&" International Symposium on Tilapia in Aquaculture 2008

415

RESPONSE OF NILE TILAPIA, OREOCHROMIS NILOTICUS (L.)
TO ENVIRONMENTAL CADMIUM TOXICITY DURING ORGANIC

SELENIUM SUPPLEMENTATION

MOHSEN ABDEL-TAWWABY" AND MOHAMMED WAFEEK?

1 Department of Fish Ecology
2 Department of Fish Physiology

Central Laboratory for Aquaculture Research, Abbassa, Abo-Hammad, Shargia, Egypt.

* Corresponding author E-mail: mohsentawwab@yahoo.com

Abstract

This study was carried out to evaluate the resistance of Nile
tilapia, Oreochromis niloticus (L.), fed on organic selenium (OS)-
supplemented diet to water-born cadmium (Cd) toxicity. Fish
(14.8+1.3 g) were randomly distributed at a density of 10 fish in
100-L aquarium. Fish in three treatments were fed a diet (30%
crude protein) containing 0.5 g OS/kg diet (T1 - T3), while three
other treatments (T4 - T6) were fed a basic diet without OS. During
the feeding trial, fish in all groups were then exposed to 0.0, 1.116,
or 2.232 mg Cd**/L for 6 weeks. The fish performance and all the
biochemical aspects were affected significantly by both Cd
concentration, Se supplementation, and their interaction. OS
supplementation enhanced fish growth, survival, and feed
utilization, meanwhile the exposure to Cd reduced them (T1 vs T4,
T2 vs T5, and T3 vs T6). All fish body constituents except moisture
content were significantly affected by OS supplementation, Cd
level, and their interaction. Crude protein and total lipids in fish
body decreased, while ash content and Cd residue increased
significantly with increasing Cd levels. OS reduced significantly Cd
residues in fish body. Moreover, OS supplementation reduced
creatinine, uric acid, AST, and ALT to below those of Cd-exposed
treatments. Serum lipids increased, while protein decreased only in
Cd-exposed groups (T5 and T6). Glutathione peroxidase (GPX)
activity increased significantly with increasing Cd level and it was
higher in T1 vs T4, T2 vs T5, and T3 vs T6. It could be concluded
that OS supplementation may reduce the harmful effect of water-
born Cd in fish, which in turn improves the growth, survival, and
feed efficiency.

Keywords: Nile tilapia, organic selenium, growth, feed utilization,
cadmium toxicity, physiological aspects.

INTRODUCTION

Heavy metals are among the most dangerous substances in the aquatic

environment because they persist and are harmful to aquatic organisms. Cadmium

(Cd) is one of these heavy metals that have become widely distributed in the aquatic

environment as an industrial waste produced from electroplanting and plastic industry.
Although WHO (1989) reported that the permissible level of Cd in water and fish

muscles are 0.01 ppm and 1.0 mg/g, respectively, fish can accumulate Cd to levels ten
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to one-thousand times higher than its level in ambient water (Fleischer et al., 1974).
The freshwater quality criteria values of Cd for the protection of aquatic organisms in
North America are less than 1 ug/L at low hardness (USEPA, 2001; CCME, 2002).
Freshwater fish exposed to waterborne Cd at total concentrations well below 100 ug/L
exhibit substantial pathophysiology (Wood, 2001). The effect of Cd on aquatic
organisms may be affected by many environmental factors (Wicklund and Runn, 1988;
Dutta and Kaviraj, 1996; Kaviraj and Dutta, 2000) and the presence of dissolved
organic matter (Meinelt et 4., 2001, 2007; Burnison et al., 2006). The actual Cd level
may exceed these levels to the limits which can induce respiratory or osmoregulatory
dysfunctions (Thurberg et al., 1973; Bjerregaard and Vislie, 1985; Zyadah and Abdel-
Baky, 2000), lipid peroxidation, DNA damage, and glutathionylation of proteins (Stohs
and Bagchi, 1995; Risso-de Faverney et al., 2001; Silvestre et al., 2006).

Selenium (Se) is an essential trace element required in the diet for normal
growth and physiological function of fish (Hilton et al., 1980; Bell ef a/, 1985; Wang
and Lovell, 1997). Se is a component of the enzyme glutathione peroxidase, which
catalyzes reactions that may protect cell membrane against oxidative damage (Rotruck
et al, 1973). The use of organic selenium (OS) such as selenomethionine and
selenoyeast to improve the Se availability has been examined because of their
potentially higher bioavailability than inorganic forms (Bell and Cowey, 1989;
Lorentzen et al, 1994; Wang and Lovell, 1997; Mahan, 1999; Schram ef a/,, 2008).
Specifically, OS has been shown to have a protective effect for fish exposed to toxic
levels of heavy metals (Lin and Shiau, 2007; Abdel-Tawwab et a/, 2007a). Therefore,
the purpose of this study was to investigate the influence of OS supplementation on
the reduction of water-born Cd toxicity by evaluating the growth performance, feed

efficiency, and the biochemical aspects of Nile tilapia, O. niloticus (L.).
MATERIALS AND METHODS

Experimental Procedures

Healthy Nile tilapias, O. niloticus (L.), were collected from the nursery ponds at
the Central Laboratory for Aquaculture Research, Abbassa, Abo-Hammad, Sharqia,
Egypt. Fish (14.8 + 1.3 g) were acclimated to laboratory conditions in indoor tanks for
2 weeks. Prior to the feeding trial, the lethal concentration of Cd after 96 hour (96-h
LCso) of exposure was calculated according to Behreus and Karber (1953). Briefly,
forty healthy fish were randomly distributed in eight aquaria, 100 L each. Cadmium
sulfate (3CdS04.8H,0, M wt = 769.51; produced by BDH Chemicals Ltd., Poole,

England) was dissolved in distilled water and add to each aquarium’s water to produce
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1, 3, 5, or 10 mg Cd**/L. Fish were exposed to the above concentrations for 96 hour
and each Cd concentration was represented by two replicates. The dead fish were
recorded daily and removed from the aquaria. The 96-h LCsq was 11.16 mg Cd/L and
the implicated doses were 0.0, 0.1, or 0.2 LCsy i.e. 0.0, 1.116, or 2.232 mg Cd/L,

respectively.

