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# In the Russian Federation about 600 active ingredients of pesticides are currently registered. A large share among
them is occupied by analogous pesticides (generics), which may differ in their properties from the original products due
to an increased level or altered composition of impurities. Therefore, to ensure the safe use of analogous pesticides, it is
necessary to evaluate their chemical and toxicological equivalence. The analysis of algorithms described in international
documents and implemented in practice in some countries for determination of the equivalence of technical materials of
analog pesticides is presented. Particular attention is paid to the evaluation of pesticide safety on the basis of the “muta-
genicity” criterion. The applicability of different methods for genotoxic activity determination to confirm the equivalence
of active substances of pesticides-analogues to patented products is discussed. A brief review of the results of the re-
searches confirming the need to assess the genotoxicity of all technical materials of analogous pesticides with a view to
preventing the entry of hazardous substances into the consumer market is presented.
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% B Poccuiickoit @eniepannu B Hactosiliee BpeMsi 3apeructpupoBano okosio 600 peficTByiolIUX BelllecTB nectuiuuos. Cpeu
HUX GOJIBLIYIO JI0JTI0 3aHUMAIOT TIeCTHIHIbI-aHAJIOTH (JKEHEPHKH ), KOTOPbIE MOTYT OTJIMYATLCS 110 CBOMM CBOFCTBAM OT OpPHTH-
HaJIbHBIX MPOJYKTOB M3-3a TOBBILIEHHOIO YPOBHS HJIM M3MEHEHHOTO COCTaBa MPUMecCei, 0ITOMY /s obecreueHust 6e30MnacHoro
NPUMEHEHHS MECTHIHI0B-aHAJIOr0B HEOOXOIMMO OLLEHUTD X 9KBHBAJIEHTHOCTb KaK 10 XHMHUECKOMY COCTaBY, TaK H 10 TOKCHKO-
JIOTHUECKHM CBOHCTBaM. B HacTosieil nyOGMKaluu npejactaBjieH 0630p aJropuTMOB OMpe/ie/eHHs] 9KBUBAJIEHTHOCTH TEXHHUe-
CKHX MPOJIYKTOB MECTHIHIOB-aHAJOTOB, OMHUCAHHBIX B MEXKIyHAPOIHBIX JOKYMEHTAX U MPUMEHSIEMbIX Ha MPAKTUKE B HEKOTOPBIX
crpanax. Oco6oe BHUMaHHE YIeIeHO OlleHKe Ge30MacHOCTH MECTULIHIOB M0 KPUTEPHIO «MyTareHHOCTb». O6CyKAAlOTCs pa3Hble
METOJIbl OTpeJieJieHHsT TeHOTOKCHUHOCTH JUIsl MOJATBEPAKACHHST SKBUBAJEHTHOCTH JEHCTBYIOLINX BELIECTB MECTHIMIOB-aHAaI0r0B
3anaTeHToBaHHbLIM TpoayKTaM. [IpuBesieH KpaTKuii 0630p pe3dyJ/IbTaToB HCC/IeI0BAHHI, TTOATBEPIKIAIOLIMX HEOGXOAMMOCTb OLLEHKH
PeHOTOKCHYHOCTH BCEX TEXHHUECKHX MPOJIYKTOB MECTHIMIOB-aHANOTOB C LeJbl0 MPeJ0TBpallleH|s TOCTYIIEHHs Ha NoTpeou-
TEJILCKUI PBIHOK OMACHBIX /ISl UeJIOBEKA BELIECTB.

% KaroueBble cioBa: necTuuuabl-aHajaoru (ﬂ}KGHGpI/IKI/I); 9KBUBaJIECHTHOCTb; MYTareHHOCTb.

