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Abstract: Coragen 20 SC is an insecticide based on chlorantraniliprole that is applied on many
crops. Considered an effective product with an incremental cost-benefit ratio, it has been widely
used globally. Residual pesticides affect non-target organisms, so it is necessary to explore the
possible effects induced by these xenobiotics on different species. This work aimed to assess some
morphological, physiological and biochemical effects induced by Coragen 20 SC on two non-target
species: Perca fluviatilis (Linné, 1758) and Triticum aestivum L. The concentrations used were the
same for all tested species (0.0125, 0.025 and 0.05 mL L~1), and the experiments were of the acute,
subchronic and chronic type. The toxicological effects of Coragen 20 SC on perch recorded behavioral
changes, a decrease in respiratory rate and oxygen consumption, an increase in blood glucose levels
and a decrease in the number of erythrocytes and leukocytes. The results obtained from the evaluation
of Coragen 20 SC toxicity using the Triticum test indicate a weak to moderate phytotoxicity for the
considered parameters at the applied doses. Only the assimilatory pigments were significantly
modified at the concentration of 0.025 mL L~! for the growth of the axial organs and the wet and dry
weight, with the changes obtained not being statistically significant.

Keywords: Coragen 20 SC; chlorantraniliprole; non-target species; Perca fluviatilis; Triticum aestivum

1. Introduction

Pesticides derived from chemical syntheses are the best examples of compounds whose
use is risky because they spread all over the environment. Although they are produced
in a few countries, their use has become global due to exportation. Water ecosystems
are highly exposed to pesticides, with different sources of contamination and action level.
While the use of pesticides has many beneficial effects, such as increasing productivity by
reducing losses due to various pests, aquatic and terrestrial ecosystems are increasingly
affected by these compounds. Through bioconcentration and biomagnification, these
compounds are transmitted along food chains, affecting various non target organisms and
even human populations.

The use of pesticides in agriculture has resulted in several consequences, including the
decline of fish populations [1] and fish biodiversity [2]. Fish can be exposed to pesticides
either through their gills or from contaminated food. Given the significant negative im-
pact of pesticides on the environment, particularly organochlorine and organophosphorus
compounds, there is a growing need for new, more environmentally friendly, and selective
product. One such product is chlorantraniliprole (CAP), which has been developed world-
wide by DuPont (Tokyo, Japan) and is marketed under the trade name Rynaxypyr® [3].
CAP was first registered in the Philippines in 2007 [4] and has since been used in various
agricultural regions globally [5], showing promising results [6]. However, there are limited
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studies on the toxicological risks associated with this insecticide [3]. CAP belongs to the
anthranilic diamide class and was first introduced in 2008 [7]. It is now used on a global
scale [8].

Anthranilic diamides constitute a recently emerged group of insecticides with a highly
specific and distinctive mode of action compared to other insecticide groups. They act
as activators of ryanodine receptors (RyR), which are intracellular non-voltage calcium
channels present in the sarcoplasmic reticulum (SR) of muscles and the endoplasmic
reticulum (ER) of non-muscle cells [3]. Their selectivity is attributed to their reduced
toxicity to mammals, which is 300 times lower than their toxicity to insects [9]. Fish possess
only two types of ryanodine receptors (RyRA and RyRB) [10]. While the risk of CAP
insecticide appears to be low for fish, the selectivity of its toxicity among different fish
species remain unclear [11]. Direct spray, spray drift, leaching to ground water, atmospheric
deposition, and runoff represent potential transport mechanisms of CAP to aquatic and
terrestrial organisms [12]. Excessive use of CAP may result in persistent contamination of
treated foods and adverse effects on human well-being [13].

The insecticide exhibits high persistence in soils and aquatic sediments [14]. Degra-
dation of CAP in water primarily occurs through hydrolysis, or it is catalyzed by acids
or bases that come into contact with the compound [15]. CAP is stable at a pH of 4 and
7 [16], DT50 being 10 days at pH 9 [17]. Photolysis is an important degradation pathway for
CAP compared to its degradation/dissipation in water [16]. The bioconcentration capacity
of the CAP insecticide is moderate (BCF: 13-15), and the product is rapidly eliminated
(CT50: 1.5 days, CT90: 8.9 days). In fish, the main metabolite is IN-ECD73, of which 95% is
eliminated within two weeks of exposure [16]. In a study on the bioaccumulation capacity
of the CAP insecticide carried out on fish belonging to the species Lepomis macrochirus
that were exposed for 14 days to concentrations of 0.0132 and 0.138 mg insecticide L~!
exposure followed by a purification period of 21 days, a maximum level was found after
11 days of exposure, and the purification capacity (CT50 and CT90) for whole fish were
1.5 and 8.9 days, respectively [14]. CAP degrades rapidly in fish to IN-ECD73 and polar
metabolites [14].

Coragen 20 SC is an insecticide based on CAP applied for use in many crops to target
Lepidoptera and some Coleoptera, Diptera and Isoptera species [18]. It exhibits high
biological activity [19]. Recently considered as an effective insecticide with an incremental
cost-benefit ratio [20], Coragen has widespread global use. The water solubility of Coragen
20 SC at 20 °C is 0.880 mg L~! at pH 7 and 0.971 mg L~! at pH 9 [14]. Fish are commonly
utilized as experimental models for assessing toxicity in aquatic ecosystems [21].

The choice of perch as a bioindicator species for CAP insecticide pollution is based on
its wide distribution in rivers in Romania and the facilities for its capture and maintenance
under laboratory conditions. At a single, short-term exposure, the insecticide has low toxicity
to fish [14]; at long-term exposures, however, the toxicity of the product increases [7,22,23]
96 h LC50: Ictalurus punctatus > 13.4 mg L=1; Lepomis macrochirus > 15.1 mg L~1; Oncorhynchus
mykiss > 13.8 mg L~!. The NOEC values reported in chronic tests are 0.11-1.28 mg L~! [16]:
NOEC 32 days for Cyprinodon variegatus at 1.28 mg L. =1, and NOEC 28 days for Oncorhynchus
mykiss at 0.110 mg L~ [24]. No changes in hatchability, survival, weight gain and length
were found in trout fingerlings exposed to CAP for 90 days in continuous flow tests [14].
However, significant larval abnormalities were found, resulting in an NOEC value of
0.110 mg CAP L1 [14].

Tests on aquatic plants and algae indicate low to moderate toxicity of CAP. There-
fore, for duckweed, the 14-day EC50 is >2000 ug CAP L1 and for algae, the 120 h EC50
is >2000 -> 15,100 pg CAP L~! [16]. The same document indicates the possibility of accu-
mulation through repeated administration and persistence in soil because the half-life is
one year. Residual pesticides affect non-target organisms, so the possible effects induced
by these xenobiotics on different species need to be explored. USEPA developed the Test
Guidelines for Pesticides and Toxic Substances, which are generally intended to meet the
toxicity testing requirements for terrestrial and aquatic animals and plants. Because plants
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are an important part of each ecosystem, many tests target primary producers. Agricultural
species are generally used for toxicity assessment tests in terrestrial ecosystems [25].

