) breathing were observed in all groups. The data on
mortality as used to construct 2 mathematical models, as well as to construct an isobologram.

Limitations. The study was limited to studying the indicators of acute oral toxicity, without taking into account the possible repeated exposure.

Conclusion. The models showed that the additive effect for the combination of methomyl and bifenthrin was only observed for combinations when the individual
dose of bifenthrin was equal to or greater than 45 mg/kg b.w. (LDs3) and the dose of methomyl was less than 30 mg/kg b.w., as all animals receiving a dose
of 30 mg/kg b.w. of methomyl (L Dsy) in the mixture died. Therefore, the dose of methomyl dictated the toxic effect of the mixture, which should be accounted
Jfor in hygienic regulation of methomyl-containing formulations.
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CpaBHUTENbHAS OLLEHKA XAPAKTEPAa KOMOMHUPOBAHHOTO AEICTBUS
MHCEKTULMAOB: Pa3Hblie MeToANYecKue NoaxXoabl

'DBYH «®PepepanbHbiit HayuHbIH LeHTp rurueHbl uMenn P.P. pucmana» PepepansHoit cnyx6el no Hapsopy B cdbepe 3aWMTLI
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2Jlaboparopmsa Tokcukonornu, Meamumnckas wkona Kpurckoro yuusepceutera, 71003, Upaknmon, Mpeups

PE3IOME

Beedenue. Kombunuposannvie npenapamei, cooepicaujue Memomun, WUPOKO UCHOAbIVIOMCS 8 CeAbCKOM X035lcmee, 00HAKO 83aUMO0elicmeue Ux aKmugHbix
UHEPeOUeHMO8 8 CMECSX U3YHEeHO HeOOCMAamOo4HO.

Ileav uccaedosanus — oyenka KOMOUHUPOBAHHO20 Oelicmeus: cMecu UHceKmuyudoe memomuna (kapbamam) u ougenmpuna (nupempoud) ¢ UCnoAb308aHUEM
DA3AUMHBIX MEMO008: KAACCUMeCKOU MOOeaU (0pmMo2oHANbHOe NAGHUPOBAHUE IKCHEPUMEHMA C HEAUHEUIHbIMU NEPEMEHHbIMU), 0000UEHHOU AUHELIHOU peepeccu-
OHHOIL MOOenu 0151 OUHOMUANBHO20 pachpedeneHus (npobum-peepeccus) u uzobonoepammol. Hccredosanue nposedero 60 PbYH «OHIIT um. @.D. Spucmana»
Pocnompebnadsopa 6 coomeemcmeuu ¢ npomokoaom, ymeepiucoéHHviM Komuccuel no buosmuxe.

Mamepuaavt u memoowt. becnopoonwvim kpwvicam-camyam (n = 90) 6600uru dessimy KOMOUHUPOBAHHBIX 003 uHceKmuyudos (komounayuu LD s, LDs; u LDsy
0151 0omoenbHbIX coeduHerUll, pazpabomanHble Ha 0CHOGe NPe08aAPUMENbHO20 UCCAEO08AHUS).
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Pesyavmamoi. Bo 6cex epynnax y onsimnuix JCUB0MHbIX NOCAE 68e0eHUsi HAON00aUCy HapyuleHue KOOPOUHAUUU, MPeMop KOHEHHOCMel U 20108bl, Nepexo0si-
wuii 6 cydopoeu, yuauérnoe (nogepxHocmuoe) ovixarue. JlanHole 0 cMepmHOCMU 6 KaXCOOl U3 2pYRn UCNOAb3084AU 051 NOCMPOCHUS 08YX MAMEeMAMUYECcKUx
Modenell u u3000102pammoi.

Oczpanuvenus uccae008anus: uzyueHue noKazameneil 0CMpoll NepopatbHoil MOKCUMHOCMU 0e3 Y4Ema 803MONCHOU NOBMOPHOLL IKCROULUU.

