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Abstract: Pesticides commonly used in the Republic of Serbia (tebuconazole,
pendimethalin, pyraclostrobin, propiconazole and famoxadone) have high stab-
ility, so their potential toxicity to humans needs to be investigated. These pes-
ticides are in use in the Republic of Serbia in various formulations. Their tox-
icity and interactions with acetylcholinesterase were thoroughly investigated in
this study using computational tools. The ADMET (adsorption, distribution,
metabolism, excretion, toxicity) study showed that all of them are efficient oral
compounds, and that pendimethalin was a mutagenic compound. Glide scores
ranged from —18.41 (pendimethalin) to —27.61 kJ mol'! (famoxadone) in Mus
musculus, and from —19.58 (pendimethalin) to —24.31 kJ mol™! (propiconazole)
in Homo sapiens. In addition, the experimental stability of the pesticides sol-
utions in methanol was studied using the fast gas chromatography—mass
spectrometry (GC-MS, retention times of the studied pesticides ranged from
14.47 (pendimethalin) to 22 min (famoxadone)). They showed good stability
over time, apart from pyraclostrobin which decomposed mainly into its des-
methoxy derivative after 20 months. Based on the promising modelling results,
pyraclostrobin and famoxadone emerge as potential candidates for further
investigation in the treatment of Alzheimer’s disease, taking care to increase
their stability.
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260 ARSIC et al.

INTRODUCTION

Five pesticides (propiconazole, famoxadone, pendimethalin, pyraclostrobin
and tebuconazole) that are widely used in the Republic of Serbia were selected
for this study.! There are numerous studies on the toxicological effects of pesti-
cides but there is no such proposed aspect as described here, especially on humans.

The intensive use of pesticides negatively affects the health of the population
and also insect pollinators worldwide, as shown in numerous studies. French res-
earchers studied the level of uptake of selected f-blockers, anxiolytics, antibio-
tics, antiepileptics, antidepressants and fungicides (including propiconazole and
tebuconazole) by the European eel (Anguilla anguilla). Interestingly, the eel con-
sumed the least amount of all substances studied.? Dereumeaux et al. (2022)3
determined the levels of five pesticides, including tebuconazole, in urine and hair
samples from adults and children living near and around vineyards. The results
showed that the levels of the above pesticides and their metabolites are higher in
those living near vineyards and also have a stronger effect on children, so their
monitoring (degradation time) is crucial. Cang et al. (2022)* studied the individ-
ual and combined effects of tetrachloranatraniliprole and tebuconazole on honey
bees (Apis mellifera L.). According to their results, tetrachlorantraniliprole shows
a higher toxic effect (96-h LCs( value of 298.2 mg a.i. dm—3) compared to tebuc-
onazole (96-h LCs value of 1,841 mg a.i. dm3), while the combined exposure
of honeybees to both pesticides leads to an enhanced toxic effect (synergism).
Janos et al. (2023)° concluded, based on their experimental results, that tebucon-
azole inhibits DNA glycosylase and thus reduces the DNA methylation process.
Kolesarova et al. (2013)¢ studied the influence of fungicide formulations (with
tebuconazole as one of the active components) on the activity of acetylcholine-
sterase and butyrylcholinesterase in domestic animals, and their results show the
inhibitory properties of these formulations on both enzymes. Rico et al. (2016)7
studied the lethal and sublethal capabilitiles of the common earthworm in soils
used for rice cultivation treated with various pesticides, including tebuconazole,
and the decrease in enzymatic activity of the following enzymes in the common
earthworm: cholinesterase, lactate dehydrogenase, and alkaline phosphatase.

Pendimethalin, an herbicide used for weed control, inhibits plant cell divis-
ion and mitosis. Results showed that pendimethalin interferes with mitochondrial
complexes | and V, which inhibit embryo energy metabolism, leading to dev-
elopmental defects in the organisms studied.$-?

Pyraclostrobin has been found to affect the mitochondrial function in aquatic
organisms.!0 The design and synthesis of new pyraclostrobin derivatives with
antifungal activities have been reported.!!

From the available literature, there is no evidence that famoxadone inhibits
acetylcholinesterase. Famoxadone and its derivatives have been shown to be
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STUDIES ON SELECTED PESTICIDES 26 1

cytochrome bc; complex inhibitors.12:13 How famoxadone interacts with acetyl-
cholinesterase is described in detail here.