BACKGROUND climate, biological diversity, food quality, and, con-

Human health depends, to a great extent, on the sequently, health of the general population. Of these
quality of the environment. Chemical substances ente- substances, pesticides take a special place as they
ring the environment pollute ecosystems and affect the annually enter the environment in large quantities.
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Based on estimates of the Food and Agricultural Orga-
nization of the United Nations (FAO), >4 million tons of
pesticides were used in the world in 2016 on an active
ingredient basis. The leaders in pesticide use are China
(1.8 min. t), the United States (408 thousand t), Ar-
gentina (200 thousand t), the Ukraine (78 thousand t),
Canada (75 thousand t), Spain (62 thousand t), Ja-
pan (51 thousand t), and Australia (50 thousand t).
In Russian Federation this indicator was 25.9 thousand
tons [1]. Pesticides can be transferred over large dis-
tances. They also undergo several complex transforma-
tions that lead to the creation of new products, which
are sometimes more stable and toxic than the parent
substance. Baarchers et al. [2] demonstrated that the
metabolite of fenirtothion 3-methyl-4-nitrophenol is
more fungitoxic than the parent compound. Similar re-
search conducted by Somasundaram et al. [3] also con-
firmed the higher toxicity of metabolites of fenitrothion
than the parent compound. Imidacloprid, which is used
widely as a pesticide, is almost completely metabolized
in plants. Some metabolites of imidacloprid are active
against insect pests, particularly against aphids. Its pri-
mary metabolites include olefin-, 4-hydroxi-, and 5-hy-
droxiimidacloprid. Olefin is 10 times more active and
toxic to insects than imidacloprid [4]. Fipronil sulphone,
the metabolite of fipronil, induced much higher cytotoxi-
city in the human neuroblastoma cells SH-SY5Y than
the parent molecule. Based on the obtained data, the
authors concluded that fipronil sulphone is responsible
for the fipronil-induced neurotoxicity [5]. In a study of
toxicity of organophosphorus pesticides thiometon and
disulfoton it was found that some products resulting
from their degradation are stronger inhibitors of ace-
tylcholinesterase than the parent compounds and have
higher toxicity against Daphnia magna [6]. Fungicides
of the ethylene bisditiocarbamat class are break down in
mammalian tissues to ethylene thiourea, which causes
goiter and cancer in laboratory animals [7]. For ex-
ample, ethylene thiourea was found to be more toxic
than the parent pesticide mancozeb. The acute reference
dose of mancozeb is 0.6 mg/kg of body weight per day,
whereas that of ethylene thiourea is 0.05 mg/kg body
weight per day [8]. The metabolites of lactofen are also
more toxic than the parent pesticide [9].

In addition, pesticides can accumulate in plant, ani-
mal, and human tissues [10—12]. Virtually, the total
population comes into contact with pesticide residues in
the air, food, and potable water.

The potential delayed effects of pesticides, particular-
ly genotoxicity (which has heavy consequences, such as
the increase in the incidence of congenital defects, con-
genital malformations, oncological diseases, and immune
dysfunction), can be dangerous [13]. Organophosphorus
and organochlorine pesticides are most dangerous in
terms of genotoxicity [14, 15]; therefore, the production

and use of some of these compounds have been pro-
hibited [16, 17]. To prevent the entering of substances
hazardous to human health the consumer market, all
pesticides have to undergo toxicological and hygienic
examination by experts. [ 18—20].

Currently, approximately 600 pesticide active ingre-
dients are registered in the Russian Federation. Many
more formulations are available since they can contain
two or more active ingredients in different combina-
tions, as well as different additives [21]. The situation
is complicated by the fact that the major share at the
market of chemical crop protection agents is taken by
analogous pesticides (generics), which are produced
after the expiry date of patent protection of the original
active ingredient. Despite the fact that technical prod-
ucts from new sources contain the same active ingredi-
ent that was tested at the development stage, they can
differ in their activity because of the increased level or
modified impurity profile. Currently, data on the allow-
able levels of hazardous impurities in different technical
grade pesticide active ingredients are presented in the
FAO and World Health Organization (WHO) guidelines
for the development and use of pesticides [22]. Typi-
cally, the upper limit for a relevant impurity is 1 g/kg;
however, for exceptionally hazardous impurities (e. g.,
dioxin), this value may be lower [23]. It should be
noted that these limits are established for particular
substances; however, the combination of several haz-
ardous impurities in technical products, even at ac-
ceptable level for each of them, may result in adverse
effects. Moreover, technical products can contain new
impurities the effect of which on living organisms has
not be fully studied sufficiently to predict their safety.
Therefore, to ensure the safe use of analogous pesti-
cides, it is necessary to assess their equivalence to the
original products.