The acclimated fish were randomly divided into two groups; the first group
was fed a diet containing 30% crude protein and 4.51 kcal/g. A 0.5% of Sel-Plex®
(produced by All-Tech Feed, Lexington, Kentucky, USA) was added to the first group
representing 5.54 mg Se/kg (+ OS) and the second group was fed a basic diet without
OS (- 0OS) supplement. Eighteen 100-L aquaria were randomly allocated with three-
replicate aquaria per treatment and stocked with 10 fish per aquarium. The design of

the experiment was as follows:

Treatment OS supplemented V\éztfgégfrr:t?oﬁd
T1 Yes 0 mg Cd/L
T2 Yes 1.116 mg Cd/L
T3 Yes 2.232 mg Cd/L
T4 No 0 mg Cd/L
T5 No 1.116 mg Cd/L
T6 No 2.232 mg Cd/L

Each aquarium was supplied with compressed air via air-stones from air pumps. The
ambient temperature throughout this study ranged from 26 to 28 OC. Dead fish were
removed and recorded daily. Fish were offered a 30% crude protein diet at a rate of
3% of live body weight daily divided into 2 equal meals; 5 days a week for 6 weeks.
Three quarters of aquarium’s water was siphoned daily along with fish excrement and
replaced with an equal volume of water maintaining the same Cd concentration per
each aquarium. Fish were anaesthetized using tricane methane sulfonate (20 mg/L)
and weighed at the beginning of the experiment and at weekly intervals. Group

weights were determined to the nearest 0.1 g.
Water Chemistry Analysis

Water samples for chemical analyses were monitored biweekly. Dissolved
oxygen and temperature were measured on site using a YSI model 58 oxygen meter
(Yellow Spring Instrument Co., Yellow Springs, Ohio, USA). The pH was measured
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using a pH-meter (Fisher Scientific, Denver, Colorado, USA). Unionized ammonia, total

alkalinity, and total hardness were measured by titration as described by Boyd (1984).

In all treatments, dissolved oxygen concentrations ranged from 6.3 to 7.1
mg/L. The ambient water temperature was approximately stable for the experimental
duration and ranged from 26 to 28 °C, pH ranged from 7.6 to 7.9, and unionized
ammonia range was 0.18 — 0.28 mg/L. Total alkalinity and total hardness ranges were
135 - 180 mg/L as CaCOs, and 125 - 175 mg/L as CaCOs;, respectively. Cadmium and
selenium were measured in aquaria water but were below detection limits. All the

water parameters were within the acceptable range for fish growth (Boyd, 1984).
Growth Parameters

Growth performance was determined and feed utilization was calculated as

follows:
Weight gain = W, — Wy;

Specific growth rate (SGR) = 100 (InW, — InW;) / T; where W; and W, are the initial

and final fish weight, respectively, and T is the experimental period in days;

Feed conversion ratio (FCR) = feed intake calculated on dry matter basis / weight

gain.
Biochemical Measurements

Fish blood samples were collected with a hypodermic syringe from the caudal
vessels. The extracted blood was left to clot at 4 C and centrifuged at 5000 rpm for 5
min at room temperature. The collected serum was stored at — 20 C for further
assays. Glucose was determined colorimetrically according to Trinder (1969). Total
protein was determined colorimetrically according to Henry (1964). Total lipids were
determined colorimetrically according to Joseph et al. (1972). Uric acid was measured
according to Barham and Trinder (1972) and creatinine was measured colorimetrically
as described by Henry (1974). Activities of aspartate amninotransferase (AST) and
alanine aminotransferase (ALT) were determined colorimetrically according to Reitman
and Frankel (1957). Glutathione peroxidase (GPX) activity was assayed by the method
of Paglia and Valentine (1967) with modifications according to Lawrence and Burke
(1978).

Proximate Chemical Analyses

After growth trial, the proximate chemical analyses of whole-fish body collected
from each treatment were done according to the standard methods of AOAC (1990)

for moisture, protein, fat, and ash. Moisture content was estimated by drying the
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samples to constant weight at 85 C. (GCA, model 18EM, Precision Scientific group,
Chicago, Illinois, USA). Nitrogen content was measured using a microkjeldahl
apparatus (Labconco, Labconco Corporation, Kansas, Missouri, USA) and crude protein
was estimated by multiplying nitrogen content by 6.25. Lipid content was determined
by ether extraction in multi-unit extraction Soxhlet apparatus (Lab-Line Instruments,
Inc., Melrose Park, Illinois, USA) for 16 hours and ash was determined by combusting
dry samples in a muffle furnace (Thermolyne Corporation, Dubuque, Iowa, USA) at
550 C for 6 hours.

