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Chapter 1

Chapter 1.1. General Introduction

The role of veterinarians in public health control is crucial at various points along the food chain, starting from the preservation of animal health to the inspection process for food of animal origin (Mumford and Kihm, 2006). As the concept of “zero tolerance level” is no longer acceptable in a modern production system, it has become important to identify a risk-based approach at both national and international level and to adopt standard risk analysis processes.

The use of veterinary drugs can represent a risk for animal health and animal welfare, for veterinarians administering the drug and for consumers of food products of animal origin. Moreover, it should be remembered that veterinary drugs, shed by the treated animals with their excretions, can represent a risk for various environmental media, including soil, surface and groundwater, suggesting the potential for indirect human exposure from such residues (Capleton et al., 2006). 

Establishment of a legislative framework and of an institutional structure is the first step in the assessment and management of drug-related risk (MacPherson et al., 2006). European and national regulators are involved in managing environmental risks of veterinary pharmaceuticals from two perspectives. One is the registration of pharmaceutical products (Blasius and Cranz, 1998), and the other is the management of good environmental quality (Montforts and De Knecht, 2002). The framework of the registration procedure for veterinary medicines consists amongst others of the European Community legislation, Member State legislation, case law, as well as global (trade) agreements. From this point of view, according to pending European legislation the use of veterinary drugs must be based on risk evaluation. The risk due to the use of veterinary drugs is “any risk for animal or public health relating to the quality, safety and efficacy of the veterinary medicinal product and any risk of undesirable effect on the environment”(Montforts et al., 2004). Risk management is a task of both private and public veterinary services that are involved in the prevention and control of all hazards arising from the use of veterinary drugs (Giardi and Odore, 2008). A major tool to prevent and control drug-borne risk is pharmacovigilance. 
1.1.1. Treatment used in aquaculture 

Medicines in aquaculture are systematically used. These generally take the form of antibiotics for bacterial infections, antifungal drugs, some of them unauthorized and ectoparasitic drugs to combat parasitic infections (Alderman and Clifton-Hadley, 1988; Brown, 1989; Inglis et al., 1993; Woodward, 2005). 

In Europe a product may be subject to three forms of assessment:
· an MRL (maximal residual limit) in the fish fillet;

· an MA (marketing authorizations) that approves use in the manner and environment proposed for the species in question and;

· in some cases a permit for discharge to the environment.

Disinfectants usually require a discharge permit. Before a medicine is used on food fish in the EU, it should have an MRL by being annexed in EC Council Regulation 2377/90. It should additionally have an MA for use on fish (Alderman, 1999). The aim of the MRL is the protection of the consumer from adverse effects residues. The MRL, efficacy, user safety, and environmental effects are considered within an MA (Costello et al., 2001).

A veterinarian may prescribe a medicine that already has an MA (and  also an MRL) for a non-fish animal where no suitably authorized medicine with an MRL exists for fish. A minimum withdrawal period of 500 degree - days applies in these instances. However, this extra-label use should only be used by veterinarians exceptionally and under their direct personal responsibility in an animal or small number of animals on a particular holding. Thus, where an MRL exists, although not for fish, these substances may be used on farmed fish in defined condition. In the absence of approved medicines for fish, extra label prescription by veterinarians for fish farms at onetime became common. However, medicines with an MRL are now available for fish pathogens and it would be exceptional for a veterinarian to be able to justify prescribing a medicine without an MRL for fish (Costello et al., 2001). 

To summarize the decision-making process for a veterinarian, they must use medicines in the following order:

· a veterinary medicine authorized for use in another species, or for a different use in the same species. The latter might be preferred for a food-producing species as the withdrawal 3 period for the same species could be used, provided the dose was lower or the same as for the authorized use;

· a medicine authorized in the Member State concerned for human use; 

· a medicine to be made up at the time on a one-off basis (extra-contemporaneous) by a veterinary surgeon or a properly authorized person. With each step the veterinarian takes greater responsibility for risks to the animals being treated and the environment, and must be able to weigh the benefits over these risks, and justify these actions. 

1.1.2. The ways of drug administration used in this work

Force-feeding

Treatment via stomach tube is a form of oral administration extensively used in experimental work because the dose can be known accurately (Andrews and Riley, 1982). It is rarely used in routine fish management as it is labour intensive and stressful to the fish. It involves the use of a stomach tube of calibre appropriate to the individual fish. This is attached to a hypodermic syringe containing the drug in solution or suspension and the drug is pumped into the fish or valuable ornamentals have to be dosed orally, especially if there is no suitable formulation of the drug available for in-feed medication. For example it can be used for drugs available only as tablets, these can be crushed, suspended in water and given by stomach tube (Trewes-Brown, 2000).

Picture 1: Application via stomach

tube (Svobodova et al., 2007)
In-feed medication

In-feed medication is frequently recommended to control bacterial disease outbreaks. Medicated feeds contain an antibiotic and are usually commercially prepared. Antibiotics are drugs that can be taken internally to control bacterial infections. They do not control parasites, fungus, or viruses. Fish often stop eating as a bacterial disease progresses, so early diagnosis and treatment are essential to ensure that infected fish consume the medicated feed. Once a bacterial disease is detected, and if medicated feed is the appropriate treatment, the feed should be used immediately. There is an important limit to its applicability which is that the fish to be treated must be feeding. Thus it has no place in the medication of eggs or sac fry, and it is of limited applicability to fry because with the exception of salmonids fish larvae have to be fed live organisms. It is also useless for mature adult anadromous fish such as salmonids returning to freshwater to breed, as these too do not feed (Trewes-Brown, 2000). 

Finally, the efficacy of any oral medication depends on the drug concerned not being digested before absorption. This is also true in other classes of vertebrates but in fish there are important species differences especially for proteinaceous drugs such as gonadotropins and gonadotropin-releasing hormones, and some vaccines. Suzuki et al. (1998) showed that sGTH is absorbed to a pharmacologically active extent by goldfish. This is attributed to the absence of a stomach in this species.

Like humans, animals may experience adverse effects when treated with medicinal products. These effects may be related to the pharmacological or toxicological properties of the substances used or they may arise because of hypersensitivity (Woodward, 2005). No many medications carry market authorizations in the EU for using in fish, despite the range and severity of pathogens which occur. Disease has been the stimulus for a number of studies of efficacy in relation to target species safety, but there has been virtually no consideration of the consumer or environmental safety issues (Treves-Brown, 2000). Prior to authorization, the medicines have had to be tested for potential adverse effects. (Woodward, 1996). 

1.1.3. The aims of the study were to

· better understand the issues related to pharmacovigilance of dangerous preparations such as malachite green used in aquaculture 

· assess the effects of praziquantel on haematological and biochemical indices in common carp (Cyprinus carpio L.) 

· determinate the influence of praziquantel doses on the organisms response 

· study the efficacy of praziquantel to common carp (Cyprinus carpio L.) naturally infected by tapeworms 
· describe the position of tapeworms found in the gut of carp
· investigate the effects of oxytetracycline containing feed on pond ecosystem and health of carp (Cyprinus carpio L.) in pilot condition
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Abstract 

Malachite green has been used as an effective compound to control external fungal and protozoan infections of fish since 1933 but it has never been registered as a veterinary drug for use in food fish because of its potential carcinogenicity, mutagenicity and teratogenicity in mammals. The present paper reviews negative side-effects of malachite green including its accumulation and persistence in fish that have been treated and describes other alternative substances for the treatment of fish and fish eggs.
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1. Introduction

Until recently, malachite green belonged to the most frequently used disinfectants, and, especially in salmonids farming, it was considered as practically irreplaceable. Fungicidal effects of malachite green have been known since the mid-1930s (Foster and Woodbury, 1936). In the 1950s, malachite green was used as a very effective antiseptic, and against both internal and external parasites. In the 1960s, malachite green proved to provide the most effective treatment against protozoan ectoparasites, particularly Ichthyophthirius multifiliis. Malachite green became even more important when its effectiveness against water fungi Saprolegnia sp. In fish eggs (Olah and Farkas, 1978; Alderman and Polglase, 1984) and its applicability for the treatment of proliferative kidney disease of salmonid fish (Clifton-Hadley and Alderman, 1987) were demonstrated. In the Czech Republic, malachite green was most frequently used to treat cases involving Ichthyobodo necator, Trichodina sp., Trichodinella sp., Chilodonella sp. and Ichthyophthirius multifiliis, and skin fungal infections of fish and fish eggs. A short-term malachite green bath was also recommended as a treatment of gill flavobacteriosis in salmonids (Citek et al., 1997).

Malachite green is a basic dye, readily soluble in water. In fish breeding, technical grade malachite green was used in the past. Its exact chemical composition was not often given. When using it, it was therefore necessary to take into account its different toxicological and therapeutic properties. The malachite green bath treatment without a prior test of fish tolerance could result in the death of all the stock thus treated. For that reason, each new production batch of malachite green had to be tested for toxicity to fish and for its antiparasitic action. 

Malachite green was used for monocomponent treatment baths (only malachite green at various concentrations) as well as for multicomponent treatment baths (malachite green in combination with formaldehyde, brilliant green, crystal violet, methylene blue, etc.).

Scientific evidence indicated that malachite green (MG) and especially its reduced form, leucomalachite green (LMG), might persist in edible fish tissues for extended periods of time (Mitrowska and Posyniak, 2004).

In 2000, the use of malachite green in food fish was banned in the EU because the general public may become exposed to malachite green through the consumption of treated fish. Concern about the potential for human toxicity and the presence of malachite and leucomalachite green (a metabolite) in the aquatic environment has resulted in increased monitoring especially in food supplies.

Other toxicological tests with malachite green were carried out on warm-blooded animals where carcinogenicity and teratogenicity were demonstrated. A threat to human health was confirmed by that time only in direct contact and manipulation with malachite green, when it causes the irritation of eyes (Grant, 1974). At present, this agent can be used only in aquarium and ornamental fish breeding. 

2. Preventive and curative malachite green baths

2.1. Curative fish baths

In aquarium and ornamental fish rearing, dips, short-term baths and long-term baths are used. 

Dips are of 10 to 30 s in duration, and the recommended concentration is within the range of 66.7–100 mg L-1. Dips are used to treat topical fungal infections in fish (Nelson, 1974; Citek et al., 1997). 

Short-term malachite green baths are treatments 1 to 1.5 h in duration at the bath concentration of 6.7 mg L-1. If water temperature is below 10°C, baths may take place in different types of tanks. If water temperature exceeds that limit, baths should be conducted only in holding tanks that can be easily filled with water and emptied within 30 min (Citek et al., 1997). 

Long-term (six-day) malachite green baths used to be performed in holding tanks to which enough malachite green was added to obtain a final concentration of 0.5 mg L-1 in the cyprinids (Svobodova et al., 1997). Somewhat lower concentrations (0.15 to 0.20 mg L-1) were used in the salmonids. Following the application of malachite green and its uniform distribution in the tank, the flow of water through the tank was stopped, and adequate aeration had to be provided for. After 24 h, the bath water was drained, clean water was allowed to flow through the tank for an hour, the tank was then refilled with water and another dose of the dye was applied. This procedure was repeated six times in total (Citek et al., 1997). This type of bath was used to kontrol protozoan ectoparasites, particularly the ciliated protozoan Ichthyophthirius multifiliis. 

In an effort to reduce concentrations of, and exposure periods to, malachite green, monocomponent malachite green baths were gradually replaced with multicomponent baths. A combined malachite green and formaldehyde bath [0.25 mg malachite green and 0.125 mL 36–38% aqueous solution of formaldehyde (hereinafter only “formalin”) dissolved in 1 L of water] appeared very effective. The treatment period depended on available technological facilities and might be 2 h in aerated laminated troughs or 6 hours in holding tanks. When treating fish with ichthyophthiriosis in laminated troughs, it was recommended to repeat baths 2–3 times a week (Citek et al., 1997).

The most favourite preparation of aquarists is a mixture of formalin, malachite green and methylene blue known as FMC (3.5 g malachite green and 3.5 g methylene blue in 1 000 mL formalin). Curative baths are prepared by adding 1.5–3 mL FMC to 100 L water (Bassleer, 1983). The overall procedure takes three days, and every day a new curative bath must be prepared. The procedure is mainly used to control parasites of the genera Cryptobia, Ichthyobodo, Chilodonella, Trichodina, Trichodinella, and skin fungal infections.

In his experiments, Lanzing (1965) demonstrated bacteriostatic effects of a bath consisting of three components, i.e. 0.8 g malachite green, 0.8 g brilliant green and 0.6 g crystal violet in 10 L of water. The dips lasted 10 s and were repeated two or three times a week.

2.2. Curative baths for fish eggs

For preventive baths of ornamental and aquarium fish eggs, malachite green was mainly used in the FMC formulation. 

For the treatment of carp eggs infected with fungi Saprolegnia sp., 1-hour treatment in malachite bath at the concentration of 4–5 mg L-1 proved effective. In the Czech Republic, fish egg treatments at concentrations of 5–10 mg L-1 were mainly recommended (exceptionally 50 mg L-1) applied for 5–30 min, once or twice daily, or twice weekly. The use of malachite green was prohibited for the treatment of eggs of herbivorous fish and tench (Citek et al., 1997) because eggs of those fish species are very sensitive to malachite green. Bath treatment for salmonid fish eggs was described by Willoughby and Roberts (1992).