3akarouenue. Hcnonvzosantvle modeau noKasanu, 4mo adoumueHbslii 3gexm KoMOUHayuu Memomuia u OugheHmpuHa xapakmeper moavko 045 Couemanuil,
8 KOMOopbiX UHOUBUOYaNbHAs 003a Ougenmpuna Ovina pasHa uau npegviianra 45 me/ke maccot meaa (LDs3), a doza memomuna cocmaeasisa menee 30 me/ke
maccwvl meaa, NOCKOAbKY 6ce cusomuvie, noayuaguiue memomun (LDsy) 6 cmecu é doze 30 me/xe maccol meaa, noeubasu. JkcnepumeHmanibHo yCmaHo6AeHo,
4mo 003a Memomuaa onpedeisiem MOKCUHMeCKUll dghekm cmecu, KOMopblil credyem YHUumoleamo Npu USUCHUHECKOM pe2iamMeHmuposanuy npenapamos,
€O0ePIHCAUUX IMO BEUECBO.

Karoueeote caosa: kombunuposantoe delicmsue; hecmuyuod; KCeHoOUOMUK, e3aumoodelicmaue; sghghekm cmecu

Cobatodenue smuueckux cmanoapmos. Hccredosanue 6vi10 0006pero Buosmuueckoi komuccueit PbYH «OHLT um. @.D. Dpucmana» Pocnompedbnadzopa,
npomokoa Ne 01/22 om 27.10.2022 e.
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Introduction

The study of the effects of combined action (mixed effects) of
xenobiotics on human health is one of the priority areas of research
in the field of sanitary and hygienic (preventive) toxicology due
to the need for correct assessment of the risks to public health
under real exposure conditions [1—3]. One of the prominent
classes of xenobiotics that has received special attention from
risk-assessment experts is pesticides due to the possible negative
synergistic effect of their use. The widespread use of pesticide
mixtures is unavoidable due to the emergence of resistance to
entire chemical classes of active substances, which is especially
common for insects in relation to insecticides [4, 5].

According to the published data, the nature of the combined
action of chemical mixtures may depend on the chemical family
of its components, their dose in the mixture, and the target organs
that its components can affect. Often, the same mixture can show
multidirectional effects in relation to different studied indicators.
It is known that, depending on the above factors, individual
components of a mixture may exhibit either an “additive” effect or
interact in such a way that their combined effects may differ from
the forecasts for simple additivity. The individual components
of pesticide mixtures can exhibit either "more than additive
(potentiation, synergy)" or "less than the additive (inhibition,
antagonism)" effect [6, 7].

The ability of mixtures of certain insecticides, particularly
those that inhibit cholinesterase (organophosphorus compounds
and N-methylcarbamates), pyrethroid insecticides, and
triazinone fungicides, to show synergy was previously published
in the scientific literature [4, 8]. At the same time, the effect of
the combined action of pesticides on the body of warm-blooded
animals can vary dramatically depending on the dose of each
component in the mixture and on the studied indicator: at low
doses, pesticides can even act as agonists for each other [8, 9].

One of the most widely used insecticidal mixtures is a
combination of methomyl (CAS No. 16752-77-5 — carbamate;
WHO hazard Class1b-particularly dangerous) and Bifenthrin (CAS
No. 82657-04-3-pyrethroid; WHO Hazard Class II-moderate),
which is applied to many plant products in agriculture in emerging
economies [10, 11]. The study of the nature of the combined action
of this mixture was appropriate to establish the potential danger to
public health in the event of import of such products.

One of the more widely used models for studying the nature
of the combined effect of chemicals in acute exposure scenarios
upon ingestion in vivo in the late-Soviet and post-Soviet era was

developed in the 1980s (hereinafter referred to as the classical
model). The classical model allowed to access the combined effect
of 2 chemicals in an acute experiment by employing the principles
of linear regression analysis. The novelty of the approach of the
classical model was in dose selection: to take into account the non-
linearity of the dose-effect relationship [12, 13], the doses of the
two chemicals to be administered to animals were chosen based
on probabilistic values of LDy, D33, and LDs, for each chemical.