ALGORITHMS OF ASSESSMENT

OF THE EQUIVALENCE OF TECHNICAL
PRODUCTS OF PESTICIDES BASED
ON THE “MUTAGENICITY” CRITERION

Currently, there is no approved provision for the as-
sessment of pesticide equivalence in the Russian Fe-
deration. The development of such provisions should be
based on international documents. The algorithms of
equivalence assessment described in these documents
provide the basis for the national guidelines of several
countries.

As a rule, this type of assessment is performed in
two stages. According to FAO/WHO recommenda-
tions [22], some technical grade pesticide active ingre-
dients from different manufacturers or those obtained
using modified technologies can be recognized as being
equivalent at the first stage if they meet the require-
ments of appropriate specifications of FAO/WHO and
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if the results of impurity content and mutagenicity as-

sessment (using in vitro testing in bacteria) meet the

following criteria:

1. There are no new relevant impurities (i. e., by-products
of the manufacture and storage of pesticides, which, in
comparison with the active ingredient, are hazardous
to human health and the environment, are phytotoxic
to treated plants, cause taint in food crops, affect pes-
ticide stability, or cause any other adverse effect) and
the maximum level of the relevant impurities is not
exceeded.

2. The maximum level (manufacturing level) of non-re-
levant impurities is not increased by >50% (relative
to the maximum level in the so-called reference profile,
which includes data about purity/impurities, toxicolog-
ical and ecotoxicological data serving as the basis for
the specification of the original technical product) or
the maximum absolute level (the manufacturing level)
is not increased by >3 g/kg (the highest excess shall
be selected).

3. The limits for differences in the maximum concen-
trations of non-relevant impurities are exceeded, but
reasonable explanations and data are presented that
confirm that the particular impurities can still be con-
sidered non-relevant.

4. New impurities are present at a level of 21 g/kg, but
reasonable explanations and data are provided that
confirm that the impurities are non-relevant.

5. The results obtained during the mutagenicity assess-
ment (in vitro test in bacteria) are comparable with
the data for the reference material endpoint to endpoint
(for different bacterial strains and concentrations of the
material under consideration), as well as in the overall
results of the mutagenicity test.

If the information obtained at the first stage is insuffi-
cient for the resolution of the issues of equivalence or non-
equivalence, for example in cases in which the maximum
concentration of the relevant impurities is exceeded and/
or there are new relevant impurities, appropriate toxico-
logical or ecotoxicological data or any other information
about the technical product, in whole, or the impurities
are required for the second-stage assessment. Technical
products obtained from different manufacturers or using
different manufacturing processes are considered equiva-
lent if the results of the assessment of the toxicological/
ecotoxicological profiles at the second stage indicated
that the profiles meet the following requirements:

1. Data stemming from the assessment of toxicological
profiles based on the determination of the acute oral,
dermal, and inhalation toxicity, as well as irritation for
the skin and mucous membranes of the eyes and sen-
sibilization, do not differ by more than factor of 2 com-
pared with the reference profile (in some cases, the dif-
ference can be more than 2-fold, but the factor should
not exceed the appropriate dose increment); in this case,

the hazard category as per specific criteria should not

be changed (e. g., change of hazard category regarding

the acute oral toxicity).

2. Any additional toxicological data (if required) obtained
in subchronic and chronic experiments, as well as in
studies of reproductive toxicity, developmental toxicity,
genotoxicity, carcinogenicity, neurotoxicity, etc., also
meet the criteria specified in the previous item; the
reference dose shall not differ by >2-fold, or the no
observed effect level (NOEL) or no observed adverse
effect level (NOEL) shall not differ by more than the
difference in the levels of the used doses.

3. Ecotoxicological profile (based on the data pertaining
to toxicity for aquatic and terrestrial organisms; also
considered if required) shall not differ by more than a
factor 5 from the reference profile for the same species
(in some cases, the difference can be more than 5-fold,
but the factor shall not exceed the appropriate dose
increment).

The algorithm of equivalence assessment described
above is taken as a basis of the European Commission
guidance document for the assessment of the equiva-
lence of technical products [23], which also includes
two stages.

The equivalence is recognized at the first stage if:

1. The purity of the technical product is not lower than
the purity indicated in the technical product specifica-
tion of the originator (with regard to the isomer ratio).

2. There are no new impurities.

3. The limits of relevant impurities are not exceeded, the
limits of non-relevant impurities are not exceeded by
>3 g/kg (if the specification of the original substance
states that the content of such impurity is <6 g/kg)
or by >50% of the limit established for the technical
product of originator (if the specification states that the
content of such impurity is >6 g/kg).