For terrestrial plants, the standard tests establish vegetative vigor, seedling emer-
gence and seedling growth, early seedling growth toxicity, plant uptake, and translocation.
Growth inhibition and biomass accumulation are recommended parameters for testing the
toxicity of chemicals in plants. Xenobiotic agents also induce changes in the chlorophyll
content [26]. Chlorophyll is an important compound because it is responsible for photo-
synthesis and is an indicator of plant health [27]. Pesticides may reduce the chlorophyll
pigments, photosynthetic efficiency, and protein content [28], and they may influence the
absorption of vital mineral nutrients by the vascular plants [29].

The Triticum test is widely used for testing therapeutic products and other xenobiotics [30],
with this species also being recommended in standard tests [31]. The widespread use of
pesticides to protect crops may not only result in pesticide residues within the plant, but can
also affect the metabolic processes during growth, causing abnormal development [32].

This work aimed to assess the toxicological effects induced by Coragen 20 SC on
two non-target species: perch—Perca fluviatilis (Linné, 1758) and weat—Triticum aestivum L.
by evaluating oxygen consumption, respiratory rate, blood figure elements, glucose and
behavioral change for the former, and growth parameters (root and stem length, wet and
dry weight) and physiological changes (chlorophyll 4, b, and carotenoids content) for
the latter.

2. Materials and Methods
2.1. The Evaluation of Coragen-Induced Toxicity on Fish

The experiments were carried out on males and females of perch—Perca fluviatilis
(Linné, 1758) with an average weight of 18.42 £ 2.14 g, caught from the Arges River. The
fish were acclimatized for 10 days to laboratory conditions, during which they were fed
ad libitum once a day, after which they were divided into four groups of 10 specimens
each, as follows: the control group that was without the addition of insecticides, and three
experimental groups exposed to Coragen 20 SC. The insecticide was diluted in double-
distilled water at pH 7. The 0.01, 0.025 and 0.05 mL L~! Coragen formulations contained
2.5,5and 10 mg L-1CAP respectively. The tested concentrations were established on the
basis of specialist work and preliminary tests (survival in the case of fish). Data from the
specialized literature indicate the low toxicity of CAP in fish (>10-100 mg L), which is
why we chose the maximum working concentration of 10 mg/L (0.05 mL-L~! Coragen
20 SC); the test was carried out for 14 days.

The test method used was semi-static, with the solution being refreshed every 24 h.
The fish were contained with continuous aeration in 100 mL aquariums, with continuous
aeration of water (dissolved oxygen 7.53 £ 0.32 mg L1 pH 7.83 £ 0.65, total hardness
100 mg L' CaCOj3) and with a natural light/dark photoperiod. The fish were not fed
during the 14 days of the experiment in order to avoid the intervention of this factor [33].

In each of the four experimental variants, the respiration of the fish was evaluated
by determining the oxygen consumption (by the closed respiratory chamber method) and
the frequency of respiratory movements at intervals of 24, 48, 72, 96, and 336 h from the
initiation of the experiments [33]. After 14 days of setting up the experiments, the fish were
sacrificed, and blood samples were taken from the tail vein to determine the number of
figure elements and blood glucose values. The fish were euthanized by immersion in an
overconcentrated anesthetic solution (benzocaine hydrochloride 250 mg L~!) for at least
10 min after stopping opercular movements, followed by decapitation [34].

Counting of figured elements was carried out under an Olympus microscope CX
31 using Thomma counting chambers after prior staining with neutral red and crystal
violet [33]. Glucose determination was performed from blood drops with an Accutrend
Plus GCT device.

Values are given as arithmetic means =+ standard error of the mean (SEM). The data
were statistically analyzed using multiple comparison tests (LSD—SPSS/PC program
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version 10.0 for Windows). The statistical interpretation of the obtained results was car-
ried out by means of the “one-way” ANOVA test for all investigated physiological pa-
rameters, comparing the results obtained within the groups exposed to Coragen 20 SC
with those within the control group, after the same time intervals from the mounting of
the experiments.

2.2. The Evaluation of Coragen-Induced Phytotoxicity

The phytotoxicity was carried out using the Triticum test, and the following parameters
were determinate: growth in the length of the root and stem of the seedlings, wet and dry
weight and photosynthetic pigments.

The seeds of Triticum aestivum L. (Trivale variety) obtained from the Agricultural
Research and Development Station, Albota (Arges county, Romania) were sterilized (5 min
in 75% ethanol) and then immersed in distilled water for 1 h. After immersion in the
Coragen 20 SC solution (0.0125, 0.025, 0.05 mL L‘l) for 1 h, the seeds were then placed on
filter paper in Petri dishes and stored in a growth chamber (POL-EKO KK 350) at 25 °C
during daytime and 15 °C at night, photoperiod: 16 h of light and 8 h of darkness. For the
control, we used only distilled water.

The root and stem length measurements were made 7 days after the exposure. The
appearance of seedlings 7 days after the immersion in Coragen 20 SC can be seen in
Figure la—d. After the fresh weight was determined, the plant material was placed in the
oven at 80 °C to determine the dry weight.

Figure 1. Triticum aestivum L. seedlings 7 days after exposure to Coragen 20 SC insecticide: (a) control,
(b) 0.0125 mL L1, (¢) 0.025mL L=, (d) 0.05 mL L.

The evaluation of the physiological response of Triticum aestivum to Coragen 20 SC ex-
posure was carried out by determining the content of photosynthetic pigments—chlorophyll
a and b and carotenoids from an acetone extract—using a spectrophotometric method with
Holm’s formulae [35]. The biological material was 30-day seedlings obtained after a sim-
ilar protocol (immersion: 1 h in distilled water and 1 h in Coragen 20 SC solution). The
absorbance of the samples was measured using a spectrophotometer (UV-VIS T70+).

The inhibition rate of the length of the root and stem seedlings and of the photo-
synthetic pigment content was calculated using Formula (1) provided by Ma et al. [36]:

The inhibition rate = [(Gm — Gx)/Gm] x 100 D)
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Gm—values reached for the control-determined parameters, Gx—values reached for
the determined parameters for the variants exposed to Coragen 20SC. Ten seeds were used
for each variant, and each experiment had 3 replications.

The statistical interpretation of the data was made using IBM SPSS Statistics 20. The
values are the means of 3 repetitions + standard error; a, b—Duncan test results. Compar-
isons were made between control and Coragen 20SC variants (p = 0.05).

3. Results and Discussion
3.1. Influence of Coragen 20 SC on Perca Fluviatilis (Linné, 1758)
3.1.1. Effects on Oxygen Consumption and Respiratory Rate

As a result of exposure to chemical pollutants, fish suffer physiological alterations
(disruption of sensory, hormonal, neurological and metabolic systems) and behavioral
changes [37]. The analysis of oxygen consumption can be used as a bio detector system to
evaluate the toxic potentiality of the chemical [38]. Respiration rate and oxygen consump-
tion in perches exposed to Coragen 20 SC insecticide at three concentrations (0.0125; 0.025
and 0.05 mL L~!) are shown in Tables 1 and 2.

Table 1. Variations in the average oxygen consumption (mL oxygen/kilogram/hour) and the
standard deviation of the Perca fluviatilis (Linné, 1758) exposed to Coragen 20 SC insecticide at
different concentrations.

