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Effects of sublethal exposure to new pesticides lufenuron and flonicamid on common
carp, Cyprinus carpio, hydromineral balance to further saltwater exposure
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Abstract: The effects of 21 days exposure to lufenuron and flonicamid were investigated on common
carp responses to saltwater exposure. Fish were assigned in three groups: control (21 days in
freshwater), lufenuron (exposed for 21 days) and flonicamid (exposed for 21 days). After 21 days,
all fish were subjected to 15 g/l saltwater for further 4 days. Plasma glucose, cortisol, sodium,
potassium, chloride, calcium and phosphorus levels were monitored 0, 24, 72 and 120 h after
saltwater exposure. Type of pesticides and time of salt water exposure had interaction on plasma
glucose and cortisol levels. These two stress indicators were increased significantly in all groups after
saltwater exposure. The cortisol elevation continued until 72 h after salinity challenge and then
decreased significantly after 120 h salinity exposure in all treatments. Plasma glucose level showed
fluctuation during saltwater exposure. It was increased after 24 h saltwater exposure, then decreased
after 72 h and again it was increased after 120 h salinity challenge. Increased plasma sodium showed
significant elevation along with elongation of saltwater exposure. Pesticide exposure significantly
affected plasma chloride levels as the flonicamid group had significantly lower chloride compared to
the control and lufenuron groups. Plasma chloride showed significant elevation along with elongation
of saltwater exposure. Pesticide and time of salinity challenge had interaction on plasma calcium
levels as 24 h after salinity challenge calcium level of pesticide groups increased significantly. Along
with elongation of saltwater exposure, calcium level of pesticides treatments decreased but it higher
than the pre salinity challenge. Plasma phosphorus level increased 24 h after saltwater exposure and
decreased along with elongation of saltwater exposure. In conclusion, lufenuron and flonicamid
induce stress and alter gill function and blood ionic homeostasis during saltwater exposure.

Article history:

Received 7 April 2019

Accepted 24 August 2019
Available online 25 August 2019

Keywords:
Lufenuron
Flonicamid
Adaptation

Stress
Biochemical assay

Introduction

Now a days, input and distribution of pollutants to
ecosystems and their effects are of the main
environmental concerns. Industrial developments and
population growth led to chemical pollutant
accumulation in aquatic ecosystems (Saghali et al.,
2014). The pollutants behaviors may be assessed at
three levels: water column, sediments and biomass of
aquatic organisms (Saghali et al., 2014). One of the
serious threats for human is pollutant entry to waters,
leading to accumulation in aquatic organisms’ body
and moving towards higher levels of food chain (Shaw
and Handy, 2011). Agricultural pesticides are
considered as one of the largest group of

environmental pollutant, which are extensively
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studied in aquatic toxicology (Wang et al., 2015).
Pesticide exposure can affect fish responses to
further stress. HPI is involved in this case and studies
have shown pesticide exposure significantly affects
cortisol responses (Bonga and Lock, 1991). The
effects of the pesticides on fishes are of important
environmental concerns. Flonicamid (IKI220; N-
cyanomethyl-4-trifluoromethylnicotinamide), a
pyridinecarboxamide compound, is a novel systemic
insecticide with selective activity against hemipterous
pests, such as aphids and whiteflies, and
thysanopterous pests (Staetz et al., 2006). Lufenuron,
a benzoylurea pesticide, inhibits the production of
chitin in insects. Without chitin, a larval flea will never
develop a hard outer shell (exoskeleton). Lufenuron is
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also sold as an agricultural pesticide for use against
lepidopterans, eriophid mites, and western flower
thrips.

Common carp, Cyprinus carpio, is an economically
important species rearing in many parts of Iran
(Hosseini and Hoseini, 2012). It is a popular fish in
Iran and its population in the Caspian Sea is supported
by stock rehabilitation activities of Iranian Fisheries
Organization, because of declining its natural
population. This species may face saltwater stress
during stock rehabilitation. There are no data about
lufenuron and flonicamid biochemical effects in
common carp when exposed to saltwater. Thus, the
aim of the present study was to study the effects of 21
days exposure to lufenuron and flonicamid on
biochemical responses to saltwater exposure in
common carp.

