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Abstract

The effect of selenium supplementation at 0, 75, 150, 225, and 300 mg/kg
diet on reduction of copper and/or cadmium toxicity was studied in a
freshwater cultivated carp, Cirrhinus mrigala. Food utilization, selected
hematological parameters, oxygen consumption, and metal concentrations in
the fish body and fecal matter were analyzed. The 96-h LCsy values for C.
mrigala were 0.126 ppm for copper exposure, 0.563 ppm for cadmium, and
0.123 ppm for exposure to both metals simultaneously. Sublethal exposures
to the metals significantly reduced consumption and growth rates,
hematological parameters, and oxygen consumption in fish fed the
unsupplemented diet. Equitoxic exposure of copper and cadmium together
drastically reduced the physiological parameters as compared to individual
exposure to either one of the metals. However, dietary selenium
supplementation significantly improved the tested physiological parameters
and reduced the metal burden in the fish body. Metal elimination from the
body took place through the feces. Supplementation of 75 and 225 mg
selenium per kg diet was required to reduce copper and cadmium toxicity
when the metals existed individually in the environment. However, 300 mg
selenium per kg diet was required to reduce toxicity when both metals were
present together in the environment.
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Introduction

Carps play a major role in the freshwater aquaculture of India. Cirrhinus mrigala is one of
the important aquacultured carp species, not only in India but also throughout Asia.
Addition of certain nutrients can increase feed utility and help to remove copper in fish
(James et al., 2006; James, 2010). Copper (Cu) and cadmium (Cd) are the most
commonly used metals in aquaculture and the most common contaminants in freshwater
systems (James and Sampath, 1995; Adhikari, 2002; Liu and Yang, 2009). From the
point of view of human consumption, the complete removal of toxic elements in the fish
body is of utmost importance (Boyd, 1990; James et al., 1998). Selenium (Se) is an
essential dietary element, required for normal growth and physiological functioning in fish
(Hilton et al., 1980; Bell et al., 1985). Selenium also helps remove metals from the fish
body (Abdel-Tawwab et al., 2007). Sodium selenite and sodium selenate, inorganic forms
of Se, are commonly used as supplements in livestock diets. The present work was
undertaken to study the effect of dietary supplementation of selenium on physiological
parameters and copper and/or cadmium toxicity in the freshwater fish, C. mrigala.

Materials and Methods
Fish. Cirrhinus mrigala were collected from Manimuthar Dam, Tamil Nadu, and held for
30 days in laboratory conditions (27.7+£0.5°C, pH 7.8+0.05, salinity 0.13 ppt, 87 mg
CaCOs/l1, and dissolved oxygen 4.45 ml O,/l) for acclimatization. During acclimatization,
water was changed daily and fish were fed a pelletized diet containing 35% protein ad
libitum.

Feeds. Feed ingredients (dried fishmeal, ground nut oil cake, cod liver oil, egg yolk,
tapioca flour, vitamin and mineral mixtures) were combined in appropriate proportions by
the Square method, which is commonly used to balance the crude protein level in the
diet by incorporating different ingredients (Hardy, 1980). An appropriate amount of
selenium (0, 75, 150, 225, or 300 mg selenium/kg diet) plus an aliquot of boiled water
were added. The ingredients were mixed well and steam cooked for 15-20 min. After
moderate cooling, 2-mm pellets were prepared with a hand operated pelletizer, dried in
sunlight, and stored separately in a refrigerator. The resulting diet contained 35%
protein.

Determination of 96-h LCsy. Stock solutions of copper and cadmium were separately
prepared by dissolving 3.93 g analar grade (Merck) copper sulfate (CuS04:7H,0) or
6.486 g cadmium sulfate (CdS0,4:8H,0), respectively, in 1 | distilled water. The solutions
were then diluted with fresh water to obtain the desired concentrations for the present
study. Triplicate groups of six acclimated fish (3.12+0.18 g) were exposed to copper (0,
0.05, 0.10, 0.15, 0.20, or 0.25 ppm) or cadmium (0, 0.25, 0.50, 1.00, 1.25, or 1.50
ppm) and mortality was observed for 96 h. In addition, equal amounts of the stock
solutions were taken, different concentrations (0, 0.06, 0.12, 0.18, 0.24, and 0.30 ppm)
were prepared, triplicate groups of six acclimated fish were exposed to the equitoxic
concentrations, and mortality was observed for 96 h. Thus, 324 fish (18 exposures x 3
replicates x 6 fish per replicate) were used to determine the median 96-h lethal
concentration of the toxicants by a static renewable bioassay method (Sprague, 1973).
The 96-h LCso was calculated by probit analysis (Litchfield and Wilcoxon, 1949). A control
group was maintained in metal-free fresh water.