Another convention among scientists studying the toxic effects
of chemical mixtures, is that the nature of combined action can be
well described by isobolograms or, if we generalize this approach
to consider different dose levels, by the surface response [6, 7].

Purpose of the study. Comparative evaluation of the nature
of the combined action of a mixture of insecticides methomyl
and bifenthrin using various methods: using a classical model
(orthogonal planning of the experiment using nonlinear variables);
a generalized linear regression model for the binomial distribution
(probit regression); and an isobologram.

Materials and methods

The study was conducted in the Testing Biological Laboratory of
the FBIS "F.F. Erisman FSCH" of the Rospotrebnadzor according
to the protocol approved by the local bioethical commission.
Studies were conducted on outbred male rats. During the in vivo
experiment, the average lethal dose of technical products and
their mixtures was determined when intragastrically administered
in mg/kg b.w. (LDs, orally). The first stage of the study included
determining the average lethal dose in isolation for methomyl
(CAS No. 16752-77-5) and bifenthrin (CAS No. 82657-04-3)
when administered intragastrically in mg/kg b.w. The doses were
selected based on the probabilistic values of LD, LDs; and
LDs, of individual compounds, in accordance with the principle
formulated by V.N. Rakitskii [12]. In a preliminary experiment to
determine the average lethal doses for methomyl and bifenthrin,
48 male rats were used. When methomyl was administered, doses
of 5, 30, 50, 60 mg/kg b.w. were tested, and when bifenthrin was
administered — 30, 60, 70, 90 mg/kg b.w. (solvent — vegetable oil).

In the main experiment with a mixture of methomyl-
bifenthrin, 90 outbred white male rats weighing from 215 to 230 g
were used (10 animals in each group). The rats were quarantined,
randomly assigned to groups, and weighed before administration.
Observation of the clinical symptoms (condition and behavior of
animals, reversibility of symptoms) was carried out after 30 minutes,
2 hours, 4 hours, 24 hours, after the administration, then once
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Table 1 / Tabnuua 1
Average lethal doses (mg/kg b.w.) of methomyl and bifenthrin

Cpennne cMepTelibHbIe 103bl (MI/KI MACCBI TEJIa) METOMMJIA
U OudeHTpUHA

Dose Methomyl Bifenthrin

Ho3a Metomun budentpun
LDs 30.00 60.00
LD3; 23.78 30.97
LDy, 18.17 31.81
LD 17.79 44.72

daily for the remainder of the two weeks of the experiment. The
levels of factors were chosen (LDys, LDs3, LDsp) with the interval
of their variation (LDy). The calculation of the effect value was
carried out using the formulas presented in the Methodological
Recommendations "Setting up experimental studies to study the
nature of the combined action of chemicals in order to develop
preventive measures” [13]. The value of y as a function of (xi, x,)
was calculated by the formula (1):

y=b,+tbx +bx, +bx?>+b,x>+bxx, (M

where y — mortality (%); x; — methomyl; x, — bifenthrin;
by — general direction of action with the average value of factors;
b1, by — coefficients reflecting linear and nonlinear effects of
methomyl (b, by — bifenthrin); b, — effect of combined action
of methomyl and bifenthrin. The values of the coefficients b; were
calculated according to the formula (2):

b=0,"2)/¢ @)

Additionally, the obtained data on mortality were used to
construct a generalized linear regression model for the binomial
distribution of the dependent variable “mortality” [14, 15].
The isobologram for observed mortality was constructed using
SigmaPlot v. 12.5 (Systat Soft Wire Corporationware, USA).
Statistical processing was performed in the SPSS Statistics v. 22.0
program (IBM Corporation, New York, USA) at a = 0.05.