Materials and Methods

Fish and pesticides preparation: A total number of 600
juvenile common carp with an average weight of
48+4.25 g were stocked in 2000 L fiberglass tank and
acclimatized under laboratory condition for two weeks
(in research station of Gharahsoo, Bandar Turkeman,
Iran). During adaptation period, water was aerated
persistently and it was exchanged about 75 percent
daily. The fish were fed (1.5% of body weight) twice
a day with commercial carp feed (Mazandaran Animal
and Aquatic Feed Co., Sari, Mazandaran, Iran).
Physico-chemical parameters of water monitored
daily during the experiment by Hach HQ40d portable
apparatus (Loveland, Colorado, USA); Temperature
(27.5+1.25°C), dissolved oxygen (7.1+0.84 mg L),
salinity (2.6320.15 g L), and pH (8.5+0.25). Total
hardness 300+17.5 mg L' (as CaCOs3), alkalinity
350420.3 mg L' (as CaCOs3), and calcium 110+11.7
mg L' were measured by a Portable photometer
(Wagtech 7100, Berkshire, UK).

LC50-96-h determination: Lethal concentration of
lufenuron and flonicamid pesticides were determined
using OECD (1992) procedure. According to pre-
treatment test, 5 different concentrations of each
pesticide were considered. A total of 300 common
carp were randomly distributed in 30 fiberglass tanks

(15 tanks for each pesticide; 3 tanks per concentration
and 5 concentrations per pesticide) with a volume of
160 L. The fish were exposed to concentrations of 0
(control), 5, 10, 15, 20 ppm lufenuron and O (control),
30, 40, 50 and 60 ppm flonicamid. Water exchange
was 75 percent daily and required amounts of
pesticides were added to each tank to set
concentrations.  The  other  physico-chemical
parameters of water and fish feeding were same as the
acclimation period. During the experiment, the
number of dead fish were recorded after 96 h exposure
to lufenuron and flonicamid.
Chronic experiment and salinity challenge: In this part
of the experiment, 12 fiberglass tanks were assigned
for 3 different treatments (4 tanks per treatment);
control (without any pesticides), 10% of LC50-96-h
lufenuron (0.11 mg L), 10% of LC50-96-h
flonicamid (4.3 mg L1). Each tanks stocked with 25
fish which exposed to sub-lethal concentrations of the
pesticides for 21 days. At the end of the pesticides
exposure period, feeding was ceased and all groups
were subjected to saltwater (addition of 12 g NaCl to
one litter of water) over 120 h. This salinity was
chosen according to a preliminary experiment to
determine tolerable salinity for the experimental fish.
Biochemical analysis: Blood samples of all groups
were taken O (just before the salinity appending), 24,
72, and 120 h after the salinity challenge from caudal
vein (six samples at each point). Two fish per tank
were sampled randomly with a dip net and
immediately anesthetized with 100 mg L' eugenol
(Hoseini et al., 2015) within 1 min. Blood samples
were taken using heparinized syringes and plasma was
separated after 10 min centrifugation (1000xg), and
maintained at -80°C until analysis. All the experiments
were conducted under a protocol accepted by the
committee of ethics of the faculty of sciences of the
University of Tehran (357; 8 November 2000).
Plasma levels of chloride, calcium, phosphorus and
glucose were determined photometrically using Pars
Azmun kits (Hoseini et al., 2016) and Zist Shimi kits
(Tehran, Iran) (Hoseini and Tarkhani, 2013). Plasma
samples were assayed for sodium and potassium using
a flame photometer (SEAC, Florence, Italy) (Hoseini
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and Tarkhani, 2013). Plasma cortisol was determined
by ELISA method based on competition principle
using a commercial kit (IBL, Gesellschaft fiir
Immunchemieund
Germany).
Statistical analysis: The mortality of the fish was
subjected to Probit analysis to calculate the LCso. The
plasma data were subjected to two-way ANOVA and
Duncan tests. Mean values were considered
significantly different when /F<0.05. Data are
presented as mean * standard error. All analysis were
performed using SPSS software version 16.0 (SPSS
Inc., Chicago, IL, US).