Effect of selenium on toxicity. The second series of experiment was conducted to
study the effect of sodium selenite on the reduction of metal toxicity in C. mrigala based
on chosen physiological parameters and metal distribution. Active C. mrigala (3.12+0.18
g) were selected from the stock and divided into 16 groups of 10 individuals each. They
were not fed for 24 h prior to commencement of the experiment. The experiment was
conducted in triplicate in epoxy-coated 110-1 cement tanks containing 100 | water.

Group 1 served as the control and was reared in metal-free water. Fish in Groups 2,
3, 4, 5, and 6 were exposed to 0.063 ppm of copper for 30 days. Groups 1 and 2 were
fed the unsupplemented diet. Fish in Groups 3, 4, 5, and 6 were fed diets containing 75,
150, 225, and 300 mg sodium selenite/kg diet, respectively. Fish in Groups 7, 8, 9, 10,
and 11 were exposed to 0.284 ppm of cadmium for 30 days and were fed diets
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containing 0, 75, 150, 225, and 300 mg sodium selenite/kg diet, respectively. Fish in
Groups 12, 13 14, 15, and 16 were exposed to 0.051 ppm of equitoxic concentrations of
copper and cadmium for 30 days and were fed diets containing 0, 75, 150, 225, and 300
mg sodium selenite/kg diet, respectively. Water was not changed during the experiment
but was aerated for 14 h to avoid oxygen depletion. Hydrobiological parameters were
estimated once a week. Dissolved oxygen was 4.08+0.25 ml Oj/I, temperature
28.8+0.2°C, pH 7.8%0.1, salinity 0.32+02 ppt, and hardness 135 mg CaCOs5/I.

Feed consumption and specific growth rate. The fish were fed a weighed quantity of
the experimental diets ad libitum in a feeding tray daily at 08:00 and 17:00.
Unconsumed feed was collected 1 h after feeding and dried in a hot air oven at 80°C for
two days. Feed consumption (mg) was estimated by subtracting the amount of
unconsumed dry feed from the dry weight of the offered feed. The feeding rate (mg/g
live fish/day) was computed as feed consumed/(initial wet wt of fish x no. days).

Fish were weighed at the beginning and at the end of the experiment. Growth (i.e.,
weight gain) was calculated as the difference between the wet weights at the beginning
of the experiment and on the day of calculation. Specific growth rate (SGR; %/day) was
calculated as the difference between the wet weights at the beginning of the experiment
and on the day of calculation as 100(In Wt; - In Wtg)/t;, where In Wty and In Wt; are the
weights of the fish at the beginning and end of the experiment and t; is the period
between sampling in days.

Fish, feed samples, unconsumed feed, and feces were weighed in an electric
monopan balance to 1 mg accuracy. Fecal matter was randomly collected before feedings
using enamel trays and dried in a hot air oven at 60°C to estimate the copper and
cadmium contents.

Blood parameters. Prior to commencement and at the end of the experiments,
oxygen consumption, red blood corpuscle (RBC) count, hemoglobin content, and oxygen
carrying capacity of the blood were estimated. At the end of the experiment, test animals
were starved for 24 h before estimation. Three fish were removed from each
experimental group on day 32. Oxygen consumption was estimated following Winkler’s
method (Welsh and Smith, 1953). Blood was collected in a watch glass containing the
required amount of 6% EDTA as an anticoagulant by cutting the caudal peduncle using a
sharp knife and hematological parameters were estimated according to routine clinical
methods (Wintrobe, 1978). RBC were counted using an improved Neubauer counting
chamber (Feinoptik Bad Blankenburg, Germany) and a hemoglobinometer (Marienfeld,
Germany) was used to determine the hemoglobin content of blood. The oxygen carrying
capacity of blood was calculated by multiplying the hemoglobin content by 1.25, which is
the oxygen combining power of Hb/g (Johansen, 1970). Each parameter was estimated
three times and data were subjected to Student’s t test. Correlation and regression
analyses were used to find the relationship between the selenium diets and elimination of
copper through feces (Zar, 1984).

Copper and cadmium content in fish. After estimating oxygen consumption and
hematological parameters, the remaining fishes were sacrificed and dried in a hot air
oven at 80°C to estimate copper and cadmium contents. Copper and cadmium contents
in the fish body and in the feces were estimated on day 32. Three samples from each
treatment were taken and digested in a water bath at 100°C with a mixture of
concentrated nitric acid and perchloric acid (1:2) until a white residue formed. The cooled
residue was completely dissolved by adding 1 N HCI and made up to 25 ml with distilled
water (FAO, 1975). The solution was filtered through cotton wool and the filtrate was
subjected to metal analysis in atomic absorption spectrophotometry (GBC Avantha
model). The instrument was calibrated using standards prepared from copper and
cadmium sulfates.