Results

The average lethal doses for methomyl and bifenthrin obtained
in a preliminary experiment with isolated administration are
presented in Table 1.

When the dose combinations (indicated in the materials and
methods) were administered, the following clinical symptoms
were observed in all groups: impaired coordination, tremor of
the limbs and head, turning into convulsions; rapid, shallow

The nature of the combined action of methomyl and bifenthrin
XapakTepucTUKa COBMECTHOTO AeiCTBUS METOMIIIA U OU()eHTpUHA

breathing. Tremor persisted for 2—3 days after administration of
the mixture and, presumably, was a manifestation of the toxic
effect of bifenthrin. Death occurred within the first day after
administration, mainly in the first hours. To create a mathematical
model of the effect of the combination of methomyl and bifenthrin
on mortality of white male rats (%) as observed in an acute oral
experiment, the following doses were used (Table 2).

In Tables 3—4, we present the properties of the constructed
mathematical model using the method of orthogonal planning of
the experiment using nonlinear quantities (classical model) [13],
which has the form (3):

y=44.44 + 33.5x, — 5x, + 3.33x,% + 28x,> — 2.5x:x2, 3)

where y is the function (xi, x,); x; — methomyl, and x, — bifenthrin.

It was concluded that the action of methomyl and bifenthrin
exhibited interdependency (b;; # 0). Isolated administration of
methomyl with an increase in the dose from LD;; to LDs, caused an
increase in animal death by 30.17%, as evidenced by the difference
in coefficients b;—b;;. When combined with an increase in the dose
from LD;; to LDs, the methomyl-bifenthrin mixture caused an
increase in animal death by 57.33% (b, — b, + by, + b;, — by),
the effect of interaction between the components of the mixture
was more pronounced than the isolated effect of bifenthrin, but
less than when combined with bifenthrin, as evidenced by the
coefficients: b;; < by, bz > b,. The degree of action of methomyl
in the studied doses was stronger than that of bifenthrin
(b; + by, > b, + bp). At the same time, the leading component of
the mixture was methomyl, as evidenced by the fact that the value
of the coefficient b, exceeded the value of the coefficient b, (b; > b,).
Thus, the classical model indicated that the combined effects of
methomyl and bifenthrin in the mixture were interdependent, but
less than additive.

Then, data on animal mortality in the experiment (Table 2)
were used to construct probit regressionoit model in the IBM
SPSS Statistics v. 22.0 program, where the dependent variable
was mortality (%), and the two independent variables were the
dose levels of methomyl and bifenthrin in the mixture. The model
properties are shown in Table 5: a quasi-complete separation was
observed, which was caused by the fact that all animals receiving a
dose of 30 mg/kg b.w. of methomyl in the mixture died, regardless
of the concurrent dose of bifenthrin. After excluding doses of the
mixture containing methomyl at the level of 30 mg/kg b.w. from the
model, the model was reconstructed (Table 6). After studying the
statistical significance of the parameters, it was concluded that when
the dose of methomyl in the mixture was equal to 30 mg/kg b.w., the
content of bifenthrin had no significant effect on the mortality of
the mixture as all animals died. When the dose of methomyl in the
mixture exceeded 30 mg/kg b.w., bifenthrin significantly affected
mortality only if its amount was > 45 mg/kg b.w.