Metal Residue

For measuring Cd and Se residues in diet and whole-fish body, samples were
oven-dried at 85 C until constant weight. Afterwards, one gram of dry sample was
ashed in muffle furnace at 550 C four 6 hours and was digested with concentrated
HNO;, and diluted with 2N HCI to a constant volume. A 100 ml of aquaria’s water was
filtered via Millipore filter paper (0.45 um) by using Millipore apparatus and the filtrate
was used for measuring the heavy metals. Cd and Se concentrations were measured
using an atomic absorption spectrophotometer (Thermo 6600, Thermo Electron

Corporation, Cambridge, UK).
Statistical Analysis

The obtained data were subjected to two-way ANOVA to test the effect of water-
born cadmium and OS supplementation as the two factors simultaneously tested. The
differences between means were done by using Duncan’s Multiple Range test that was
used as a post-hoc test to compare between means at P < 0.05. The software SPSS,
version 10 (SPSS, Richmond, Virginia, USA) was used as described by Dytham (1999).

RESULTS

Fish performance, survival, and feed utilization were significantly affected by both
OS supplementation, and Cd concentration (P < 0.05; Table 1). OS supplementation
enhanced fish growth, survival, and feed utilization, meanwhile the exposure to Cd
reduced them. However, fish groups fed OS exhibited better growth at low and high
Cd concentration than those were not fed OS. Fish survival decreased significantly
with increasing the Cd concentration (P < 0.05) and it was 80% vs 66.7% in T2 vs T5
and 73.3% vs 53.3% in T3 vs T6, respectively (Table 1).

Feed intake and FCR were significantly affected by OS supplementation as well
as Cd concentration (P < 0.05). Feed intake decreased, while FCR increased
significantly with increasing Cd concentration (P < 0.05; Table 1). Feed intake and
FCR in T1, T2, and T3 were better than those of T4, T5, and T6.



420 RESPONSE OF NILE TILAPIA, OREOCHROMIS NILOTICUS (L.)
TO ENVIRONMENTAL CADMIUM TOXICITY DURING ORGANIC SELENIUM SUPPLEMENTATION

TABLE 1. Composition and proximate chemical analyses (%; on DM bases) of the
experimental diets containing different levels of organic selenium (OS).

Ingredients 0S levels (g kg™ diet)

0.0 0.5
Herring fish meal 9.0 9.0
Soybean flour 52.5 52.5
Corn flour 19.5 19.5
Starch 7.0 6.5
Corn oil 2.0 2.0
Cod liver oll 2.0 2.0
Vitamin premix @) 2.0 2.0
Mineral premix ® 2.0 2.0
a-cellulose 3.0 3.0
Carboxy-methyl-cellulose 1.0 1.0
Sel-Plex® 0.0 0.5
Total 100 100

Chemical analysis (%)

Dry matter 91.7+£ 0.45 91.70+ 0.57
Crude protein 30.6+ 0.33 30.5+ 0.54
Ether extract 9.1+ 0.25 9.2+ 0.27

Ash 8.1+ 0.15 8.2+ 0.12

Se level (mg kg™) 1.04+ 0.045 5.54+ 0.15
Cd level (mg kgt) 0.21+0.013 0.22+0.018
Crude fibers 5.5+ 0.15 5.4+ 0.13

Nitrogen free extract 46.7 46.8

®

Gross energy (kcal/g) 4.51 4.52

4

(1) Vitamin premix (per kg of premix): thiamine, 2.5g; riboflavin, 2.5g; pyridoxine, 2.0g; inositol, 100.0g;
biotin, 0.3g; pantothenic acid, 100.0g; folic acid, 0.75g; para-aminobenzoic acid, 2.5g; choline, 200.0g;
nicotinic acid, 10.0g; cyanocobalamine, 0.005g; a-tocopherol acetate, 20.1g; menadione, 2.0g; retinol
palmitate, 100,000 IU; cholecalciferol, 500,000 IU.

(2) Mineral premix (g per kg of premix): CaHPO4.2H20, 727.2; MgC03.7H70, 127.5; KCI 50.0; NaCl, 60.0;
FeCgH507.3H20, 25.0; ZnCO3, 5.5; MnCl».4H0, 2.5; CuCl,, 0.785; CoCl3_.6H20, 0.477; Cal03.6H0,
0.295; CrCI3.6H20, 0.128; AICI3.6H20, 0.54.

(3) Nitrogen free extract (NFE) = 100 — (protein% + lipid% + ash% + crude fiber%)

(4) Gross energy (GE) was calculated as 5.65, 9.45 and 4.11 kcal/g for protein, lipid and NFE, respectively
(NRC 1993).
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Table 2. Growth performance (mean + SE) of Nile tilapia exposed to 0, 1.116, or 2.232 mg Cd/L and fed a diet with (+ OS) and without (- OS)
organic selenium for 6 weeks.

Treatments Initial weight Final weight Weight gain SGR Survival Feed intake FCR
(9) (9) (9) (%/day) (%) (g feed/fish)
+0S-Cd T1 15.2+0.88 a 35.3+0.58 a 20.1+0.51a | 2.01+£0.027a | 93.3£3.33 a 20.7£0.55a | 1.03+0.029 c
+ OS + 1.116 mg Cd/L T2 15.1+0.58 a 28.4+0.73 b 13.3+0.67 b | 1.50+0.049b | 80.0+3.33b | 19.3+1.36 ab | 1.45+0.159 bc
+ OS + 2.232 mg Cd/L T3 15.2+0.88 a 26.6+0.61 ¢ 11.4+0.52 ¢ | 1.33+0.041c | 73.3+5.77 bc | 18.4+1.07ab | 1.61+£0.087 b
-0S-Cd T4 15.2+0.88 a 30.4+0.63 b 15.2+0.67 b | 1.66+0.057 b | 93.3+5.77a | 19.6+1.18 ab | 1.29+0.137 bc
-0S + 1.116 mg Cd/L T5 15.1+0.67 a 26.2+0.32 c 11.1£0.32c | 1.31+0.029¢c | 66.7+3.33c | 18.0+1.04ab | 1.62+0.142 b
- 0S + 2.232 mg Cd/L T6 15.3+0.67 a 22.8+0.29 d 7.5+0.35d 0.95+0.038d | 53.3+£3.33d 17.1£0.93 b | 2.28+0.028 a

Means and SE were calculated from n = 3 aquaria.