In contrast to the FAO/WHO recommendations, the
European Commission did not include mutagenicity
(genotoxicity) assessment in the first stage; however,
there is no conflict, as in the case of new impurities
or increased levels of impurities, with impurity content
amounting to >0.1 %, genotoxicity assessment is manda-
tory. Moreover, strict limits to the maximum concentra-
tions are established for technical products of pesticides
comprising some highly hazardous substances including
those that are dangerous in term of mutagenicity. In par-
ticular, in the case of N-nitrosamines, which are genotoxic
carcinogens, a maximum level of 1 mg/kg has been es-
tablished. When the overall content of N-nitrosamines
exceeds the established limit, mutagenicity assessment
is required for specific N-nitroso compounds.

If equivalence cannot be assessed at the first stage,
then, according to the European Commission recom-
mendations, the second stage shall be conducted. First,
the information about the product’s toxicity is analyzed;
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if concerns arise regarding the potential adverse effect
of the technical grade active ingredient, additional tests
on animals shall be performed. Such concerns include
the presence of new impurities and/or an increase in the
level of relevant impurities and/or an increase in the level
of non-relevant impurities to an amount >1 g/kg.

First, in the case of the presence of new/increased
levels of impurities, the assessment of pesticides is rec-
ommended using models that allow predicting their pro-
perties, including genotoxicity, based on the structures
of the chemical compounds. Analyses of the quantitative
structure—activity relationship (QSAR) or the SAR are
widely used for this purpose.

Regarding genotoxicity, in the case of new/increased
levels of impurities the content of which is >0.1% but
<1%, together with the QSAR analysis, the assessment
of mutagenicity using the Ames test is required (or any
other test, in particular, if the SAR analysis indicates a
special mechanism of toxicity; e.g., disturbance of the
cell spindle). If the Ames test (or any other test) does not
provide a negative result, additional genotoxicity testing
in vitro is required. For the adequate assessment of the
mutagenicity potential of the impurities present at low
level in the technical product, it is important to test the
highest possible dose.

In the case of assessment of new impurities or
impurities at a level >1%, genotoxicity testing is re-
quired using three tests in vitro. 1f all three tests do
not provide a negative result, in vivo tests are required.
In all tests (the same as in the Ames test), the highest
possible dose should be assessed because of the low
levels of impurities in the technical product. Moreover,
regarding the predicted level of exposure for operators/
consumers, the necessity for additional studies should
be considered:

1) and/or acute oral toxicity;

2) and/or sensibilization;

3) and/or reproductive and developmental toxicity;
4) and/or neurotoxicity.

If the level of new impurities or impurities in techni-
cal product is >5%, a 28- or 90-day study is required to
evaluate the effects of repeated doses.

Some countries outside Europe use similar principles
for the assessment of the equivalence of technical prod-
ucts. For exampe, Brazil uses a three-stage approach:
stage | consists the assessment of the chemical profile;
stage 2 corresponds to the assessment of acute toxicity
and mutagenicity profie; and stage 3 is the assessment of
the toxicological profile following repeated dose admin-
istration and of the ecotoxicological profile. Practically,
in Brazil, the majority of the technical products are rec-
ognized as being equivalent during the first stage. Ap-
proximately 25% of pesticides are subjected to tests at
the second-stage level, and only <1% of cases require
third-stage assessment [24].

In China new procedures for the assessment of
equivalence with regard to the algorithm proposed by
the FAO/WHO [25] are developing. To date, this coun-
try has been assessing only the purity of the technical
grade active ingredient, which should not be less than
that of the original product, and the levels of non-rel-
evant impurities, which should be within the limits of
their tolerance. If new impurities are detected, informa-
tion pertaining to their hazardous potential for mam-
mals and ecotoxicity data are required for reaching a
decision [24].

In all algorithms of equivalence determination speci-
fied in the international documents, the mutagenicity
assessment is mandatory in cases of new impurities at
a level >0.1%.