Lots 0h 24h 48 h 72h 96 h 168 h 336 h
Control 265 + 1241 256 £ 11.36 262 +8.44 270 £+ 9.62 258 +11.52 267 +£9.45 261 +12.56
Lot I
Coragen 20 SC 256 £ 7.62 260.24 + 8.42 262.25 + 11.42 264.14 £ 7.66 2742 £852* 258.3 & 14.83 248.23 £ 6.68 *
0.0125 mL L~
Lot II
Coragen 20 SC 264.4 + 8.14 258.4 & 8.62 2545+ 9.58* 246.42 £ 8.12* 2343 +8.98* 238.46 £ 4.47* 229.52 £7.78*
0.025mL L~
Lot III
Coragen 20 SC 272.7 £9.12 246.8 £7.14% 238.5 £11.52* 23042 +£8.62* 224.3 £8.96 * 218.32 £8.79 220.42 £9.64*
0.05mL L~
* The mean difference was significant at the 0.05 level.
Table 2. Variations in the average respiratory rate (breaths/minute) and the standard deviation of
the Perca fluviatilis (Linné, 1758) exposed to Coragen 20 SC insecticide at different concentrations.
Lots 0h 24h 48h 72h 96 h 168 h 336 h
Control 732432 72.7 £3.22 74.94 + 8.28 72.6 + 4.74 71.5 £ 8.56 72.8 +5.42 732+ 4.48
LotI
Coragen 20 SC 72.6 + 3.48 78.8 &£ 2.38* 842 £3.42* 824+£636* 79.3 £4.28* 68.3 +2.82 64.8 £2.42%
0.0125 mL L~!
Lot II
Coragen 20 SC 782 +£7.22 82.6 +4.12 86.3 +8.48* 82.8 +4.18 75.8 £ 5.62 65.8 £5.28* 66.2 +8.42%
0.025mL L~
Lot III
Coragen 20 SC 72.8 + 5.54 79.5 £3.12 75.6 £4.42 67.8 £2.18* 63.1+£4.24* 612 +£246* 60.6 = 5.42*
0.05mL L~

* The mean difference was significant at the 0.05 level.

Following exposure to the Coragen 20 SC insecticide at a concentration of 0.0125 mL L1,
no significant changes in the oxygen consumption of the perch occurred in the first 72 h.
After 96 h of exposure, a slight significant increase in this parameter was observed (by 6.27%
compared to the control group), the values recorded after 168 h and 336 h, respectively,
being significantly lower than the control ones (by about 5%). In the case of the other
two concentrations of Coragen 20 SC investigated, the effect was a decrease in oxygen
consumption (significant decrease after 48 h, respectively 24 h), the decrease continuing
until the 14th day (by 10.69%, respectively 15.55% comparative with the control lot).

The respiratory rate of the perch exposed to Coragen 20 SC in different concentrations
had a similar evolution: an increase in this parameter in the first 96 h, 72 h, 24 h after contact
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with the insecticide, the period of stimulation of the frequency of respiratory movements
being inversely proportional with the amount of insecticide.

The increase in respiratory rate in the first days of exposure can be attributed to the
attempt to recover the oxygen deficit established as a result of exposure to insecticides.
The respiratory rhythm values determined at the end of the experimental period were,
in all experimental variants, lower compared to the control group (88.52%, 90.43% and
82.78%, respectively).

Venkata Rathnamma and Nagaraju (2014) [38] reported a decreased oxygen consump-
tion rate in Labeo rohita specimens exposed to sublethal and lethal concentrations of CAP.
The authors also reported severe respiratory distress, rapid opercular movements, increased
mucus secretion, higher ventilation volume, labored breathing and engulfing of air through
the mouth observed in the fish. An increase in opercular fish movement was initially
observed, but it later decreased with an increased period of exposure to CAP [37,39].

In fish, pesticides first pass through the gills, so any disorder at this level will have a
great influence on the adaptive changes. The oxygen uptake capacity of the gills is closely
related to their histological integrity. The toxic effects of the environmental contaminant
CAP on the gill of freshwater fish L. rohita exposed to sub lethal concentrations (1/10th
96 h of LC50) for 15 days include epithelial lifting, aneurysm, necrosis, and degeneration of
secondary lamellae [38]. Gill damage is assumed to be responsible for respiratory distress.

3.1.2. Effects on Hematological Parameters, Glucose, and Behavioral Changes

The number of red blood cells and the blood glucose values signaled the state of stress
in fish, which is why we recommended using these parameters as biomarkers of toxic stress
induced by pesticides.

Although pesticides are hematological stressors in fish, there is no pattern of changes
in these parameters for all classes of pesticides [40]. Monitoring hematological parameters
in fish from pesticide-polluted waters can contribute to the early detection of this type of
pollution [40-42].

Fish change their energy metabolism, spending a larger amount of energy to mitigate
toxic stress [43]. Plasma glucose level is frequently used as a parameter to assess stress in
aquatic organisms [44].

The mean number of red blood cells, white blood cells and plasma after exposure for
14 days to Coragen 20 SC in different concentrations is presented in Table 3.

Table 3. The mean number of figured elements and glucose with standard deviation in Perca fluviatilis
(Linné, 1758) exposed to Coragen 20 SC.

Lots Red Blood Cells/mL Blood White Blood Cells/mL Blood Glucose (mg/100 mL Blood)
Control 1,316,415 £ 8380 53,950 + 5820 88.76 £ 11.20
LotI
Coragen 20 SC 1,302,460 + 11,550 52,550 + 4750 96.84 +5.42*
0.0125 mL L™
Lot IT
Coragen 20 SC 1,158,450 £ 128,150 * 47,350 + 6240 * 102.25 4 6.85 *
0.025 mLL~!
Lot ITI
Coragen 20 SC 1,080,840 + 10,750 * 45,260 + 5640 * 108.24 £9.12*
0.05mLL™!

* The mean difference is significant at the 0.05 level.

No significant changes were recorded in the average number of erythrocytes and
leukocytes in fish exposed for 14 days to Coragen 20 SC in a concentration of 0.0125 mL L1,
In the case of groups IT and IIT (Coragen 20 SC 0.025 mL L~! and 0.05 mL L1, respectively),
the average number of erythrocytes and leukocytes decreased significantly compared to the
control group (by 12% and 17.9% in the case of erythrocytes and with 12.24% and 16.11%).

Significant changes in red blood cell count, white blood cell count and hematocrit
values following exposure to Coragen have also been reported in homeotherms [45,46].
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Decreased leukocyte levels may be suggestive of potential immunomodulation, phago-
cytic activity being a commonly used parameter to assess the immunotoxic potentials
of chemicals [47]. The cellular components of the fish’s innate immune system consist
of many different types of cells, such as monocytes/macrophages; granulocytes such
as mast cells/eosinophilic granule cells, and neutrophils; dendritic cells; and natural
killer cells (NK cells) [48]. The pesticides affected specific immune cells, causing apop-
tosis, changes in factor nuclear kappa B (NF-«kB) expression, pro-inflammatory factors
interleukin 6 (IL-6), interleukin 8 (IL-8), interferon-gamma (IFN-y), chemokines (CXCL-
clc) and anti-inflammatory factor (interleukin 10 (IL-10) [49]. Blood glucose, the energy
underlay of different reactions (although not as important as in mammals), significantly
changed in the insecticide samples. Average blood glucose values were significantly higher
after 14 days of exposure to Coragen 20 SC insecticide for all concentrations tested (by 9.1%
higher in the case of perch exposed to 0.0125 mL L~! insecticide compared to the values
recorded in the control group, by 15.19% in those exposed to 0.025 mL L™}, and by 21.94%
in those exposed to 0.5 mL L™1).