Results
The 96-h LCso values of copper, cadmium, and copper together with cadmium were
0.126, 0.563, and 0.123 ppm, respectively. Feeding and growth parameters were high in
the control fish and significantly (p<0.05) dropped in exposed fish fed the selenium-free
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diet (Table 1). However, the weight gain was enhanced in exposed fish fed selenium-
supplemented diets. Similar trends were obtained in the consumption rate, specific
growth rate, hematological parameters, and rate of oxygen consumption.

Table 1. Effect of dietary selenium supplementation on feed utilization and hematological
parameters in Cirrhinus mrigala exposed to sublethal levels of copper and/or cadmium
(meansxSD; n = 3).

Consumption Specific Oxygen
Feed Weiaht ain rowth RBC count Hb carrying Oxygen
Exposure consumption rate' eight ga gro 50u content capacity of consumption
(mg/g live (g wet wt) rate (x 10°/mm)
(g dry matter) fish/day) (%/day) (g%) blood (mg Oz/g/h)
(mg Ox/g Hb)

Control 22.25+1.38 68.89+2.67 11.01+£0.98 6.70+0.36 1.95+0.07 6.20+0.22 7.75x0.27 0.53+0.11
Copper
CuSe0 13.32+1.01 37.15+3.50 3.01+0.13 2.39+£0.23 0.80+0.05 3.18%0.33 4.00+0.08 0.22+0.15
CuSel 19.65+1.75 52.17+4.37 7.49+0.15 5.71+0.45 1.58+0.04 5.73+0.25 7.17+0.31 0.33+0.35
CuSe2 16.59+1.33 47.54+4.13 6.04£0.14 4.92+0.27 1.28%+0.07 5.07+0.25 6.33+0.31 0.34+0.21
CuSe3 14.94+1.45 44.,49+4.05 4.04+0.13 3.70+0.35 0.96+0.02 4.40+0.20 5.59+0.26 0.23+0.32
CuSe4 17.10+1.58 41.69+3.67 5.04+0.21 4.00+0.38 0.94+0.09 4.03+0.21 5.00+0.20 0.16+0.22
Cadmium
CdSe0 15.32+1.11 40.42+3.55 3.69+0.11 2.73+£0.07 0.72+0.06 3.43%0.17 4.29+£0.21 0.18+0.06
CdSel 19.25+1.68 49.00+4.23 7.16+0.23 5.00+0.17 0.83+0.01 4.47+0.21 5.59+0.26 0.28+0.27
CdSe2 15.82+1.43 51.37+5.18 6.03+0.18 4.62+0.35 0.75+0.02 4.63+0.16 5.79+0.06 0.37+0.15
CdSe3 19.53+1.75 59.33+4.17 6.50+0.34 5.44+0.28 0.92+0.03 4.90+0.33 6.21+£0.41 0.38+0.31
CdSe4 16.97+1.60 49.86+3.95 4.41+£0.19 3.47+0.30 0.88+0.04 4.17+0.12 5.21+0.16 0.26+0.42

Copper + cadmium

Cu+Cd Se0  7.14+0.17 24.89+2.13 2.20+£0.07 1.7240.05 0.25+0.06 1.50+0.08 1.88+0.10 0.15+0.13
Cu+Cd Sel 10.47+0.97 30.31+2.60 2.67+£0.09 2.23+0.15 0.32+0.01 2.00%0.21 2.50+0.26 0.17+0.11
Cu+Cd Se2 11.10+1.01 29.55+2.77 3.13+£0.12 2.424+0.22 0.40+0.03 2.15+0.22 2.69+0.27 0.20+0.13
Cu+Cd Se3 11.95+1.11 39.62+3.19 2.91+0.14 2.92+0.28 0.48+0.02 2.47+0.08 3.09+0.10 0.27+0.22
Cu+Cd Se4 13.06+1.07 37.70+3.07 3.56+0.17 2.98+0.26 0.53+0.01 2.68+0.02 3.35+0.16 0.33+0.11
The control was reared in metal-free water and fed the unsupplemented diet. CuSe0-4 were exposed to 0.063 ppm of copper
and fed diets containing 0, 75, 150, 225, and 300 mg sodium selenite/kg diet, respectively, for 30 days. CdSe0-4 were
exposed to 0.284 ppm of cadmium and fed diets containing 0, 75, 150, 225, and 300 mg sodium selenite/kg diet, respectively,
for 30 days. Cu+Cd Se0-4 were exposed to 0.051 ppm of equitoxic concentrations of copper and cadmium and fed diets
containing 0, 75, 150, 225, and 300 mg sodium selenite/kg diet, respectively, for 30 days.