Immunbiologie, Hamburg,

Results
In the present study, LC50-96h Ilufenuron and
flonicamid were determined 1.1 mg/L and 43 mg/L,
respectively. According to the results, the pesticide
exposure significantly affected plasma glucose levels
as the control group had significantly lower glucose
compared to the pesticide groups. Also, time of
saltwater exposure significantly affected plasma
glucose levels. Plasma glucose level of the control
group significantly increased 24 h after saltwater
exposure. Plasma glucose level of the control group
decreased and again increased significantly in 72 and
120 h after salinity challenge, respectively. In the
lufenuron treatment, the highest level of plasma
glucose was after 24 h exposure to the saltwater and it
was decreased over time. Salt water exposure caused
a significant elevation in flonicamid glucose level 24
h after salinity challenge and decreased along with
elongation of saltwater exposure up to 120 h (Fig. 1).
The difference between plasma cortisol levels of
pre challenge (0 h) treatments was similar to the
plasma glucose levels. Bar chart shows plasma
cortisol of the control group and pesticide treatments
significantly increased in exposure to 24 h salt water
compared to the pre challenge and remained high
within 72 h salinity challenge. Plasma cortisol level of
the control group and pesticide treatments decreased
significantly after 120 h saltwater exposure in such a
way there were no differences in plasma cortisol of
each treatment compared to the pre challenge. Also,
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Figure 1. Effects of pesticide exposure on plasma glucose response
to a 120-h saltwater exposure in common carp. Uppercase letters
indicate significant difference among the treatments at each time.
Lowercase letters indicate significant difference among each
treatment in all times (n=6, <0.05).
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Figure 2. Effects of pesticide exposure on plasma cortisol response
to a 120-h saltwater exposure in common carp. Uppercase letters
indicate significant differences among the treatments at each time.
Lowercase letters indicate significant differences among each
treatment in all times (n=6, P<0.05).

120 h after exposure to the salt water, there were no
differences between plasma cortisol of the control
group and pesticide treatments (Fig. 2).

Figure 3 shows pesticides had no significant effects
on plasma sodium, but time of saltwater exposure
significantly affected plasma sodium levels. Plasma
sodium showed significant elevation along with
elongation of saltwater exposure. Plasma potassium
level had a fluctuation along with elongation of
saltwater exposure. Flonicamid affected plasma
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Figure 3. Effects of pesticide exposure on plasma sodium response
to a 120-h saltwater exposure in common carp. Different letters show
significant differences among the time exposure (n=6, £<0.05).
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Figure 4. Effects of pesticide exposure on plasma potassium
response to a 120-h saltwater exposure in common carp. Different
letters show significant differences among the time exposure and
treatments (n=6, £<0.05).
potassium, so that plasma potassium level of
flonicamid treatment was significantly higher than the
lufenuron and control groups (Fig. 4).
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Figure 5. Effects of pesticide exposure on plasma chloride response
to a 120-h saltwater exposure in common carp. Different letters show
significant differences among the time exposure and treatments
(n=6, P<0.05).

Pesticide exposure significantly affected plasma
chloride levels as the flonicamid group had
significantly lower chloride compared to the control
and lufenuron groups. Time of saltwater exposure
significantly affected plasma chloride levels. Plasma
chloride showed significant elevation along with
elongation of saltwater exposure (Fig. 5).

The results show that the kind of pesticides and the
time of exposure to the salinity challenge had
interaction on plasma calcium levels. Plasma calcium
level of fish exposed to lufenuron and flonicamid
increased significantly after 24 h exposure to the salt
water. More elevation of plasma calcium level were
observed in flonicamid fish exposure after 72 h
salinity challenge. However, after 120 h exposure to
the salt water calcium level were decreased in both
pesticides groups (Fig. 6).
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Figure 6. Effects of pesticide exposure on plasma calcium response
to a 120-h saltwater exposure in common carp. Uppercase letters
indicate significant differences among the treatments at each time.
Lowercase letters indicate significant differences among each
treatment in all times (n=6, £<0.05).
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Figure 7. Effects of pesticide exposure on plasma phosphorus
response to a 120-h saltwater exposure in common carp. Different
letters show significant differences among the time exposure (n=6,
P<0.05).

Duration of exposure to salinity affected plasma
phosphorus level, so that it is significantly increased
after 24 h exposure to saltwater. Along with
elongation saltwater exposure (after 72 and 120 h)
plasma phosphorus decreased significantly with no
difference compared to the control group (Fig. 7).