Our observations agree with those of Nagaraju and Venkata Rathnamma (2018) [50],
who reported a decrease in glycogen levels in the liver, muscles, gills and kidneys in Channa
punctatus species exposed for 45 days to CAP at a concentration of 1442 mg L~! (semistatic
test with solution change at 24 h), a characteristic effect of fish exposed to pesticides; in
this instance, the glycogen is broken down into glucose and used in accordance with the
new energy needs of the intoxicated animals. Other works in the specialized literature
indicate lethal values of over 10 mg L~L: the LC50 96 h for the insecticide CAP for the
fresh water fish Channa punctatus was found to be 14.4 mg L=1 [51], 11.0 mg L~! for the
grass carp Ctenopharyngodon idella [39], 16.465 mg L~ for the fish Cirrhinus mrigala [38],
and 12.7 mg L~ for Labeo rohita [39].

In acute static studies (96 h) performed on specimens of Oncorhynchus mykiss, Lepomis
macrochirus, Ictalarus punctatus, and Cyprinodon variegatus exposed to CAP, no mortality or
sublethal effects were reported at values up to 13.8, 15.1, 13.4 and 12 mg insecticide L1
respectively [12,14].

Chen et al. (2022) [52], in a study on the safety of aquatic organisms in relation to
the insecticide CAP, reported that the product was less toxic to Brachydanio rerio, with a
10.2 mg L~! dose for 4-day LC50 acute toxicity.

During the entire duration of the experiments (14 days), we did not find mortality in
the groups studied. The LC50 96 h value of CAP (Coragen) on the Channa punctatus was
found to be 12.7 mg L~1[39], which agrees with our observations.

However, we observed behavioral changes in the fish of groups II and III (Coragen
20 SC 0.025 mL L~! and 0.5 mL L) right from the first 24 h after exposure to the insecticide:
hyperactivity, jerky movements, muscle contractions, lack of movement coordination,
seizures, ataxia hyper secretion of mucus.

A similar behavioral pattern was observed during the exposure period to the in-
secticide CAP; jerky movements, hyper secretion of mucus, opening and closing of the
mouth for gasping, loss of scales, and hyperactivity was observed in the experimental
group [38,39]. They slowly became lethargic and restless, and they secreted excess mucus
all over their body.

3.2. Influence of Coragen 20 SC on Triticum aestivum Seedling Growth and Weight

T. aestivum seedling root growth was insignificantly influenced by Coragen 20 SC,
being slightly stimulated in the case of the lowest concentration (0.0125 mL L~!) and slightly
inhibited at the higher applied concentrations (0.025 and 0.05 mL L~') (Figure 2), with an
inhibition rate of 8.75% and 26.61%, respectively. Stem seedling growth was inhibited at
all concentrations tested, but the differences were not significant (Figure 2). The inhibition
percentages were between 12.43% (for the 0.05 mL L~! Coragen 20 SC experimental variant)
and 17.45% (for the 0.0125 mL L~! Coragen 20 SC experimental variant). This could be
explained by the fact that the pesticide can translocate from the root to the stem and leaves,
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as reported in some research. According to Fan et al. (2021) [53], CAP could be absorbed by
roots under hydroponic conditions and transported to the upper parts of the plant. Also,
a bioconcentration of CAP was observed in maize roots, and absorption occurred via an
apoplastic pathway. The cell wall was the dominant storage compartment. The root uptake
rate constant (k1) for CAP is low (0.001 h™1) compared to other pesticides (difenoconazole)
(0.699 h~1). Also, the shoot uptake rate constant (k2) of CAP was smaller than those of k1,
and the transport from the root to the stem was a slow one [54]. Damage to aquatic plant
growth was reported in Lemna gibba (Duckweed) at concentrations greater than 2 mg L.,
and likewise for reproduction at 2 mg L1 [22].

P
o wn

a

a
a
a
a
ab ab
b W root
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Control (0) 0.0125 0.025 0.05
Coragen 20 SC concentration (mL L™1)

Root and stem length (mm)
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o U1 O U1 O un

o wun

Figure 2. The influence of Coragen 20 SC on Triticum aestivum L. root and stem length after 7 days of
exposure (a-b: Interpretation of the significance of differences using Duncan’s test, p = 0.05).

The wet and dry weight of T. aestivum seedlings was slightly stimulated by exposure
to Coragen 20 SC, following the same growth pattern, in the following order of variants:
0.0125, 0.05, 0.025 mL L1 (Figure 3). However, the differences recorded between the
samples were not significant. Similar results have been reported for peppermint. Thus,
the treatment with CAP and other insecticides (imidacloprid, pyriproxyfen, acetamiprid,
and chlorfenapyr) on mint did not induce significant changes among stem length and fresh
weight [55]; insecticide treatments increased the concentration of phytohormones (jasmonic
acid and abscisic acid) in stem and leaves and, generally, decreased the contents of most
phenolic acids [51].

1.4

1.2 a a

[y

0.8

0.6 B fresh weight

Il

0.4 a a dry weight

Ho
i

0.2

Control (0) 0.0125 0.025 0.05
Coragen 20 SC concentration (mL L™1)
Figure 3. The influence of Coragen 20 SC on Triticum aestivum L. fresh and dry weight, after 7 days of
exposure (a-: Interpretation of the significance of differences using Duncan’s test, p = 0.05).
3.3. Influence of Coragen 20 SC on Photosynthetic Pigments

No significant differences were determined for the chlorophyll content, but at a con-
centration of 0.0125 mL L~! Coragen 20 SC, the amount of chlorophyll a (1.240 mg g~ ! f.w.)
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was higher compared to the control (0.974 mg g~ ! f.w.), and also compared to the variants
0.025 mL L' (0.697 mg g~ ! f.w.) and 0.05 mL L~! (0.973 mg g~! f.w.) (Figure 4). An
inhibition percentage of 28.43% was obtained in the variant 0.025 mL L~ for chlorophyll
a. The content of chlorophyll b and carotenoid pigments were significantly lower in the
case of the variant exposed to 0.025 mL L~! Coragen 20 SC. In the case of chlorophyll b,
the inhibition percentages were 27.20% (0.0125 mL L~1),49.81% (0.025 mL L~ 1) and 7.49%
(0.05 mL L~1). In the case of carotenoid pigments, a slight stimulating effect was observed
in the variant exposed to 0.0125 mL L~ Coragen 20 SC (0.695 mg g~ ! f.w.) compared to the
control (0.676 mg g~ ! f.w.), and the other two variants had recorded inhibition percentages
of 26.33% (0.025 mL L~!) and 4.73% (0.05 mL L), respectively.