Table 2 / Ta6auua 2

Probabilistic values in combination Dose in mg/kg b.w. Animal deaths
Experiment No. (methomyl + bifenthrin) Jlo3a B Mr/Kr Macchl Tena (mortality / total number of animals (1)) Mortality (%)
OmnpiT No BeposTHOCTHbIE 3HAYEHHS B KOMOMHAIIMT Methomyl Bifenthrin T10e1b KMBOTHBIX Tutemn (%)
(MeToMuI + GucpeHTPHH) METOMIIA Gucbentputa (cMepTHOCTD / 00IIee YHCIO KUBOTHBIX (1))
1 LDis + LDy 18 31 4/10 40
2 LDis + LDs; 18 45 10/10 10
3 LDy + LDso 18 60 5/10 50
4 LDs; + LDys 24 31 10/10 100
5 LDs; + LDss 24 45 3/10 30
6 LDs; + LDso 24 60 6/10 60
7 LDsy + LDy 30 31 10/10 100
8 LDs) + LDs3 30 45 10/10 100
9 LDso + LDso 30 60 10/10 100
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Table 3 / Tabnuuma 3 Table 4 / Tabnuua 4
Experimental plan for the study of acute combined exposure to two Vectors for calculating the coefficients b, = (; « a) / ¢;fory =1 (x;, x)
factors (x;, x,) Bexkrops! 11 pacyéra kodduumentos b; = (y; « a) / ¢; s y = f (X, x;)
DKCnepUMEeHTAJIbHDII MJ1aH N0 U3YYEeHUI0 OCTPOro KOMOMHMPOBAHHOTO
BO3/IeiiCTBHS ABYX (hakTOpOB (X;, X,) G 9 6 6 6 6 4
Actual Estimated a a; a an an ap
Experiment mortality (%) | mortality (%) Error _
No. X, X, | ®axrnyeckas | [peanonaraemas |  Ommoka Experiment No.
Onbit Ne cmepTHOCTH (%)| cmepTHOCTS (%) i=y—y. Onpit Ne
J n
% Ll 1 -1 -1 ! 1 1
1 -1 —1 40 45.28 —5.28
2 -1 1 -1 1 1 —1
2 1 -1 100 116.94 —16.94
3 —1 —1 1 1 1 -1
3 -1 1 50 40.28 9.72
4 -1 1 1 1 1 1
4 1 1 100 101.94 —1.94
5 0 0 30 44.44 —14.44 > > 0 o -2 =2 0
6 01 60 67.78 ~7.78 6 2 0 1 —2 ! 0
7 0 -1 100 77.78 2222 7 2 0 -1 -2 I 0
8 1 0 100 81.11 18.89 8 2 1 0 1 -2 0
9 —1 0 10 14.44 —4.44 9 2 —1 0 1 -2 0

Table 5 / Ta6nuna 5
Parameters of the GLM model in IBM SPSS Statistics v. 24 with quasi-complete separation in relation to the absolute mortality
of methomyl at the dose of 30 milligrams per kilogram of animal body weight

ITapamerpsi Mmoaeu GLM B IBM SPSS Statistics v. 24 ¢ KBa3unoJIHbIM pa3/ieieHHeM B OTHOLIEHHH A0COJIIOTHON CMEPTHOCTH OT METOMMJIA
B 03¢ 30 MHJLIUTPAMMOB HA KHJIOTPAMM MACChI T€JIa JKUBOTHOTO

