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Abstract

Objective: Deltamethrin, synthetic pyrethroid, is a sus-
pected endocrine disruptor contaminating ecosystems as
toxic pollutant via agricultural activities and vector con-
trols. The objective of the study is to determine the possible
effects on human by evaluating antioxidant enzyme levels
and total antioxidant status (TAS) of invertebrate model
organism crayfish exposure to sublethal deltamethrin.
Materials andmethods: Crayfishwere exposed to 0.05 μg/
L deltamethrin for 48 h and 7 days. Hemolymph samples
were taken for TAS and total haemocyte counts (THCs).
Gill, hepatopancreas andmuscle tissueswere examined for
superoxide dismutase (SOD), glutathion peroxidase (GPx)
and catalase (CAT) enzyme activities.
Results: THCsweredecreased (p<0.05) andhemolymphTAS
levels were increased according to control groups. Gill SOD,
CAT and GPx enzyme activities were significantly rised.
Hepatopancreas SOD activities unchanged. Hepatopancreas

CAT activitieswere increased significantly after 48 h (p < 0.05),
but returnedback to controls after 7days.HepatopancreasGPx
and muscle SOD activities were rised (p < 0.05), while muscle
CAT and GPx values did not affect from deltametrin.
Conclusion: Deterioration of ecosystems are directly affect
the humans. The toxic effects of deltamethrin for different
stages of organismson the foodwebwill providebasic data to
understand and estimate the effects on the human beings.

Keywords: antioxidant enzymes; invertebrate model
organism; synthetic pyrethroid; total antioxidant status;
total haemocyte counts

Öz

Amaç: Sentetik piretroid olan deltametrin tarımsal aktivite ve
vektör kontrolü sonucuekosistemebulaşanveendokrinbozucu
etkisi olduğu şüphelenilen bir toksik kirlticidir. Bu çalışmanın
amacı, omurgasız model organizma tatlı su istakozlarının sub-
letal deltametrinemaruziyetlerinin antioksidan enzimdüzeyleri
ve toplam antioksidan durumuna (TAS) etkileri belirlenerek
insan üzerindeki olası etkileri değerlendirilecektir.
Gereç ve Yöntem: Tatlı su istakozları 48 saat ve seven gün
süreyle 0.05 μg/L deltametrine maruz bırakıldı. TAS ve
toplam hemosit sayıları (THS) için hemolenf örnekleri
alındı. Solungaç, hepatopankreas ve kas dokuları süper-
oksit dismutaz (SOD), glutatyon peroksidaz (GPx) ve kata-
laz (CAT) enzim aktiviteleri açısından incelendi.
Bulgular: Kontrol gruplarına göre THC’ler azalırken
(p < 0.05) ve hemolenf TAS düzeyleri arttı. Solungaç SOD,
CAT ve GPx enzim aktiviteleri istatistik olarak önemli
ölçüde artmıştır (p < 0.05). Hepatopankreas SODaktiviteleri
değişmedi. Hepatopankreas CAT aktiviteleri 48 saat sonra
önemli ölçüde artarken (p < 0.05), seven gün sonra kontrol
değerlerine geri dönmüştür. Hepatopankreas GPx ve kas
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SOD aktiviteleri artarken (p < 0.05), kas CAT ve GPx
değerleri deltametrinden etkilenmemiştir.
Sonuçlar: Ekosistemlerin bozulması insanları doğrudan
etkilemektedir. Besin ağında farklı trofik düzeyde organ-
izmalarda deltametrinin toksik etkileri, insanlar üzerindeki
etkilerini anlamak ve tahmin etmek için temel veriler
sağlayacaktır.

Anahtar kelimeler: antioksidan enzimler; omurgasız model
organizma; Sentetik piretroid; toplam antioksidan statü;
toplam hemosit sayısı.

Introduction

Water bodies are frequently subjected to endocrine disruptors
related to anthropogenic activities like agriculture, inducinga
contamination by rain water and surface runoff containing
various chemicals such as pesticides [1]. Pyrethroids, one
of the widely used pesticides, have demonstrated viable
representative for organochlorined, organophosphated and
carbamate ones owing to being high bio efficiency, biode-
gradability and relatively less toxic for higher vertebrates [2].
The synthetic pyrethroid, deltamethrin ((S)α-cyano-3-phe-
noxybenzyl-(1R)-cis-3-(2.2-dibromovinyl)-2,2-imethylcyclo-
propanecarboxylate) has widely applied for crop protection,
control of malaria and other vector borne diseases [3–5].