1.4 a
a -
-1 a
3 b ab
- 0.8 I a ab a T I a
o T = b I
- 0.6 I b 1
€ 04 I
0.2
0
Control (0) 0.0125 0.025 0.05

Coragen 20 SC concentration (mL L™1)
H chlorophyll a chlorophyll b carotenoids

Figure 4. The influence of Coragen 20 SC on Triticum aestivum L. photosynthetic pigment content
after 30 days of exposure (a-b: Interpretation of the significance of differences using Duncan’s test,
p =0.05).

Kilic et al. (2015) [56] reported significant changes in the amount of photosynthetic
pigments in Zea mays, induced by CAP (0.08-0.5 ppm). These were accompanied by damage
to the germination, the growth of the axial organs, the number of roots/seedlings, stomatal
density and size. Other metabolic changes highlighted in other research were the increase
in the amount of anthocyanins and proline, changes that constitute another response of
plants to the stress represented by pesticides, including CAP [56,57]. In contrast, Lin et al.
(2022) [55] did not reveal changes in chlorophyll pigments in mint leaves in the presence
of CAP and imidacloprid, pyriproxyfen, acetamiprid, and chlorfenapyr. In the mentioned
research, the authors obtained a reduction in the content of soluble proteins and an increase
in the content of cinnamic acid and lignin in response to the stress induced by CAP and
other pesticides.

The evaluation of non-enzymatic and enzymatic antioxidants in cultivated tomatoes,
in which the efficiency of Coragen 20 SC against Tuta absoluta was evaluated, indicated an
increase in the content of photosynthetic pigments; a decrease in the activity of the enzymes
super oxide dismutase, catalase, polyphenol oxidase, glutathione-S-transferase; and a
decrease in the amount of total phenols in the period between 1 and 7 days after performing
the treatment in the field [20]. The authors explain the decrease in enzyme activity and
the increase in the content of photosynthetic pigments as being because of the absence of
abiotic stress, represented by insects. In agreement with other research [58,59], the authors
established an inverse correlation between the content of photosynthetic pigments and
antioxidant enzymes in the absence of insects.

The changes highlighted in the experiment carried out are explained by the complex
action of pesticides, including carboxamides, on the synthesis of nucleic acids, mitosis,
cellular respiration and plant defense induction, among the targeted action sites being
cited: RNA polymerase I, DNA /RNA synthesis, 3-tubulin assembly in mitosis, Complex
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II—succinate dehydrogenase Complex Ill—cytochrome bcl (ubiquinol oxidase) Complex
III—cytochrome bcl (ubiquinone reductase), etc. [60].

In the presence of pesticides, plants activate the response pathways, which Parween
and Jan (2019) [60] mention, respectively: detoxification processes by cytochrome P450
monooxygenases or glutathione-S-transferases (GSTs), induction of antioxidant enzymes,
synthesis of phenolic compounds, and synthesis of pathogenesis-related (PR) proteins
(PR-1 to PR-19) [61].

4. Conclusions

This paper is a contribution to the knowledge of toxicity and the effects of Coragen
20 SC insecticide on two non-target organism species, Perca fluviatilis (Linné, 1758) and
Triticum aestivum L.

The study of the oxygen consumption and the respiratory rate, in conjunction with
determining the number of red blood cells, white blood cells and the blood glucose level,
as well as the main behavioral changes, allowed us to form a table of the overall symptoms
of the perch poisoned with CAP insecticide. The analyzed insecticide reduced the energy
metabolism and the respiratory rate, decreased red blood cells and white blood cells,
increased glucose level in the blood, and induced behavioral changes in the perch.

The results obtained during the evaluation of Coragen 20 SC toxicity using the Triticum
test indicate a weak to moderate phytotoxicity for the parameters considered and at
the doses applied. Only the assimilatory pigments were significantly modified at the
concentration of 0.025 mL L~! for the growth of the axial organs and the wet and dry
weight, the changes obtained not being statistically significant.

Further testing is needed to highlight other sequences in the possible response path-
ways that plants and animal activate in the presence of the insecticide; further testing is
also needed for evaluation with other terrestrial, aquatic, wild and/or crop species.

Author Contributions: Conceptualization, CM.P, L.C.S.,, N.A.S.,, M.M.T. and A.P.; formal analysis,
C.M.P. and O.-A.D.; funding acquisition, N.A.S.; investigation, C.EM.; methodology, CM.P, L.C.S.,
O.-AD. and A.P; project administration, N.A.S.; writing—original draft, CM.P,, L.C.S., O.-A.D.
and A.P; writing—review and editing, C.M.P., and L.C.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Romanian Ministry of Research, Innovation and Digitiza-
tion, CNCS-UEFISCDI, grant number PN-III-P4-ID-PCE-2020-0620.

Institutional Review Board Statement: The local board of ethics for animal research had previously
accepted this report (No. 71/21.03.2023). It thoroughly complied with Directive 2010/63/EU of the
European Parliament and of the Council of 22 September 2010, on the conservation of animals. The
animals were treated with care without causing them any discomfort or inconvenience, and every
attempt was taken to mitigate cruelty and the number of animals used.

Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article.

Acknowledgments: The Triticum test was carried out with the support obtained through project
number PN-III-P4-ID-PCE-2020-0620 within PNCDI III, a grant from the Romanian Ministry of
Research, Innovation and Digitization, CNCS-UEFISCDIL.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Grant, LF. Insecticides for tsetse and trypanosomiasis control: Is the environmental risk acceptable? Trends Parasitol. 2001,

17,10-14. [CrossRef]

2. Saez-Goémez, P,; Prenda, J. Freshwater Fish Biodiversity in a Large Mediterranean Basin (Guadalquivir River, S Spain): Patterns,
Threats, Status and Conservation. Diversity 2022, 14, 831. [CrossRef]

3. LavtiZar, V. Environmental Stability and Toxicity Assessment of Chlorantraniliprole and Its Derivatives. Ph.D. Thesis, University
of Nova Gorica, Graduate School, Rozna Dolina, Slovenia, 2015.


https://doi.org/10.1016/S1471-4922(00)01848-1
https://doi.org/10.3390/d14100831

Toxics 2023, 11, 618 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Lahm, G.P; Cordova, D.; Barry, ].D. New and selective ryanodine receptor activators for insect control. Bioorg. Med. Chem. 2009,
17,4127-4133. [CrossRef] [PubMed]

Bassi, A.; Rison, J.L.; Wiles, J.A. Chlorantraniliprole (dpx-e2y45, Rynaxypyr®, Coragen®), a new diamide insecticide for control of
codling moth (Cydia pomonella), colorado potato beetle (Leptinotarsa decemlineata) and european grapevine moth (Lobesia botrana).
In Proceedings of the 9th Slovenian Conference on Plant Protection, Nova Gorica, Slovenia, 4-5 March 2009.

DuPont. Altacor® & Coragen® Now Registered for Use on More Crops. 10 May 2011. Available online: http:/ /www.dupont.ca/
content/ca/en_ca/products-and-services/crop-protection/vegetable-protection/press-releases/altacor-coragen.html (accessed
on 22 September 2022).

NPIC Product Research Online (NPRO): Chlorantraniliprole; National Pesticide Information Center: Corvallis, OR, USA, 2021.
Available online: http://npic.orst.edu/factsheets/chlorantraniliprole.html (accessed on 27 February 2023).