95% Wald
95% Wald Confidence Cfonﬁéience Inttell'gval
Interval Hypothesis testing or Exponei (®)
95%-ii moBepUTETbHbII ITpoBepka rumore3sl 95%-ii N
Parameter estimation Standard uHTepBan Bambia Exponent l‘““ep““g"“"'“
Parameter Error (B) MHTEPBAI BaTb1d
B st DkenoHenTsl (B)
Onenka napamerpa CranpapTHas DKCIOHEHTA
Hapawerp oudka degrees statistical ®) lower | upper
. . . . -- H 'f'
lower limit | upper limit | chi vs&]l;gred of freedom significance limit limit
HIDKHH BepXHHil A creneHn cramhenmeckas HIDKHUIA | BepXHHUi
npezen nperen | x?Bambaa CBOGOHI 3“3‘11;'“00“ npenen | mpenen
(Intersection) / (IMepeceuenue) —7.411 4707.8581 —9234.644 9219.821 0.000 1 0.999 0.001 0.000 8
[Methomyl = 18 mg/kg b.w.] 7.750  4707.8581 —9219.483 9234.982 0.000 1 0.999 2320.993  0.000 2
[Meromui = 18 Mr/Kr M.T.|
[Methomyl = 24 mg/kg of b.w.] 6.804 4707.8581 —9220.428 9234.036 0.000 1 0.999 901.532  0.000 8
[Metomut = 24 Mr/Kr M.T. |
[Methomyl = 30 mg/kg b.w.] e . . . . . . 1
[Metomun = 30 Mr/Kr M.T. ]
[Bifenthrin = 31 mg/kgb.w.] —0.486  0.4313 —1.332 0.359 1.272 1 0.259 0.615 0.264 1.432
[Budentpun = 31 Mr/Kr Mm.T.]
[Bifenthrin = 45 mg/kg b.w.] 1.064 0.4441 0.193 1.934 5.737 1 0.017 2.897 1.213  6.917
|Budentpun = 45 Mr/Kr M.T.|
[Bifenthrin = 60 mg/kg b.w.] o° . . . . . . 1
[Budentpun = 60 Mr/Kr M.T.|
(Scale) / (Llikana) 1¢ - - — - — — - — _

Note: Here and in Table 6: Dependent variable: Mortality Model: (Intersection), Methomyl, Bifenthrin. a. Set to "System unavailable due to
overflow". b. Set to zero because this parameter is redundant. c. Fixed to the displayed value.

IIpumevanue. 3nech u B TabI. 6: 3aBUcHMas nepeMeHHasi: Moaesib cMepTHOCTH: (TiepeceueHune), MeToMut, OudeHTpUH. a — YCTaHOB-
JieHo 3HaueHue «CucreMa HeJoCTyIHa M3-3a MepenojHeHus». b — YCTaHOBICHO HyJIeBOe 3HAYeHUE, MOCKOJIbKY 3TOT MapamMeTp SIBJIsIeTCs
M30BITOUHBIM. ¢ — 3a(DUKCUPOBAHO HA OTOOpakaeMOM 3HAYEHUH.
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Table 6 / Ta6nauma 6

Parameters of the GLM model in IBM SPSS Statistics v. 24, constructed by excluding the dose of methomyl of 30 milligrams
per kilogram of animal body weight due to quasi-complete separation caused by absolute mortality

ITapamerpsi moaeu GLM B IBM SPSS Statistics v. 24, nocTpoeHHbie nyTeM HCKJII0YeHH 103bI MeTOMIIA 30 MIJLTMIPAMM HA KMJIOTPAMM MACChI
TeJIa JKMBOTHOTO B CBSI3M C KBA3HIIOIHBIM Pa3/iejieHueM, BbI3BAHHbIM a0COTIOTHON CMEPTHOCTBIO