Discussions

Plasma glucose and cortisol are indicator of stress in
fish (Bonga, 1997; Barton, 2002). Stressors cause
temporary increase in plasma cortisol levels to provide
demanded energy to deal with stress during stressful
conditions (Bonga, 1997, 2002; Aluru and Vijayan,

2009). During salinity challenge, more level of
cortisol needs to compensate the energy to
osmoregulation and osmotic stress as increase
chloride cell number and size (McCormick, 1990) and
increase in Na*,K*-ATPase activity (Madsen, 1990).
In the present study, the cortisol elevation was
occurred 24 and 72 h after saltwater exposure. This
result is agree with Ghelichpour et al. (2018) which
common carp exposed to indoxacarb. Glycogen
utilization leads to glucose production in fish liver,
thus, increased circulating glucose levels. As glycogen
stores are limited, prolonged stress leads to
gluconeogenesis from lactate and amino acids to
maintain hyperglycemia (Barton, 2002). In the present
study, the pesticide groups had significantly higher
glucose compared to the control, suggesting induction
of stress by these pesticides. Similarly, Taheri
Mirghaed et al. (2018) found increase in plasma
glucose due to indoxacarb exposure in common carp.
Simakani et al. (2018) found hyperglycemia in
common carp after exposure to mancozeb. On the
other hand, exposure to saltwater led to increase
plasma glucose. Similarly, Ghelichpour et al. (2018)
and Hoseini and Hosseini (2010) reported increased
plasma glucose in common carp exposed to saltwater.

Sodium, potassium and chloride are the most
abundant ions in fish blood with varieties of vital roles
(Bonga and Lock, 1991). In the present study,
saltwater exposure led to significant elevation in
plasma sodium and chloride in common carp. It is in
line with previous studies showing such elevations in
plasma sodium and chloride in common carp exposed
to saltwater (Ghelichpour et al., 2018; Taheri
Mirghaed et al., 2018). Potassium level of plasma
increased in pesticide groups and after saltwater
exposure, it showed fluctuation. Common carp is a
stenohaline species and cannot tolerate wide range of
water salinity, instead, it augment internal ions levels
to mitigate osmotic gradient across body surface and
prevention of water lose (Van der Linden et al., 2004).
Exposure to lufenuron and flonicamid significantly
decreased plasma chloride. It has been previously
reported that pesticides decrease chloride levels via
two ways: 1) induction of stress and increase in kidney
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chloride loss, and 2) effects on carbonic anhydrase
activity in fish gill (Taheri Mirghaed et al., 2018).
Similarly, Banaee et al. (2014) found decrease in
plasma chloride in common carp exposed to
chlorpyrifos.

Calcium is an important ion in fish circulation,
which its levels is tightly controlled in healthy fish
(Kaneko and Hirano, 1993). In this study, pesticide
exposure modified calcium responses to saltwater
exposure; the control group showed no changes in
plasma calcium levels during saltwater exposure, but
the pesticide groups had elevated calcium levels
within this period. Such changes might be due to stress
induced by pesticides that leads to cortisol elevation
and induction of calcium pump in fish (Hoseini et al.,
2018). On the other hand, it has been reported that
saltwater exposure leads to increased calcium (Jalali
et al., 2010). Higher changes in calcium in the
pesticide groups might be due to gill damages,
impairing osmoregulation and ionoregulation during
saltwater exposure. Phosphorus level increased 24 h
after salinity challenge and then decreased which the
same as pre salinity challenge.

Conclusion

In conclusion, the results demonstrate that sub-lethal
exposure to lufenuron and flonicamid impairs cortisol
and glucose response to saltwater stress. It interferes
glucose metabolism and hydromineral balance. All
these effects threatens the fish life chance in response
to saltwater stress.

References

Aluru N., Vijayan M.M. (2009). Stress transcriptomics in
fish: a role for genomic cortisol signaling. General and
Comparative Endocrinology, 164: 142-150.

Banaee M., Haghi B.N., Ibrahim A.T.A. (2014). Sub-lethal
toxicity of chlorpyrifos on Common carp, Cyprinus
carpio (Linnaeus, 1758): Biochemical response.
International Journal of Aquatic Biology, 1: 281-288.

Barton B.A. (2002). Stress in fishes: A diversity of
responses with particular reference to changes in
circulating corticosteroids. Integrative and Comparative
Biology, 42: 517-525.

Bonga S.W., Lock R. (1991). Toxicants and
osmoregulation in fish. Netherlands Journal of Zoology,

42: 478-493.

Bonga S.W. (1997). The stress response in fish.
Physiological Reviews, 77: 591-625.

Ghelichpour M., Mirghaed A.T., Mirzargar S.S.,
Joshaghani H., Mousavi H.E. (2018). Modification of
saltwater stress response in Cyprinus carpio (Linnaeus,
1758) pre-exposed to pesticide indoxacarb.
Ecotoxicology and Environmental Safety, 147: 139-
143.