Recently, several pesticides different from our studied here were investig-
ated experimentally and in silico.!%15 Average quasi-valence number (AQVN)/
electron—ion interaction potential (£//P) proved to be a good predictive tool for
the behaviour of selected pesticides against acetylcholinesterase. These selected
pesticides against acetylcholinesterase show in silico the same region for binding
in both Mus musculus and Homo sapiens with some differences. Global minima
or free energy of formation values may also give an indication of the degree of
acute toxicity.

Therefore, the aim of this study was to investigate the stability of methanolic
solutions of different pesticides (tebuconazole, pendimethalin, pyraclostrobin,
propiconazole and famoxadone) using gas chromatography—mass spectrometry
(GC-MYS) over 9 and 20 months to obtain the necessary information for the effi-
cient laboratory work. In addition, the previous computational studies on pesti-
cides were extended to the above selected pesticides to gain insight into the inter-
actions with acetylcholinesterase (AChE) and predict toxicity using two different
tools based on different principles.

The stability of the non-aqueous solutions has not been reported before,
which is of great importance for laboratory work and therefore represents a nov-
elty. For the first time, molecular docking analysis was performed for five sel-
ected pesticides and a detailed study of toxicity. Based on all computational stu-
dies performed, the potential candidates for the treatment of Alzheimer’s disease
were proposed.

EXPERIMENTAL
Preparation of samples

Certified standards of pesticides (propiconazole, famoxadone, pendimethalin, pyraclos-
trobin and tebuconazole) were purchased from Dr. Ehrenstorfer (Augsburg, Germany).
HPLC-grade methanol was purchased from J. T. Baker (Landsmeer, The Netherlands).

Stock solutions of the pesticides: propiconazole (0.25318 mg cm), famoxadone
(0.24058 mg cm), pendimethalin (0.30215 mg cm3), pyraclostrobin (1.0673 mg cm™) and
tebuconazole (0.23668 mg cm™) were prepared in methanol and stored at 4 °C. The methanol
solutions of tebuconazole, pendimethalin, propiconazole and famoxadone were stored tightly
sealed in the refrigerator for 9 months, and the methanol solution of pyraclostrobin was stored
for 20 months.

GC-MS analysis

Gas chromatographic analysis of pesticides was performed on a 7890/7000B GC/MS/MS
triple quadrupole system (Agilent Technologies, USA, equipped with a Combi PAL auto
sampler). The fused silica capillary column HP-5MS (5 % phenylmethylsiloxane, 30 mx0.25
mm, film thickness 0.25 um) was used with helium as carrier gas (1 cm3 min'!). The operating
conditions were consistent with the previously published work.!6
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262 ARSIC ef dl.

Compounds were identified by comparison of their MS with those from Wiley 6,
NIST02, Mass Finder 2.3, by the application of the AMDIS software (the Automated Mass
Spectral Deconvolution and Identification System, Ver. 2.1, DTRA/NIST, 2011).

Electron—ion interaction potential (EIIP)/average quasi-valence number (AQVN)
The specific recognition and targeting between interacting biological molecules at a dis-

tance of > 5 A are determined by the AQVN and the EIIP derived from the general model
pseudopotential:!?

EIIP = 0.25(Z*/(2m))sin (1.04nZ*) €))
where Z* is the AQVN determined by:

|
VARS ﬁzzl nZ; 2

where Z; is the valence number of the i-th atomic component, »; is the number of atoms of the
i-th component, m is the number of atomic components in the molecule, and N is the total
number of atoms. The Z* and EIIP values are expressed in Rydberg units (Ry). AQVN and
EIIP are unique physical properties that characterize, among molecular descriptors, the long-
-range interactions between biological molecules.!> EIIP and AQVN of organic molecules
have been shown to correlate strongly with their biological activity (mutagenicity, carcinogen-
icity, antibiotic activity, etc.).1819
Unconstrained conformational search

The conformational analysis of selected pesticides (tebuconazole, pendimethalin, pyra-
clostrobin, propiconazole and famoxadone, Fig. 1) was performed using MacroModel under

Schrodinger Suite 2022-3 and Maestro, v. 13.3, as interface. Chloroform was used as the sol-
vent. The conditions for the simulations were taken from the previously published work.!>

Fig. 1. 3D Structures of conformers with the lowest energies of investigated pesticides:
a) tebuconazole, b) pendimethalin, c) pyraclostrobin, d) propiconazole and e¢) famoxadone.
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Molecular docking studies