3. Safety risks posed by the use of malachite green in fish rearing

In spite of the excellent curative properties of malachite green, we cannot leave out its significant negative properties, including:

3.1. High acute toxicity to fish

Malachite green is highly toxic to fish. Lethal concentrations for fish and recommended therapeutic concentrations are sometimes very close to each other (Svobodova and Vykusova, 1997). The progress of intoxication is very rapid and very much alike in both the common carp and rainbow trout. Typical clinical symptoms include restlessness and uncoordinated movements of the fish in the tank. The fish move in the upper half of the tank, leap above the water surface, and carp gasp for air, which is followed by the loss of balance, apathy, agony and death. The pathological anatomical picture of fish intoxication with malachite green is characterized by greenish tinge of their skin and increased production of skin slime. The gills are oedematous, with excessive amounts of mucous matter, and are discoloured by the agent. Vessels in the body cavity were dilated, and muscle tissues and internal organs were often light-green in colour (Machova et al., 2001).

Large differences in the toxicity of malachite green in dependence on its purity and varying concentrations of residual impurities that could tender more or less toxic are another major obstacle in its application. High-quality grades of malachite green can be produced by the inclusion of additional purification stages in production, but even a nominal 100% malachite green dry powder by analysis can only contain 82% (oxalate) or 95% (hydrochloride), the rest of the weight being the acid komponent (Alderman, 1985). Different toxicological properties of malachite green were confirmed in a series of acute toxicity tests on common carp and rainbow trout in which 10 types of malachite green obtained from different sources were investigated. It follows from these experiments that lethal concentrations of some types of malachite green are very close to therapeutic concentrations. In one case the recommended therapeutic concentration of malachite green was even higher than its lethal concentration (Svobodova and Vykusova, 1997).

When preparing bath solutions, it should be borne in mind that malachite green toxicity is significantly influenced by the quality of used water. The bath toxicity and hence of course its effectiveness are primarily influenced by the reducing substances present in water, for example organic substances, ions and pH values (Alderman, 1985; Mitrowska and Posyniak, 2005). The toxicity of malachite green is reduced for example by humic substances (HS) in soft water. Because HS alter the toxicity of malachite green, the therapeutic index might also be influenced by HS whereas in the presence of high concentration of Ca, the binding sites of HS are filled with Ca-ions and these cause the lower binding of malachite green to HS. Therefore, the toxicity as well as the efficacy of the malachite green treatment may be altered in the presence of HS and Ca content in water (Meinelt et al., 2003). Tolerance testing prior to bath treatment was always necessary. Water used in the test had to be the same as water used for bath treatment itself, and the same stocking densities of fish had to be used, if possible. 

For the above reasons, it was important to pay great attention to the selection of malachite green to be used, take water parameters and temperature into account and also observe recommended dosages and exposure periods, which could be different for distinct species as well as for different developmental stages of fish (Theron et al., 1991).

3.2. Side-effects on treated fish and fish eggs

In addition to its high acute toxicity, malachite green may be the cause of a number of side-effects on the fish treated. 

Trout treated with a 1-hour malachite green bath at the concentration of 2 mg L-1 showed lower weight gains, higher mortality and overall anaemia later in their life. The brown trout treated with malachite green in their early stages showed a higher incidence of tumours in the abdomen, intestines and liver (Mayer and Jorgenson, 1983).

Tests on cyprinid fish demonstrated that malachite green at a concentration of 0.1 mg L-1 produced a cytostatic syndrome affecting the chromosome division in experimental fish (Keyl and Werth, 1959). In tissue culture tests involving a 96-hour exposure to malachite green at concentrations from 0.5 to 20 mg L-1 cytopathic changes, partial cytoplasm vacuolization, granulation and disintegration of a majority of cells were recorded (Studnicka et al., 1977). The application of malachite green had a negative effect on the regeneration of damaged gill epithelium. Histopathological examinations of fish following a malachite green bath treatment showed generalized activation of the reticuloendothelial system (RES) and incidence of inflammatory cells in spleen. Increased haemosiderosis in spleen and kidneys was observed 14 days after a malachite green treatment of fish (Rehulka, 1977). 

In carp treated with malachite green, histopathological examinations revealed moderate regressive changes on gills, moderate dystrophic changes in parenchymatous tissues and increased macrophage activation (Svobodova et al., 1997). Hyperaemia and focal necrotization of liver were observed in rainbow trout after three 40-min malachite green bath treatments at a concentration of 6 mg L-1. Mitochondria damage and endoplasmic reticulum dilation were found at the ultrastructural level. Other findings on the gills of treated fish included separation of epithelial cells, leukocytary infiltration, and an onset of lamellar cell necrosis. The frequency of these changes increased with the number of bath treatments (Gerundo et al., 1991; Srivastava et al., 1998). 

A malachite green bath treatment also affects the blood count of treated fish. In common carp, a six-day curative malachite green bath treatment at a concentration of 0.5 mg L-1 caused significant changes in both red blood cell count (decreased haematocrit value, decreased erythrocyte volume, increased mean corpuscular haemoglobin concentration) and white blood cell count, which showed a decrease in both the absolute and the relative numbers of monocytes. A decrease in the blood plasma total protein concentration was also ascertained (Svobodova et al., 1997). Similar results were also reported by other authors (Srivastava et al., 1995; Tanck et al., 1995; Saglam et al., 2003). A long-term exposure of African walking catfish (Clarias gariepinus) to malachite green caused anaemia and a reduction in the number of neutrophil granulocytes (Musa and Omoregie, 1999). 

A malachite green bath treatment of rainbow trout eggs delayed the time of sack fry hatching by 5 to 8 days compared with controls. The larvae hatched from treated eggs exhibiting an increased frequency of abnormalities (malformation of the head and jaws, spine deformation or missing fins). Although the percentage of eggs that reached the eyed eggs stage after malachite green treatment increased compared with the controls (probably due to reduced fungal infestation of the eggs as a result of the treatment), the increase did not compensate for the loss of larvae due to malformations caused by malachite green treatment (Mayer and Jorgenson, 1983). Fish eggs treated with malachite green also exhibited mitotic defects and chromosomal break points (Mayer and Jorgenson, 1983).

3.3. Accumulation and persistence in treated fish

Malachite green exhibits high affinity to animal tissues. During bath treatment, Bauer et al. (1988) observed a marked decrease in the malachite green concentration in the bath and its accumulation in the fish. According to literary data, up to 90% of malachite green absorbed by the muscle tissue is accumulated as leucobase (reduced colourless form) and as this form it persists in fish for a very long time (Bauer et al., 1988; Plakas et al., 1996; Alborali et al., 1997). An extremely high concentration of malachite green in fish tissues was detected after a combined bath (1 mg L-1 malachite green and 0.02 mL L-1formalin) (Clifton-Hadley and Alderman, 1987). 

The main malachite green excretion pathways in rainbow trout are the liver and the gall bladder. The highest concentrations of leucobase-persisted residues were found in liver (Alderman and Clifton-Hadley, 1993). 

The time from bath treatment until the residues drop to an undetectable concentration depends not only on the initial malachite green concentrations in the fish but also on their growth rate. In market-ready fish that will not grow any bigger, a longer time (up to three times) was needed for the elimination of leucobase residues than in fish with a short period of growth (12 months) (Bauer et al., 1988). Data on malachite green persistence in the muscle tissue of various species of fish were also published by Mitrowska and Posyniak (2005) (Table 1). 

The Czech Republic had no definite allowable level for a malachite green concentration in food fish, but bath treatment instructions, valid until the year 2000, recommended that a six-month protective period between the treatment and the marketing of fish had to be observed.

In the Czech Republic, 6-day malachite green baths at 0.2 mg L-1 concentration were very frequently used in rainbow trout rearing facilities. An experiment including a six-day bath of rainbow trout was therefore conducted to find whether the recommended six-month withholding period between the bath and the marketing of the fish was sufficient. Results of the test confirmed that malachite green was highly cumulative. It was also demonstrated that immediately after a long-term bath malachite green concentrations in the muscle tissue of the treated fish exceeded the 700 μg kg-1 concentration and that the recommended six-month withdrawal period between the bath and the retail marketing of fish was absolutely insufficient (in the muscle of these fish, 21 to 88 μg kg-1 of malachite green sums was detected six months after the bath). All samples of tested muscle tissue, liver and skin were negative (< 5 μg kg-1, i.e. below the detection threshold of the previously used analytical method) only 12 months after the bath (Machova et al., 1996). 
Table 1. Persistence of malachite green (the coloured form MG and the leuco-form LMG) in the muscle tissue of various fish species after bath (Mitrowska and Posyniak, 2005)

	Fish species 

(average body weight)
	Concentra-

tion of MG

(mg L-1)
	Duration of bath

(hours)
	Water

temperature 

(°C)
	pH

of bath
	Time after bath

(days)
	Concentration in muscle tissue

(μg kg-1 )

	
	
	
	
	
	
	MG
	LMG

	Eel (4.1 g)
	0.10
	24
	25
	6.9
	62

80

100
	2

bdt

bdt
	139

28

15

	Eel (0.3 g)
	0.15
	24
	25
	6.9
	330
	bdt
	bdt

	Channel catfish (600 g)
	0.80
	1
	21
	7.1
	14

42
	12

bdt
	518

19

	Channel catfish (580 g)


	0.80
	1
	22
	7.2
	14
	6
	310

	Rainbow trout (1350 g)
	1.00
	1
	21
	7.0
	1
	73
	289

	Rainbow trout (1350 g)
	1.00
	1
	12
	7.8
	5
	15
	230

	Rainbow trout (0.1 g)
	0.20
	72
	9,7
	-
	40

140
	1

bdt
	20

	Rainbow trout (0.1 g)
	0.20
	144
	13
	-
	300
	bdt
	2


bdt = below the detection threshold of the analytical method

3.4. Residue findings in harvest-size fish

Resolution (EEC) No. 2377/90 of the European Council imposed a strict ban on the use of malachite green in all age categories of food-producing fish (i.e. including fish eggs). This ban came into effect on 1 January 2000. In 2002, the Commission of European Communities approved Decision No. 2002/657/EC, in which it laid down the so-called minimum required performance limit (MRPL) for analytical methods to be used for determining substances that are either not approved for use in the EU states or are explicitly banned. The MRPL for malachite green aggregate concentration was set at 2 μg kg-1. 

Because the use of malachite green in food-producing animals was banned but there was no adequately efficient preparation available (and there is none yet), it was only to be expected that the malachite green ban will not be strictly observed by fish farmers. This assumption has been confirmed. In the Czech Republic, the first problems in connection with positive results of tests for malachite green in fish exported to Switzerland arose in 2000. In 2001, checks of harvest-size rainbow trout randomly purchased from seven different commercial trout farms in the Czech Republic were made. The fish from all the farms was tested positive in the sum of malachite green (MG and LMG) analysis. While malachite green sums in fish from three farms were from 5 to 10 μg kg-1, they ranged between 40 and 102 μg kg-1 in fish from the other four farms. This fact prompted the State Veterinary Service of the Czech Republic to make further inspections targeted specifically at the determination of malachite green residues. Results of the tests are published annually in Information Bulletins “Contamination of Food Chains with Exogenous Substances” (http:// www.svscr.cz). According to these sources, a total of 156 fish samples were tested in the Czech Republic in 2002 (66 carp samples, 62 rainbow trout samples, six brown trout samples, six tench samples, and other fish species accounted for 10%), of which 17 rainbow trout and one common carp were tested positive (6–208 μg kg-1 and 11 μg kg-1 of the sum of malachite green, respectively). The tests of 37 freshwater fishes carried out in 2003 returned four positive results. Positive tests were for one silver carp (9 g kg-1), one imported brown trout (13 μg kg-1) and two rainbow trouts (11 and 73 μg kg-1, respectively). In 2004, 20 carp samples were examined with negative results and all 13 rainbow trout examined were found positive (2–6 μg kg-1).

The situation in fish contamination with malachite green in other countries was described by Mitrowska and Posyniak (2005). In their paper, the authors published results of their investigations into malachite green residues in fish in the EU member states. It follows from their results that malachite green concentrations in excess of the permitted limit (2 μg kg-1) were recorded in 112 fish samples in 2002, and that the largest numbers of positive tests were in Ireland (32) followed by France (27), Austria (18) and the UK (16). In 2003, the number of positive results dropped to 81, and most of them were from the UK (29), followed by France (14), Ireland (9) and Austria (9). In Poland, 10 checks were made in 2003 with one sample tested as positive, and in 57 checks made in 2004 thirteen samples of trout, carp and grass carp muscle were tested as positive. Because, however, no specific analytical results are given in the reports, it is not possible to determine how much the limit value was exceeded.

3.5. Effects and persistence of malachite green in the aquatic environment

The literature gives relatively few data on negative effects of malachite green in the aquatic environment. Malachite green persistence of about 80 days is usually given for the natural aquatic environment. It is degraded inter alia by hydrolysis (Anonymous, 1999). The effects of malachite green on aquatic organisms (aquatic invertebrates and algae) have not been described and documented sufficiently yet. 

Malachite green can be removed from water by a number of chemical, physical and biological technologies. 

Chemical methods including reductive and oxidative degradation are effective only when the solute concentration is relatively high. The required electrochemical treatment and high dosage of chemicals may also make the process uneconomical (Kumar et al., 2006).

The most widely used method is activated carbon and coal adsorption (Marking et al., 1990; Aitcheson et al., 2000; Singh et al., 2003). The filtration of contaminated water through granulated active charcoal filters can reduce the malachite green concentration from 1 ppm to levels below 0.1 ppm. The filtration efficiency depends on the size of active charcoal granules and on the water flow rate (Marking et al., 1990; Marking, 1991). This method does not degrade the pollutants, but only transfers them from the liquid phase to the solid phase, thus causing secondary pollution or requiring regeneration that is a costly and time-consuming process (Tan et al., 2006). Crini et al. (2007) summarized a number of other non-conventional sorbents, which were studied in the literature for their capacity to remove malachite green from aqueous solutions, such as sugarcane dust, sawdust, bottom ash, fly ash, de-oiled soya, maize cob, peat, iron humate, mixed sorbents, activated slag, waste product from agriculture, bentonite, and magnetic nano-particles. 