Means having the same letter in the same column are not significantly different at 2 < 0.05.

Table 3. Proximate chemical analysis on wet weight basis (mean + SE) of whole-body of Nile tilapia exposed to 0, 1.116, or 2.232 mg Cd/L
and fed a diet with (+ OS) and without (- OS) organic selenium for 6 weeks.

Means having the same letter in the same column are not significantly different at £ < 0.05.

Treatments Crude protein Total lipids Ash Cd residue Se residue
(9/100 g) (9/100 g) (9/100 g) (ng/g DW) (ng/g DW)
+0S-Cd T1 14.3+0.37 a 2.7+£0.073 a 5.1+£0.27 d 2.9+0.021 e 32.5+1.31a
+ 0S + 1.116 mg Cd/L T2 13.9+0.55 a 2.2+0.014 b 7.3£0.29 b 29.74£0.718 d 30.08+1.52 b
+ 0OS + 2.232 mg Cd/L T3 11.8+0.27 b 2.0+£0.012 ¢ 8.6+£0.47 a 57.8+1.164 b 30.2+1.37 b
-0S-Cd T4 14.1+0.42 a 2.7+0.036 a 4.8+0.25d 3.1£0.035 e 10.19+0.41 c
-0S + 1.116 mg Cd/L T5 12.7+0.34 b 1.84+0.017 ¢ 6.3£0.29 c 41.2+£0.936 ¢ 8.51+0.98 d
- 0S + 2.232 mg Cd/L T6 10.6+0.28 ¢ 1.1+0.047 d 7.0£0.33 b 69.9+2.97 a 8.18+0.89d
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Table 4. Changes in serum glucose, total protein, total lipids, albumin, and globulin (mean + SE) of Nile tilapia exposed to 0, 1.116, or 2.232
mg Cd/L and fed a diet with (+ OS) and without (- OS) organic selenium for 6 weeks.

Treatments Glucose Total protein Albumin Globulin Total lipids
(L™ (gLh (L™ (gLh (L™

+0S-Cd T1 0.987+0.015 ¢ 23.00+0.20 a 14.97+0.88 a 8.83+£0.12 a 16.52+1.83 e
+ OS + 1.116 mg Cd/L T2 1.022+0.036 ¢ 19.48+0.23 b 12.17£0.67 b 7.31£0.23 b 17.63+£2.48 d
+ OS + 2.232 mg Cd/L T3 1.162+0.026 b 16.10+0.10 ¢ 10.23+0.32 ¢ 5.87£0.24 b 19.76+2.74 c
-0S-Cd T4 0.992+0.023 ¢ 19.87+0.39 b 12.47£0.19 b 7.40+£0.23 b 15.93+1.79 e
-0S + 1.116 mg Cd/L T5 1.197+0.017 b 15.63+0.27 ¢ 10.90+0.10 ¢ 4.73+£0.32 ¢ 22.31+2.38 b
- 0S + 2.232 mg Cd/L T6 1.389+0.016 a 11.33+£0.33 e 8.23+0.18 d 3.10+0.32d 26.47+1.85 a

Means having the same letter in the same column are not significantly different at 2 < 0.05.

Table 5. Changes in serum creatinine, uric acid, AST, ALT, and GPX (mean * SE) of Nile tilapia exposed to 0, 1.116, or 2.232 mg Cd/L and fed
a diet with (+ OS) and without (- OS) organic selenium for 6 weeks.

Treatments Creatinine Uric acid AST ALT GXP
(mg/L) (mg/L) (IU/L) (IU/L) (umol/min/mg protein)

+0S-Cd T1 5.87+£0.20 e 15.53+0.20 d 17.8+1.98 d 15.1+£0.230 e 4,56+0.13 b
+ 0OS + 1.116 mg Cd/L T2 7.23+£0.22 d 17.17+0.33 ¢ 28.7+£1.21 ¢ 18.7+£0.454 d 5.13+0.16 ab
+ OS + 2.232 mg Cd/L T3 8.50+0.15 ¢ 17.67+0.12 bc 32.2+1.92 b 21.4+0.225 ¢ 5.47+0.21 a
-0S-Cd T4 6.20+0.12 e 16.23+0.42 d 17.4+1.22 d 15.3+0.676 e 3.31+0.13 d
-0S + 1.116 mg Cd/L T5 9.43+0.29 b 18.13+0.13 b 32.4+£2.02 b 28.7+£0.243 b 4.12+0.18 ¢
- 0S + 2.232 mg Cd/L T6 14.27+0.23 a 22.73+0.28 a 39.7+2.08 a 37.6+0.276 a 4.73£0.21 b

Means having the same letter in the same column are not significantly different at 2 < 0.05.
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All fish body constituents except moisture content were significantly affected
by OS supplementation, Cd level, and their interaction (P < 0.05; Table 2). Crude
protein and total lipids decreased significantly with the increase of Cd concentration
(T2 vs T5 and T3 vs T6). Ash content and Cd residues in T1 - T3 were significantly (P
< 0.05) lower than those of T4 - T6, whereas Se residue in fish body was significantly
higher in T1 — T3 those of T4 - T6 (P < 0.05). No significant changes in Se residue

were observed following Cd exposure (P > 0.05).