The toxic activity of deltamethrin is primarily at the
voltage dependent sodium channels of the nerve cell
membranes and inducing the neurotoxicity [6]. In addition
to neurotoxic effects, the oxidative stress related to delta-
methrin also induces toxic effects like other pesticides [7–
13]. Oral application of 5 mg/kg of deltamethrin to mice
induced oxidative stress and activated the mitochondrial
pathway of apoptosis [14].

Freshwater crayfish, an alternative model organism to
vertebrates for the assessment of environmental contami-
nants as a nontarget species, are important bioindicator or-
ganisms for water quality of freshwaters bodies [15]. The
narrow-clawed crayfish, Astacus leptodactylus, is an
ecologically important species in Eurasian freshwater
bodies; has important role at the aquatic foodwebs indiverse
water bodies and evaluating ecotoxicological risks [16].

In their study, although Meng et al. [17] determined
motor axon activity and neuromuscular transmission
effects of deltamethrin, no data was available about the
effects of deltamethrin on the antioxidant enzyme levels
and total antioxidant status (TAS) of crayfish. However,
the effects of deltamethrin were studied in vertebrate or-
ganisms, very limited data were found for invertebrate
organisms. The present study aimed to assess the

antioxidant enzyme levels (SOD, CAT and GPx) on different
vital organswith TAS and total haemocyte counts (THCs) for
the haemolymph of crayfish (A. leptodactylus Eschscholtz
1823) after exposure to deltamethrin, a synthetic pyrethroid
pesticides, contaminating aquatic environments as toxic
contaminant of agricultural activities. The recent study will
give an insight to the literature about the antioxidant and
oxidant levels of related invertebrate species.

Materials and methods

Experimental organism

The narrow clawed freshwater crayfish (A. leptodactylus Eschscholtz,
1823), invertebrate model organism, was used as representative organ-
ism of fresh water ecosystems. Live organisms (N = 128) were obtained
from a fisherman during the fishing season. The mean weight and the
length of crayfish were 30.57 ± 5.26 g and 10.64 ± 0.48 cm, respectively.

Test chemical

Deltamethrin (China, Changzhou Kangmei Chem. Ind.Co. Ltd.), tech-
nical grade (98%) was used in the experiment and obtained from the
Hacettepe University Insecticide Test Lab. The stock solution was
dissolved in DMSO and stored at +4 °C till the dosing time.

Acclimatisation period and experimental design

Crayfish were acclimatised to laboratory medium for fifteen days
before the trials and were fed with fresh trout during that period.
Cleaning of the tanks were done twice in a day and the tanks were
aerated constantly. All experiments were carried out according to the
rules of “Guide for the Care andUse of Laboratory Animals” published
by the US National Institutes of Health (NIH publication No. 85–23,
revised 1996). After adaptation period, crayfish were stocked to
experimental aquariums containing with 100 L of dechlorinated tap
water. Animals were selected randomly for control and experiment
groups, each stocked as 16 crayfish/8 aquaria’s. The water composi-
tion was: DO2 6.96 ± 0.10 mg/L; pH = 7.74 ± 0.03; conductivity
0.298 ± 0.01 mS/cm. Sublethal deltamethrin concentration was
selected as the 1/10 of 96 h LC50 values, 0.05 μg/L. The stability of
deltamethrin concentrations in the aquarium water was provided by
renewing every 48 h. Exposure lasted for one week. Haemolymph and
tissue samples were taken after 48 h and 7 days.

Haemolymph sampling and analysis

Following the exposure to deltamethrin, haemolymph was taken on
the base of the 2ndwalking leg under ice anaesthesia using disposable
syringe. Hemolymph samples were used for counting the total hae-
mocytes and TAS determinations. THCs were performed with Thoma
counting chamber according to Benli [18].