The molecular docking studies with selected pesticides (tebuconazole, pendimethalin,
pyraclostrobin, propiconazole and famoxadone) were performed using acetylcholinesterase as
a target from Mus musculus and Homo sapiens. In addition, molecular docking of selected
pesticides was performed at the binding site of donepezil in acetylcholinesterase from H. sap-
iens.20 In all cases, crystal structures were obtained from the Protein Data Bank (entry ID for
M. musculus SDTI2! and H. sapiens 4EY720). Acetylcholinesterase alone was prepared for
docking using the Protein Preparation and Refinement tool of Schrodinger Suite 2022-3. The
previously optimized structures of selected pesticides in MacroModel were ligands in the
molecular docking studies. Molecular docking was performed with Glide under Schrodinger
Suite 2022-3.

ADMET in silico studies

ADMET parameters of selected pesticides (tebuconazole, pendimethalin, pyraclostrobin,
propiconazole and famoxadone) were calculated in normal mode using QikProp v7.0 software
(Schrodinger, Inc., New York, NY, USA).

ACD/Percepta 14.53.0 (Build 3577) (Advanced Chemistry Development, Inc., Toronto,
Canada) was also used to generate ADMET profiles of selected pesticides based on SMILES
strings of the compounds.

RESULTS AND DISCUSSION

Stability analysis of selected pesticides using GC—MS

GC-MS analysis can be used to efficiently determine the stability of methan-
olic solutions of the selected pesticides (tebuconazole, pendimethalin, pyraclos-
trobin, propiconazole and famoxadone). The stability in aqueous solutions has
been well studied.?2 After nine months, the methanolic solutions of tebuconazole,
pendimethalin, propiconazole and famoxadone were not degraded. Their retent-
ion times were 16.75 (tebuconazole), 14.47 (pendimethalin), 16.31-16.63 (propi-
conazole) and 22 min (famoxadone) (Fig. S-1-S-4 of the Supplementary material
to this paper). Pyraclostrobin does not show stability in methanol solution like
the others (Fig. 2). Besides pyraclostrobin (20.45 min), the solution mainly con-
tains the des-methoxy derivative of pyraclostrobin (18.32—18.51 min, Fig. 2).

Computational studies (EIIP calculation, conformational search, molecular
docking and ADMET) of selected pesticides and acetylcholine esterase from M.
musculus and H. sapiens

The selected pesticides had AQVN values that were in the intervals of
2.5116-3.0434 (Table I). The absolute values of EIIP ranged from 0.0233 for
pendimethalin to 0.0938 for tebuconazole. The previous studies have shown that
tebuconazole?3 and propiconazole?# exhibit AChE inhibitory activity. The speci-
ficity of inhibitors between insect and mammalian AChE contributes to selective
toxicity.2> In general, it is safer for insecticides to have a higher affinity for ins-
ect AChE than for human AChE.
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Fig. 2. a) Total-ion chromatogram (TIC) of pyraclostrobin solution, b) mass spectrum of the

main degradation product (des-methoxy pyraclostrobin).

TABLE I. Investigated pesticides, their classes, molecular formulae, Z*, and absolute E/IP

Pesticide Class Molecular formula Z* /Ry EIIP /Ry

Tebuconazole Triazole fungicide; conazole C16H2,CIN;O 2.5116  0.0938
fungicide

Pendimethalin Dinitroaniline herbicide C13H9N304 2.8205  0.0233

Pyraclostrobin  Strobilurin fungicide; carbanilate =~ C;9H;gCIN3;O4 2.9777  0.0355

fungicide; phenylpyrazole

fungicide

Propiconazole Triazole fungicide; conazole Cy5H17,CLhN;0, 2.7180  0.0560
fungicide

Famoxadone Oxazole fungicide; dicarboximide CyH gN,Oy4 3.0434  0.0600
fungicide

Prior to molecular docking, all selected pesticides were prepared in Macro-
Model. The global minimum of each pesticide was used for molecular docking.
The global minimum energies and replicates of the studied structures are listed in
Table II.
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STUDIES ON SELECTED PESTICIDES 265

After optimization, the selected pesticides were subjected to molecular dock-
ing against acetylcholinesterase from M. musculus and H. sapiens, whose
sequences are 89.80 % identical using BLASTP (protein BLAST: search protein
databases using a protein query (nih.gov)), and the values of Glide scores26:27
from molecular docking are listed in Table II. Acetylcholinesterase (AChE) was
selected due to its involvement in numerous cholinergic signalling pathways in
the central and peripheral nervous system.28 According to the molecular docking
studies performed, famoxadone is the best binder for acetylcholinesterase from
the studied pesticides on M. musculus AChE, and the weakest is pendimethalin.
In the case of H. sapiens, the best AChE inhibitor is propiconazole and the worst
is pendimethalin.