All biochemical parameters were significantly affected by OS supplementation,
Cd level, and their interaction (P < 0.05; Tables 3 and 4). There was a significant (P <
0.05) increase in glucose levels in T5 vs T2 and T6 vs T3, whereas total protein,
albumin, and globulin decreased significantly with the increase of Cd toxicity. Fish fed
OS exhibited high protein, albumin, and globulin, compared to fish that were not fed
0OS (P < 0.05). On the other hand, serum lipids increased significantly with the
increased Cd concentration (P < 0.05), and were significantly (P < 0.05) lower in fish
fed OS.

Creatinine, uric acid, AST, and ALT were significantly affected by both OS
supplementation and Cd concentration (P < 0.05; Table 4). While these parameters
increased significantly with the increase of Cd concentration (P < 0.05), fish fed OS
(T2 and T3) exhibited lower values of creatinine, uric acid, AST, and ALT compared to
those without OS supplements (T5 and T6). The GPX activity was significantly affected
by OS supplementation as well as Cd concentration (P < 0.05; Table 4). However, GPX
activity increased significantly (P < 0.05) with the increase of Cd concentration. OS
supplementation enhanced GPX activity T1 vs T4, T2 vs T5, and T3 vs T5.

DISCUSSION

Se is an essential micronutrient for aquatic animals (Hilton et a/, 1980; Bell et
al, 1985). The inorganic form of Se as sodium selenite or sodium selenate is
commonly used as a Se supplement in livestock diets. The organic form of Se as
selenoyeast or selenomethonine may have benefits that are superior to those provided
by the inorganic forms (Wang and Lovell, 1997; Mahan, 1999). The present study
clearly indicates that the supplementation of 0.5 g OS/kg diet (5.54 mg Se/kg diet)
enhanced tilapia growth and feed efficiency (T1 vs T4). The Se level herein (5.54 mg
Se/kg) is comparable to that reported for Nile tilapia (4.6 mg Se/kg; Ahmad et al.,
2006) and African catfish (3.67 mg Se/kg; Abdel-Tawwab et a/, 2007a), and higher
than that reported for rainbow trout (0.38 mg Se/kg, Hilton et a/, 1980), channel
catfish (0.25 mg Se/kg, Gatlin and Wilson, 1984), and grouper ( 0.77 mg Se/kg; Lin
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and Shiau, 2005). The differences among the above studies may be related to the

difference in Se sources and Se concentration in the rearing water.

The fish growth was improved in T2 vs T5 and T3 vs T6 suggesting that
dietary Se could play a role in reducing Cd toxicity. Se is known to act against metal
toxicity by forming Se—metal protein and selenide—-metal complexes (Levander, 1986;
Rana and Boora, 1992; Rana and Verma, 1997). Previously researchers have
suggested that an insoluble Cd—-Se compound could be formed in the liver after
absorption for subsequent excretion through the bile which in turn reduces the
bioavailability of dietary Se (Lorentzen et a/, 1998). Lin and Shiau (2007) investigated
the effects of diets supplemented with selenium at rate of 0, 0.8, or 1.6 mg Se/kg on
the oxidative stress of grouper, Epinephelus malabaricus fed 20 mg Cu/kg for 8
weeks. They found that the supplementation of 1.6 mg Se/kg reduced the Cu stress
and improved the immune response of the fish. Also, Abdel-Tawwab et a/ (2007a)
reported that African catfish, Clarias gariepinus fed 0.3 g OS/kg diet for 12 weeks

could resist water-born Cu toxicity.

In the present study, OS supplementation played a role in enhancing feed
intake with a subsequent enhancement of the fish body composition. The low feed
utilization in Cd-challenged groups (T5 and T6) may have been due to the fact that
the Cd levels may led to reduction in fish appetite or complete fish fasting resulting in
reduced growth. Abdel-Tawwab et a/ (2007b) reported that Cu toxicity lead to a
reduced fish growth and feed utilization. An alternative hypothesis is that due to the
reduced intake, the energy requirements were met via the decomposition of the
storage-deposited nutrients (Abdel-Tawwab et al, 2006), which is supported in the
current study by the significant decrease in the body contents of crude protein and

total lipids.

Performing blood chemistry analyses often provide vital information aiding the
diagnosis for health assessment and management of cultured fish (Pincus, 1996;
Cnaani et al, 2004; Rehulka et alk, 2004; Abdel-Tawwab et a/, 2007a, b). In the
present study, glucose and serum lipids were significantly increased during Cd
exposure in the absence of supplemental OS. These results are in agreement with
those of Saeed (1989), Arias (1990), and Diab ef a/ (1996) who reported that the
intensity of hyperlipemedia may reflect the degree of stress imposed on the fish under

the influence of toxic agents and environmental pollutants.

Measurement of albumin, globulin, and total protein in serum or plasma is of
considerable diagnostic value in fish, as it relates to general nutritional status
(Schaperclaus et al, 1992). Serum protein, albumin, and globulin were significantly



MOHSEN ABDEL-TAWWAB AND MOHAMMED WAFEEK 425

lower in T5 vs T2 and T6 vs T3. These results may be due to the disturbances in the
liver protein metabolism due to Cd toxicity, as was found to be the case with other
contaminants (Dange and Masurekar 1984; Abdel-Tawwab et a/. 2007a, b). On the
other hand, Nguyen (1999) reported that a low albumin may result from impaired
synthesis, loss through urine or feces, or increased catabolism.