Malachite green may also be removed by biosorbents. In the last years, a number of studies have focused on some microorganisms that are able to decolorize, biosorb or biodegrade dyes in wastewaters. The ability of biosorption and also partial biodegradation was described on microorganisms, including microalgae Cosmarium sp. (Daneshvar et al., 2007a), Chlorella, Chlamydomonas, Euglena (Daneshvar et al., 2007b), bacteria Kurthia sp. (Sani and Banerjee, 1999), Citrobacter sp. (An et al., 2002) and fungi Formes sclerodermeus, Phanerochaete chrysosporium (Papinutti et al., 2006) and Pithophora sp. (Kumar et al., 2006). The use of biomaterials as sorbents for the treatment of wastewaters will provide as a potential alternative to the conventional treatment (Kumar et al., 2006).

3.6. Toxic effects of malachite green in mammals

The basic chemical structure of malachite green and its metabolites (Figure 1) signals a degree of carcinogenicity. Malachite green is transformed in organisms to leucomalachite green, which accumulates in the tissues of exposed organisms from where it can easily get into the human food chain. Both clinical and experimental observations reported so far reveal that malachite green is a multi-organ toxin (Srivastava et al., 2004). Malachite green belongs to the same group of triphenylmethane dyes as crystal violet, in which carcinogenic effects have been demonstrated. Based on the same group classification, a carcinogenic effect can be assumed (Au et al., 1978; Culp and Beland, 1996). 

The median lethal dose (LD50) for malachite green in rats is 275 mg kg-1 after peroral application, and more than 2 000 mg kg-1 in the case of dermal exposures. The acute toxicity of LMG is unknown, but it is assumed to be about ten times lower than that of the initial ion or carbinol forms of MG (Clemmensen et al., 1984). 

Toxic effects of the dye (MG and LMG) have been tested on mice and rats in 28-day administration experiments. It was demonstrated that the tested substances showed affinity to liver, thyroid gland and bladder, where morphological changes were observed. The highest level of malachite green at which no statistically significant adverse effects on the organism were observed, compared with the control group (NOAEL), was found to be 8 mg kg-1 in rats and 40 mg kg-1 in mice. The NOAEL of the leucomalachite green was found at 23 mg kg-1 for rats and 77 mg kg-1 for mice. It follows from the results that mice are less sensitive to the effects of the dye. Contrary to the original assumption based on the structural arrangement, relatively higher toxicity of leucomalachite green and its ability to form DNA adducts in the liver, and thus also the potential for carcinogenic effects, were demonstrated (Srivastava et al., 2004).

Figure 1. Structural formula of malachite green, its carbinol form and leucomalachite green metabolite
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Laboratory tests also demonstrated that malachite green may damage DNA after in vitro metabolic activation, although no genotoxicity was demonstrated in in vivo tests. No genotoxic effects induced by leucomalachite green were demonstrated in vitro, and malachite green effects in vivo were confirmed only by the positive results of tests on transgenic mice. These findings suggest a low or even doubtful genotoxic potential of the two compounds (Fessard et al., 1999). 

Malachite and leucomalachite green carcinogenicity was studied in two-year tests on rats and mice. Carcinogenicity changes were observed in the liver of mice fed leucomalachite green at 31 mg kg-1 (Culp et al., 2006). 

Thus there arises a question why the leucoform of malachite green produces nodules in the liver of only mice while most of the tests assessing the formation of DNA adducts showed that the rats were the more sensitive species, where, however, the administration of leucomalachite green failed to induce any carcinogenic division. On the other hand, Werth (1958) reported a marked increase in the number of tumours in internal organs of rats that were fed a diet containing malachite green. Werth (1958) also reported defects in up to nine generations of the progeny of rats after oral application of 1 mg malachite green, which is also contradictory to conclusions drawn by Fessard et al. (1999). Although it is difficult to pronounce on any dependence between genotoxic and carcinogenic properties on the basis of the information presented, malachite green nevertheless appears to be a promoting agent in the formation of nodular lesions (Culp et al., 2006).

Based on results in rabbits, malachite green is classified among substances with teratogenic effects (Meyer and Jorgenson, 1983). It has also been demonstrated that MG is able to inhibit mitochondrial oxidasis and glutathion-S-transferase (Glanville and Clark, 1997), and that LMG is able to inhibit thyroidal peroxidase, whose activity determines the thyroid hormone synthesis (Doerge et al., 1998). Besides exhibiting a highly cytotoxic action on all mammalian cells, malachite green also induces lipid peroxidation and the formation of dangerous free radicals (Srivastava et al., 2004). 

Information on genotoxicity, bioaccumulation and reproductive genotoxicity is still incomplete, and neither have the admissible daily intake (ADI) limits been set.

4. Alternative use of other substances for the treatment of fish eggs and fish

Malachite green has gradually been replaced in the treatment of superficial fungal infections and infections with protozoan parasites with the exception of Ichthyophthirius multifiliis. 

In treatments of topical mycoses, malachite green is being replaced mainly by formaldehyde, potassium permanganate and bronopol (2-bromo 2-nitropropane 1,3 diol) baths (Citek et al., 1997; Cawley, 1999; Pottinger and Day, 1999). Sodium chloride and chloramine have been successfully used in the treatment of protozoan infections and flavobacteriosis of the gills in salmonids, respectively. 

4.1. Treatment of fish eggs

In some EU states, Pyceze solution was registered for treatment baths for food fish eggs (http://www.vmd.gov.uk/espcsite/Documents/131969.DOC). The preparation was developed in Great Britain in cooperation between salmonid fish producers and the Department for Environment, Food and Rural Affairs (DEFRA), and it is manufactured by Novartis Animal Vaccines. Its active ingredient is bronopol (2-bromo 2-nitropropane 1,3 diol), a member of the aliphatic halogenitro compounds, routinely used as an antimicrobial preservative. It is active against the cell wall and membranes of metabolically active bacteria and also fungi. Pyceze is particularly recommended for the treatment of salmonid fish eggs, and for the treatment and control of fungal infections (Saprolegnia sp.) in rainbow trout and Atlantic salmon. Pyceze is not recommended for the treatment of rainbow trout alevins or smelting Atlantic salmon because increased toxicity of the preparation to these developmental stages was demonstrated. Pyceze is degraded by prolonged or repeated exposure to UV light, which may alter its toxicity profile. It is therefore recommended not to pass Pyceze treated water repeatedly through ultra-violet sterilizing filters. 

Eggs are treated once daily at 50 mg L-1 Bronopol for 30 min, commencing 24 h after fertilisation at the earliest. Fish are treated at 20 mg/l Bronopol for 30 min once daily, for up to 14 consecutive days. Pyceze (Bronopol) may also be used to advantage against bacterial diseases, such as the rainbow trout fry syndrome (RTFS), i.e. anaemic syndrome of the rainbow trout fry caused by Flavobacterium psychrophilum, bacterial gill disease (Flavobacterium sp.) and other bacterial diseases. We should, however, bear in mind that the preparation is irritating to eyes, lungs and skin, and the use of protective equipment is necessary. Pyceze can be imported to the Czech Republic and applied here based on the approval by the State Veterinary Service. 

Baths of 36% to 38% formaldehyde (formalin) solutions at concentrations from 0.05 to 0.35 mL L-1 for 10 min once in every two hours are used to treat eggs of herbivorous fish. Formaldehyde baths can also be used for the treatment of eggs of other fish species (Citek et al., 1997). 

In the treatment of eggs of tench and other cyprinid fish, malachite green may be replaced with iodine-detergent preparations Wescodyne and Jodisol (with poly-N-vinylpyrolidon-2 as the active agent). These preparations are effective against fungi, bacteria and viruses that may be transmitted by fish eggs. Wescodyne is used at concentrations of 2 to 20 mL L-1, Jodisol at 2 to 50 mL L-1, exposure times of both the preparations range from 2 to 5 min once or twice daily in a broad range of fish species (Citek et al., 1997). 

To treat eggs of salmonid and coregonid fishes, dipping in solutions of 20 to 50 g L-1 sodium chloride or 0.5 g L-1 acriflavine for 20 to 30 min can also be used. Acriflavine is also used for the treatment of aquarium fish eggs (Citek et al., 1997). 

The need of chemotherapeutics can be minimized by the use of safe groundwater (free of fungal germs, etc.) for egg incubation. It means that, first and foremost, good quality water needs to be provided. If no source of such quality water is available, it is recommended to disinfect the supplied water by UV light (e.g. by installing a UV lamp in the supply pipe). UV light effectiveness may however be markedly reduced in water contaminated by undissolved particles. In aquarium rearing facilities, water disinfection by ozone has been used to advantage (the presence of ozone in atmosphere requires that adequate labour safety and health protection measures for the staff need to be in place) (Citek et al., 1997). 

4.2. Fish treatment – treatment of ichthyophthiriosis and fungal infections

One of the alternative, albeit technically prohibitive, methods of treating ichthyophthiriosis is a temporary increase in water temperature. The treatment consists in increasing the temperature of water with infected fish to 31–32°C and maintaining it there for three days. After three days, the water is allowed to gradually cool to the original temperature. The fish population gets rid of the infection, and acquires a considerable degree of immunity in the process. This method is used in aquarium fish rearing and in special fish-rearing facilities with heated water (Citek et al., 1997). 

Ichthyophthiriosis can also be successfully treated either by placing the fish in another tank or by keeping the fish in a strong stream of water for some time. Moving the fish to another tank has proved successful for the treatment of ichthyophthiriosis in gold fish of reasonable good health. The fish were moved daily for three days. On day four, only very few Ichthyophthirius multifiliis were found. Ichthyophthiriosis was also largely controlled in rainbow trout kept in a strong stream of water for 10 days. The fish were fed spleen to keep them in good condition (Svobodova et al., 1995). 

Following the ban on the use of malachite green in the EU, a seminar on malachite green substitutes and alternative strategies against fungal infections and ichthyophthiriosis was organised at the 10th International Conference of the European Association of Fish Pathologists (EAFP) in Dublin (Rahkonen et al., 2002). The results of a questionnaire sent to the Finnish producers of salmonid fish were presented there where they were asked to compare the effectiveness of Leteux-Meyer mixture (malachite green and formalin) with that of other preparations. Short-term formalin baths (60 or 250 mg L-1 for 60 or 20 min), sodium carbonate peroxyhydrate baths (60–90 mg L-1, 30–60 min, daily for 4–6 days) or baths in a mixture of acetic acid, peracetic acid and hydrogen peroxide (Detarox, 10 mg L-1 25–40 min, second treatment after 4–6 days) were evaluated for the most part as less effective than malachite green treatment. The same or better results were achieved with copper sulphate dip baths (250–500 mg L-1 for 30 s). The problem of copper sulphate is its high toxicity and the fact that dip baths are very labour intensive to organize. 

Another alternative is the use of metronidazole (humane preparation Entizol) or dimetridazole in the feed. Metronidazole is applied at a concentration of 7.5 mg kg-1 fish per day for a week. A dimetridazole dose is 56 mg kg-1 fish daily for 10 days (Citek et al., 1997). Neither metronidazole nor dimetridazole are, however, registered for use in food animals in the EU. For that reason, they can only be used to treat non-food fish (Rahkonen et al., 2002). These approaches proved successful only in fish that readily accepted medicated feed.

Scottish authors compared the effectiveness of six ichthyophthiriosis suppressing chemotherapeutics included in the feed. Amprolium hydrochloride (C14H19N4 + Cl–HCl) is in competition with the active transport of thiamine. Clopidol (C7H7C12NO) blocks the release of coccidial oocysts. Decoquinate (C25H35NO5) interferes with cellular respiration. Monensin (C36H61O11Na) affects mitochondrial activity. Nicarbazin (C19H18N6O6) inhibits energy metabolism. Salomycin sodium (C42H69NaO11) activity is similar to that of monensin. Tests with rainbow trout fry have shown that the use of amprolium hydrochloride (104 mg L-1) and clopidol (65 mg L-1) 10 days prior to experimental infection reduced the number of trophozoites by 62% and 35.2%, respectively. In curative treatment, chemotherapeutics mixed into feed were administered for 10 days. Amprolium hydrochloride (63 mg L-1 and 75 mg L-1) reduced the number of surviving trophozoites by 77.6% and 32.2%, respectively, clopidol (92 mg L-1) reduced the number by 20.1% and salomycin sodium (38, 43 and 47 mg L-1) reduced the numbers of trophozoites by 80.2%, 71.9% and 93.3%, respectively (Shinn et al., 2003). 

The ichthyophthiriosis treatment in trout was also tested in field trials on two Finnish farms in fish kept in concrete tanks. The preparations tested in the experiments included formalin, potassium permanganate (KMnO4), chloramine, hydrogen peroxide (H2O2) and preparations Per Aqua and Desirox, which are a combination of acetic acid and hydrogen peroxide. All of these preparations were tested individually or in combination with formalin. It was demonstrated that the use of those preparations or their combinations may successfully reduce the fish infestation with parasites to such an extent that high mortality is prevented in the first four weeks of infection, the immune response is meanwhile induced and the treatment can be discontinued. The combination Desirox/formalin proved to be the most effective (Rintamaki-Kinnunen et al., 2005a).

Experiments similar to those conducted by the Finnish authors were carried out with salmonids in in-ground ponds where the situation is more complicated compared with concrete tanks. In three experiments on Finnish farms, formalin and formalin/chloramine and formalin/Desirox combinations were used. When all three preparations were used, parasites were eliminated after four to five weeks of treatment. The Desirox/formalin combination was not however more effective than the others. This was probably so because the organic contamination in in-ground ponds is greater than in concrete tanks, which may reduce the effectiveness of the preparation (Rintamaki-Kinnunen et al., 2005b). 