Specialists in this field disagree on the methods of
mutagenicity assessment. It is certain, that the pro-
posed Ames test (bacterial reverse gene mutation test)
has many advantages as it does not require the use of
animals, is not time consuming, is inexpensive, and al-
lows for the detection of up to 80% of mutagens; there-
fore, it is widely used for the screening assessment of
potential mutagenicity [26, 27]. As stated earlier, it has
also been proposed as the only and sufficient method for
the first-stage assessment of the equivalence of pesti-
cide technical products.

However, the experience demonstrates that some
pesticides show different activities under in vivo and
in vitro conditions. For example, azoxystrobin exhib-
ited negative results in vivo in a mouse bone marrow
micronucleus test and in the analysis of unscheduled
DNA synthesis in rat livers; by contrast, azoxystrobin
genotoxicity was detected in in vitro tests of gene mu-
tation in mouse L5178Y TK*/~ lymphoma cells and of
chromosomal aberrations in human lymphocytes [28].
Contradictory results were also obtained for glyphosate.
In the Ames test glyphosate did not induce gene muta-
tions in bacteria [29]. On the other hand, an increase
in the incidence of micronuclei was detected in studies
of cultivated human buccal epithelial cells [30], mouse
bone marrow cells [31], and lymphocytes of workers
exposed to glyphosate-containing formulations during
the spraying of plantations [32]. Mutagenic activity of
pendimethalin was detected in an in vitro test of chro-
mosomal aberrations in Chinese hamster cells [33].
Pendimethalin also caused a statistically significant
dose-depended increase in the frequency of gene mu-
tations compared with the appropriate negative controls
in the Ames test; however, the results of the in vivo mi-
cronucleus test indicated the absence of pendimethalin
clastogenic activity [34]. In the case of acetamiptrid,
the clastogenic potential was detected in vifro, but a
negative result was obtained in vivo using the micro-
nucleus test in mice and rats [35, 36]. According to the
conclusion of the Joint FAO/WHO Meeting on Pesti-
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cide Residues (JMPR), an in vitro study indicated the
potential mutagenicity of dimethoate, whereas in vivo
analyses using the micronucleus test and a test for the
assessment of dominant lethal effects in mice did not
detect the genotoxic properties of this pesticide [37].
Benomyl yielded a negative result in the Ames test but
induced aneuploidy and sister chromatid exchanges in
human lymphocytes in vitro and exhibited genotoxicity
in vivo causing the formation of micronuclei in the rat
bone marrow [38].

The study of ninety nine technical products of analogous
pesticides using in vitro and in vivo tests in accordance
with the Methodical Guidelines MU-1.2.3364-16 [39] and
OECD guidance No. 471 [40] and 474 [41] was per-
formed at the Department of genetic toxicology of the
Erisman Federal Scientific Center of Hygiene. The re-
sults demonstrated that analogous pesticides can have
weak genotoxicity; however, similar results were not al-
ways obtained in in vitro and in vivo tests. For example,
pendimethalin demonstrated mutagenicity in the Ames
test, but it did not induce cytogenetic abnormalities in
mouse cells in vivo. Whereas isoproturon and glyphosate
induced weak genotoxic effects only in vivo and did not
induce gene mutations in bacteria [42].

It was also demonstrated that the technical products
of the same active ingredient can have different genotoxic
activities and that the profiles of such activity can differ
from those obtained for the original pesticide active ingre-
dient. For example, the technical products of glyphosate
and mesotrione exhibited different cytogenetic activities
in the mouse bone marrow erythrocyte micronucleus
test [43, 44]. In both cases, the presence of different lev-
els of genotoxic impurities in the technical products is
the probable explanation for the observed effects. In the
case of mesotrione, the genotoxicity can be explained by
the presence of impurities such as 1,2-di-chloroethane,
1 -cyan-6-(methylsulfonyl)-7-nitro-9N-xanthen-9-one (the
content of which is restricted at the level of <2 mg/kg),
and 6-(methylsulfonyl)-9-ox0-9-H-xanthene-1-carboni-
trile [45]. In the case of glyphosate, such effect may be
caused by nitrosoglyphosate and formaldehyde, which
are present as impurities [46]. To confirm the potential
genotoxicity of the glyphosate technical products, which
yielded positive results in the micronucleus test and ne-
gative results in the Ames test, a study of DNA damage
was conducted in vivo in mouse cells. It was demon-
strated that glyphosate induced a significant increase in
the level of DNA damage in bone marrow cells but not
in liver cells [47].