95% Wald 95% Wald Confidence
Confidence {nterval Hypothesis testing Interva} for Exponent (}3)
95%-it ) Tposepka runoTesst 95%-~ii noBepUTEIbHBII
Parameter estimation Standard | /OBEPUTEIbHBIM Exponent | 'HTepsan Basba pis
Parameter Error uHTepBan Banbaa (B) DkcnoHenTsl (B)
B .
Ouenka napamerpa CrangaprHas Jower . d .statlstlcal DKCIOHeHTA
Mapaverp ommndKa l(i)xvrvl iet lﬂgft chi-squared | . fer%::;.sm significance B lower limit | upper limit
) . Wald CTATHCTHYECKAS HYDKHU BePXHHii
HYZKHUM | BEPXHUH CTEeNneHn
upenen | mpexen ¥* Banbaa CBOGOIBI 3HAIUMOCTh npene npezen
4
(Intersection) / (Iepeceuenune) —0.607  0.3441 —1.282 0.067 3.113 1 0.078 0.545 0.278 1.070
[Methomyl = 18 mg/kg b.w.] 0.946 0.3696 0.221 1.670 6.545 1 0.011 2.574 1.248 5.313
[MeTtomu = 18 MI/Kr M.T.]
[Methomyl = 24 mg/kg of b.w.] 02 1
[Metomun = 24 Mr/Kr M.T. |
[Bifenthrin = 31 mg/kgb.w.] —0.486 0.4313  —1.332 0.359 1.272 1 0.259 0.615 0.264 1.432
[Budentpun = 31 Mr/Kr m.T.]
[Bifenthrin = 45 mg/kg b.w.] 1.064 0.4441 0.193 1.934 5.737 1 0.017 2.897 1.213 6.917
[Budentpun = 45 Mr/kr M.T.]
[Bifenthrin = 60 mg/kg b.w.] 02 1
|Budentpun = 60 Mr/Kr M.T.]
(Scale) / (IlIkana) 1 - - - - - - - - -
y The construction of an isobologram (Figure) confirmed that
A methomyl was the most significant component in the mixture [16].
At doses of methomyl > 24 mg/kg b.w., the predicted mortality of
60 the mixture was > 100% regardless of the dose of bifenthrin.
Discussion
551 Plant protection products based on methomyl have been used
worldwide since 1978 [17]. In 2018, more than 100 thousand
kilograms of methomyl-based formulations were used in California,
50 - USA alone [18]. Methomyl is often used in combination with
bifenthrin in the form of mixed formulations due to the need to
counteract acquired resistance to carbamates in target organisms
45 ] (insects) [10, 11]. Both active substances affect the nervous
system: the principle of action of methomyl is to inhibit the
100 enzyme acetylcholinesterase, while bifenthrin disrupts the normal
functioning of the sodium channels of neurons, interfering with
40 their closure [19]. In mammals, poisoning with these active
substances causes hyperstimulation of the nervous system, which is
manifested by similar clinical symptoms, such as convulsions, gait
35 - disorders, etc. [20—22]. However, the data obtained in the present
> study demonstrates that, despite the similarity of the mechanisms
of toxic action of these substances, the content of methomyl in the
' 7 3 ; ) mixture, due to its higher toxicity when administered orally, is the
18 20 22 24 26 28 30 main predictor of mortality. Additive effect was shown only at those
» x  doses of the mixture when the individual dose of methomyl was
) ) ) less than 30 milligrams per kilogram of animal body weight, which
The isobologram of the combined action of methomyl and

bifenthrin. Vertical axis (y): dose of bifenthrin in the mixture in
milligrams per kilogram of animal body weight. Horizontal axis
(x): dose of methomyl in the mixture in milligrams per kilogram of
animal body weight. The lines show the change in mortality rate
as a percentage.

13060n0rpamma KOMEGMHUPOBAHHOIO AEACTBMA METOMUNA U BUEHTPN-
Ha. BepTukanbHas ocb (y): [03a 6UCEHTPUHA B CMECU B MUANIUIPAM-
Max Ha KMnorpamm Macchl Tena >XMBOTHOrO. fOpU3oHTanbHas ocb (X):
[03a MeToMuUna B CMecH B MUANNIPamMMax Ha KUnorpamm maccbl Tena
XKMBOTHOTO. JINHUN NOKa3bIBAIOT U3MEHEHNE NOKa3aTens CMepPTHOCTY B
NpoLLeHTAX.

corresponds to the expected LDsy for methomyl. Thus, when using
methomyl- containing combinations, it is necessary to pay special
attention to the hygienic regulation of their use and the use of
personal protective equipment due to the high toxicity of methomyl.

Conclusion

In the present study the dose of methomyl dictated the
toxic effect of the mixture (with bifenthrin). This “dominance”
of methomyl should be accounted for in hygienic regulation of
methomyl-containing formulations. Furthermore, the present
study demonstrates the importance of assessing mixture-based
pesticide interactions for human risk assessment.
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