Creatinine and uric acid levels are indicators of kidney function. In the present
study, creatinine and uric acid showed a significant increase in fish exposed to Cd.
These results may be due to the action of heavy metal on glomeruli filtration rate (El-
Bagori, 2001; Abbass et al.,, 2002) and/or Cd may cause pathological changes to the
kidney resulting in dysfunction. AST and ALT were significantly high in T5 vs T2 and
T6 vs T2 suggesting that such liver damage might have occurred in T5 and T6 and
hence leading to the leakage of these enzymes into the blood (Casillas et al., 1983;
Chen et al,, 2004; Abdel-Tawwab et al., 2007b).

GPX activity increased with the increase of Cd level. This result may be due to
the increase in defense mechanism against Cd toxicity. In this regard, Shaik et al.
(1999) and Siraj Basha and Usha Rani (2003) reported that the chronic Cd
administration in Oreochromis mossambicus resulted in a gradual rise in hepatic
antioxidant defense. They also reported that the increase in hepatic GPX shows a
possible shift toward a detoxification mechanism under long-term exposure to Cd. On
the other hand, GPX activities in OS-fed groups were higher in T1 vs T4, T2 vs T5, and
T3 vs T6 because Se is incorporated in the structure of GPX enzyme as selenocysteine
(Rotruck et al., 1973).

It could be concluded that OS supplementation played a role in reducing the
harmful effect of water-born Cd on fish, which in turn improved the growth, survival,
and feed utilization. Also, OS supplementation decreased Cd residue found in fish
body, thereby mitigating potential hazards to human health.

REFERENCES

1. Abbass, H. H., K. H. Zaghloul and M. A. A. Mousa. 2002. Effect of some heavy
metal pollutants on some biochemical and histopathological changes in blue
tilapia; Oreochromis niloticus. Egyptian Journal of Agricultural Research, 80(3):
1385-1411.

2. Abdel-Tawwab, M., M. A. A. Mousa and F. E. Abbass. 2007a. Growth performance
and physiological response of African catfish, Clarias gariepinus (B.) fed organic
selenium prior to the exposure to environmental copper toxicity. Aquaculture,
272(1-4): 335-345.

3. Abdel-Tawwab, M., M. A. A. Mousa, M. H. Ahmad and S. F. Sakr. 2007b. The Use
of calcium pre-exposure as a protective agent against environmental copper



426

10.

11.

12.

13.

14.

RESPONSE OF NILE TILAPIA, OREOCHROMIS NILOTICUS (L.)
TO ENVIRONMENTAL CADMIUM TOXICITY DURING ORGANIC SELENIUM SUPPLEMENTATION

toxicity for juvenile Nile tilapia, Oreochromis nifoticus (L.). Aquaculture, 264: 236-
246.

Abdel-Tawwab, M., Y. A. E. Khattab, M. H. Ahmad and A. M. E. Shalaby. 2006.
Compensatory growth, feed utilization, whole body composition and hematological
changes in starved juvenile Nile tilapia, Oreochromis niloticus (L.). Journal of
Applied Aquaculture, 18(3), 17-36

Ahmad, M. H., H. I. El-Marakby, M. E. A. Seden, M. Abdel-Tawwab and M. E.
Abou-El-Atta. 2006. The use of organic selenium (Sel-Plex®) in practical diets for
Nile tilapia, Oreochromis niloticus (L.): Effect on growth performance, feed
utilization, whole-body composition and entropathogenic Aeromonas hydrophila-
challenge. Pages 95-107 jn W. Contreras and K. Fitzsimmons, editors. 7
International Symposium on Tilapia in Aquaculture, 6-8 September 2006, Boca del
Rio, Veracruz, Mexico.

AOAC (Association of Official Analytical Chemists) 1990. Official Methods of
Analysis of the Association of Official Analytical Chemists, 15" ed. Association of
Official Analytical chemists, Arlington, VA.

Arias, G. S. 1990. Effects of paraquat and lead on fish; Oreochromis hornorum.
Bulletin of Environmental and Contamination Toxicology 46(2): 237-241.

Barham, D. and P. Trinder. 1972. Enzymatic determination of uric acid. Analyzed,
97: 142-145.

Behreus, A. S. and L. Karber. 1953. Determination of LCsy. Arch. Exp. Path.
Pharm., 28: 177.

Bell, J. G. and C. B. Cowey. 1989. Digestibility and bioavailability of dietary
selenium from fishmeal, selenite, selenomethionine and selenocystine in atlantic
salmon (Sa/mo salar). Aquaculture, 81: 61— 68.

Bell, J. G., C. B. Cowey, J. W. Adron and A. M. Shanks. 1985. Some effects of
vitamin E and selenium deprivation on tissue enzyme levels and indices of tissue
peroxidation in rainbow trout (Salmo gairdneri). British Journal of Nutrition,
53(1):149-57.

Bjerregaard, P. and T. Vislie. 1985. Effects of cadmium on hemolymph composition

in the shore crab Carcinus maenas. Marine Ecology Progress Series, 27: 135-142.

Boyd, C. E. 1984. Water Quality in Warm water Fishponds. Auburn University
Agriculture Experimental Station, Auburn, Alabama, USA.

Burnison, B. K., T. Meinelt, R. C. Playle, M. Pietrock, A, Wienke and C. E. W.
Steinberg. 2006. Cadmium accumulation in zebrafish (Danio rerio) embryos is
modulated by dissolved organic matter. Aquat. Toxicol., 79: 185-191.



15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

MOHSEN ABDEL-TAWWAB AND MOHAMMED WAFEEK 427

Casillas, E., M. Myers and W. E. Ames. 1983. Relationship of serum chemistry
values to liver and kidney histopathology in English sole; Parophrys vetulus after
acute exposure to carbon tetrachloride. Aquatic Toxicology, 3: 61-78.

CCME (Canadian Council of Ministers of the Environment), 2002. Canadian
Environmental Quality Guidelines (Update 2002).

Chen, C. Y., G. A. Wooster and P. R. Bowser. 2004. Comparative blood chemistry
and histopathology of tilapia infected with Vibrio vuinificus or Streptococcus iniae
or exposed to carbon tetrachloride, gentamicin, or copper sulfate. Aquaculture,
239: 421-443.

Cnaani, A., S. Tinman, Y. Avidar, M. Ron and G. Hulata. 2004. Comparative study
of biochemical parameters in response to stress in Oreochromis aureus, O.
mossambicus and two strains of O. nifoticus. Aquaculture Research, 35: 1434-
1440.

Dange, A. D. and V. B. Masurekar. 1984. Effects of naphthalene exposure on
activity of some enzymes in Cichlid fish tilapia; Sarotherodon mossambicus Peters.
Animal Morphology and Physiology, 31: 159-167.

Diab, A. S., S. S. El-Serafey, M. S. Abdel-Halim, A. A. El-Shafey and M. A. Mousa.
1996. Toxicological and biochemical studies of the herbicide glyphosate on
Oreochromis aureus. The 3™ Veterinary Medical Congress, Faculty of Veterinary
Medicine, Zazgazig University, Zagazig, Egypt, 8-10 October, pp 233-246.

Dutta, T. K. and A. Kaviraj. 1996. Effects of lime acclimation on the susceptibility
of two freshwater teleosts and one oligochaet worm to metabolic pollutant
cadmium. Folia Biologica (Krakow), 44: 143-148.

Dytham, C. 1999. Choosing and using statistics: A Biologist's guide. Blackwell
Science Ltd., London, United Kingdom.

El-Bagori, H. M. 2001. Pathological studies on some environmental pollution on
some freshwater fish in Sharkia Governorate. M.V.Sc. Thesis, Faculty of Veterinary
Medicine, Zagazig University, Zagazig, Egypt.

Fleischer, M., A. F. Sarafim, D. W. Fasset, P. Hammond, H. T. Shacklette, I. C. T.
Nisbet and S. Epstein. 1974. Environmental impact of cadmium. Environ. Health,
253.

Henry, R. J. 1964. Colorimetric determination of total protein. In: Clinical
Chemistry. Harper and Row Publ., New York, USA.

Henry, R. J. 1974. Clinical Chemistry Principles and Techniques. 2" ed., Harper
and Row Publ., New York, USA.



428

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

RESPONSE OF NILE TILAPIA, OREOCHROMIS NILOTICUS (L.)
TO ENVIRONMENTAL CADMIUM TOXICITY DURING ORGANIC SELENIUM SUPPLEMENTATION

Hilton, J. W., P. V. Hodson and S. J. Slinger. 1980. The requirement and toxicity of
selenium in rainbow trout (Sa/mo gairdneri). Journal of Nutrition, 110: 2527-2535.

Joseph, A., M. Knight, S. Anderson, M. James and H. Rawie. 1972. Chemical basis
of the sulfophospho-vanillin reaction for estimating total serum lipid. Clinical
Chemistry, 18(3): 198-201.

Kaviraj, A. and T. K. Dutta. 2000. Use of quick lime (CaO) as a means to reduce
cadmium toxicity in common carp, Cyprinus carpio. J. App. Aquacult., 10(1): 87-
95.

Lawrence, R. A. and R. F. Burke. 1978. Glutathione peroxidase activity in Se-
deficient rat liver. Biochem. Biophys. Res. Comm., 71: 952-958.

Levander, O. A. 1986. Selenium. Pages 209-279 in W. Merts, editor. 5th edn.
Trace Elements in Human and Animal Nutrition, Vol. 2. Academic Press, San Diego,
California, USA.

Lin, Y.-H. and S.-Y. Shiau. 2005. Dietary selenium requirement of grouper,
Epinephelus malabaricus. Aquaculture, 250: 356-363.

Lin, Y.-H. and S.-Y. Shiau. 2007. The effects of dietary selenium on the oxidative
stress of grouper, Epinephelus malabaricus, fed high copper. Aquaculture, 267:
38-43.

Lorentzen, M., A. Maage, K. Julshamn. 1994. Effects of dietary selenite or
selenomethionine on tissue selenium levels of Atlantic salmon (Salmo salar).
Aquaculture, 121: 359-367.

Lorentzen, M., A. Maage and K. Julshamn. 1998. Supplementing copper to a fish
meal basal diet fed to Atlantic salmon parr affects liver copper and selenium
concentrations. Aquaculture Nutrition, 4: 67-72.

Mahan, D. C. 1999. Organic selenium: using nature’s model to redefine selenium
supplementation for animals. Pages 523— 535 /n T.P. Lyons and K.A. Jacques,
editors. Biotechnology in the Feed Industry. Proceedings of the 15" Annual
Symposium, Nottingham University Press, Nottingham, United Kingdom.

Meinelt, T., R. C. Playle, M. Pietrock, B. K. Burnison, A. Wienke and C. E. W.
Steinberg. 2001. Interaction of cadmium toxicity in embryos and larvae of
zebrafish (Danio rerio) with calcium and humic substances. Aquat. Toxicol., 54:
205-215.