TABLE II. Global minima energies and repeats of the investigated pesticides, and Glide
scores of selected pesticides against AChE from M. musculus and H. sapiens

Pesticide Global minimum Number of Glide score, kJ mol!
energy, kJ mol! replicates Mus musculus ~ Homo sapiens
Tebuconazole 215.6 20 -23.81 -22.51
Pendimethalin 479.3 18 -18.41 -19.58
Pyraclostrobin 201.1 17 -26.32 -20.17
Propiconazole 102.6 3 -21.59 —24.31
Famoxadone 409.8 27 -27.61 -23.93

Two interactions are common to all investigated pesticides against AChE in
M. musculus: His 381 and Phe 531. A different situation was observed in H.
sapiens. They have no common contact with AChE, and generally fewer interact-
ions with AChE were observed compared to M. musculus (Fig. 3).

In general, pesticides are more toxic to lower organisms.2® More interactions
here are observed in M. musculus than in H. sapiens. Some pesticides have been
already studied as potential candidates for drugs against Alzheimer’s disease,!d
so it was reasonable to investigate in silico selected pesticides here with the same
aim.

Molecular docking studies of approved Alzheimer’s medicines and selected
pesticides against acetylcholine esterase from H. sapiens

Drugs for the treatment of Alzheimer’s disease (donepezil, rivastigmine and
galantamine) that target AChE30 fall within the AQVN range of 2.5 and 2.667.
The pesticides and drugs for Alzheimer’s disease studied have a common target —
acetylcholinesterase. The crystal structure of donepezil with acetylcholinesterase
from H. sapiens was used for our docking studies, taking into account the bind-
ing site from chain B including interactions with Ser 293, Trp 286 and Trp 86.20
The redocking of donepezil resulted in a Glide score of —16.32 kJ mol~1. Two
other approved drugs for the treatment of Alzheimer’s disease (rivastigmine and gal-
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266 ARSIC et al.

Fig 3. A) Graphic representation of molecular docking of tebuconazole into the acetylcholine
esterase from a) Mus musculus, b) Homo sapiens.

antamine) provided better results for galantamine (—22.51 kJ mol~!) and weaker
results for rivastigmine (—12.30 kJ mol-!). The acute oral toxicity of pendimeth-
alin, pyraclostrobin and famoxadone in mice/rats is > 4500 mg kg!,3! therefore
their in silico inhibitory effects on AChE in H. sapiens were compared with those
of approved Alzheimer’s drugs (donepezil, rivastigmine and galantamine). Values
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Fig 3 (continued). B) Graphic representation of molecular docking of pendimethalin into the
acetylcholine esterase from a) M. musculus, b) H. sapiens.

(in kJ mol-!) of —19.75 (pendimethalin), —18.32 (pyraclostrobin) and —20.08
(famoxadone) were obtained for the selected pesticides. The glide scores for
these pesticides were better than those for donepezil and rivastigmine, so they
can be further investigated as the replacements for these drugs.
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‘\ -5\
Fig 3 (continued). C) Graphic representation of molecular docking of pyraclostrobin into the
acetylcholine esterase from a) M. musculus, b) H. sapiens.

In silico ADMET studies of selected pesticides

The toxicity of the compounds was assessed using Lipinski’s Rule of Five,32
which includes molecular weight (<500 Da), number of hydrogen-bond acceptors
(£10) and donors (<5), octanol/water partition coefficient (<5), and Jorgensen’s
rule of three,33 which includes log S (>-5.7), PCaco (>22 nm s~!), and primary
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STUDIES ON SELECTED PESTICIDES 269

metabolites (PM) (<7). The violations of these rules are essential for the optimiz-
ation of biologically active compounds and should not exceed 1.

Fig 3 (continued). D) Graphic representation of molecular docking of propiconazole into the
acetylcholine esterase from a) M. musculus, b) H. sapiens.