Teixeira, L.A.; Andaloro, J.T. Diamide insecticides: Global efforts to address insect resistance stewardship challenges. Pestic.
Biochem. Physiol. 2013, 106, 76-78. [CrossRef]

Lahm, G.P; Stevenson, T.M.; Selby, T.P.; Freudenberger, ] H.; Cordova, D.; Flexner, L.; Bellin, C.A.; Dubas, C.M.; Smith, B.K,;
Hughes, K.A; et al. Rynaxypyr: A new insecticidal anthranilic diamide that acts as a potent and selective ryanodine receptor
activator. Bioorg. Med. Chem. Lett. 2007, 17, 6274-6279. [CrossRef]

Ogawa, Y.; Kurebayashi, N.; Murayama, T. Ryanodine receptor isoforms in excitation-contraction coupling. Adv. Biophys. 1999,
36, 27-64. [CrossRef]

Fan, Y;; Xu, C.; Miao, W. DNA Damage in Liver Cells of the Tilapia Fish Oreochromis mossambicus Larva Induced by the Insecticide
Cyantraniliprole at Sublethal Doses During Chronic Exposure. Methods Mol. Biol. 2021, 2326, 203-214. [CrossRef]
USEPA—Chlorantraniliprole: Problem Formulation for Registration Review. 2020. Available online: https://www.regulations.
gov/document/EPA-HQ-OPP-2020-0034-0009 (accessed on 27 February 2023).

Li, X;; Tu, M.; Yang, B.; Zhang, Q.; Li, H.; Ma, W. Chlorantraniliprole in foods: Determination, dissipation and decontamination.
Food Chem. 2023, 406, 135030. [CrossRef]

Australian Pesticides and Veterinary Medicines Authority, JUNE 2008. Evaluation of the New Active Chlorantraniliprole in
the Products DUPONT CORAGEN INSECTICIDE DUPONT ALTACOR INSECTICIDE DUPONT ACELEPRYN INSECTI-
CIDE. Available online: https:/ /apvma.gov.au/sites/default/files/publication /13651-prs-chlorantraniliprole.pdf (accessed on
27 February 2023).

Food and Agriculture Organisation (FAO). Pesticide Report, Chlorantraniliprole. 2008. Available online: http://www.fao.
org/fileadmin/templates/agphome/documents/Pests_Pesticides/JMPR/Evaluation08 /Chlorantraniliprole.pdf (accessed on
5 July 2023).

Risk Assessment of the Pesticide Coragen 20 SC with the Active Substance Chlorantraniliprole. Opinion of the Panel on
Pesticides, Norwegian Scientific Committee for Food Safety 29th of June, VKM Report 2010: 21. 2010. Available online:
https://vkm.no/download/18.a665c1015c865cc85be070f /1500469190826 /58a916e5¢9.pdf (accessed on 27 February 2023).
Safety Data Sheet Coragen MaX Insecticide. 2022. Available online: https://www.cdms.net/ldat/mpH07008.pdf (accessed on
27 February 2023).

Cheng, C.; Hu, J. Residue levels of chlorantraniliprole and clothianidin in rice and sugar cane and chronic dietary risk assessment
for different populations. Microchem. J. 2022, 183, 107936. [CrossRef]

PubChem; National Center for Biotechnology Information; National Library of Medicine; National Institutes of Health. Chlo-
rantraniliprole Compound Summary; Chlorantraniliprole, C18H14BrCI2N502—PubChem (nih.gov); 2021. Available online:
https:/ /pubchem.ncbi.nlm.nih.gov/compound/Chlorantraniliprole (accessed on 27 February 2023).

Kandil, M.A.-H.; Sammour, E.A.; Abdel-Aziz, N.E; Agamy, E.A.E.M.; El-Bakry, A.M.; Abdelmaksoud, N.M. Comparative toxicity
of new insecticides generations against tomato leafminer Tuta absoluta and their biochemical effects on tomato plants. Bull. Natl.
Res. Cent. 2020, 44, 126. [CrossRef]

Overview of Freshwater and Marine Toxicity Tests: A Tool for Ecological Risk Assessment. Available online: https://oehha.ca.
gov/media/downloads/ecotoxicology/general-info/marinetox3.pdf (accessed on 27 February 2023).

Chlorantraniliprole Pesticide Fact Sheet; US Environmental Protection Agency, Office of Prevention, Pesticides and Toxic
Substances, U.S. Government Printing Office. 2008. Available online: https://www?3.epa.gov/pesticides/chem_search/reg_
actions/registration/fs_PC-090100_01- Apr-08.pdf (accessed on 27 February 2023).

Chlorantraniliprole: Problem Formulation for Registration Review; US Environmental Protection Agency, Office of Chemical
Safety and Pollution Prevention, U.S. Government Printing Office. 2019. Available online: https://www.federalregister.gov/
documents/2019/10/07/2019-21541/ chlorantraniliprole-pesticide-tolerances (accessed on 27 February 2023).

FMC, Safety Data Sheet Coragen®insecticide 2023. Available online: https://www.fmccrop.com.au/download/coragen_au_6n_
0123.pdf (accessed on 27 February 2023).

Draghiceanu, O.A.; Fierascu, L; Fierascu, R.C.; Bradzis, R.; Dobrescu, C.M.; Soare, L.C. Considerations regarding the Triticum
phytotoxycity test. Curr. Trends Nat. Sci. 2019, 8, 48-55.

Jitdreanu, A.; Caba, 1.-C.; Trifan, A.; Padureanu, S.; Agoroaei, L. Triticum aestivum Assay—A Useful Tool for Environmental
Monitoring and Toxicity Assessment. Not. Bot. Horti Agrobot. Cluj-Napoca 2019, 47, 1005-1018. [CrossRef]

Mufioz-Ortufio, M.; Serra-Mora, P.; Herraez-Hernandez, R.; Verdd-Andrés, J.; Campins-Falcd, P. A new tool for direct non-invasive
evaluation of chlorophyll a content from diffuse reflectance measurements. Sci. Total Environ. 2017, 609, 370-376. [CrossRef]