Therefore, the currently available data indicates
that different results can be obtained in various in vi-
tro and in vivo tests that are used for the assessment
of the genotoxicity of the same substance. This can be
explained by the fact that the in vitro systems do not
always fully reflect the metabolism stages of the entire

organism, as well as by the wide variety of mechanisms
of biotransformation of xenobiotics that are specific to
the wide range of living organisms [48, 49]. The pecu-
liarities of the metabolism of pesticides in microorgan-
isms, plants, and animals have been described in several
works [50—57]. The main processes involved in pesticide
detoxication include oxidation, reduction, and hydrolysis
(phase I), which result in the formation of the modi-
fied functional groups. These groups participate in the
conjugation processes (phase II) that form the products,
which are either removed from the organism or remain in
it [58]. The enzymes of detoxification include cytochrome
P450, hydrolases, glutathione-S-transferases, and differ-
ent glucosyl- or glucuronosyltransferases [51, 59].

Along with the existence of common mechanisms
of biotransformation of xenobiotics, differences in the
processes of metabolism of the same substance can
exist in organisms of different taxonomic groups. For
example, bacteria are not always able to ensure full
degradation of xenobiotics; this process requires the
cooperation of several organisms or the obligate pre-
sence of the other substances (co-metabolism). Some
prokaryotes can completely metabolize pesticides down
to inorganic components (mineralization). Typically, the
mechanisms of biotransformation of pesticides in bacte-
ria are usually more varied than in plants [60].

Living organisms can exhibit differences in the profile
and activity of enzymatic systems. For example, nitroaro-
matics are metabolized in different ways in plants and
bacteria. Unlike plants, bacteria have several enzymes of
different metabolic pathways that are capable to mediate
the oxidation of such compounds [61]. Plants are thought
to lack the ability to break the C-P bonds in organophos-
phorus compounds; however, in microorganisms vari-
ous C-P lyases and hydrolytic enzymes that break such
bonds, were identified [62]. Hydrolytic transformation in
plants involves esterases, amidases, and arylalkylation,
whereas that of microorganisms is mediated by various
oxidoreductases [63].

The specificity the effects of pesticides have on dif-
ferent organisms and the resistance to these effects are
also partially explained by the peculiarities of their bio-
transformation. For example, the insecticide indocarb is
much more toxic for insects than for mammals, due to
the activation of carboxyamidase in insects [64]. The
resistance of the melon aphid to dimethoate is explained
by its hydrolysis [65]. Dinobutone is highly toxic to fun-
gi because of hydrolase activation; but it is less toxic
for mammals, in which this pesticide is metabolized via
an effect on the other substituents [48]. The substrate
specificity of esterases and amidases varies significantly
between plants and microorganisms. For example, in-
creased activity of acylamidases one of the mechanisms
of resistance to the herbicide propanil in two species
of barnyardgrass. Other acylamidases, such as, enzyme
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of Bacillus sphaericus induced by linuron, have a wide
substrate specificity compared to herbicides of different
chemical classes [66].

There are differences in the types of conjugates
formed in plants, soil fungi, and bacteria. In plants, con-
jugates with amino acids and sugars are formed, whereas
in soil microorganisms, which are limited in nutrients,
sugars and amino acids are seldom available for con-
jugation; therefore, these organisms use the methano-
genesis process for the generation of methyl- and acyl-
conjugates [67].

There have been reports on different pathways of
isoprotyron biotransformation in fungi and bacteria.
The processes of hydroxylation of the isopropyl group
are detected in fungi, whereas bacteria use hydroly-
sis [68]. The insecticide malathion carries a carboxylic
acid ester residue that can easily be decomposed by
the carboxyesterases of vertebrates, but not of insects.
In the case of organophosphorus pesticides containing
an O-alkyl group, the O-ethyl group is more effectively
hydrolyzed by cytochrome P450 of insects compared
with the same enzyme of mammals, whereas analogous
pesticides containing a methyl group are hydrolyzed
more effectively with the enzyme of mammals [69].
Neonicotinoids are much less active in vertebrates
compared with insects because of the peculiarities of
binding with different subtypes of receptors. The high
affinity to the nAChR receptor observed in insects is
because the binding occurs only in one orientation,
whereas the relative insensitivity of nAChR receptors
of vertebrates is caused by various conformations of the
binding pocket of different analogous compounds [70].