Table S-I of the Supplementary material shows the ADMET properties of
the selected compounds (tebuconazole, pendimethalin, pyraclostrobin, propicon-
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E)
a)

Fig 3 (continued). E) Graphic representation of molecular docking of famoxadone into the
acetylcholine esterase from a) M. musculus, b) H. sapiens.

azole and famoxadone) predicted by QikProp and includes the following para-
meters: molecular weight (MW), number of rotatable bonds (RB), dipole moment
(DM), molecular volume (MV), number of hydrogen donors (DHB), number of
hydrogen acceptors (AHB), polar surface area (PSA4), octanol/water partition
coefficient (log P), water solubility (log S), apparent Caco-2 cell permeability
(PCaco), number of probable primary metabolic reactions (PM), percentage of
oral absorption by humans (%6HOA), and violations of the rule of three (VRT) and
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rule of five (VRF). The theoretical calculations of ADME parameters are pre-
sented in Table S-1 along with Lipinski and Jorgensen rule violations. Thus, it
can be assumed that according to the predictions of the ADMET properties, all
compounds are orally active.

The ADME and drug safety profiles of selected pesticides were predicted
using Percepta. The results are presented in Table S-II of the Supplementary mat-
erial. Based on the Caco-2 values, it can be said that all compounds have high
permeability to Caco-2 cells (79x1076-196x10"6 c¢m s!). They are all also
highly bound to plasma proteins (PPB) based on the values obtained (91-98 %).
Based on the calculated scores (ranging from —2.80 to —2.20), they are all per-
meable to the CNS, implying that those with low toxicity are candidates for
Alzheimer’s disease because they share the same target — AChE. Percepta pre-
dicted only propiconazole not to be an inhibitor of gp-substrates, and only tebuc-
onazole and propiconazole were found to be inhibitors of CYP3A4. Famoxadone
was found to be a non-inhibitor for CYP1A2. Based on the Ames test, tebucon-
azole and propiconazole were found to be non-mutagenic, whereas pendimethalin
was a mutagenic compound. The mutagenic effect of pendimethalin was consist-
ent with the experimental data — high concentrations (500 and 1000 uM) which
caused mutagenic effects on human umbilical vein endothelial cells.34 This fact
allows us to exclude pendimethalin as a mutagenic compound, and further studies
can be proposed for famoxadone and pyraclostrobin.

CONCLUSION

Based on the obtained results from the analyses of five commonly used
pesticides in the Republic of Serbia, it is obvious that computer-assisted tools
such as ADMET (especially Lipinski’s and Jorgensen’s rules and mutagenic pro-
perties) profiling and molecular docking (Glide scores between —17 and —29 kJ
mol-!), with molecular descriptors, such as AQVN (2.5116-3.0434 Ry) showed
that compounds, currently used as pesticides, such as pyraclostrobin and famox-
adone, may be candidates for the development of effective treatments against
Alzheimer’s disease. Special attention should be paid to pyraclostrobin which
decomposed mainly into its des-methoxy derivative after 20 months in methanol
solution, and its newly developed derivative should have higher stability. GC—
—MS method can be easily used for studying the content and stability of various
pesticides in formulations and for their determination in real samples, such as
agricultural products.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/12490, or from the corres-
ponding author on request.
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U3BOJ
KOMILJYTEPCKA AHAJIV3A U AHAJIN3A CTABMJTHOCTU OOABPAHUX MNECTULIUOA
KOJH CE KOPUCTE V¥ PEIIYBJIMLIU CPEHUJU

BUJbAHA APCUR', CTEQAH TIETPOBUR!, JEIEHA MPMOIIAHWH', UBAHA TUMUTPUJEBUR!, CHEXXAHA
TOILIWR', TOPIAHA CTOJAHOBHUR', CAFbA [IUIIUR? u JEJIEHA MUTTUREBUR?

! Nenapmman 3a xemujy, [Ipupogrno—maimemaiiuuxy paxynime, Ynusepsuieiwi y Huuy, Buweipagexa 33,
18106 Huw u “Jlabopamiopuja 3a Guoundopmamuxy u pauynapcky xemujy, HHCTUTIY T 3d HyKIeapHE HAYKE
LBunua®, Ynusep3uiteii y Beoipagy, Muxe Ilewwiposuha Anaca 12—14, 11351 Bunua, Beoipag