https://doi.org/10.1016/j.bmc.2009.01.018
https://www.ncbi.nlm.nih.gov/pubmed/19186058
http://www.dupont.ca/content/ca/en_ca/products-and-services/crop-protection/vegetable-protection/press-releases/altacor-coragen.html
http://www.dupont.ca/content/ca/en_ca/products-and-services/crop-protection/vegetable-protection/press-releases/altacor-coragen.html
http://npic.orst.edu/factsheets/chlorantraniliprole.html
https://doi.org/10.1016/j.pestbp.2013.01.010
https://doi.org/10.1016/j.bmcl.2007.09.012
https://doi.org/10.1016/S0065-227X(99)80004-5
https://doi.org/10.1007/978-1-0716-1514-0_14
https://www.regulations.gov/document/EPA-HQ-OPP-2020-0034-0009
https://www.regulations.gov/document/EPA-HQ-OPP-2020-0034-0009
https://doi.org/10.1016/j.foodchem.2022.135030
https://apvma.gov.au/sites/default/files/publication/13651-prs-chlorantraniliprole.pdf
http://www.fao.org/fileadmin/templates/agphome/documents/Pests_Pesticides/JMPR/Evaluation08/Chlorantraniliprole.pdf
http://www.fao.org/fileadmin/templates/agphome/documents/Pests_Pesticides/JMPR/Evaluation08/Chlorantraniliprole.pdf
https://vkm.no/download/18.a665c1015c865cc85be070f/1500469190826/58a916e5c9.pdf
https://www.cdms.net/ldat/mpH07008.pdf
https://doi.org/10.1016/j.microc.2022.107936
https://pubchem.ncbi.nlm.nih.gov/compound/Chlorantraniliprole
https://doi.org/10.1186/s42269-020-00382-0
https://oehha.ca.gov/media/downloads/ecotoxicology/general-info/marinetox3.pdf
https://oehha.ca.gov/media/downloads/ecotoxicology/general-info/marinetox3.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/registration/fs_PC-090100_01-Apr-08.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/registration/fs_PC-090100_01-Apr-08.pdf
https://www.federalregister.gov/documents/2019/10/07/2019-21541/chlorantraniliprole-pesticide-tolerances
https://www.federalregister.gov/documents/2019/10/07/2019-21541/chlorantraniliprole-pesticide-tolerances
https://www.fmccrop.com.au/download/coragen_au_6n_0123.pdf
https://www.fmccrop.com.au/download/coragen_au_6n_0123.pdf
https://doi.org/10.15835/nbha47411349
https://doi.org/10.1016/j.scitotenv.2017.07.140

Toxics 2023, 11, 618 12 of 13

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Gautam, H.; Singh, S.; Prashad, H.; Kumar, A.M.; Choudhary, A.; Kaur, H.; Narayan, O.P; Lal, S.K.; Mehta, S. Chapter 12—Pesticide
toxicity and their impact on plant growth, active constituents and productivity. In Plants and Their Interaction to Environmental
Pollution; Elsevier: Amsterdam, The Netherlands, 2023; pp. 231-252. [CrossRef]

Rajak, P; Roy, S.; Ganguly, A.; Mandi, M.; Dutta, A.; Das, K.; Nanda, S.; Ghanty, S.; Biswas, G. Agricultural pesticides—Friends or
foes to biosphere? J. Hazard. Mater. Adv. 2023, 10, 100264. [CrossRef]

Draghiceanu, O.A.; Soare, L.C.; Sutan, A.N.; Fierascu, L; Fierascu, R.C.; Dobrescu, C.M. The use of Triticum test in the evaluation
of the materials” phytotoxicity. In Development of Plant Extracts and Innovative Phytosynthesized Nanostructures Mixtures with
Phytotherapeutic Applications, in Order to Reduce Biocenotic Stress in Horticultural Crops; Fierascu, 1., Fierascu, R.C., Soare, L.C., Eds.;
Ruse Press: Ruse, Bulgaria, 2021; pp. 87-116.

OECD. Guideline for Testing Chemicals 208. Terrestrial Plant Test: Seedling Emergence and Seedling Growth Test. 2006,
FO. Available online: https:/ /www.oecd-ilibrary.org/docserver/9789264070066-en.pdf?expires=1678614262&id=id&accname=
guest&checksum=BCFIBBEAE24D9829FFCDE9ESE688BEFO (accessed on 12 March 2023). [CrossRef]

Pszczoliniska, K.; Perkons, I.; Bartkevics, V.; Drzewiecki, S.; Plonka, J.; Shakeel, N.; Barchanska, H. Targeted and non-targeted
analysis for the investigation of pesticides influence on wheat cultivated under field conditions. Environ. Poll. 2023, 316, 120468.
[CrossRef]

Picos, C.A.; Nastasescu, G.H. Lucrdri Practice de Fiziologie Animali; Tipografia Universitatii din Bucuresti: Bucharest, Romania,
1988; 107, 122-123, 192-195.

Brenstad, A. Good anesthesia practice for fish and other aquatics. Biology 2022, 11, 1355. [CrossRef]

Holm, G. Chlorophyll mutations in barley. Acta Agric. Scand. 1954, 4, 457-471. [CrossRef]

Ma, C.; He, M.; Zhong, Q.; Ouyang, W.; Lin, C.; Liu, X. Uptake, translocation and phytotoxicity of antimonite in wheat (Triticum
aestivum). Sci. Total Environ. 2019, 669, 421-430. [CrossRef] [PubMed]

Scott, G.R.; Sloman, K.A. The effects of environmental pollutants on complex fish behaviour: Integrating behavioural and
physiological indicators of toxicity. Aquat. Toxicol. 2004, 68, 369-392. [CrossRef] [PubMed]

Venkata Rathnamma, V.; Nagaraju, B. Acute toxicity and Histopathological changes in freshwater fish Cirrhinus mrigala exposed
to chlorantraniliprole. ]. Zool. Stud. 2014, 1, 23-30.

Venkata Rathnamma, V.; Nagaraju, B. Median Lethal Concentrations (LC50) of Chlorantraniliprole and Its Effects on Behavioral
Changes in Freshwater Fish Labeo Rohita. Int. ]. Public Health Sci. 2013, 2, 137-142. [CrossRef]

Sinha, B.K.; Gour, ] K,; Singh, M.K.; Nigam, A K. Effects of Pesticides on Haematological Parameters of Fish: Recent Updates.
J. Sci. Res. 2022, 66, 269-283. [CrossRef]

Pimpao, C.T.; Zampronio, A.R.; De Assis, H.S. Effects of deltamethrin on hematological parameters and enzymatic activity in
Ancistrus multispinis (Pisces, Teleostei). Pesticide Biochem. Physiol. 2007, 88, 122-127. [CrossRef]

Ali, H.A.; Rani, V.J. Effect of phosalone on haematological indices in the tilapia, Oreochromis mossambicus. Turkish J. Vet. Anim. Sci.
2009, 33, 407—-411. [CrossRef]

Ferrando, M.D.; Andreu-Moliner, E. Lindane induced changes in carbohydrate metabolism in Anguilla anguilla. Comp. Biochem.
Physiol. 1992, 74B, 750-799. [CrossRef] [PubMed]

Kavitha, C.; Malarvizhi, A.; Senthil Kumaran, S.; Ramesh, M. Toxicological effects of arsenate exposure on hematological,
biochemical and liver transaminases activity in an Indian major carp, Catla catla. Food Chem. Toxicol. 2010, 48, 2848-2854.
[CrossRef]

Dutta, K; Ali, M.; Najam, A.; Kumar, R.; Kumar, A. Ameliorative effect of seed extract of Pterocarpus santalinus on coragen
induced haematological alterations and serum biochemical changes in Charles Foster rats. J. Toxicol. Environ. Health Sci. 2014,
6,194-202.

Shallan Magdy, A.; Abdel-Mobdy Yasmin, E.; Hamdi, E.; Abdel Rahim Emam, A. Coragen (Chlorantraniliprole) insecticide effects
on male albino rats. Res. J. Pharm. Biol. Chem. Sci. 2016, 7, 1536-1545.