After haemolymph samples were centrifuged at 3,500 rpm,
10 min at 4 °C, TAS (mmol/L) were determined by a Randox
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commercial kits (Randox Laboratories Ltd., Crumlin, UK). The prin-
ciple of the assay is incubating 2,2′-azinobis (3-ethylbenzothiazoline 6-
sulfonate) (ABTS) with ferrylmyoglobin radical, formed by the acti-
vation of a peroxidase (metmyoglobin) with hydrogen peroxide
(H2O2), to produce the radical cation ABTS+ [19].

Tissue sampling and analysis

Crayfish were sacrificed under ice anaesthesia and tissues were
dissected; gill, muscle and hepatopancreas tissue samples were taken
and stored for antioxidant enzyme analysis at −80 °C.

Superoxide Dismutase Activity (SOD)

SOD activity was done by the method of Sun et al. [20] with the Su-
peroxide Dismutase Assay Kit (Cayman Chemical Company). Tissue
samples were homogenized in Tris-HCl containing EDTA (1/10; w/v).
SOD activity was inhibited by nitro blue tetrazolium reduction, with
xanthine-xanthine oxidase used as a superoxide generator, and 1 in-
ternational unit (IU) is defined as the amount of enzyme needed to
exhibit 50%dismutation of the superoxide radical. Tissue SODactivity
was stated as U/mg protein.

Catalase Activity (CAT)

Catalase activity was determined by Catalase Assay Kit (Cayman
Chemical Company). The basis of the method is the reaction of the
enzymewithmethanol, in the presence of an optimal concentration of
H2O2 [21]. Crayfish tissues were homogenized with 0.05 M phosphate
buffer at pH 7.0. CAT activity was expressed as units representing the
calculated rate constant (K)/mg protein.

Glutathione Peroxidase Activity (GPx)

GPx activity was measured according to the protocol of the Gluta-
thione Peroxidase Assay Kit (Cayman Chemical Company). Tissue
samples were homogenized in Tris-HCl containing EDTA (1/10; w/v).
Tissue Glutathione Peroxidase Activity results were stated as nano-
moles of NADPH oxidized per minute per mg protein, using an
extinction coefficient for NADPH at 340 nm.

Two replicates were performed for all tests. Besides protein concen-
trations for all tissues were performed by the method of Lowry et al. [22].

Statistical analyses

The results are means ± SD. Analysis of data concerning the differences
between groups was made using non-parametric MannWhitney-U Test
and Kruskal Wallis with GRAPHPAD InStat 3 Statistic Programme.

Results

Haemolymph analysis

Following exposure to 0.05 μg/L of deltamethrin for 48 h and
7 days, the THCs values were decreased significantly when

compared to control groups (p < 0.05).Means (THC/mL) of the
control values were 80,989.58 ± 13,390 and 79,427.08 ± 9,909
as control and control (solvent), respectively. The decrease
was around 27%after 48 h (50,885.42± 3,971.8) and 50%after
7 days (34,895.83± 3,125.8)when compared to control groups.
There is no significant difference between duration times of
exposure groups. The results are shown in Figure 1.

Haemolymph TAS levels of deltamethrin exposed
crayfish were slightly increased when compared to control
groups but not statistically significantly different. The
haemolymph TAS results are shown in Figure 2. Means of
the haemolymph TAS values for control and control (sol-
vent), 48 h exposed group and 7 days exposed group were
1.50 ± 0.02, 1.52± 0.05, 1.60 ± 0.06 and 1.57 ± 0.04mmol/L,
respectively. There was no significant correlation between
THCs and TAS (r2 = 0.045).

Antioxidant enzyme activities of tissue
samples

SOD enzyme activities of gill tissues were significantly
increased when compared to control groups (p < 0.05).
Means of gill tissue SOD enzyme activities for control and
control (solvent), 48 h exposed group and 7 days exposed
group were 4.33 ± 0.42, 4.54 ± 0.89, 5.26 ± 1.04 and
5.13 ± 0.45 U/mg protein, respectively. Gill tissue SOD ac-
tivities were increased about 17%. SOD activities of

Figure 1: Total haemocyte counts of crayfish after exposure to
0.005 μg/L of deltamethrin for 48 h and 7 days. Means in the figure
with different small letters are significantly different (p < 0.05).
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hepatopancreas tissues were not altered statistically.
Means of the hepatopancreas tissue SOD enzyme activities
for control and control (solvent), 48 h exposed group and
7 days exposed group were 1.50 ± 0.59, 1.48 ± 0.46,
1.74 ± 0.34 and 1.55 ± 0.23 U/mg protein, respectively. SOD
activities of muscle tissues were significantly rised
(p < 0.05) after exposed to deltamethrin. Means of muscle
tissue SOD enzyme activities for control and control (sol-
vent), 48 h exposed group and 7 days exposed group were
3.69 ± 0.20, 3.91 ± 0.14, 5.40 ± 0.33 and 4.64 ± 0.27 U/mg
protein, respectively. The SOD activity results of gill,
hepatopancreas and muscle tissues are depicted in
Figure 3.

CAT enzyme activities of gill tissues were significantly
increased when compared to control groups (p < 0.05).
Means of gill tissue CAT enzyme activities for control and
control (solvent), 48 h exposed group and 7 days exposed
group were 0.059 ± 0.024, 0.048 ± 0.001, 0.09 ± 0.003 and
0.08 ± 0.001 mmol/min/mg protein, respectively. CAT ac-
tivities were increased about 31% after 48 h and 20% after
7 days. Hepatopancreas CAT levels were increased signif-
icantly after 48 h (p < 0.05), but returned back to control
levels after 7 days. Means of hepatopancreas tissue CAT
enzyme activities for control and control (solvent), 48 h
exposed group and 7 days exposed group were
0.077 ± 0.010, 0.081 ± 0.003, 0.176 ± 0.089 and
0.070 ± 0.001 mmol/min/mg protein, respectively. The
CAT activities of muscle tissues were not affected by del-
tamethrin exposure. Means of muscle tissue CAT enzyme

activities for control and control (solvent), 48 h exposed
group and 7 days exposed group were 0.021 ± 0.05,
0.022 ± 0.01, 0.020 ± 0.004 and 0.019 ± 0.040 mmol/min/
mg protein, respectively. The CAT activity results of gill,
hepatopancreas and muscle tissues are shown in Figure 4.

GPx enzyme activities of gill tissues were significantly
increased when compared to control groups (p < 0.05).
Means of gill tissue GPx enzyme activities for control and
control (solvent), 48 h exposed group and 7 days exposed
group were 1.136 ± 0.12, 1.120 ± 0.02, 1.48 ± 0.158 and
1.831 ± 0.03 mmol/min/mg protein, respectively. GPx ac-
tivities were increased about 25% after 48 h and 38% after
7 days. Means of hepatopancreas tissue GPx enzyme ac-
tivities for control and control (solvent), 48 h exposed
group and 7 days exposed group were 0.382 ± 0.05,
0.401 ± 0.01, 0.530 ± 0.193 and 0.501 ± 0.039 mmol/min/
mg protein, respectively. Hepatopancreas GPx activities

Figure 2: Haemolymph total antioxidant status of crayfish after
exposed to 0.005 μg/L of deltamethrin for 48 h and 7 days.

Figure 3: SOD levels of gill, hepatopancreas and muscle tissues of
crayfish after exposed to 0.005 μg/L of deltamethrin for 48 h and
7 days.Means in thefigure for each tissuewith different small letters
are significantly different (p < 0.05).

Figure 4: CAT levels of gill, hepatopancreas and muscle tissues of
crayfish after exposed to 0.005 μg/L of deltamethrin for 48 h and 7
days. Means in the figure for each tissue with different small letters
are significantly different (p < 0.05).
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were increased significantly after the exposure to delta-
methrin during the both exposure period (p < 0.05). Means
of muscle tissue GPx enzyme activities for control and
control (solvent), 48 h exposed group and 7 days exposed
group were 0.416 ± 0.05, 0.402 ± 0.20, 0.424 ± 0.052 and
0.432 ± 0.055 mmol/min/mg protein, respectively. Muscle
GPx activitieswere not altered after deltamethrin exposure.
The GPx activity results of gill, hepatopancreas andmuscle
tissues are shown in Figure 5.

