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ABSTRACT

Grass carp (Cienopharyngodon idella) is a freshwater herbivorous fish that is farmed for
production of protein and improving the irrigation systems. First, based on OECD
(Organization Keconomic Cooperation Development), LC,96 h and MAC (Maximum Allowable
Conecentration value) of the toxin on the grass fishes were determined as 1.43 and 0.143 mg L7,
respectively. Then, after preparation of the appropriate samples from gill and liver tissues, different.
pathological manifestation were observed in the tissues, in which, higher concentrations of the
toxin caused more damages. The blood samples, also, showed that blood glucose and cortisol levels
were increased in the exposed fishes to the toxin and the increases were in association with the
used doses of pretilachlor,
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INTRODUCTION

Most of human activities lead to production of too many contaminants that the major part of
them entre to aquatic systems. The majority of organic contaminants is degraded by biologic
systems, but other compounds, such as pesticides and heavy metals, are resistant to the degradation
and will remain in the aquatic environments for a long time (Bahmanyvar, 2007; Anton et al., 1993).
Development and application of pesticides in the agricultural activities and their effects on
ecosystems of different lands and waters are nowadays one of the main concerns of human societies
(Satyavani ef al., 2011; Tilak et al., 2007; Ayub, 2007). Approximately less than 1% of the
pesticides reach to their main targets and the remains may access to the food chains of aquatic
living beings and cause a variety of disorders in them (Tilak et al., 2007; Velisek et al., 2008).

Pretilachlor is a systemic herbicide belenging to chlorcacetamide group: IUPAC Name:
2-chloro-2', 6'-diethyl-N-(2-propoxyethyl)-acetanilide (Takahashi ef al., 2007, Uswu, 2001). Since
the herbicide halts cell division via preventing the synthesis of long chain fatty acids in different.
plant cells, destruction of plant and algae in the contaminated water environments damage directly
the food chain and fauna of the habitats (Kaushik et «l., 2008). In addition to the toxic effect on
plants, the herbicide 1s poisonous for animal cells, including fishes (Han and Hatzios, 1991;
Deng and Hatzios, 2002),

In this study, first LC, 96 h of Pretilachlor on Grass carp (Clenopharyngodon idella) was
measured and then, its toxic effect on gill, liver and stress hormones of the fish were studied.
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MATERIALS AND METHODS

The fingerlings fishes (1-2 g) were purchased from a local fish farming located in the north of
Iran. The fishes were adapted with the physical conditions of the used well-water (pH 7-8.2,
240 CaCO, mg L™, 7ppm O, L™ for 7 days and then 10 fingerlings (1-2 g) were transferred to the
tanks with 20 L capacity for the toxicity tests. Totally, the tests were performed in 18 tanks in
which b tanks were treated with pertilachlor and 1 tank was used as controls; all the tests were
repeated 3 times. The fishes were fed with twice a day, but the feeding was cut two days before
their exposing to the toxin.

Determination of pretilachlor toxicity on grass carps: According to the acute toxicity
test introduced by Organization Economic Cooperation Development (OKCD, 1984), totally, 10
fingerlings between 3-b g in each aquarium were exposed to 1-8 mg L~ toxin for 96 h under
continucus aeration and standard conditions; one of the tanks was used as control (without any
doses of the toxin). The fishes were not fed for the 96 h. The treatment with each concentration was
repeated for 3 times. Based on the statistical assays and fish mortality at four steps (24, 48,
72 and 96 h), the LC,.96 h and MAC (Masximum Allowable Coneentration value) of the fishes were
determined. Also, based on logarithmic assays, the final exposure doses of the toxins for the fishes
were determined as 1, 1.68, 2.82, 4.57 and 8.0 mg L.

The fishes were treated with these final doses, in order to determine the effects of the toxin on
liver and gill tissues as well as blood samples.

Tissue preparation: After sampling from gill and liver tissues and their dehydration with
different range of butancl sclutions (B0, 70, 80 and 96%) and chloroform, the samples were fixed
with paraffin and were cut to 5-7 uM sections. The sections were stained with Eosine and
Hematoxiline procedure (Prophet, 1992; Leong, 1996) and were examined microscopically.

Blood and serum preparation: Following anaesthesia by benzocaine hydrocholoride, the
collected blood samples from caudal vein of the fish were heparinized and were assaved for
determination of glucose and cortiscl levels (Iwama ef al., 1995),

Data analysis: The LC, 96 were determined by probit program (USKEPA, 1985) which is designed
by EPA for determining the death rates caused by poisonous materials in both running and
stagnant waters. Analysis of the statistical data was performed with Anova and Shapire-Wilk
softwares.

RESULTS

Based on the statistical analysis, the toxicity range of pretilachlor was determined between
1 to 8 mg L', Also, based on Probit program, the LC,,96 h and MAC value (Maximum Allowable
Conecentration value) of the toxin were measured as 1.43 and 0.143 mg L7}, respectively.
According to the standard toxicity evaluation of pesticides, these levels of LC,,96 h and MAC are
classified as toxic for animals.

The tissue studies on the fingerling fishes showed severe gill damages, including gill cohesion,
haemorrhage, hyperemia, hyperplasia and cell necrosis. Our observations indicated that the

damages were intensified in higher doses of pretilachlor. No injuries were seen in the gill tissues
of the fishes.
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Table 1: Effects of different doses of pretilachlor toxin on glucose and cortisol levels of Grass carp (Ctenopharyrgodon idella) fingerlings;

a, b, ¢ (p=<0.05)
Treatments Glucose (mg LY Cortisol (mg L)
Control 50 19
Treatment 25% 58.33 84572
Treatment 50% T 1302
Treatment 75% 61.33* 135%

Also, different manifestations were observed in liver of the samples based on the toxin
concentration. The damages in lower treatments were associated with hyperemia, cell necrosis and
fatty degeneration. In higher doses of the toxin, increase in the kupffer cells and cell atrophy were
added to the manifestations. No injuries were observed in the livers of the fishes.

Glucose and cortisol tests: The toxin increased the level of glucose in blood samples of the fishes
and the increase was significant when the level 1s compared between the control and both
treatment 50 and 75%. This increase in the level of glucose was in association with the levels of
toxins. It means the increase in the level of glucose in treatment 75% is meaningfully more than
treatment 50% (Table 1). Based on our examinations, there was a direct correlation between the
used toxin doses and the levels of cortisol in the blood samples (Table 1). It means the level of
cortisal increased significantly at all treatments in comparison to the control. Alse, increase in the

level of exposed toxin meaningfully raises the level of cortisol in blood samples.

DISCUSSION

Grass carp (Ctenopharyngodon idella) is a freshwater, herbivorous fish that was originally
found in eastern Asia but today has been introduced worldwide (Cudmore and Mandrak, 2004).
The fish lives in turbid rivers and floodplain lakes and 1s able to tolerate a wide range of water
temperature (15-30°C) (Cudmore and Mandrak, 2004; Prinsloo and Schoonbee, 1987). Although
the fish prefer some special plant species, it 1s generalist feeder and consumes all types of the
vegetation in a lake or pond. As a result of this ability, grass carp changes the food web within the
aquatic environments, affecting on different habitants (plants, fishes and invertebrates)
{Barton, 2002). The general feeding ability 1s used for resolving one of the most abundant
agricultural issues. Aquatic weeds usually obstruct the flow of water in drainage and irrigation
networks and reduce the irritation system in the farms (Westbrooks, 1998). Furthermore, the
aquatic weeds are potential environment for growth of different amimals, such as snails and
mosquitos, increasing the possibility of spread of deadly epidemic infections, such as malaria and
dengue (Ahmed ef al., 2012). Grass carp farming not only can be used as a natural approach
against the weeds and in turn, against the causative diseases, it leads to mass protein production
(Ahmed ef al., 2012).

However, application of herbicides and other commonly used artificial compounds in agriculture
overflow huge amounts of toxic materials into the nature, reducing the efficiency of fish farming
industry (Costa et al., 1998, Gimeno et al., 1994). Pretilachlor is one of the common herbicides that
its toxic effects on different animal cells were proven. As other used herbicides, pesticides and
fertilizers, pretilachlor will finally reach to aquatic environments and accumulate in these

environments, destroying the aquatic habitants, including farmed grass crap.
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In this study, first the toxicity of pretilachlor on grass carp showed that the pecticide is
toxic for the fish in a range of 1-8 mg L7, with LC,96 h and MAC of 143 and
0.143 mg L™, respectively. Although this toxicity range is different based on the studied fish and
the environmental conditions, for instance, 2.92 mg L™ for Labeo rohita (Satyavani et al., 2011),
WHO classified the toxin as a moderate toxicity with mean 1.C, 96 h = 0.9 mg I."! (Satyavani et al.,
2011).

The toxin could destroy different organs of the fingerlings, including gill and liver. The toxic
effects of the poison on fingerlings carp were manifested with gill cchesion, haemorrhage,
hyperemia, hyperplasia and cell necrosis. Cur results showed that these clinical manifestations
worsened in higher doses of pretilachlor. Furthermore, liver of the exposed fishes to the toxin
showed a variety of clinical manifestations, based on the toxin concentration. The lower doses of
the toxin were associated with hyperemia, cell necrosis and fatty degeneration, while higher
concentrations enhanced the manifestations to increase in the kupffer cells and cell atrophy. Same
pathological manifestations were observed when toxicity effects of different herbicides on fishes
were studied (Gimeno et al., 1994; Bhatnagar ef al., 1992).

Biochemical studies on blooed samples of the fishes showed that the toxin exposure to the grass
carps could increase the level of glucose cortiscl and the increase was in directly associated to the
used doses of the toxin. These increases in glucose and cortisol levels are natural responses of
animals to overcome on the toxic stresses. Overall, increase in plasma glucose, hyperglycemia, 1s
an adrenalinefcortisol mediated response (Bonga, 1997) of different fishes under a variety of
stresses, including toxins, to provide the required energy for tissues in the stressful conditions
{Barton, 2002). Also, as previous studies showed, when an organism is exposed to toxic materials,
including pretilacholar, emotional responses in the limbic system provoke the hypothalamus to
produce Corticotropin-releasing Hormone (CRH). The CRH stimulates the pituitary gland to release
ACTH (adrenocorticotropic hormone) that is an activator of adrenal glands for production and

secretion of cortisol inte the blood (Carpenter and Gruen, 1982).

CONCLUSION

Overall, the results show that pretilachlor is a toxic compound for grass carps that induce stress
conditions in the fishes, destroying their different tissues. Since the fishes are economically
valuable, in terms of protein production and aquatic weed removal, utilization of this herbicide for

agricultural purposes may damage dramatically these industries.
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