Such examples, the list of which can be expanded,
indicate that the use of different organisms as the test
system may yield contradictory results because of the
formation of various active metabolites. Moreover, it
should be noted that the Ames test, for example, has
been proposed as the main and sometimes sole method
of assessment of pesticide equivalence that allows the
registration of gene mutations; however, it cannot as-
sess chromosomal and genomic abnormalities. In sever-
al cases, pesticides have a high cytotoxicity, which can
hide the mutagenic effects in in vitro systems (e.g.,
by reducing the number of revertant colonies at high
doses in the Ames test). Therefore, the use of only one
method for the assessment of reverse mutations in bac-
teria may not be sufficient for the determination of the
equivalence of technical products.

The selection of a test system for specific goals has
no strict limitations. The main methods commonly ac-
cepted to reveal of pesticide genotoxic potential include
the assessment of gene mutation induction in micro-
organisms and mammalian cells in vitro, the micro-
nucleus test or the detection of chromosomal aber-
rations in mammalian cells in vitro and in vivo, and

DNA damage analysis in mammalian cells in vitro and
in vivo [39, 71—73]. In each case, when selecting the
test method, its potential limitations should be analyzed
based on information available for the structural analogs
of pesticides or obtained from preliminary experiments.
Such limitations can be due to the high cytotoxicity or
by the organ specificity of the tested substances; for
example, by suppression of cell division in the hemato-
poietic system [74].

Thus, to obtain reliable proof of the safe use of analo-
gous pesticides, genotoxicity testing is required using at
least two methods with different test objects, which allow
for the assessment of different types of mutation events.
Such approach to the mutagenicity evaluation of impuri-
ties in chemical agents was proposed by the Committee
on Mutagenicity of Chemicals in Food, Consumer Pro-
ducts and the Environment (COM). At the first stage
of the assessment of the mutagenicity of impurities it is
recommended to use not only one bacterial test, but a
combination of Ames test and micronucleus test in vi-
tro [75]. The test methods can be selected among the
set of standard tests described in the OECD guidelines.
Moreover, when a conclusion about the mutagenicity of
pesticides cannot be made because of the ambiguity of
the results of two tests, it is reasonable to perform an
additional test. For example, DNA damage can be as-
sessed in mammalian cells both in vitro and in vivo us-
ing the DNA comet assay [76]. The DNA comet assay
in vivo can be combined with the micronucleus test in
one experiment, to avoid increasing the number of ani-
mals used.

Figure 1| is a diagram of the proposed algorithm of
equivalence assessment of the technical grade pesticide
active ingredients based on the “mutagenicity” criterion.

CONCLUSION

The analysis of international documents and avail-
able references, as well as the experience of assessing
the equivalence of the technical grade pesticide active
ingredients in different countries, has demonstrated
that the development of a national document on the
equivalence of analogous pesticides should consider
genotoxicity testing to be a mandatory requirement.
To obtain reliable results, at the first stage of equiva-
lence assessment (in case of new impurity level is no
more than 1%) it is proposed to use at least 2 in vitro
methods (or one in vitro test and one in vivo test) with
different test objects. This allows for the evaluation of
different types of damage of genetic material in cells.
For the purpose of harmonization of the proposed algo-
rithm with the international methods of assessment of
the equivalence of the technical products of pesticides
containing new impurities at a level of >1%, a study of
the genotoxicity should be conducted using a minimum
of three in vitro methods with different objects. In all
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Fig. 1. The algorithm for the assessment of the equivalence of technical materials of analogous pesticides on the basis of “mutage-

nicity” criterion

cases, when there are no obviously negative results in
the in vitro tests, the technical product’s safety should
be confirmed by in vivo experiments. Alternatively, one
in vitro test and one in vivo test can be used. In case
two method used for assessment yielded contradictory
results or if at least one test showed an equivocal result,
additional studies using a third method are required.
The experimental results should be compared with the
data for the original product. The technical grade pes-
ticide active ingredient can be considered as equivalent
based on the “mutagenicity” criterion if the values of
assessed indicators, which characterize primary DNA
damage and frequency of gene, chromosomal and/or
genome mutations, is not increased.

Such approach will not allow for the introduction of
any pesticide technical products that contain genetically
hazardous substances into the market.
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