Gill tissues SOD, CAT and GPx activities, hepatopan-
creas CAT and GPx activities and muscle SOD activities
increased significantly compared to control groups
(p < 0.05), while hepatopancreas SOD activities andmuscle
CAT and GPx activities were not altered significantly.

Discussion

The determination of enzyme activities in aquatic ani-
mals are extensively evaluated for monitoring the exis-
tence of the contaminants in aquatic ecosystems and
sensitive biochemical bioindicators before hazardous
effects occur on the food web through humans. The
SOD, CAT and GPx activities provide a primary line of
defence under stress [23–24]. In recent study, haemocyte
numbers were evaluated as stress marker for crayfish
and showed that the total number of haemocytes in
crayfish, A. leptodactylus significantly decreased
following the exposure to 0.05 μg/L of deltamethrin for
48 h and 7 days.

Decreases in THCs are normally related to several
environmental contaminants and stress factors for
different crustaceans: Jussila et al. [25], Yildiz andBenli [26]
and Smith and Johnston [27], reported significant decline in

THCs in shrimp, Crangon crangon following treatment to
Polychlorinated biphenyl. Qin et al. [28]; determined
decrease at the THCs of freshwater crab Sinopotamon
henanense following exposure to 58 and 116 mg/L cad-
mium for 96 h.

TAS is an overall indicator of antioxidant status by
representing the enzyme and nonenzyme activities of
original antioxidants in the body [29]. As TAS values in-
crease, the antioxidant defence against free radical reac-
tion and reactive O2 intermediates rises [30]. Detection of
TAS in aquatic invertebrates have not fully reported in the
open literature. So, the results also important and original
as the first report about this bioindicator in invertebrate
model organisms althoughwe had increased levels for TAS
evaluation but not statistically important. In addition,
plasma TAS levels have been evaluated as an indicator of
stress factors and immune responses at aquatic vertebrates
[31–33].

Detection of SOD activity has been widely used as a
bioindicator in fish related to health enhancement,
monitoring of pollution stress like pesticides, disease
indication, and thermal or osmotic stress. However,
studies of SOD with crustaceans are limited [34]. In our
study, gill and muscle tissues for SOD enzyme activities
were significantly increased, while hepatopancreas SOD
activities did not alter. SOD detoxifies the superoxide
anion (O2–) forming hydrogen peroxide (H2O2) and the
latter, as a ROS, is decomposed by CAT and GPx [35].
Deltamethrin induce toxic effect in aquatic organisms
through their high rate of gill absorption, lipophilicity
and deficiency in the fish enzyme system to hydrolyse
pyrethroids [36]. Borkovic et al. [37] determined lower
total SOD activities in the hepatopancreas compared to
the gills SOD activities of muscle Spiny cheek crayfish
(Orconectes limosus) at the River Danube. Similar to our
results, the elevated activity of SOD in the gill tissue was
observed in crayfish after exposed to carbaryl for 48 h and
7 days [38].

The CAT and GPX activity in the present study was
significantly increased in the gill tissue in both exposure
times while no changes were observed for muscle tissue.
Similar to our results, CAT activities were changed in
crayfish after exposed to 0.144 and 1.44 mg/L prometryne
at 11 days [39]. CAT activities were increased in the hepa-
topancreas tissue than in the gill tissues of crayfish from
River Danube [37]. Fernandez et al. [40] and Benli et al. [38]
determined high CAT activity after exposure to 48 h
carbamate pesticide of carbaryl. In different studies, the
increased GPx activity in the hepatopancreas tissue of two
different crayfish species after exposed to carbaryl were
also observed [38, 40].

Figure 5: GPx levels of gill, hepatopancreas and muscle tissues of
crayfish after exposed to 0.005 μg/L of deltamethrin for 48 h and
7 days.Means in thefigure for each tissuewith different small letters
are significantly different (p < 0.05).

Işıldar et al.: How deltamethrin effects model organisms 419



As a result, for most ecotoxicologic bioindicators
biochemical biomarkers are popular findings, here in our
study crayfish as an invertebrate model might be useful
candidates for comparative researches with mammals
related with biochemical markers. Some of the special
features of crustaceans might be important for the inter-
pretation of data from bioindicator studies for developing
of ecotoxicological endpoints.
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