[ectuuupy koju ce yecto kopucre y Pemydnnuum Cpduju (TedykoHa3os, IEHOAUMETANIHH,
MUPaKIOCTPOOUH, MPONUKOHA30 U (hpaMOKCaZloH) UMajy BUCOKY CTaOMITHOCT, TaKo Jja HHUX0Ba
NOTEeHLHjalIHa TOKCUYHOCT ceé Mopa npoyduTH. OBU MECTULMIHN ce Kopucre y Pemydmunun
Cpbuju y pa3nuuutum dopmyranujama. Fbuxosa TOKCUUHOCT U HHTEpaKLHje ca alleTUXOIHH-
€CTepasoM Cy AeTa/bHO M3yYeHEe Y OBOM HMCTpakMBamwy KopullhemeM KOMIjyTepCKUX ajiara.
ADMET (ancopnuuja, suctpudyuuja, Mmetabonn3aM, eKCKpelrja, TOKCHYHOCT) U3ydyaBame je
M0Ka3aJjo Jja Cy CBM OHM e(dUKacHA OpalHa jefumhena, U Ja je NeHANMeTaIuH MyTareHo jenu-
weme. Glide cxopoBu cy dunu y omcery ox —18,41 (menmumeranus) 1o —27,61 kJ mol?!
(damoxcamoH) kox Muia, u on —19,58 (mengumeranun) 1o —24,31 kJ mol™! (mpomukonason)
KoJ, yoBeka. OcuM TOra, eKcrepuMeHTaaIHa CTadUIHOCT pacTBOpa MecTUUia y MeTaHoIy je
npoyyasaHa kopuirhewmeM GC-MS (peTeHUMOHa BpeMeHa NpOyYyaBaHUX MECTULUAA CE Kpe-
Tana of 14,47 (nengumetanuH) fo 22 min (dpamokcanoH)). OHU MOKa3yjy HoOpy cTabumHOCT
TOKOM BpEMEHa, OCHM MUPAKIOCTPOOMHA KOjU Ce€ YINIaBHOM paclaja Ha CBOj Ae3-METOKCH
nepuBar nocie 20 mecenu. Ha ocHoBy obehaBsajyhux pesyntata mozmenoBama, NMHUPaKIOo-
cTpodvH U daMOKCaLOH Ce I0jaBbyjy Kao MOTEHLHjaTH! KaHIUATH KOjH Ce MOTY Jlajbe U3y-
YyaBaTH Kao TpeTMaH 3a AimxajMepoBy dosect, Bomehu paunHa na ce moBeha wHxoBa cra-
dunHocT.

(ITpumiseno 17. jyna, pesuaupano 20. HoBembpa, npuxsaheno 24. nenemdpa 2023)

REFERENCES

1. Ministarstvo poljoprivrede, sumarstva i vodoprivrede, Uprava za zastitu bilja (2023)
Lista-odobrenih-supstanci-mart2023.pdf (minpolj.gov.rs), (accessed 12/07/2023) (in
Serbian)

2. 1. Alvarez-Mora, V. Bolliet, N. Lopez-Herguedas, L. Castro, E. Anakabe, M. Monperrus,
N. Etxebarria, Environ. Pollut. 311 (2022) 120016
(https://doi.org/10.1016/j.envpol.2022.120016)

3. C. Dereumeaux, F. Mercier, P. Soulard, M. Hulin, A. Oleko, M. Pecheux, C. Fillol, S.
Denys, P. Quenel, Environ. Int. 159 (2022) 107013
(https://doi.org/10.1016/j.envint.2021.107013)

4. T.Cang, Y. Lou, Y.-C. Zhu, W. Li, H. Weng, L. Lv, Y. Wang, Environ. Int. 172 (2023)
107764 (https://doi.org/10.1016/j.envint.2023.107764)

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

STUDIES ON SELECTED PESTICIDES 273

. T. Janos, L. Ottenbros, L. Blahova, P. Senk, L. Sulc, N. Paleova, J. Sheardova, J.

Vlaanderen, P. Cupr, Environ. Res. 222 (2023) 115368
(https://doi.org/10.1016/j.envres.2023.115368)

. V. Kolesarova, G. Sinko, K. Sivikova, J. Dianovsky, Caryologia 66 (2013) 346

(https:/doi.org/10.1080/00087114.2013.855390)
A. Rico, C. Sabater, M. A. Castillo, Ecotoxicol. Environ. Saf. 127 (2016) 222
(https://doi.org/10.1016/j.ecoenv.2016.02.004)

. H.Park, J.-Y. Lee, W. Lim, G. Song, J. Hazard. Mater. 411 (2021) 125153

(https://doi.org/10.1016/j.jhazmat.2021.125153)