Hoseini S.M., Hosseini S.A. (2010). Effect of dietary I-
tryptophan on osmotic stress tolerance in common carp,
Cyprinus carpio, juveniles. Fish Physiology and
Biochemistry, 36: 1061-1067.

Hoseini S.M., Tarkhani R. (2013). Effect of short-term
treatment with potassium permanganate on stress
markers and blood biochemistry in goldfish Carassius
auratus. Aquaculture Research, 44: 869-875.

Hoseini S.M., Rajabiesterabadi H., Tarkhani R. (2015).
Anaesthetic efficacy of eugenol on iridescent shark,
Pangasius hypophthalmus (Sauvage, 1878) in different
size classes. Aquaculture Research, 46: 405-412.

Hoseini S.M., Rajabiesterabadi H., Kordrostami S. (2016).
Chronic exposure of Rutilus rutilus caspicus fingerlings
to ambient copper: Effects on food intake, growth
performance, biochemistry and stress resistance.
Toxicology and Industrial Health, 32: 375-383.

Hoseini S.M., Tort L., Abolhasani M.H., Rajabiesterabadi
H. (2018). Physiological, ionoregulatory, metabolic and
immune responses of Persian sturgeon, Acipenser
persicus (Borodin, 1897) to stress. Aquaculture
Research, 47: 3729-3739.

Hosseini S.A., Hoseini S.M. (2012). Effect of acute
crowding stress on subsequent osmotic challenge and
recovery in juvenile common carp Cyprinus carpio
(Linnaeus). Comparative Clinical Pathology, 21: 583-
588.

Jalali M.A., Hosseini S.A., Imanpour M.R. (2010).
Physiological characteristics and stress resistance of
great sturgeon (Huso huso) juveniles fed with vitamins
C, E, and HUFA-enriched Artemia urmiana nauplii.
Fish Physiology and Biochemistry, 36: 555-564.

Kaneko T., Hirano T. (1993). Role of prolactin and
somatolactin in calcium regulation in fish. The Journal
of Experimental Biology, 184: 31-45.

Madsen S.S. (1990). Effect of repetitive cortisol and
thyroxine injections on chloride cell number and
Na+/K+-ATPase activity in gills of freshwater
acclimated rainbow  trout, Sa/mo  gairdneri.
Comparative biochemistry and physiology Part A:
Physiology, 95: 171-175.

McCormick S.D. (1990). Cortisol directly stimulates
differentiation of chloride cells in tilapia opercular
membrane. American Journal of Physiology-



Int. J. Aquat. Biol. (2019) 7(4): 195-201

Regulatory, Integrative and Comparative Physiology,
259: R857-R863.

Saghali M., Hoseini S., Hosseini S., Bagraf R. (2014).
Determination of heavy metal (Zn, Pb, Cd and Cr)
concentration in benthic fauna tissues collected from the
Southeast Caspian Sea, Iran. Bulletin of Environmental
Contamination and Toxicology, 92: 57-60.

Shaw B.J., Handy R.D. (2011). Physiological effects of
nanoparticles on fish: a comparison of nanometals
versus metal ions. Environment International, 37: 1083-
1097.

Simakani P., Abolhasani M.H., Hoseini S.M. (2018).
Determination of mancozeb toxicity and biochemical
effects in common carp (Cyprinus carpio). International
Journal of Aquatic Biology, 6: 157-161.

Staetz C., Black B., Hayashi J., Kinne L., Kelly G., Treacy
K., Joost H. (2006). Flonicamid: a novel mode of action
for piercing sucking insects, Beltwide Cotton
Conferences, pp: 1583-1590.

Taheri Mirghaed A., Ghelichpour M., Mirzargar S.S.,
Joshaghani H., Ebrahimzadeh Mousavi H. (2018).
Toxic effects of indoxacarb on gill and kidney
histopathology and biochemical indicators in common
carp (Cyprinus carpio). Aquaculture Research, 49:
1616-1627.

Van der Linden A., Verhoye M., Portner H.-O., Bock C.
(2004). The strengths of in vivo magnetic resonance
imaging (MRI) to study environmental adaptational
physiology in fish. Magnetic Resonance Materials in
Physics, Biology and Medicine, 17: 236-248.

Wang T., Long X., Liu Z., Cheng Y., Yan S. (2015). Effect
of copper nanoparticles and copper sulphate on
oxidation stress, cell apoptosis and immune responses
in the intestines of juvenile Epinephelus coioides. Fish
and Shellfish Immunology, 44: 674-682.

201