Besides the above-mentioned Pyceze, preparations used for the control of ichthyophthiriosis in Austria include Perotan Aktiv (FIAP aquaculture), which is described by the producer as an alternative to chloramine (the composition of the preparation is not given). Perotan Aktiv is used at a concentration of 10 mg L-1 and it is applied on days 1, 3, 5, 7, 12 and 14. 

When searching for malachite green substitutes, in vitro methods are very often used which, however, fail to produce equally convincing results when tested in in vivo experiments again. For example, in vitro experiments in Switzerland with amphotericin B, chlortetracycline and formalin seemed to indicate their equal potential for successful treatment of ichthyophthiriosis as that of malachite green. In vivo tests, however, failed to corroborate that (Wahli et al., 1993). No adequate replacement for malachite green for the treatment of ichthyophthiriosis has been found. This is mainly due to the fact that these parasites penetrate into topical tissues of the body, and are thus partly protected against antiparasitic baths (Lom and Dykova, 1992). 

The preparation Virkon S is also used as a malachite green substitute. It is a disinfectant (Antec International) patented in over 20 countries of the world. Virkon S is a blend of peroxygen compounds, surfactants, organic acids and inorganic salts that control the system pH. Its action mechanism is based on a strong oxidation effect on viruses, bacteria and fungi. For disinfection in aquaculture, 1:100 dilution (1% solution) is used and, according to currently available information, it is used in various European countries against a broad range of pathogens (http://www.antecint.co.uk).

5. Conclusions

In spite of partial success in the treatment of some diseases using the above “replacement” preparations, no truly adequate substitute for malachite green has been found.

Success in farming the economically important fish species hinges on a possibility of providing an adequate supply of good-quality water with minimum contamination by organic substances and on the use of good-quality feeds that will keep fish in the best health condition possible and increase their resistance to infections. 

Because malachite green will persist in the aquatic environment for a long time and may pass via the food chain from there to untreated fish intended for human consumption, every care must be taken when malachite green used for baths of aquarium or ornamental fish is being disposed of. If enough attention is not paid to the problem, malachite green contained in baths or industrial waste water might penetrate to the aquatic environment and cause serious problems there. 
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Abstract
The aim of the study was to assess the effects of the anthelminthic, praziquantel, on haematological and biochemical indices of blood of common carp (Cyprinus carpio L.). Fish were divided into 6 groups: 2 groups received 30 mg kg-1 body weight (bw) praziquantel, and 2 groups were given 50 mg kg-1 bw praziquantel mixed into the heat treated amyloid vehicle. Fish in the remaining 2 groups were given only the amyloid vehicle as control. Fish were examined either 24 h or 96 h after administration. Praziquantel treatment was characterized by significantly lower erythrocyte count, haemoglobin level, packed cell volume and total protein at both dose levels after 24 h compared to controls, but these parameters were similar to control values at 96 h. The activity of alanine aminotransferase (ALT) was significantly higher after 96 h in treated groups, which could be attributed to slight hepatocyte damage caused by praziquantel. However, the differences from control were not great and we could presume their reversibility. 
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Introduction
Chemicals used in aquaculture are subject to strict control, particularly with regard to their safety and efficacy (Taylor and Roberts, 1999). One of the important categories of widely used veterinary therapeutics is anthelminthics. An effective fish anthelminthic (useable in food-fish) must meet a number of general requirements, e.g. it must be non-toxic to both fish and humans, have a large safety factor without side effects, and leave no residues in fish (Roos et al., 2001; Schlatterer and Belz, 1993; Spratt, 1997).
Praziquantel is a parasiticide which is effective against tapeworms, monogeneans, and trematodes (Buchmann, 1987; Mitchell, 1995; Kim et al., 2001; Sharp et al., 2004). It was the first anthelminthic to fulfil the WHO requirements for population-based chemotherapy for a broad range of parasitic infections (Wegner, 1981). The chemical entity was discovered in 1972. It was developed first for the veterinary market and then for treatment of schistosomiasis in humans (Reich and Govindaraj, 1998). Optimum dose regimens and use conditions have not been determined in most cases. The effective doses cover a wide range: 5–100 mg kg-1day-1 depending on species of tapeworm (Treves-Brown, 2000). 

Veterinarians have attempted to use medication for the treatment of fish tapeworm, but little information on their effects has been reported. Various chemicals, including praziquantel, benzimidazoles, and niclosamides, have been recommended for oral treatment of fish tapeworm (Treves-Brown, 2000), but there are no determined maximum residue limits (MRL) of these substances in fish to be used for human consumption. At present, praziquantel is licenced for use as a veterinary prescription drug only in ornamental and non-food fish (Kolarova and Nepejchalova, 2006).
Blood parameters are considered as pathophysiological indicators of the whole body and therefore are important in diagnostic the structural and functional status of fish exposed to toxicants and medicaments (Adhikari et al. 2004). The aim of the present study was to assess the effects of praziquantel on the haematological indices and biochemical blood profile of three-year-old common carp (Cyprinus carpio L.).

Materials and Methods
Fish husbandry

Seventy three-year-old carp, mean weight 1305 ± 187g, some of which were naturally infected with tapeworms, were obtained from a farm pond in Vodňany, Czech Republic. The fish were acclimated for 1 week and were fed twice daily with dry pelleted food (KP2, Grana a.s.) Feeding was discontinued 24 h prior to beginning the experiment. The health of fish, prevalence and intensity of infection were established through examination of 10 fish prior the trial. 

The remaining 60 common carp were divided into 6 groups of 10 fish, and the fish from each group were further divided into two tanks, for a total of 12 tanks at five fish per tank. The volume of each experimental tank was 250 L and water was changed daily. Water was aerated and oxygen saturation and pH were monitored daily. Oxygen saturation of water was above 85% (ranging from 80% to 90%) and pH ranged from 6.3 to 7.3. Water temperature was checked 6 times daily (at 0000, 0600, 1000, 1400, 1800 and 2000h), from 25 October to 8 November, with the temperature recorder RT – F52 (Qi Analytical, Czech Republic). The mean daily water temperature was 20°C (± 2°C) in all tanks.
Praziquantel trial

Fish were intubated directly into the oesophagus with varying concentrations of the drug mixed into a heat-treated amyloid vehicle at a dose of 5 mL kg-1 body weight (bw). The vehicle was prepared by heating 60 g food starch (Solamyl) in 1 l water to 100 temperature.. The experimental groups E1 and E3 were given 30 mg praziquantel (2– cyclohexylcarbony l-4–oxo-1,2,3,6,7,11b–hexahydro-4H-pyrazino[2,1-a] isoquinoline) kg-1 bw. Experimental groups E2 and E4 were treated with 50 mg praziquantel kg-1 bw. The fish in the control groups C1 and C2 received only the heat-treated amyloid vehicle without the drug (5 mL kg-1 bw.). The fish were subsequently observed in the recovery tanks for any signs of regurgitation of anthelminthic.
Blood sample processing 

Blood was taken 24 h after drug administration in groups E1, E2 and C1 and 96 h after administration in groups E3, E4 and C2. Blood was sampled from the caudal vessels and stabilized with 50 IU sodium heparin per 1 mL. Immediately after sampling, erythrocyte count (RBC), haematocrit value (PCV), haemoglobin concentration (Hb), leukocyte count (WBC), mean erythrocyte volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC) were determined according to Svobodova et al. (1991). Plasma was separated from cells by centrifugation (10 min at 12 000 x g) at 4 °C. The biochemical indices determined in plasma included glucose (Glu), total plasma protein concentration (TP), total globulins (Glob), and activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST). For the biochemical analysis of plasma, a VETTEST 8008 Analyser (IDEXX Laboratories, Westbrook, ME, USA) was used. After blood sampling, the fish were quickly stunned with a blow to the head and examined for presence of tapeworms in the intestine.
Statistical analysis

The statistical software program STATISTICA (version 8.0 for Windows, StatSoft) was used to compare differences among the test groups. Prior to analysis, all measured variables were checked for normality (Kolmogorov–Smirnov test) and homoscedasticity of variance (Bartlett’s test). If those conditions were satisfied, a two-way ANOVA was employed to determine whether there were significant differences in measured variables among experimental groups. When a difference was detected (P ( 0.05), Dunnett’s multiple range test was applied (Zar, 1996).
Results
Clinical condition of treated fish

No clinical abnormalities were observed in the fish treated with praziquantel at either dose level. Praziquantel and heat treated amyloid vehicle were well tolerated by the fish, and no fish were lost during the experiment.
Haematological profile

The most significant differences from controls were observed in haematological indices 24 h after administration. In the E1 and E2 groups, a significantly lower values (P < 0.01) of RBC and Hb compared to group C1 were observed (Figure 1), however, in the blood samples taken 96 h after administration (E3 and E4), the values of RBC and Hb were similar to the levels of control group C2.
The value of PCV was significantly lower (Figure 1) in the groups E1 and E2 (P <0.01, P <0.05, respectively) compared to group C1, however, the same parameter in E3 and E4 after 96 h corresponded with control C2. The response of WBC to praziquantel was less dramatic. The WBC counts were similar for all groups at both sampling times. The basic values of RBC - MCV, MCH and MCHC also showed no significant differences among groups throughout the experiment (Table 1 and 2). 
Figure 1. Haematological (RBC, Hb, PCV) and biochemical (Glob) indices in praziquantel treated carp 24 h post administration (groups with different alphabetic superscripts differ significantly at P < 0.05 or P < 0.01).
	Indices


	C1

x ± SD (n = 10)
	E1 

(30 mg kg-1)

x ± SD (n = 10)
	E2

(50 mg kg-1)

x ± SD (n = 10)

	RBC (T·L-1)
	1.87 ± 0. 27a
	1.42 ± 0.34b
	1.45 ± 0.20b

	Hb (g·L-1)
	107.50 ± 12.62a
	81.20 ± 20.36b
	81.70 ± 10.84b

	PCV (L L-1)
	0.35 ± 0.04a
	0.23 ± 0.04c
	0.30 ± 0.04b

	WBC (G·L-1)
	58.2 ± 19.92a
	60.65 ± 20.43a
	49.50 ± 15.20a

	MCV (fl)
	190.04 ± 27.63 a
	166,42 ± 24,83 a
	216.61 ± 53.97 a

	MCH (pg)
	57.93 ± 3.92 a
	57.03 ± 4.11 a
	56.34 ± 3.32 a

	MCHC (L L-1)
	0.31 ± 0.04 a
	0.35 ± 0.05 a
	0.27 ± 0.05 a
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Table 1. Effects of praziquantel, 24 h post administration, on haematological indices in carp. Groups with different alphabetic superscripts differ significantly at P < 0.05 or P < 0.01.

Table 2. Effects of praziquantel, 96 h post administration, on haematological indices in carp. Groups with different alphabetic superscripts differ significantly at P < 0.05 or P < 0.01.
	Indices


	C2

x ± SD (n = 10)
	E3 

(30 mg kg-1)

x ± SD (n = 10)
	E4

(50 mg kg-1)

x ± SD (n = 10)

	RBC (T·L-1)
	1.64 ± 0.14a
	1.69 ± 0.13a
	1.62 ± 0.20a

	Hb (g·L-1)
	86.30 ± 7.60a
	90.40 ±. 7.99a
	86.70 ±. 11.28a

	PCV (L L-1)
	0.29 ± 0.03a
	0.31 ± 0.03a
	0.29 ± 0.04a

	WBC (G·L-1)
	73.95 ± 28.32a
	67.45 ± 11.72a
	60.20 ± 20.97a

	MCV (fl)
	180.29 ± 15.30 a
	183.87 ± 11.51 a
	177.57 ± 12.91 a

	MCH (pg)
	52.94 ± 4.66 a
	53.57 ± 2.55 a
	53.83 ± 4.13 a

	MCHC (L L-1)
	0.29 ± 0.02 a
	0.29 ± 0.02 a
	0.30 ± 0.03 a


Biochemical profile of blood plasma

There were no observed differences from controls in ALT activity after 24 h. Alterations in plasma enzymes exhibited a significant elevation (P < 0.05) of ALT activity in groups E3 and E4 compared to control C2 after 96 h, while AST did not differ from control at either sampling times. In Glu values, there was a significant reduction (P < 0.05) in groups E1 and E2 when compared with C1 (after 24 h). In the blood plasma sampled 96 h after administration, there were no differenced among groups in Glu. 

The values of TP and Glob (Figure 1) were significantly lower (P < 0.05) in group E1 after 24 h compared with C1. In the group E2, we found also lower values of TP and Glob, however, they were significant (P < 0.05) compared with control only in Glob (Figure 1). There were no differences from control in TP and Glob observed among the groups E3 and E4 (after 96 h). The values of biochemical indices for all groups are given in Tables 3 and 4.
Table 3. Effects of praziquantel, 24 h post administration, on biochemical indices in carp plasma. Groups with different alphabetic superscripts differ significantly at P < 0.05 or P < 0.01.
	Indices


	C1

x ± SD (n = 10)
	E1 

(30 mg kg-1)

x ± SD (n = 10)
	E2

(50 mg kg-1)

x ± SD (n = 10)

	AST (U·L-1)
	64.2 ± 48.80a
	61.2 ± 24.81a
	57.9 ± 16.06a

	ALT (U·L-1)
	6.2 ± 6.03a
	13.4 ± 8.99a
	13.1 ± 9.84a

	Glu (mmoL L-1)
	7.85 ± 1.698a
	5.75 ± 1.412b
	5.96 ± 1.547b

	TP (g·L-1)
	37.3 ± 5.68a
	27.9 ± 5.52b
	33.4 ± 3.67a

	Glob (g·L-1)
	32.5 ± 5.27a
	25.8 ± 3.12b
	28.6 ± 2.62b


Table 4. Effects of praziquantel, 96 h post administration, on biochemical indices in carp plasma. Groups with different alphabetic superscripts differ significantly at P < 0.05 or P < 0.01.