J. Ham, W. Lim, G. Song, Environ. Pollut. (Oxford, United Kingdom) 278 (2021) 116835
(https://doi.org/10.1016/j.envpol.2021.116835)

X.Y.Li, Y. J. Qin, Y. Wang, T. Huang, Y. H. Zhao, X. H. Wang, C. J. Martyniuk, B.
Yan, Toxicology 452 (2021) 152706 (https://doi.org/10.1016/j.t0x.2021.152706)

L. Wang, S. Zhao, X. Kong, L. Cao, S. Tian, Y. Ye, C. Qiao, Bioorg. Med. Chem. 26
(2018) 875 (https://doi.org/10.1016/j.bmc.2018.01.004)

F. Wang, H. Li, L. Wang, W.-C. Yang, J.-W. Wu, G.-F. Yang, Bioorg. Med. Chem. 19
(2011) 4608 (https://doi.org/10.1016/j.bmc.2011.06.008)

Y.-J. Zheng, R. Shapiro, W. J. Marshall, D. B. Jordan, Bioorg. Med. Chem. Lett. 10
(2000) 1059 (https://doi.org/10.1016/S0960-894X(00)00164-5)

M. Mladenovi¢, B. B. Arsi¢, N. Stankovi¢, N. Mihovi¢, R. Ragno, A. Regan, J. S.
Mili¢evi¢, T. M. Trti¢-Petrovi¢, R. Mici¢, Molecules 23 (2018) 2192
(https://doi.org/10.3390/molecules23092192)

S. Petrovi¢, B. Arsi¢, 1. Zlatanovi¢, J. Milicevi¢, S. Glisi¢, M. Miti¢, R. Purovi¢-Pejcev,
G. Stojanovié, Int. J. Mol. Sci. 24 (2023) 8003 (https://doi.org/10.3390/ijms24098003)
Agilent Technologies, Food Compendium 2011 — Pesticides, Mycotoxins and Other
Contaminants.pdf (agilent.com), application note: Analysis of Pesticide Residues in
Spinach Using Agilent SampliQ QUEChERS AOAC Kits by GC/MS (accessed
12/07/2023)

V. Veljkovic, 1. Slavic, Phys. Rev. Lett. 29 (1972) 105
(https://doi.org/10.1103/PhysRevLett.29.105)

V. Veljkovic, N. Veljkovic, J. A. Esté, A. Hiither, U. Dietrich, Curr. Med. Chem. 14
(2007) 441 (http://dx.doi.org/10.2174/092986707779941014)

B. Arsic, J. Barber, A. Cikos, M. Kadirvel, E. Kostic, A. J. McBain, J. Milicevic, A.
Oates, A. Regan, Molecules 27 (2022) 7280 (https://doi.org/10.3390/molecules27217280)
J. Cheung, M. J. Rudolph, F. Burshteyn, M. S. Cassidy, E. N. Gary, J. Love, M. C.
Franklin, J. J. Height, J. Med. Chem. 55 (2012) 10282
(https://doi.org/10.1021/jm300871x)

F. S. Katz, S. Pecic, T. H. Tran, 1. Trakht, L. Schneider, Z. Zhu, L. Ton-That, M. Luzac,
V. Zlatanic, S. Damera, J. Macdonald, D. W. Landry, L. Tong, M. N. Stojanovic,
ChemBioChem 16 (2015) 2205 (https://doi.org/10.1002/cbic.201500348)

L. R. Zeng, L. H. Shi, X. G. Meng, J. Xu, G. F. Jia, T. Gui, Y. P. Zhang, D. Y. Hu, J.
Environ. Sci. Health, B 54 (2019) 317 (https://doi.org/10.1080/03601234.2019.1571360)
S. Altenhofen, D. D. Nabinger, M. T. Wiprich, T. C. Brandao Pereira, M. R. Bogo, C. D.
Bonan, Chemosphere 180 (2017) 483
(https://doi.org/10.1016/j.chemosphere.2017.04.029)

D. K. Hackenberger, G. Palijan, 7. Lon&ari¢, O. Jovanovi¢ Glavag, B. K. Hackenberger,
Ecotoxicol. Environ. Saf. 148 (2018) 480 (https://doi.org/10.1016/j.ecoenv.2017.10.072)

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



274

25.

26.

27.

28.
29.

30.

31.
32.
33.

34.

ARSIC et al.