Fournier, M.; Cyr, D.; Blakley, B.; Boermans, H.; Brousseau, P. Phagocytosis as a biomarker of immunotoxicity in wildlife species
exposed to environmental xenobiotics. Am. Zool. 2000, 40, 412—420. [CrossRef]

Sahoo, S.; Banu, H.; Prakash, A.; Tripathi, G. Immune system of fish: An evolutionary perspective. In Antimicrobial Immune
Response; del Mar Ortega-Villaizan, M., Chico, V., Eds.; IntechOpen: London, UK, 2021. [CrossRef]

Cestonaro, L.V.; Macedo, S.M.D.; Piton, V.Y.; Garcia, S.C.; Arbo, M.D. Toxic effects of pesticides on cellular and humoral immunity:
An overview. Immunopharmacol. Immunotoxicol. 2022, 44, 816-831. [CrossRef]

Nagaraju, B.; Venkata Rathnamma, V. Fluctuations of certain Biochemical constituents as a consequence of Chlorantraniliprole
toxicity in the Mud Fish, Channa punctatus (Bloch, 1974). J. Zool. Res. 2018, 2, 11-16.

Nagaraju, B.; Venkata Rathnamma, V. Acute toxicity of chlorantraniliprole to freshwater fish Channa punctatus (Bloch). Adv. Zool.
Bot. 2013, 1, 78-82. [CrossRef]

Jixiang, C.; Weili, Y.; Guangyou, W.; Lei, S.; Chengcai, W.; Lixia, L.; Xiaoman, L.; Pei, W. Acute Toxicity and Safety Evaluation of
Chlorantraniliprole to Environmental Organisms. Asian J. Ecotoxicol. 2022, 6, 452-461.

Fan, T.; Chen, X.; Zhao, M.; Wang, J.; Meng, Z.; Dong, S.; Miao, X.; Wu, Q. Uptake, translocation and subcellular distribution of
chlorantraniliprole and tetrachlorantraniliprole in maize. Sci. Total Environ. 2021, 800, 149429. [CrossRef] [PubMed]

Liu, Q.; Liu, Y;; Dong, E; Sallach, J.B.; Wu, X; Liu, X.; Xu, J.; Zheng, Y.; Li, Y. Uptake kinetics and accumulation of pesticides in
wheat (Triticum aestivum L.): Impact of chemical and plant properties. Environ. Poll. 2021, 275, 116637. [CrossRef]


https://doi.org/10.1016/B978-0-323-99978-6.00008-X
https://doi.org/10.1016/j.hazadv.2023.100264
https://www.oecd-ilibrary.org/docserver/9789264070066-en.pdf?expires=1678614262&id=id&accname=guest&checksum=BCF9BBEAE24D9829FFCDE9E5E688BEF0
https://www.oecd-ilibrary.org/docserver/9789264070066-en.pdf?expires=1678614262&id=id&accname=guest&checksum=BCF9BBEAE24D9829FFCDE9E5E688BEF0
https://doi.org/10.1787/9789264070066-en
https://doi.org/10.1016/j.envpol.2022.120468
https://doi.org/10.3390/biology11091355
https://doi.org/10.1080/00015125409439955
https://doi.org/10.1016/j.scitotenv.2019.03.145
https://www.ncbi.nlm.nih.gov/pubmed/30884266
https://doi.org/10.1016/j.aquatox.2004.03.016
https://www.ncbi.nlm.nih.gov/pubmed/15177953
https://doi.org/10.11591/ijphs.v2i4.4208
https://doi.org/10.37398/JSR.2022.660129
https://doi.org/10.1016/j.pestbp.2006.10.002
https://doi.org/10.3906/vet-0804-43
https://doi.org/10.1016/0742-8413(92)90300-V
https://www.ncbi.nlm.nih.gov/pubmed/1379899
https://doi.org/10.1016/j.fct.2010.07.017
https://doi.org/10.1093/icb/40.3.412
https://doi.org/10.5772/intechopen.99541
https://doi.org/10.1080/08923973.2022.2096466
https://doi.org/10.13189/azb.2013.010402
https://doi.org/10.1016/j.scitotenv.2021.149429
https://www.ncbi.nlm.nih.gov/pubmed/34399342
https://doi.org/10.1016/j.envpol.2021.116637

Toxics 2023, 11, 618 13 of 13

55.

56.

57.

58.

59.

60.

61.

Lin, Y,; Li, D.; Zhou, C.; Wu, Y.; Miao, P.; Dong, Q.; Zhu, S.; Pan, C. Application of insecticides on peppermint (Mentha x piperita
L.) induces lignin accumulation in leaves by consuming phenolic acids and thus potentially deteriorates quality. J. Plant Physiol.
2022, 279, 153836. [CrossRef]

Kilic, S.; Duran, R.E.; Cosku, Y. Morphological and physiological responses of maize (Zea mays L.) seeds grown under increasing
concentrations of chlorantraniliprole insecticide. Pol. ]. Environ. Stud. 2015, 24, 1069-1075. [CrossRef]

Alla, N.M.M.; Younis, M.E. Herbicide effects on phenolic metabolism in maize (Zea mays L.) and soybean (Glycine max L.)
seedlings. J. Exp. Bot. 1995, 46, 1731. [CrossRef]

Gog, L.; Berenbaum, M.R.; DeLucia, E.H.; Zangerl, A.R. Autotoxic effects of essential oils on photosynthesis in parsley, parsnip,
and rough lemon. Chemoecology 2005, 15, 115-119. [CrossRef]

Nabity, P.D.; Zavala, ].A.; DeLucia, E.H. Indirect suppression of photosynthesis on individual leaves by arthropod herbivory.
Ann. Bot. 2008, 103, 655-663. [CrossRef]

Parween, T.; Jan, S. Chapter 4—Physiological impacts of pesticides on crop. In Ecophysiology of Pesticides; Parween, T., Jan, S., Eds.;
Academic Press: Cambridge, MA, USA, 2019; pp. 111-151. [CrossRef]

Kaur, A.; Kaur, S.; Kaur, A.; Kaur Sarao, N.; Sharma, D. Pathogenesis-Related Proteins and Their Transgenic Expression for
Developing Disease-Resistant Crops: Strategies Progress and Challenges. In Plant Breeding—New Perspectives; IntechOpen:
London, UK, 2022; Available online: https://www.intechopen.com/online-first/83350 (accessed on 12 March 2023). [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jplph.2022.153836
https://doi.org/10.15244/pjoes/31339
https://doi.org/10.1093/jxb/46.11.1731
https://doi.org/10.1007/s00049-005-0294-8
https://doi.org/10.1093/aob/mcn127
https://doi.org/10.1016/B978-0-12-817614-6.00004-4
https://www.intechopen.com/online-first/83350
https://doi.org/10.5772/intechopen.106774

	Introduction 
	Materials and Methods 
	The Evaluation of Coragen-Induced Toxicity on Fish 
	The Evaluation of Coragen-Induced Phytotoxicity 

	Results and Discussion 
	Influence of Coragen 20 SC on Perca Fluviatilis (Linné, 1758) 
	Effects on Oxygen Consumption and Respiratory Rate 
	Effects on Hematological Parameters, Glucose, and Behavioral Changes 

	Influence of Coragen 20 SC on Triticum aestivum Seedling Growth and Weight 
	Influence of Coragen 20 SC on Photosynthetic Pigments 

	Conclusions 
	References