	Indices


	C2

x ± SD (n = 10)
	E3 

(30 mg kg-1)

x ± SD (n = 10)
	E4 

(50 mg kg-1)

x ± SD (n = 10)

	AST (U·L-1)
	51.7 ± 17.02a
	45.8 ± 10.44a
	41.2 ± 7.01a

	ALT (U·L-1)
	13.6 ± 5.23b
	21.4 ± 6.99a
	20.5 ± 5.48a

	Glu (mmoL L-1)
	4.94 ± 0.678a
	4.47 ± 0.931a
	4.3 ± 0.58a

	TP (g·L-1)
	34.1 ± 1.51a
	34.0 ± 1.95a
	32.3 ± 3.00a

	Glob (g·L-1)
	29.6 ± 0.66a
	28.9 ± 1.22a
	28.5 ± 1.86a


Parasite infection
The presence of tapeworms in the intestines of both non-medicated and experimental fish was stated. Worms were identified as Atractolytocestus huronensis and Khawia sinensis. We evaluated only the prevalence of tapeworms because of low intensity of infection. The prevalence of tapeworms was 30% in fish checked before the experiment began, and no tapeworms were found in group E1, E3 and E4 after treatment (prevalence 0%). The prevalence of tapeworms in group E2 was 10% after treatment. The control group C1 had the same prevalence (30%) as the fish checked before the trial, however, group C2 showed a lower prevalence (10%). Yellow coloured remains of tapeworms were infrequently observed in the caudal portion of intestine of fish in all groups. We could presume that praziquantel was active at both dose rates and reduced the intensity of infection, but this was not statistically evaluated because of low initial prevalence of infection.

Discussion
The evaluation of haematological and biochemical characteristics in fish has become an important means of understanding normal and pathological processes and toxicological impacts. Blood indices are often subject to variation depending upon the stress and environmental factors (Goel et al., 1981; Hlavova, 1993). More biochemical toxicological research has been conducted on mammals than on fish. However, not surprisingly, many biochemical similarities exist among vertebrate species (Hochachka and Mommsen, 1995).
The main haematological response to administration of praziquantel was a significant decrease in Hb content, PVC and RBC. This decline 24 h post-administration indicates a condition of light erythropenia and intralienic haemolysis. The decrease in these parameters may also be the result of poor mobilization of red blood cells from the spleen and other haematopoietic organs (Scott and Rogers 1981). Similar results were observed in fish exposed to pesticides (Varandaraj et al., 1993; John, 2007). Buckley et al. (1976) reported that a prolonged reduction in Hb is deleterious to oxygen transport, and any blood dyscrasia and degeneration of RBC could be ascribed to a pathological condition in fish exposed to toxicants; however, the differences from control were found only after 24 h post-administration. We could assume from the results obtained 96 h after application, that decreases of these values are reversible. 

The liver is an important organ for many metabolic processes and xenobiotic detoxification. Exposure to chemicals may lead to their accumulation in the liver and/or may cause pathological alterations (Braunbeck, 1994). Moreover, hepatocyte injury leads to the release of tissue specific enzymes into the bloodstream. The first sign of metabolic alteration could be a decrease in glucose due to decreased ability of the liver to ensure normoglycaemic level. High levels of ALT may indicate that hepatocytes have become inflamed or died (Hochachka and Mommsen, 1995). Any form of hepatocyte damage can result in elevated ALT, which is the most sensitive marker for liver cell damage. Praziquantel administration significantly increased plasma ALT in fish sampled after 96h compared with controls, suggesting plasmatic membrane damage. The activity of AST did not differ from controls in any treated group. Alanine aminotransferase is thought to be a predominantly non-mitochondrial enzyme, whereas approximately 80% of AST in hepatocytes appears to be located in mitochondria. When hepatocytes (as evidenced by plasmatic elevation of ALT), but not the mitochondrial membrane (no differences in AST), show damage, it has been postulated to be the result of "mild" hepatocellular injury (Pincus and Schaffner, 1996). All methods of microcistin administration to fish also cause elevated ALT (Gupta and Guha, 2006). Vutukuru et al. (2007) describe significant increases in ALT and AST activity in carp after exposure to chromium and arsenic. The effect of oral administration of praziquantel, at different dose levels, on the activity of metabolizing hepatic enzymes was studied in rabbits by Kheir et al. (1995), who found high doses of praziquantel (1600 mg kg-1) caused an increase of transaminase activity. This is in agreement with the results published by Bjorklund and Bylund (1987) who compared praziquantel pharmacokinetics in mammals to those in fish and stated that the pharmacokinetic processes are slower in fish, and parasites are therefore subjected to the active drug for longer than in mammals. 

In this study, other differences from controls were found in values of TP. Assessment of protein content can be considered a diagnostic tool to determine the physiological status of the cells (Manoj and Raghothaman, 1999). The slight decline in TP may be related to ALT elevation as an initial sign of partial protein degradation, cell damage in plasma, and liver damage (Vutukuru et al., 2007). We do not know the time required for stabilisation of ALT activity. 

In conclusion, results of the study have shown that praziquantel treatment affects the physiological status of the important organs, as evidenced by differences in levels of transaminase activity and haematological indices in common carp. However, the differences are not great, and we could presume their reversibility. No significant differences in parameters were found between the tested concentrations of praziquantel. Further studies of the liver ultrastructure in fish may increase our understanding of pathological alterations in liver following praziquantel administration. 
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Abstract

The aim of the study was to assess the effects of orally applied praziquantel on the treatment efficacy against most abundant tapeworms (Atractolytocestus huronensis Anthony, 1958 and Khawia sinensis Hsü, 1935) of common carp (Cyprinus carpio Linnaeus). Naturally infected fish (1.5-year-old; K1-2) were divided into 6 groups. Three trial groups were administered with praziquantel mixed in heat-treated amyloid vehicle (in doses of 50 mg.kg-1 body weight). In 3 groups of control, the fish were administered with amyloid vehicle only. Fish were examined by using of gut dissection 2, 4 and 6 days after administration. The location, intensity and prevalence of individual species of tapeworms were recorded. A. huronensis and K. sinensis have been found in the gut of carp together. A. huronensis was situated in the aesophageal part of foregut, and K. sinensis came after – immediately before the first intestine loop, of the intestines of carp. The invasion of A. huronensis was fully eliminated in all trial groups after 4 days whereas some specimens of K. sinensis still persisted in the gut of few fish. The full elimination of both parasites was observed 6 days after administration. Our results showed that elimination of K. sinensis takes longer than elimination of A. huronensis. The dose of 50 mg kg-1 of orally applied praziquantel is effectual to control A. huronensis and K. sinensis infections in common carp successfully, however, significant decrease of the number of parasites was also caused by one-shot orally application of big bolus vehicle and leaving unfed fish in the clean water.

Keywords: Khawia sinensis, Atractolytocestus huronensis, Cyprinus carpio, treatment, antihelmintic

Introduction

Fish tapeworms are widespread throughout all major water systems of Europe and demonstrate a high degree of host specificity. Some of these parasites could cause disease and death in carp in aquaculture settings and may retard growth in hatchery-reared common carp (Cyprinus carpio L.). Other consequences include dysfunction or destruction of the intestinal lining and adverse changes to certain blood parameters (Niemczuk, 1991; Molnar et al., 2003). There are two species of tapeworms from the order Caryophyllidea frequently found in the intestine of South Bohemian carp.

The older known species is Khawia sinensis Hsu, 1935. It is the easily identified carp tapeworm, which biology and developmental cycle is described in detail by various authors (Kulakovskaya, 1963; Demshin and Dvoryadkin, 1980; Scholz, 1991). The range of the parasite has extended greatly, despite legal prohibition of the introduction and movement of infected fish in the end of 20th century (Yeomans et al., 1997). 

The second relatively new species is Atractolytocestus huronensis. This parasite was first described by Anthony (1958) in North America. Now, it is an important endoparasite in the intestine of common carp, Cyprinus carpio L., reared in ponds in Czech Republic. During the last decades, this parasite has spread abroad the Europe. Occurrence of this tapeworm was recorded in England (Chubb et al., 1996), Czech Republic and Hungary (Molnar et al., 2003, Majoros et al., 2003), Slovakia (Oros et al., 2004) and Germany (Kappe et al., 2006). Scholz et al. (2001) noted occurrence of A. sagittata, very close species, in the intestine of C. carpio from Japan. Other dispersion could be assumed with regard to progressive export of parasitized carp to many other countries. The prevalence of the infection may reach 100% in intensive and semi-intensive pond culture systems, where the parasite is a particular threat to underyearling carp. Pathology caused by A. huronensis is described in detail by Molnar et al. (2003), who pointed out the potential of higher pathogenicity of A. huronensis in comparison with Bothriocephalus acheilognathi. 
The eradication of fish tapeworms is problematical. Intensive production of fish has inevitably created a requirement for medicines, but the legislative framework in the European Union (EU) has made it uneconomic for pharmaceutical companies to develop medicines for a small market (Treves-Brown, 1999). Therefore, the limited possibility of using chemicals and drugs for treatment makes the situation even more difficult to handle. Many veterinarians try to use chemicals with potential effect on fish tapeworm, but hardly anybody exactly knows consequent effect. 

Various chemicals including praziquantel, benzimidazoles and niclosamides are recommended for orally treatment of fish tapeworms (Trewes-Brown, 2000), however, there are no determined maximum residue limit (MRL) in fish for these substances, which means the maximum level of a chemical which is permitted to be present in a human food, expressed in milligrams of the chemical per kilogram of the food (mg kg-1) unless otherwise stated. That is why, the most perspective praziquantel is allowed to use only for ornamental and nonfood fish and for food fish treatment it is still under experimental studies like this. Nevertheless, the development of a tapeworm eradication procedure is necessary for the continued interstate shipment of tapeworm-free fish (Mitchell, 2004) and economical profitable of fish growth rate. The aim of the present study was to determine location, intensity and prevalence of individual species of fish tapeworms before and after praziquantel treatment.

Materials and Methods

Fish
Individuals of 1.5-year-old carp (K1-2) weighing 272 ± 50 g naturally infected by tapeworms were obtained from commercial producer. The fish were acclimated to 20 ± 2°C for 3 days prior to the experiment and were not fed throughout the trial. The presence and numbers of tapeworms in the intestine was confirmed by examination of 15 fish and the results from this initial examination were used as starting values for final evaluation. The total of 108 carp intended for test was divided into 6 groups consisted of 6 fish per tank and each group was three times replicated. The volume of each experimental tank was 250 L and water from each tank was daily changed. All used tanks were aerated with an air pump attached to aeration stones and oxygen saturation and pH were measured every day. Oxygen saturation of water was above 80% (ranging from 72% to 91%) and pH ranged from 6.28 to 7.30.

Trial
Fish from 3 trial groups were intubated directly into the oesophagus with the drug mixed into a heat-treated amyloid vehicle at a dose of 5 mL kg-1 body weight. The concentration of praziquantel was 50 mg kg-1 bw. The vehicle was prepared by heating 60 g food starch (Solamyl) in 1 L water to 100°C temperature. In 3 control groups, the fish were administered amyloid vehicle in the same dose only. The fish were subsequently observed in the recovery tanks for any signs of regurgitation of antihelmintics. Tapeworms survival in common carp was determined 2, 4 and 6 days after administration (control and trial group in each time together). Fish were killed with a blow on the head, the visceral cavity was cut open and intact intestinal tracts were removed and examined for tapeworms. The effectiveness of treatment for both species of tapeworms was confirmed by comparison of the number of parasites with those in the control at the same examination time. The location, intensity, prevalence and the time of elimination of tapeworms were recorded. 

Statistical analysis
Statistical analysis was carried out using STATISTICA software 8.0 for Windows (StatSoft, Prague, Czech Republic). 

The prevalence of tapeworms was represented in percentage and thus had to be subjected to arcsin transformation prior to any further processing. Data were first tested for normality (Kolmogorov Smirnov test) and homoscedasticity of variance (Bartlett’s test). If those conditions were satisfied, two-way analysis of variance (ANOVA) was used to determine if there were any significant differences in measured variables among control and trial groups.

Results and discussion

No clinical abnormalities were observed in the fish treated with praziquantel. Praziquantel and heat treated amyloid vehicle were well tolerated by the fish and no fish were lost during the experiment.

Two species of tapeworms, Atractolytocestus huronensis and Khawia sinensis, were found in the gut of examined carp concurrently. Both of two species of tapeworms have their specific position of occurrence in the intestine. A. huronensis was situated in the oesophageal part of foregut. This part of the intestine is characterised by the presence of numerous intestinal crypts located close to one another, in addition to intestinal folds generally typical of the gut of cyprinids. K. sinensis came after – immediately before the first intestine loop, of the gut of carp (Photo 1). Scholz et al. (1990) described location of K. sinensis and found the parasite in all parts of the gut, however, the position of the majority of parasites (73%) from their study corresponded with our findings. The location of attachment of A. huronensis is described by various authors, who pointed out the presence of tapeworms in the foregut, often in the most proximal 3 to 5 cm segment thereof (Molnar et al., 2003; Majoros et al., 2003; Williams, 2008). There are no data available for presence of both tapeworms together in the gut of fish.
Photo 1. Occurence and position of tapeworms in the intestine of carp (Cyprinus carpioL.)

Ah - Atractolytocestus huronensis, Ks - Khawia sinensis
[image: image3.png]



Intensity of infection of A. huronensis and K. sinensis was very variable depends on individuality of each fish, however, the mean intensity of both tapeworms continually decreased in control and trial groups during the time tested. The number of A. huronensis decreased more rapidly then the number of K. sinensis in praziqantel treated groups. There were no tapeworms A. huronensis found in the intestine of praziqantel treated carp four days after application while the trend of decreasing number of K. sinensis had still been continuing. The intestines of treated fish were free from both tapeworms 6 days after treatment (Table 1).
Table 1. Survey of carp (Cyprinus carpio – K1-2) examined during the trial and their infestation with tapeworms. 

	Group of fish
	Trial time (day)
	Name of group
	No. of carp
	No. of tapeworms A.huronensis/ K.sinensis
	Mean intensity of A.huronensis

(min.-max.)
	Mean intensity of K.sinensis

(min.-max.)

	
	
	
	examined
	infected by A.huronensis
	infected by K.sinensis
	
	
	

	pretrial
	-
	C 0
	15
	15
	8
	797/38
	53 (1-184)
	3 (2-18)

	control 
	2
	C 2
	18
	14
	6
	122/25
	7 (1-29)
	1 (2-10)

	trial
	2
	T 2
	18
	6
	5
	10/8
	1 (1-3)
	- (1-2)

	control
	4
	C 4
	18
	8
	5
	131/15
	7 (2-83)
	1 (2-5)

	trial
	4
	T 4
	18
	-
	2
	-/2
	-
	- (1)

	control
	6
	C 6
	18
	4
	7
	27/20
	2 (2-11)
	1 (1-9)

	trial
	6
	T 6
	18
	-
	-
	-/-
	-
	-


Molnar et al. (2003) observed that species A. huronensis may have a more important pathological role than K. sinensis because of A. huronensis rather securely attaches itself to the intestinal epithelium and can be removed from there only with difficulty. This is in contrast with our findings. We observed easily and more rapid elimination of A. huronensis than K. sinensis in control and praziquantel treated groups. 

Scholz et al. (1991) described the effect of starvation of the infected carp for survival of the parasite. The burden in fed fish, in their trial, was conspicuously higher than in carp without feed and the greatest number of tapeworms was expelled from fish between day 3 and 10 of the experiment. In our study, we observed main well-marked elimination of tapeworms between day 3 and 5 of starvation in all groups. An apparently higher number of tapeworms and their remnants was recorded in the sediment of treated fish than in the sediment of control fish. However, the exact number of expelled tapeworms was not calculated due to probable decomposition of tapeworms in the gut and subsequently difficult detection in the sediment. Yellow coloured remains of tapeworms were infrequently observed in the caudal portion of intestine of fish in all groups.

The prevalence of A. huronensis and K. sinensis was 100% and 60%, respectively, in fish checked before the experiment began (C0). The statistical evaluation was made with the results obtained after application of praziquantel and initial values were used only in figures in time zero. We observed the mild effect of praziquantel on the prevalence of A. huronensis. The trial groups did not differ from control groups in the same time of examination, while the significantly lower prevalence of A. huronensis (P < 0.01) was observed in trial groups T4 and T6 compared with control group C2 (Figure 1). It is supposable that the small differences between the control and trial groups could be caused by the high willingness of A. huronensis to be expelled due to the starvation. 
Figure 1. Prevalence of Atractolytocestus huronensis. Groups with different alphabetic superscripts differ significantly at P < 0.05 or P < 0.01).
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The substantial effect of praziquantel was observed on the tapeworm K. sinensis (Figure 2). The prevalence in trial group (T6) was significantly lower (P < 0.05) compared with control group (C6). The decreasing values of prevalence (P < 0.05) were also noticed within the trial groups T2 and T6. These results point out the potential of praziquantel to eliminate or completely exterminate the tapeworms K. sinensis.
Figure 2. Prevalence of Khawia sinensis. Groups with different alphabetic superscripts differ significantly at P < 0.05 or P < 0.01).
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There are no data available for the effectual doses of orally applied praziquantel. Our results indicate that the dose of 50 mg kg-1 of orally applied praziquantel is effectual to control K. sinensis and A. huronensis infections in common carp successfully, however, significant decrease of the number of parasites was also caused by one-shot orally application of big bolus vehicle and leaving unfed fish in the clean water.
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Abstract

The aim of the present study was to asses the effects of medicated feed, Rupin Special gran. ad us. vet. with oxytetracyclini chloridum as active ingredient (5 g kg-1 feed), on physical and chemical characteristics of a pond ecosystem and the health of carp of two age groups in a pilot operation. The medicated feed was administered in 8 doses (15 g kg-1 live weight). In the study, temperature, oxygen concentration, pH, microbiological, hydrobiological and hydrochemical variables of pond water were monitored. The fish health assessment was based on clinical, pathological-morphological and haematological examinations of 80 individuals in total. The examinations were made before, during, immediately after and 15 days after the administration of medicated feed. No effects on water quality were found. An important histological change after the application of 8 doses was the loss of haematopoietic tissue from the spleen, and dystrophic changes in the renal duct epithelium. A decrease in leukocyte and lymphocyte counts and in total blood plasma protein concentrations (P < 0.05) were observed already after the 3rd dose of Rupin Special. It follows from the results of the study that Rupin Special should be used in only 4 (exceptionally 6) doses, compared to the originally recommended 8 doses.
Keywords: fish treatment, haematology, histology, medicated feed

1. Introduction

For the suppression and treatment of bacterial diseases in fish, an effective medication is required to which pathogenic microorganisms are sensitive. At present there are only two antibiotic preparations registered in the Czech Republic for application to fish. These are Flumiquil 50% plv. ad us. vet., a synthetic chinolon-based antibiotic with flumequin as an active ingredient, and Rupin Special gran. ad us vet., a tetracycline antibiotic with oxytetracycline (5 g. kg-1) as an active ingredient (Kolaova and Nepejchalova, 2005).

Rupin Special is a broad-spectrum antibiotic with activity against the majority of gram-positive and gram-negative bacteria. Vitamin A (retinoli acetas) is present in the preparation mainly to improve the condition and resistance of the fish. Saccharin (saccharinum) and anise oil (anisi etheroleum) are added as taste correcting agents to guarantee that the feed is readily accepted by fish. Stabilizers and coating materials prevent undesirable changes in the preparation during its distribution or storage. Wheat flour is used as the vehicle of the preparation and this also increases the feed's nutritional value.
Rupin Special is supplied in cylindrically shaped pellets about 3-4 x 3-10 mm in size. The pellets are hard, and they soften when soaked in water, although they will retain their shape for several hours (Cervinka et al., 1997). They disintegrate in water after 20 to 22 hours. A normal ration is 15 g per kg live weight of fish stock at the time of application per feeding. Application should be repeated at 2- to 3-day intervals (if water temperature is constantly above 20°C, a 2-day interval is recommended). The preparation is administered 4 to 6 times. The pellets are administered p.o. at any period when fish are able to ingest food. The feeding technique should guarantee that the medicated pellets are all eaten by fish within 6 hours after application. The protection period is 378 degree days (Anonymus, 2004).
Oxytetracycline has different effects on the fish immune system, depending on the species, size of fish, water temperature and the way of drug application (Van der Heijden et al., 1991). Serezli et al. (2005) found that the drug reduced the phagocytic activation of phagocytic cells in blood of sea bream and stimulated gilthead sea bream’s immune system by increasing the number of NBT- positive cells (nitroblue tetrazolium assay) i.e., the total leukocyte and total erythrocyte numbers. This result is in agreement with the findings of Anderson and Jeney (1992). Although negative side effects have been reported in some cases, oxytetracycline remains one of the most frequently used antibiotics in aquaculture (Tafalla et al., 1999).
The aim of the present study was to assess the effects of the medicated feed on the physical, chemical and biological characteristics of a pond ecosystem and the health carp (Cyprinus carpio L.).
2. Materials and methods
2.1 Experimental design
One to two-year- old carp (K1-2) and two- to three-year-old carp (K2-3) were used in a pilot study to test the medicated feed. Experiments were made in 2 ponds of 0.08 ha in size and an average depth of 0.7 m, belonging to the University of South Bohemia. In the spring, 400 one-year-old carp (K1) weighing 16 kg (average 40 g per individual) were stocked in one pond (No.68) and 200 two-year-old carp (K2) weighing 210 kg (average 1050 g per individual) in the other pond (No.69). The experiment took place from 2 June to 16 July. The fish in the ponds were given 8 doses (15 g Rupin Special pelleted feed per per 1 kg live weight of fish stock) every second day from June 4 to June 25. The monitoring and evaluation of the results focused on the examination of pond water and on fish health before, during, immediately after, and 15 days after the application of the Rupin Special medicated feed, using each time 10 fish from each pond. The timetable of the experiments is given in Table 1.
2.2 Water tests
Water temperature, pH and oxygen concentrations in the ponds were checked 3 times daily (at 7 am, 2 pm and 7 pm) from 2 June to 16 July with MultiLine P4, a combined pH meter and oximeter (WTW Company). From the three daily measurements, mean daily temperatures were calculated.

At three different sites, at the water inflow site, at the centre of the lateral wall, and at the water outflow site of each of the ponds, water samples were taken for microbiological examination. The samples were analyzed in the microbiology laboratory of the State Veterinary Institute in Ceske Budejovice. The numbers of coliform, mesophilic and psychrophilic bacteria were determined according to Czech standard techniques (CSN EN ISO 9308-1 Water Quality - Detection and Enumeration of Escherichia coli and coliform bacteria and in CSN EN ISO 6222 Water Quality – Detection and Enumeration of Culturable Micro-organisms).
As part of hydrobiological testing of the water, plankton and benthos samples were taken, according to Hrbacek et al. (1962).

Basic hydrochemical tests of water samples (ANC4,5( BNC8,3( CODMn( NH4+( NO3-( NO2-( PO43-) of the two ponds were made once weekly (methods according to Horakova et al.,1986).

Table 1. The timetable of the study
	Date
	Rupin Special

application
	Blood sampling and health tests/

Histological examination
	Hydrochemical water tests
	Hydrobiological water tests
	Microbiological water tests

	2.6.
	start of testing

	3.6.
	
	+/+
	
	+
	

	4.6.
	1.+
	
	+
	
	

	5.6.
	
	
	
	
	+

	7.6.
	2.+
	
	
	
	

	10.6.
	3.+
	
	
	
	

	11.6.
	
	
	
	
	+

	12.6.
	
	+
	+
	
	

	13.6.
	4.+
	
	
	
	

	14.6.
	
	
	
	+
	

	16.6.
	5.+
	
	
	
	

	18.6.
	
	
	
	
	+

	19.6.
	6.+
	
	+
	
	

	22.6.
	7.+
	
	
	
	

	25.6.
	8.+
	
	+
	
	

	27.6.
	
	+/+
	
	+
	+

	1.7.
	
	
	+
	
	

	8.7.
	
	
	+
	
	

	10.7.
	
	+/+
	
	
	

	16.7.
	
	
	+
	
	


2.3 Examination of fish
Fish health assessment was based on clinical, pathological and histological examination of fish tissues during administration of Rupin Special. Haematological examinations were based on standardized methods for the haematological testing of fish (Svobodova et al., 1991). In the course of the tests of the Rupin Special feed, 40 specimens of carp fry K 1-2 and 40 specimens of carp stock K2-3 were haematologically examined. The sampling timetable is given in Table 1. Blood samples were taken immediately after the carp were fished out of the pond, always at the same time between 8 and 9 am. Blood was withdrawn from the heart and stored in heparinized test tubes (50 IU heparin per 1 mL blood). The blood parameters determined included red blood cell count (RBC), haematocrit (PCV), haemoglobin concentration (Hb), mean erythrocyte volume (MCV), erythrocyte haemoglobin (MCH), mean colour concentration (MCHC), leukocyte count (Leuko) and the differential leukocyte count. Total protein (TP) of blood plasma was determined by refractometry. The results were processed by one-way analysis of variance (ANOVA, STATGRAPHIC software package).
3. Results and discussion
3.1 Water temperature, pH and oxygen concentrations

The values measured for these parameters were within the ranges characteristic for pond water at that time of the growing season (Figure 1). During the trial (between 13 and 23 June), lower oxygen concentrations were found in the early hours of the day. The feeding regimen was adjusted to that situation (feeding at midday hours). 
Figure 1. The pH, temperature and oxygen values in water of ponds 68 and 69 during the testing period
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3.2 Microbiological water tests
The numbers of mesophilic or psychrophilic bacteria were similar at any time during the trial. The numbers of coliform bacteria were reduced, which might be explained as a natural development in a filled-up pond during the summer season (ponds were supplied with water, but had practically no outflow during the monitoring period). The effect of oxytetracycline cannot, however, be ruled out.
3.3 Hydrobiological water tests
Hydro-biological tests of water made before, during and after the feeding of Rupin Special showed that species representation and quantities of individual plankton and zoobenthos organisms were normal for the season and the feeding pressure of the fish stocks in the two ponds.
3.4 Hydrochemical water tests
Basic hydrochemical analysis of water (ANC4,5( BNC8,3( CODMn( NH4+( NO3-( NO2-( PO43-) was made once daily in both ponds. The values measured for these indicators were within ranges characteristic for pond water at that time of the vegetation season.

3.5 Fish health

Fish health examinations of were made before, during, immediately and 15 days after feeding Rupin Special pellets. No clinical symptoms of any of cyprinid fish diseases were found at any time during the trial. Pathological examinations showed 30% prevalence of tapeworm (Khawia sinensis) in the carp intestines. 
Histological tests following the application of the last (8th) dose of the feed showed a marked decrease in haematopoiesis in the spleen, which was permeated with clusters of melanomacrophages. Diffuse cytoplasmatic vacuolization of the renal duct epithelium was found in the kidneys. These changes, which were more clearly manifested in K2-3 carp stock than in K1-2 carp stock, persisted until the last tests made three weeks after the last feeding Rupin Special.
3.6 Haematological fish tests

In carp of the K2-3 age group, a significant decrease (P < 0.05) in the RBC, haematocrit (PCV) and haemoglobin concentration (Hb) were observed after the 3rd to 8th dose of Rupin Special. Two weeks after trial, the haematological variables of red blood count monitored (RBC and Hb) were back to normal. The response of K1-2 carp to Rupin Special was less dramatic. The RBC remained practically unchanged throughout the trial period. A significant decrease of haematocrit values (P < 0.05) was found that persisted for at least 15 days after the end of the medicated feed application. Haemoglobin concentrations, which were gradually increasing throughout the trial period, markedly increased after the 8th dose of medicated feed (Tables 2 and 3)
Table 2. Erythrocyte profile of carp (K1-2) before, during and after Rupin Special application (groups with different alphabetic superscripts differ significantly at P < 0.05 - ANOVA)
	Indices


	Units
	Sampling date

	
	
	before

3 .6.

mean ± SD

(n = 10)
	during

12.6.

mean ± SD

(n = 10)
	immediately after

27.6.

mean ± SD

(n = 10)
	15 days after

10.7.

mean ± SD

(n = 10)

	Body weight
	g
	80.5 ± 3.53a
	117.0 ± 5.69a
	135.5 ± 9.41b
	158.0 ± 9.30c

	RBC
	T L-1
	1.36 ± 0.069a
	1.36 ± 0.075a
	1.40 ± 0.072a
	1.44 ± 0.043a

	PCV
	L L-1
	0.44 ± 0.010a
	0.39 ± 0.007a
	0.29 ± 0.017b
	0.30 ± 0.008b

	Hb
	g L-1
	67.2 ± 1.80a
	70.3 ± 2.33a
	85.6 ± 3.07b
	80.7 ± 2.62b

	MCV
	fl
	332 ± 14.0a
	296 ± 13.3a
	212 ± 11.9b
	212 ± 3.8b

	MCH
	pg
	50.2 ± 1.90a
	53.0 ± 3.08a
	62.4 ± 2.80b
	56.1 ± 1.41ab

	MCHC
	L L-1
	0.15 ± 0.003a
	0.18 ± 0.004a
	0.30 ± 0.012b
	0.27 ± 0.006b


Table 3. Erythrocyte profile of carp (K2-3) before, during and after Rupinu Special application (groups with different alphabetic superscripts differ significantly at P < 0.05 - ANOVA)

	Indices


	Units
	Sampling date

	
	
	before

3 .6.

mean ± SD

(n = 10)
	during

12.6.

mean ± SD

(n = 10)
	immediately after

27.6.

mean ± SD

(n = 10)
	15 days after

10.7.

mean ± SD

(n = 10)

	Body weight
	g
	1023 ± 71.9a
	1042 ± 61.0a
	1218 ± 96.1b
	1233 ± 115.4b

	RBC
	T L-1
	1.66 ± 0.073a
	1.38 ± 0.061a
	1.20 ± 0.046b
	1.54 ± 0.073a

	PCV
	LL-1
	0.47 ± 0.019a
	0.39 ± 0.016a
	0.31 ± 0.010b
	0.32 ± 0.010b

	Hb
	g L-1
	89.1 ± 4.70a
	78.8 ± 3.22ab
	74.2 ± 3.11b
	88.9 ± 2.24a

	MCV
	fl
	278 ± 4.3a
	288 ± 11.0a
	258 ± 15.0a
	209 ± 7.8b

	MCH
	pg
	54.3 ± 2.72a
	57.9 ± 2.60ab
	62.6 ± 2.60b
	58.7 ± 2.30ab

	MCHC
	L L-1
	0.19 ± 0.011a
	0.20 ± 0.010a
	0.24 ± 0.008b
	0.28 ± 0.005c


A very clear response came after the 3rd dose of medicated feed in the form of a significant drop in the WBC count in both the K1-2 and the K2-3 carp. While the leucocyte counts of the K1-2 carp fry two weeks after the end of medicated feed administration were still significantly lower (P < 0.05) than values ascertained prior to the administration, the leukocyte count in K2-3 carp had returned to normal by that time. Changes in leucocyte counts correspond with lymphocytic changes (r = 0.9 ± 4; P < 0.01). Absolute numbers of other leucocyte types (leucocytes of the myeloid line and monocytes) did not show statistically significant differences throughout the trial period in any of the groups (Tables 4 and 5). Neither did the percentage representation of individual leucocyte types in K1-2 and K2-3 carp differ significantly throughout the testing period. 
Table 4. Leucocyte profile and TP of carp (K1-2) before, during and after Rupin Special application (groups with different alphabetic superscripts differ significantly at P < 0.05 - ANOVA)
	Indices


	Units
	Sampling date

	
	
	before

3 .6.

mean ± SD

(n = 10)
	during

12.6.

mean ± SD

(n = 10)
	immediately after

27.6.

mean ± SD

(n = 10)
	15 days after

10.7.

mean ± SD

(n = 10)

	Body weight
	g
	80.5 ± 3.5a
	117.0 ± 5.7a
	135.5 ± 9.5b
	158.0 ± 9.3b

	Leucocytes
	G L-1
	227.5 ± 16.25a
	130.5 ± 16.40b
	-
	134.1 ± 10.37b

	Lymphocytes
	G L-1
	210.9 ± 19.05a
	95.2 ± 21.57b
	-
	125.4 ± 9.34c

	Monocytes
	G L-1
	0.27 ± 0.180a
	0.21 ± 0.152a
	-
	0.26 ± 0.132a

	Metamyelocytes
	G L-1
	1.38 ± 0.501a
	0.66 ± 0.247a
	-
	0.71 ± 0.199a

	Myelocytes
	G L-1
	0.19 ± 0.129a
	0.92 ± 0.358a
	-
	1.03 ± 0.307a

	Band neutrophils
	G L-1
	0.45 ± 0.301a
	0.06 ± 0.058a
	-
	0.45 ± 204a

	Segmented neutrophils
	G L-1
	2.53 ± 0.567a
	0.60 ± 0.220a
	-
	2.04 ± 0.574a

	Plasmatic cells
	G L-1
	1.62 ± 0.581a
	2.28 ± 0.740a
	-
	3.52 ± 0.933a

	TP
	g L-1
	8.32 ± 0.732a
	3.17 ± 1.102b
	11.28 ± 0.730c
	8.73 ± 0.710a


Carp of both categories showed a significant decrease (P < 0.05) of total protein in blood plasma concentrations after the 3rd dose. This change, however, was reversible. This biochemical indicator demonstrated a significant jump (P < 0.05) to original values after the administration of the 8th dose. 
Table 5. Leucocyte profile and TP of carp (K2-3) before, during and after Rupin Special application (groups with different alphabetic superscripts differ significantly at P < 0.05 - ANOVA)
	Indices


	Units
	Sampling date

	
	
	before

3 .6.

mean ± SD

(n = 10)
	during

12.6.

mean ± SD

(n = 10)
	immediately after

27.6.

mean ± SD

(n = 10)
	15 days after

10.7.

mean ± SD

(n = 10)

	Body weight
	g
	1023 ± 71.9a
	1042 ± 61.0a
	1218 ± 96.1b
	1233 ± 115.4b

	Leucocytes
	G L-1
	115.3 ± 9.60a
	57.5 ± 5.66b
	-
	124.1 ± 10.17a

	Lymphocytes
	G L-1
	111.9 ± 9.38a
	57.4 ± 6.72b
	-
	116.4 ± 12.60a

	Monocytes
	G L-1
	0.07 ± 0.066a
	0.18 ± 0.099a
	-
	0.28 ± 0.126a

	Metamyelocytes
	G L-1
	0.67 ± 0.181a
	0.31 ± 0.108a
	-
	1.14 ± 0.324a

	Myelocytes
	G L-1
	0.28 ± 0.117a
	0.52 ± 0.161a
	-
	0.67 ± 0.232a

	Band neutrophils
	G L-1
	0.14 ± 0.072a
	0.38 ± 0.126a
	-
	0.64 ± 0.535a

	Segmented neutrophils
	G L-1
	1.09 ± 0.272a
	0.76 ± 0.170a
	-
	1.48 ± 0.214a

	Plasmatic cells
	G L-1
	1.20 ± 0.548a
	0.27 ± 0.067a
	-
	1.95 ± 0.570a

	TP
	g L-1
	24.8 ± 1.63a
	14.8 ± 1.20b
	19.7 ± 1.11ab
	20.6 ± 1.11ab


Oxytetracycline-based medicated feed had negative effects on the monitored haematological indices and on the haematopoietic tissue. Authors of a study on the effects of intramuscularly administered oxytetracycline (OTC) on tench (Tinca tinca) noted that the main lesions worth mentioning were located the in liver and kidneys. At 24 hours after OTC administration, fatty degeneration was observed in the liver. Afterwards it progressively diminished. The main tissue damage was found in the kidneys: initially, necrosis of the tubular epithelium was detected and on day 7 a severe necrosis of the haematopoietic renal tissue was observed (Soler et al., 1996). 

We found that the negative response to oxytetracycline was more pronounced in older (K2-3) carp than in juvenile carp (K1-2). We believe that this was caused by differences in feed uptake. K2-3 carp immediately took the medicated feed when it was brought to the feeding site and in their digestive tracts mainly remains of Rupin Special were found during autopsy. K1-2 fish, on the other hand, preferred natural trophic conditions in their pond, and were less eager to take the medicated feed. During autopsy, large quantities of semi-digested items of their natural diet were found in their digestive tract together with remains of the medicated feed. 
From our observation on leucocytic and lymphocytic changes we conclude that oxytetracycline has immunosuppressive effects. This has also been concluded by Rijkers et al. (1980) in carp and by Kou (1984) in eels. These authors observed the effect of oxytetracycline upon humoral immunity after injection administration. Lunden et al. (1998) noted that oxytetracycline significantly suppresses the production of antibodies and the numbers of circulating white cells (particularly lymphocytes) in rainbow trout (Oncorhynchus mykiss). Grondel et al (1985) investigated the effects of oxytetracycycline on carp in vitro. They demonstrated relationships between the dose size and leucocytes activity. Low concentrations of oxytetracycline delayed the mitogenic response of phytohaemagglutinin-stimulated pronephric leucocytes in a dose-dependent manner, but did not reduce it. 
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5.1. General Discussion

Many of the adverse effects noted in fish can be directly associated with the toxicological and pharmacological properties of the drug (Woodward, 2005). The first aim of this thesis was to evaluate the potential adverse effects caused by application of praziquantel and on the other side evaluate the efficiency of this drug depended on the elimination of tapeworms occurring in the intestines of carp. The second aim was evaluate the effects of oxytetracycline on the physical, chemical and biological characteristics of a pond ecosystem and the health carp.
5.1.1. Antiparasitics
Praziquantel has been used effectively to treat parasites in many fish species (Poole et al., 1984; Plumb and Rogers, 1990; Mitchell, 2004; Ward, 2007). It has become the treatment of choice for control various internal helminth infections (tapeworms and monogenean diseases) in hatcheries and fish ponds. There are two tried ways of praziquantel application to fish. Many authors treated the fish in a water bath, which has been dosed with praziquantel in various concentrations (Buchmann, 1987; Mitchell, 2004; Ward, 2007). Few authors tested the orally administered praziquantel (Tubbs et al., 2006; Williams et al. 2007; Tubbs et al., 2008), however, they focused on pharmacokinetics and depletion of praziquantel in fish tissues. This part of thesis firstly, review and discus the effect of praziquantel on haematological and biochemical indices of common carp. Secondly, focused on the efficacy testing of praziquantel to common carp naturally infected by caryophyllidean tapeworms. 

The administration of praziquantel to common carp (Cyprinus carpio L.) caused significant changes in haematological indices (Hb, PCV and RBC) observed 24 h post administration. This decline indicates a condition of light erythropenia, which could be presumably caused by increased intralienic haemolysis. This meaning is confirmed by the reversibility of all changed indices obtained 96 h after application. Other changes were observed in biochemical indices. Decrease in glucose detected 24 h after application could be the first sign of metabolic alteration due to decreased ability of the liver to ensure normoglycaemic level. The main biochemical response was observed in the increasing activity of ALT (alaninaminotransferase), which is the liver specific enzyme. It is sensitive indicator of hepatotoxicity and histophathalogic changes and can be assessed within a shorter time (Balint et al., 1997). Rao (2006) describe significant increases in ALT activity in euryhaline fish, Oreochromis mossambicus, after exposure to sub-lethal concentrations of an organophosphorus insecticide. In his study, the activity of ALT decreased to control values during the 7-day-recovery period, while we do not know the time required for stabilisation of ALT activity after application of praziquantel. Other differences from controls were found in values of TP. The slight decline in TP may be related to ALT elevation as an initial sign of partial protein degradation, cell damage in plasma, and liver damage (Vutukuru et al., 2007). 

The location, intensity and prevalence of individual species of fish tapeworms before and after praziquantel treatment were determined in continuing chapter. Two species of tapeworms, Atractolytocestus huronensis and Khawia sinensis, were found in the gut of examined carp concurrently. A. huronensis was situated in the aesophageal part of foregut, which is characterised by the presence of numerous intestinal crypts located close to one another, in addition to intestinal folds generally typical of the gut of cyprinids. K. sinensis came after – immediately before the first intestine loop, of the gut of carp. The location of attachment of both tapeworms separately in the gut is described by various authors (Scholz et al., 1990; Molnar et al., 2003; Majoros et al., 2003; Williams, 2008), however, no data are available for presence of both tapeworms together in the gut of fish. The mean intensity of infection of A. huronensis and K. sinensis continually decreased in control and trial groups during the time tested. We presume that it could be caused by starvation of the infected carp. Scholz et al. (1991) found, that the tapeworm burden in fed fish, in their trial, was conspicuously higher than in carp without feed and the greatest number of tapeworms was expelled from fish between day 3 and 10 of the experiment. In contrast, we observed main well-marked elimination of tapeworms between day 3 and 5 of starvation in all groups. An apparently higher number of tapeworms and their remnants was recorded in the sediment of treated fish than in the sediment of control fish. However, the exact number of expelled tapeworms was not calculated due to probable decomposition of tapeworms in the gut and subsequently difficult detection in the sediment. We infrequently observed the yellow coloured remains of tapeworms in the caudal portion of intestine of fish in all groups. The number of A. huronensis decreased more rapidly then the number of K. sinensis in praziqantel treated groups, although Molnar et al. (2003) observed that A. huronensis rather securely attaches itself to the intestinal epithelium and can be removed from there only with difficulty. Their findings are in contrast with our monitoring. We observed easily and more rapid elimination of A. huronensis than K. sinensis in control and praziquantel treated groups. 