J. E. Casida, K. A. Durkin, Annu. Rev. Entomol. 58 (2013) 99
(https://doi.org/10.1146/annurev-ento-120811-153645)

R. A. Friesner, J. L. Banks, R. B. Murphy, T. A. Halgren, J. J. Klicic, D. T. Mainz, M. P.
Repasky, E. H. Knoll, D. E. Shaw, M. Shelley, J. K. Perry, P. Francis, P. S. Shenkin, J.
Med. Chem. 47 (2004) 1739 (https://doi.org/10.1021/jm0306430)

R. A Friesner, R. B. Murphy, M. P. Repasky, L. L. Frye, J. R. Greenwood, T. A. Halgren,
P. C. Sanschagrin, D. T. Mainz, J. Med. Chem. 49 (2006) 6177
(https://doi.org/10.1021/jm0512560)

M. B. Colovi¢, D. Z. Krsti¢, T. D. Lazarevi¢-Pasti, A. M. Bondzi¢, V. M. Vasié¢, Curr-
Neuropharmacol. 11 (2013) 315 (http://dx.doi.org/10.2174/1570159X11311030006)

D. Spurgeon, E. Lahive, A. Robinson, S. Short, P. Kille, Front. Environ. Sci. 8 (2020)
588380 (https://doi.org/10.3389/fenvs.2020.588380)

G. Marucci, M. Buccioni, D. D. Ben, C. Lambertucci, R. Volpini, F. Amenta,
Neuropharmacology 190 (2021) 108352
(https://doi.org/10.1016/j.neuropharm.2020.108352)

K. A. Lewis, J. Tzilivakis, D. Warner, A. Green, Hum. Ecol. Risk Assess. 22 (2016) 1050
(https://doi.org/10.1080/10807039.2015.1133242)

C. A. Lipinski, F. Lombardo, B. W. Dominy, P. J. Feeney, Adv. Drug Deliv. Rev. 46
(2001) 3 (https://doi.org/10.1016/S0169-409X(00)00129-0)

W. L. Jorgensen, E. M. Duffy, Adv. Drug Deliv. Rev. 54 (2002) 355
(https://doi.org/10.1016/S0169-409X(02)00008-X)

Q. Saquib, M. A. Siddiqui, S. M.Ansari, H. A. Alwathnani, J. Musarrat, A. A. Al-Khed-
hairy, J. Appl. Toxicol. 41 (2021) 832 (https://doi.org/10.1002/jat.4139).

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.




@Article{,

  author    = {Biljana Arsić and Gordana Stojanović and Stefan Petrović and Sanja Glišić and Jelena Mrmošanin and Jelena Milićević and Ivana Dimitrijević and Snežana Tošić},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {Stability and computational analyses of selected pesticides in use in the Republic of Serbia},

  year      = {2024},

  issn      = {1820-7421},

  month     = {3},

  pages     = {259-274},

  volume    = {89},

  abstract  = {Pesticides commonly used in the Republic of Serbia (tebuconazole, pendimethalin, pyraclostrobin, propiconazole and famoxadone) have high stab­ility, so their potential toxicity to humans needs to be investigated. These pes­ticides are in use in the Republic of Serbia in various formulations. Their tox­icity and interactions with acetylcholinesterase were thoroughly investigated in this study using computational tools. The ADMET (adsorption, distribution, metabolism, excretion, toxicity) study showed that all of them are efficient oral compounds, and that pendimethalin was a mutagenic compound. Glide scores ranged from –18.41 (pendimethalin) to –27.61 kJ mol-1 (famoxadone) in Mus musculus, and from –19.58 (pendimethalin) to –24.31 kJ mol-1 (propiconazole) in Homo sapiens. In addition, the experimental stability of the pesticides sol­utions in methanol was studied using the fast gas chromatography–mass spectrometry (GC–MS, retention times of the studied pesticides ranged from 14.47 (pendimethalin) to 22 min (famoxadone)). They showed good stability over time, apart from pyraclostrobin which decomposed mainly into its des-methoxy derivative after 20 months. Based on the promising modelling results, pyraclostrobin and famoxadone emerge as potential candidates for further investigation in the treatment of Alzheimer’s disease, taking care to increase their stability.},

  doi       = {10.2298/JSC230714102A},

  file      = {:09_12490_5719.pdf:PDF},

  issue     = {2},

  keywords  = {ADMET,Alzheimer's disease,MS},

  publisher = {National Library of Serbia},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/12490},

}




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice




