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Abstract: Deltamethrin is a synthetic pyrethroid insecticide that can cause adverse effects on non-target organisms. This study was
designed to investigate the effects of different concentrations (0.001, 0.005 and 0.01 ppm) of deltamethrin on photosynthetic pigments
and the ascorbate-glutathione (ASA-GSH) cycle in Lemna minor, a freshwater macrophyte. To assess the effect of deltamethrin on L.
minor, photosynthetic pigments, malondialdehyde (MDA) and hydrogen peroxide (H202) levels, and the activities of some antioxidant
enzymes (SOD, CAT and POD) and enzymatic and non-enzymatic antioxidants associated with the ASA-GSH cycle were measured. The
results showed that exposure to deltamethrin decreased chl a, chl b and carotenoid levels and increased MDA and H20: levels. In
addition, deltamethrin exposure significantly increased SOD, CAT and POD activities. The activities of ASA-GSH cycle enzymes (APX,
GR, GPX, MDHAR and DHAR) decreased in L. minor exposed to 0.01 ppm deltamethrin, while GST activity increased. Exposure to low
doses of deltamethrin increased ASA and GSH levels, while 0.01 ppm deltamethrin decreased the amounts of ASA and GSH compared to
the control. Taken together, the present study revealed that different concentrations of deltamethrin inhibited photosynthetic activity,
increased lipid peroxidation and caused oxidative stress and activated the antioxidant defense system of L. minor to eliminate the

increased oxidative stress.
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1 Introduction

Deltamethrin is a synthetic pyrethroid insecticide and a
powerful insecticidal chemical widely used in many fields
such as agriculture, animal husbandry and public health.
Obtained as a result of chemical modifications of natural
pyrethrins, deltamethrin causes insects to die quickly,
mainly due to its effects on the nervous system (Lu et al.
2019). By blocking sodium channels in nerve cells, it
disrupts insects' nerve conduction, leading to paralysis
resulting in death. Deltamethrin is also used to protect fish
from ectoparasites (Abdelhalak et al. 2015). In India and
some other developing countries, deltamethrin has been
reported to be used to control mosquitoes carrying zika virus
and dengue virus (WHO, 2010). Synthetic pyrethroids such
as deltamethrin have high insecticidal activity and low
toxicity to mammals and birds (Lu et al. 2019). Since the
implementation of organophosphorus insecticide sales
restrictions, the use of pyrethroid insecticides such as
deltamethrin has increased significantly and pyrethroid
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insecticides have become the preferred choice in many
agriculture-based countries over the past two decades
(Kumar et al. 2016). However, due to their widespread use,
pyrethroid insecticide contamination has become a major
problem worldwide. Deltamethrin-contaminated waters have
started to harm aquatic biota, and the consumption of food
contaminated with this insecticide has become a danger to
animal and human health (Barlow et al. 2001). While
deltamethrin was initially thought to have low toxicity to
mammals, several studies have reported toxic effects of this
insecticide on non-target organisms (Lu et al. 2019).
Deltamethrin has been reported to increase the amount of
reactive  oxygen species, cause oxidative  stress,
immunotoxicity and neurotoxicity in various organisms (Lu
et al. 2019). Since the consumption of deltamethrin-treated
foods may affect human health in the long term, further
research on the toxicity of this pesticide is needed. In this
study, the effect of deltamethrin on the antioxidant system of
L. minor, a non-target aquatic organism, was evaluated. L.
minor is a monocotyledonous plant of the Lemnaceae family
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that grows in nutrient-rich freshwater. In addition to being
food for fish and poultry, they have economic potential due
to their small size and rapid reproduction and are used in
research in biotechnology and ecology (Alp et al. 2023).
Previous studies have shown that L. minor is sensitive to
various environmental contaminants such as heavy metals
and pesticides (Li et al. 2022). Therefore, L. minor has been
used as a biomonitor to assess the ecotoxicity of various
chemicals to the aquatic environment (OECD, 2006).

In this study, the effect of deltamethrin, which is widely
used both in the world and in our country, on L. minor, a
non-target organism, was evaluated. In the study, 3 different
concentrations of deltamethrin were applied to L. minor and
the changes in photosynthetic pigments, lipid peroxidation,
hydrogen peroxide and enzymatic and non-enzymatic
antioxidants related to the antioxidant system were analyzed.

2 Materials and Method

The duckweed (Lemna minor L.) used in this study was
collected from the wetlands around Erzurum airport. The
collected plants were stressed with 10% NaClO and 1%
HgCl, for 2 minutes and then washed several times with
pure water. The plants were cultured in 1/10 Hoagland's
solution for 3 months in the Plant Physiology Laboratory of
Atatirk University, Faculty of Science, Department of
Biology. Toxicity testing was carried out according to the
OECD qguidelines. For the experiments, 600 healthy L.
minor plants were selected. Approximately 150 (50X3)
plants of the same size were used for each test group. The
experiments were carried out in 50 ml Petri dishes. Each
Petri dish was filled with 50 ml of 10% Steinberg's solution
and 50 L. minor plants. The experiments were carried out in
the acclimatization room of Atatiirk University, Department
of Biology, at a temperature of 24+2 °C, 16/8 light/dark
photoperiod and 60% humidity. Three different
concentrations of deltamethrin, 0.001, 0.005 and 0.01 ppm,
were used in the experiments. The concentrations used in the
experiments were determined as a result of preliminary
experiments. While only 50 ml of 10% Steinberg solution
was added to the control group, deltamethrin was added to
the Steinberg solution in the other experimental groups. The
experiments were carried out in 3 parallel experiments.
Plants were harvested after 7 days and used for analysis.

The procedure recommended by Witham et al. (1971) was
used to determine chlorophyll a, chlorophyll b and
carotenoid content.

To determine lipid peroxidation in L. minor plant treated
with tetraconazole, the method proposed by Velikova et al.
(2000) was used. In order to determine the amount of
hydrogen peroxide (H205), the determination was carried out
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by making some modifications to the method of Velikova et
al. (2000).

Superoxide dismutase (SOD) activity was determined by the
method of Agarwal and Pandey (2004) with minor
modifications, catalase (CAT) activity was determined by
observing the decomposition of H,O, according to the
method of Aebi (1984); peroxidase (POD) activity was
measured by monitoring the oxidation of guaiacol in the
presence of H,O, according to the method of Yee et al.
(2002), and ascorbate peroxidase (APX) activity was
measured based on the decrease in absorbance at 290 nm
according to the method of Nakano and Asada (1981).
Glutathione reductase (GR) activity was analyzed by a
modified method based on the protocol of Foyer and
Halliwell (1976). Glutathione S-transferase (GST) activity
was determined according to the method of Habig et al.
(1974). Glutathione peroxidase (GPX) activity was
determined et 470 nm based on the method described by
Hasanuzzaman et al. (2012). Monodehydroascorbate
reductase (MDHAR) activity was measured by the method
of Miyake and Asada (1992) with minor modifications.
Dehydroascorbate reductase (DHAR) activity was measured
based on the method of Nakano and Asada (1981) with some
modifications. Total ascorbate and GSH were measured
using the methods proposed by Huang et al. (2005) and Yu
et al. (2003), respectively, with some modifications. Briefly,
0.5 g tissue was grounded in 5% meta-phosphoric acid and
1ImM EDTA, then centrifuged 12000 rpm for 10 min.
Obtained supernatant was used for analysis ASA and GSH
content.

The experiments were repeated three times and the results
are presented as mean =+ standard deviation (SD). One-way
analysis of variance (ANOVA) was used to analyze the data
and Dunnett's multiple comparison tests were applied.
Significance limits were set as *P < 0.05, **P < 0.01, ***P
< 0.001 and ****P < 0.0001. All statistical analyses were
performed with GraphPad Prism 8.4 software.

3 Results and Discussion

Chlorophyll a, chlorophyll b and carotenoid amounts
showed a decreasing trend in parallel with the increase in
deltamethrin concentration (Fig. 1). Compared to the control
group, the chlorophyll a content of L. minor decreased by
approximately 50% in the 0.01 ppm treated group.
Chlorophyll b content decreased by approximately 36% in
the 0.01 ppm treated group compared to the control group.
Carotenoid content decreased by approximately 50% in the
0.01 ppm group compared to the control group. In parallel
with these results, the inhibitory effect of deltamethrin on
chlorophyll a, chlorophyll b and carotenoid pigments was
also shown in maize, soybean and tomato plants (Bashir et
al. 2007; Duran et. al. 2015; Touzout et al. 2021).
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Fig. 1 Effect of deltamethrin on photosynthetic pigments in L. minor. Values are given as mean + S.D.
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Fig. 2. Effect of deltamethrin on MDA and H20: levels in L. minor. Values are given as mean + S.D. *p<0.05, ** p<0.01, *** p<0.001, ****

p<0.0001.

Compared to the control group, deltamethrin at a
concentration of 0.001 ppm did not change the MDA content
in L. minor (Fig. 2). On the other hand, deltamethrin applied
to L. minor at concentrations of 0.005 and 0.01 ppm
significantly increased the MDA content compared to the
control. In addition, deltamethrin applied to L. minor
significantly increased the H,O, content depending on the
dose increase. This increase was approximately 40% in the
0.01 ppm group compared to the control (Fig. 2). These
results showed that deltamethrin induced oxidative stress
especially at high concentrations. In plants, reactive oxygen
species (ROS) such as H,O, are mainly produced in low
amounts in different organelles. Under environmental
stressors, ROS production affects the antioxidant system in
plants and exceeds the antioxidant scavenging capacity,
leading to oxidative stress. In parallel with our findings, it
was reported that deltamethrin applied to tomato plants
increased the amount of H,O, (Touzout et al. 2021). As it is
known, excessive production of ROS in plants demege cell
membranes,  disrupts membrane  permeability and
consequently prevents plant growth by negatively affecting
the physiological activities of the plant. In our study, it was
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determined that especially high concentrations of
deltamethrin increased the amount of MDA in L. minor.
This was attributed to the H,O, production induced by
deltamethrin causing lipid peroxidation. Consistent with our
results, deltamethrin was reported to increase MDA in maize
and tomato (Duran et. al. 2015; Touzout et al. 2021).

Exposure to different concentrations of deltamethrin
significantly affected the activities of SOD, CAT, POD,
APX, GR, GPX, GST, MDHAR and DHAR enzymes in L.
minor. SOD, CAT and GST activities increased significantly
with the dose increase of deltamethrin (Fig. 3, Fig. 4), while
APX, GPX and MDHAR activities decreased significantly
in a dose-dependent manner (Fig. 4 and Fig. 5). While POD
activity did not change with 0.001 ppm deltamethrin
application compared to the control group, it increased with
increasing dose (Fig. 3). GR activity decreased significantly
in the 0.001 ppm deltamethrin treated group, while GR
activity did not show a significant change in the other
treatment groups compared to the control (Fig. 4). DHAR
activity increased in the 0.005 ppm group and decreased in
the 0.01 ppm group (Fig. 5).
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Fig. 4. Effect of deltamethrin on APX, GR, GPX, and GST enzyme activities in L. minor. Values are given as mean = S.D. *p<0.05, **

p<0.01, *** p<0.001, **** p<0.0001.

The increase of ROS in plants triggers a complex
mechanism involving enzymatic (SOD, CAT, POD, APX,
GR, GPX etc.) and non-enzymatic (ASA, GSH) systems to
scavenge ROS. In plants, SOD functions as the first line of
defense by catalyzing the conversion of O,™ to O, and H,0,.
CAT, and POD are responsible for the scavenging of H.O.
and convert H,O; to O, and H2O. In our study, it was
determined that the amount of SOD, CAT and POD
increased parallel to deltamethrin administration (Fig. 3).
Since these enzymes scavenge ROS, the increase in enzyme
amounts with deltamethrin treatment is due to increased
H>0, accumulation. Similar to our results, deltamethrin was
reported to increase SOD activity in soybean and CAT and
POD activities in tomato (Bashir et al. 2007; Touzout et al.
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2021). The amounts of ASA and GSH in deltamethrin-
treated L. minor plants are given in Figure 5. Exposure to
low doses of deltamethrin increased both ASA and GSH
levels (Fig. 5). On the other hand, deltamethrin applied to L.
minor at a concentration of 0.01 ppm decreased the amounts
of ASA and GSH (Fig. 5). APX activity, one of the ASA-
GSH cycle enzymes, decreased significantly with increasing
deltamethrin dose. GR activity decreased in the 0.001 ppm
treated group, but did not change in the 0.005 and 0.01 ppm
treated groups compared to the control group. GPX,
MDHAR and DHAR activities were increased by low doses
of deltamethrin and significantly decreased in 0.01 ppm
treated groups compared to the control. GST activity
increased with increasing dose.
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Fig. 5. Effect of deltamethrin on MDHAR and DHAR enzyme activities and ASA and GSH levels in L. minor. Values are given as mean +

S.D. *p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001.

ASA and GSH are the primary soluble antioxidants that
protect plants from various environmental stressors. These
antioxidants protect cells against ROS and maintain cellular
redox balance. The amounts of these antioxidants increased
in L. minor plants exposed to low dose (0.01 ppm) of
deltamethrin.  Similar to our results, low doses of
deltamethrin increased the amounts of ASA and GSH in
tomato and pea plants exposed to deltamethrin (Bashir et al.
2007; Touzout et al. 2021). The defense function of ASA
against pesticide-induced oxidative stress in plants has been
reported in many studies. It has also been reported that GSH
eliminates reactive oxygen species in plants. In addition,
GSH has been reported to protect cell membrane proteins
and lipids against oxidation by inducing GST activity. In this
context, in our study, it was also found that GST activity
increased due to deltamethrin treatment. On the other hand,
the ASA-GSH cycle is maintained by the activities of APX,
GR, MDHAR and DHAR enzymes. Exposure to high doses
of deltamethrin suppressed the activities of these enzymes,
leading to a decrease in ASA and GSH levels and loss of
redox status. In this case, it can be said that high doses (0.01
ppm) of deltamethrin applied to L. minor triggered oxidative
stress and antioxidant enzymes and ASA-GSH cycle were
ineffective in scavenging excess ROS.
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Conclusions

As a result, the amount of photosynthetic pigments
decreased and MDA and H>O; levels increased in parallel
with  the increase in deltamethrin  concentration.
Deltamethrin exposure induced oxidative stress through
ROS accumulation and led to disruptions in membrane
structure by increasing lipid peroxidation. Increasing
deltamethrin doses increased SOD, CAT and GST enzyme
activities. This was interpreted as a defense mechanism to
eliminate H,O, accumulated in the plant. However, the
activities of ASA-GSH cycle enzymes such as APX, GPX,
GR, MDHAR and DHAR decreased at high doses, resulting
in disruption of redox balance and increased oxidative stress.
Low dose deltamethrin (0.001 ppm) treatment increased
ASA and GSH amounts and supported the resistance of
plants against oxidative stress. However, deltamethrin at
0.01 ppm concentration decreased the levels of these
antioxidants and decreased ROS scavenging capacity. In
conclusion, at low doses, deltamethrin activated some
defense mechanisms to adapt to plant metabolism, but at
high doses it increased oxidative stress and negatively
affected the functionality of the antioxidant system. Our
study showed that deltamethrin can cause loss of



photosynthetic pigment, lipid peroxidation and disruption of
redox balance in plants. These findings are important for
understanding the negative effects of pesticides on aquatic
biota and promoting conscious use in the field of
environmental toxicology.
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