5.1.2. Conclusion

Results confirmed that praziquantel treatment affects the physiological status of the important organs, as evidenced by differences in levels of transaminase activity and haematological indices in common carp. However, the differences are not great, and we could presume their reversibility. No significant differences in parameters were found between the applied concentrations (30 mg kg-1 and 50 mg kg-1) of praziquantel. 

The dose of 50 mg kg-1 of orally applied praziquantel is effectual to control K. sinensis and A. huronensis infections in common carp successfully, however, significant decrease of the number of parasites was also caused by one-shot orally application of big bolus vehicle and leaving unfed fish in the clean water.

5.1.3. Antibiotics

Antibiotics are drugs of natural or synthetic origin that have the capacity to kill or to inhibit the growth of microorganisms. Antibiotics that are sufficiently non-toxic to the host are used as chemotherapeutic agents in the treatment of infectious diseases of humans, animals and plants. They have long been present in the environment and have played a crucial role in the battle between man and microbe (Hernández Serrano, 2005). In aquaculture, antibiotics have been used mainly for therapeutic purposes and as prophylactic agents. Their massive use to control infections has resulted in the emergence of antibiotic-resistant bacteria in aquaculture environments, in the increase of antibiotic resistance in fish pathogens, in the transfer of these resistance determinants to bacteria of land animals and to human pathogens, and in alterations of the bacterial flora both in sediments and in the water column (Cabello, 2006). Therefore, to make the aquaculture industry more sustainable, new strategies for antibiotics using and special (re)controlling of their applications are urgently needed.

The application of oxytetracycline containing feed (Rupin Special) resulted mainly in changes of health status of fish. Histological tests following the application of the 8th dose of the feed showed a marked decrease in haematopoiesis in the spleen, which was permeated with clusters of melanomacrophages. Diffuse cytoplasmatic vacuolization of the renal duct epithelium was found in the kidneys. These changes persisted until the last tests made three weeks after the last feeding Rupin Special. Soler et al. (1996) studied the effects of intramuscularly administered oxytetracycline (OTC) on tench (Tinca tinca). They noted that the main lesions worth mentioning were located the in liver and kidneys. At 24 hours after OTC administration, fatty degeneration was observed in the liver. Afterwards it progressively diminished. The main tissue damage was found in the kidneys: initially, necrosis of the tubular epithelium was detected and on day 7 a severe necrosis of the haematopoietic renal tissue was observed. The haematological response shows a significant decrease (P < 0.05) in the red blood cell count (RBC), haematocrit (PCV), haemoglobin concentration (Hb) and white blood cell count (WBC). Changes in leukocyte counts correspond with lymphocytic changes (r = 0.9; P < 0.01). From our observation on leukocytic and lymphocytic changes we conclude that oxytetracycline has immunosuppressive effects. This has also been concluded by Rijkers et al. (1980) in carp and by Kou (1984) in eels. These authors observed the effect of oxytetracycline upon humoral immunity after injection administration. Lunden et al. (1998) noted that oxytetracycline significantly suppresses the production of antibodies and the numbers of circulating white cells (particularly lymphocytes) in rainbow trout (Oncorhynchus mykiss). Grondel et al (1985) investigated the effects of oxytetracycycline on carp in vitro. They demonstrated relationships between the dose size and leukocytes activity. Low concentrations of oxytetracycline delayed the mitogenic response of phytohaemagglutinin-stimulated pronephric leukocytes in a dose-dependent manner, but did not reduce it. 
5.1.4. Conclusions

Oxytetracycline-based medicated feed had negative effects on the monitored haematological indices and on the haematopoietic tissue. The negative response to oxytetracycline was more pronounced in older (K2-3) carp than in juvenile carp (K1-2). This could be caused by differences in feed uptake. Leukocytic and lymphocytic changes suggested immunosuppressive effects of oxytetracycline. 
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5.2. English Summary

Veterinary drugs have unreplaceable role in animal treatment as well as in prevention of infectious disease caused by bacteria, mycosis and parasites. Careless and unlegitimate drugs using as well as breach of prescribed doses could lead to amounts of undesirable side effects, which could cause excessive organism pollution by served medicaments and their metabolites. In addition, applied medicaments enter environment as excrements, where could continue to accumulate and penetrate into the food chain. The present thesis engages in hazards of madicaments used in fisheries. The evaluation of these risks is necessary for medication releasing into the practising fishery. 

Chapter 2 - The effect of praziquantel applied per os on selected haematological and biochemical indices in common carp (Cyprinus carpio L.)

The effect of the praziquantel on haematological and biochemical indices of blood of common carp (Cyprinus carpio L.) was assessed. Fish were applied with praziquantel mixed into the heat treated amyloid vehicle in the dose of 30 mg kg-1 body weight (bw) and 50 mg kg-1 bw, respectively. Remaining fish were applied only the amyloid vehicle as control. Fish were examined either 24 h or 96 h after administration. Praziquantel treatment was characterized by significantly lower erythrocyte count, haemoglobin level, packed cell volume and total protein at both dose levels after 24 h compared to controls, but these parameters were similar to control values at 96 h. The activity of alanine aminotransferase (ALT) was significantly higher after 96 h in treated groups, which could be attributed to slight hepatocyte damage caused by praziquantel. However, the differences from control were not great and we could presume their reversibility. 

Chapter 3 - Efficacy testing of orally applied praziquantel to common carp naturally infected by caryophyllidean tapeworms (Platyhelminthes: Eucestoda)
The effects of orally applied praziquantel on the treatment efficacy against most abundant tapeworms (Atractolytocestus huronensis Anthony, 1958 and Khawia sinensis Hsü, 1935) of common carp (Cyprinus carpio Linnaeus) were studied. Naturally infected fish were administered with praziquantel mixed in heat-treated amyloid vehicle in doses of 50 mg.kg-1 body weight. The location, intensity and prevalence of individual species of tapeworms were recorded after 2, 6 and 8 days after the application by using of gut dissection. A. huronensis and K. sinensis have been found in the gut of carp together. A. huronensis was situated in the aesophageal part of foregut, and K. sinensis came after – immediately before the first intestine loop, of the intestines of carp. The invasion of A. huronensis was fully eliminated in all trial groups after 4 days whereas some specimens of K. sinensis still persisted in the gut of few fish. The full elimination of both parasites was observed 6 days after administration. Results showed that elimination of K. sinensis takes longer than elimination of A. huronensis. The dose of 50 mg kg-1 of orally applied praziquantel was find to be effective in control of A. huronensis and K. sinensis infections in common carp, however, significant decrease of the number of parasites was also caused by one-shot orally application of big bolus vehicle and leaving unfed fish in the clean water.

Chapter 4 - Effects of oxytetracycline containing feed on pond ecosystem and health of carp (Cyprinus carpio L.)
The effects of medicated feed, Rupin Special gran. ad us. vet. with oxytetracyclini chloridum as active ingredient (5 g kg-1 feed), on physical and chemical characteristics of a pond ecosystem and the health of carp of two age groups in a pilot operation were assessed. The medicated feed was administeed in 8 doses (15 g kg-1 live weight). The temperature, oxygen concentration, pH, microbiological, hydrobiological and hydrochemical variables of pond water were monitored. The fish health assessment was based on clinical, pathological-morphological and haematological examinations of 80 individuals in total. No effects on water quality were found. An important histological change after the application of 8 doses was the loss of haematopoietic tissue from the spleen, and dystrophic changes in the renal duct epithelium. A decrease in leukocyte and lymphocyte counts and in total blood plasma protein concentrations (P < 0.05) were observed already after the 3rd dose of Rupin Special. It was found that Rupin Special should be used in only 4 (exceptionally 6) doses, compared to the originally recommended 8 doses.

5.3.
Czech Summary
Veterinární léčiva mají u zvířat svou nezastupitelnou úlohu při léčbě a předcházení infekčním onemocněním vyvolaným zejména bakteriemi, plísněmi a parazity. Neuvážlivé a neopodstatněné používání léčiv nebo nedodržování předepsaných dávek však může vést k řadě nežádoucích efektů, které se mohou projevit zbytečným nebo nadměrným zatížením organismu předkládanými léky a jejich metabolity. Navíc, aplikovaná léčiva vstupují spolu s exkrementy do životního prostředí, kde se mohou dále kumulovat a přecházet do potravních řetězců. Předkládaná práce se zabývá riziky, která s sebou přináší aplikace léčebných prostředků rybám. Hodnocení těchto rizik je nezbytné pro uvedení léčiv do rybářské praxe. 

Kapitola 2 - Efekt perorálně aplikovaného praziquantelu na hematologické a biochemické ukazatele krve kapra obecného (Cyprinus carpio L.)

V této práci byl zkoumán efekt praziquantelu na hematologické a biochemické ukazatele krve kapra obecného (Cyprinus carpio L.). Rybám byl aplikován praziquantel rozmíchaný v povařeném škrobu v dávce 30 mg.kg-1 a v dávce 50 mg.kg-1 živé hmotnosti. Kontrolním skupinám ryb byl aplikován pouze povařený škrob bez přimíchaného praziquantelu. Ryby byly vyšetřovány 24 a96 hodin po aplikaci, byla odebrána krev a provedena pitva pro zjištění počtu tasemnic ve střevě. Aplikace pq významně snížila u obou koncentračních skupin po 24 hodinách celkový počet červených krvinek, hemoglobin, hematokrit a koncentraci celkového proteinu v krvi. Všechny parametry se po 96 hodinách opět srovnaly s hodnotami kontrolní skupiny. Aktivita ALT byla po 96 ti hodinách u aplikovaných skupin výrazně vyšší. Vysoká aktivita ALT může poukazovat na stupeň poškození hepatocytů po podání praziquantelu.

Kapitola 3 - Účinek perorálně podávaného praziquantelu na kapra obecného infikovaného tasemnicemi z řádu Caryophyllidea (Platyhelminthes: Eucestoda)
V této práci byla zkoumána účinnost orálně podávaného praziquantelu na nejčastěji se vyskytující tasemnice (Atractolytocestus huronensis Anthony, 1958 a Khawia sinensis Hsü, 1935) kapra obecného (Cyprinus carpio L.) Pokusným skupinám byl jícnovou sondou aplikován praziquantel rozpuštěný ve škrobovém vehikulu v dávce 50 mg kg-1 živé váhy. Ryby byly vyšetřovány 2, 4 a 6 dní po aplikaci a byla zaznamenávána intenzita, prevalence a lokalizace jednotlivých druhů tasemnic. Ve střevech byly nalezeny současně tasemnice A. huronensis a K. sinensis. Tasemnice A. huronensis se nacházely v jícnové části předního střeva a tasemnice K. sinensis byly lokalizovány více kaudálně – bezprostředně před první střevní kličkou. Infekce A. huronensis byla 4. den u všech ryb z pokusných skupin plně eliminována, zatímco invaze tasemnic K. sinensis stále přetrvávala. K úplné eliminaci obou druhů tasemnic došlo 6 dní po aplikaci praziquantelu. Na podkladě výsledků bylo zjištěno, že eliminace K. sinensis trvá delší dobu než eliminace A. huronensis. Dávka 50 mg kg-1 orálně podávaného praziquantelu byla účinná proti obou druhům tasemnic, ale významný pokles počtu parazitů byl způsoben také jednorázovou aplikací velkého sousta škrobu do jícnu a ponecháním nekrmených ryb v čisté vodě.
Kapitola 4 - Vliv krmiva s obsahem oxytetracyklinu na rybniční ekosystém a zdravotní stav kaprů obecných (Cyprinus carpio L.)
V této práci byl posuzován vliv medikovaného krmiva Rupin Special gran. ad us. vet. s účinnou látkou oxytetracyclini chloridum (5g·kg-1 krmiva) na fyzikální a chemické vlastnosti rybničního ekosystému a na zdravotní stav kaprů dvou věkových kategorií v poloprovozních podmínkách. Medikované krmivo bylo aplikováno v 8 dávkách (15g·kg živé hmotnosti). V průběhu sledování byla monitorována teplota, koncentrace kyslíku a pH vody, dále byla  prováděna mikrobiologická, hydrobiologická a hydrochemická vyšetření rybniční vody. Zdravotní stav ryb byl posuzován na základě klinického, patologicko-morfologického a hematologického vyšetření 80 jedinců. Nebyl zjištěn vliv aplikace na kvalitu vody a její přirozené osídlení nižšími organismy. Významnou histologickou změnou po aplikaci 8 dávek byl úbytek krvetvorné tkáně ve slezině a dystrofické změny epitelu ledvinových kanálků. Signifikantní pokles celkového počtu leukocytů, lymfocytů a koncentrace celkových bílkovin v krevní plazmě (p<0.05) byl zaznamenán již po 3. dávce Rupinu Special. Na základě výsledků provedeného šetření lze doporučit aplikaci Rupin Special pouze ve 4, výjimečně v 6 dávkách, oproti původně doporučovaným 8 dávkám.
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