Accumulation of Cu and Cd was significantly (p<0.05) higher in C. mrigala fed the
selenium-free diet and gradually decreased as the selenium in the diet increased (Fig. 1).
The maximum reduction of copper and cadmium accumulation in the fish body occurred
with the 75 mg (CuSel) and 225 mg (CdSe3) supplementation diets, respectively, but
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there were no significant (p>0.05) differences with other groups. In the equitoxic
exposure, the 300 mg selenium diet (Cu+Cd Se4) produced the maximum reduction of
copper (36% and 128%) and cadmium (22% and 57%) in the body and feces.

Discussion

Animals exposed to sublethal levels of copper and/or cadmium and fed selenium-free
diets had significantly low rates of feed consumption and specific growth. The reduction
in growth rate might have been due to the body burden of copper and cadmium which
can cause a reduction in feed intake and weight gain. A growth reduction in Salmo
gairdneri was partly attributed to increased metabolic costs and reduced food
consumption (Lett et al., 1976). Similarly, a reduced RNA:DNA ratio in copper-exposed
Oreochromis mossambicus was attributed to the metal burden in tissues that caused low
production of RNA for protein synthesis (James et al., 2000, 2004). Selenium
supplementation improved the feeding and growth parameters, perhaps because it
caused the removal of copper and cadmium. Heteropneustes fossilis exposed to mercury
along with Eichhornia crassipes had significantly improved feed intake and growth over
those exposed to mercury alone as the E. crassipes removed a considerable amount of
mercury from the test medium (James et al., 1992a). In O. mossambicus exposed to
cadmium/copper and an ion-exchanging agent, zeolite, metal was removed from the
water and body tissues and the RNA:DNA ratio was subsequently improved (James et al.,
2000, 2004).

The exposure of C. mrigala to sublethal levels of copper and/or cadmium resulted in a
significant (p<0.05) decrease in the RBC count and hemoglobin content, leading to
anemia. The anemic condition may have been due to inhibited erythropoiesis and
hemosynthesis and an increased rate of erythrocyte destruction (Wintrobe, 1978). The
lower oxygen carrying capacity of blood in exposed C. mrigala might have been due to
the reduced RBC count and Hb content. The oxygen carrying capacity of blood in H.
fossilis declined due to a reduced RBC count and Hb content, reflected in tissue
respiration (James and Sampath, 1995). This might have been reflected in the reduced
oxygen consumption of animals exposed to copper and/or cadmium. Similarly,
precipitation of metallic protein on the gill surface and damage of gill architecture were
attributed to the decreased respiratory rate in S. gairdneri exposed to heavy metals
(Macleod and Pessah, 1973).

In the present study, the RBC count, Hb content, and oxygen carrying capacity of
blood improved in exposed C. mrigala fed selenium supplemented diets, suggesting a
protective role of selenium against metal toxicity in C. mrigala. Likewise, in Clarias
gariepinus exposed to copper and fed a diet containing 0.3 g Se/kg, the RBC count, Hb
content, hematocrit, glucose, and total lipids were higher than in fish fed an
unsupplemented diet (Abdel-Tawwab et al., 2007). In Nile tilapia, organic selenium
supplementation enhanced growth and feed utilization and reduced susceptibility to
Aeromonas hydrophila infection (Ahmad et al., 2006).

The tested physiological parameters were significantly affected in the exposed fish.
Manifestations of these parameters were certainly signs of heavy metal toxicity, which
was greatest when fish were exposed to the combination of copper and cadmium. The
combination of Cu+Cd was highly toxic due to a synergistic effect: Cd enhances the
toxicity of Cu several-fold beyond that of Cu alone (James et al., 1992b). The synergistic
effect of Cu+Cd also significantly affected the survival, proximate composition, and
respiratory enzymes in O. mossambicus (James et al., 1991, 1992b).

Selenium (Se) is an essential trace element, required in the diet for normal growth
and physiological function of fish (Hilton et al., 1980; Bell et al., 1985). The inorganic
form of selenium (sodium selenite or sodium selenate) is commonly used as a selenium
supplement in livestock diets. Selenium also serves as a component of the enzyme
glutathione, peroxidase, which protects cell membranes against oxidative damage
(Rotruck et al., 1973). The present investigation shows that selenium in the diet of C.
mrigala reduces copper and cadmium toxicity, and thereby enhances the tested
physiological parameters. However, the amount of selenium required differed according
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to the toxic nature of each metal in the equitoxic combination. In conclusion, 75 and 225
mg Se/kg diet are required to reduce copper and cadmium toxicity, respectively, when
only one of the metals exists in the environment but 300 mg Se/kg diet is required to
reduce Cu+Cd toxicity when both metals are present together. While the present study
shows that selenium dietary supplementation improves fish growth, further study is
required to determine the amount of selenium required for different combinations of
metals.
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