Meinelt, T., B. K. Burnison, M. Pietrock, E. Zwirnmann, A. Wienke and C. E. W.
Steinberg. 2007. Cadmium uptake rates in freshly hatched zebrafish (Danio rerio)
larvae in the presence of two dissolved organic matter (DOM) isolates. J. Appl.
Ichthyol., 1-2.



39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

MOHSEN ABDEL-TAWWAB AND MOHAMMED WAFEEK 429

Nguyen, H. T. 1999. Transport proteins. Pages 309—- 335 /n W.F. Loeb and F.W.
Quimby, editors. The Clinical Chemistry of Laboratory Animals, Second Edition,
Taylor and Francis, Philadelphia, PA, USA.

Paglia, D. E. and W. N. Valentine. 1967. Studies on the quantitative and qualitative
characterization of erythrocyte glutathione peroxidase. J. Lab. Clin. Med., 7: 158—
169.

Pincus, M. R. 1996. Interpreting laboratory results: reference values and decision
making. Pages 74— 91 /n 1.B. Henry, editor. Clinical Diagnosis and Management by
Laboratory Methods, Nineteenth edition, W.B. Saunders, Philadelphia, PA, USA.

Rana, S. V. S. and P. R. Boora. 1992. Antiperoxidative mechanism offered by
selenium against liver injury caused cadmium and mercury in rat. Bull. Environ.
Contam. Toxicol., 48: 120-124.

Rana, S. V. S. and S. Verma. 1997. Protective effects of GSH, a-tocopherol, and
selenium on lipid peroxidation in liver and kidney of copper fed rats. Bull. Environ.
Contam. Toxicol., 59: 152—-158.

Rehulka, J., B. Minafik, B. and E. Rehulkova. 2004. Red blood cell indices of
rainbow trout Oncorhynchus mykiss (Walbaum) in aquaculture. Aquaculture
Research, 35: 529-546.

Reitman, S. and S. Frankel. 1957. Colorimetric determination of glutamic
oxaloacetic and glutamic pyruvic transaminases. American Journal of Clinical
Pathology, 28: 53-56.

Risso-de Faverney, C., A. Devaux, M. Lafaurie, J. P. Girard, B. Bailly and R.
Rahmani. 2001. Cadmium induces apoptosis and genotoxicity in rainbow trout
hepatocytes through generation of reactive oxygen species. Aquatic Toxicology,
53: 65-76.

Rotruck, J. T., A. L. Pope, H. E. Ganther, A. B. Swanson, D. G. Haefeman and W.G.
Hoejstra. 1973. Selenium: biochemical role component of glutathione peroxidase.
Science, 179: 588-590.

Saeed, R. M. A. 1989. Effects of some herbicides on total lipids and cholesterol
levels of the Nile catfish; Clarias /azera. EMT, 6(5): 425-432.

Schaperclaus, W., H. Kulow and K. Schreckenbach. 1992. Fish Disease. A.A.
Balkema, Rotterdam, the Netherlands.

Schram, E., Z. Pedrero, C. Camara, J. W. van der Heull and J. B Luten. 2008.
Enrichment of African catfish with functional selenium originating from garlic.
Aquaculture Research, 39: 850-860.



430

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

RESPONSE OF NILE TILAPIA, OREOCHROMIS NILOTICUS (L.)
TO ENVIRONMENTAL CADMIUM TOXICITY DURING ORGANIC SELENIUM SUPPLEMENTATION

Shaik, A., D. Vutt and K. Zaman. 1999. Oxidative stress a mechanism of chronic
cadmium induced hepatotoxicity and renal toxicity and protection by antioxidants.
Toxicol. Appl. Pharmacol., 154 (3): 256-263.

Silvestre, F., ]. Dierick, V. Dumont, M. Dieu, M. Raes and P. Devos. 2006.
Differential protein expression profiles in anterior gills of Eriocheir sinensis during
acclimation to cadmium. Aquatic Toxicology, 76: 46-58.

Siraj Basha, P. and A. Usha Rani. 2003. Cadmium-induced antioxidant defense
mechanism in freshwater teleost Oreochromis mossambicus (Tilapia).
Ecotoxicology and Environmental Safety, 56: 218-221.

Stohs, S. J. and D. Bagchi. 1995. Oxidative mechanisms in the toxicity of metal
ions. Free Radical and Biological Medicine, 18: 321-336.

Thurberg, F. P., M. A. Dawson and R. S. Collier. 1973. Effects of copper and
cadmium on osmoregulation and oxygen consumption in two species of estuarine
crabs. Marine Biology, 23: 171-175.

Trinder, P. 1969. Determination of glucose concentration in the blood. Annual
Clinical Biochemistry, 6: 24.

USEPA (U.S. Environmental Protection Agency), 2001. 2001 Update of Ambient
Water Quality Criteria for Cadmium. EPA-822-R-01-001, Washington DC, USA.

Wang, C. and R.T. Lovell. 1997. Organic selenium sources, selenomethionine and
selenoyeast, have higher bioavailability than an inorganic selenium source, sodium
selenite, in diets for channel catfish (Ictalurus punctatus). Aquaculture, 152: 223-
234.

Wicklund, A. and P. Runn. 1988. Calcium effects on cadmium uptake,
redistribution and elimination in minnows, Phoxinus phoxinus, acclimated to
different calcium concentrations. Aquatic Toxicology, 13: 109-122.

WHO (World Health Organization) 1989. Guide lines for drinking water quality. Vol.
1, Recommendations WHO, Geneva, p. 19.

Wood, C. M. 2001. Toxic responses of the gill. In: Schlenk, D., Benson, W.H.
(Eds.), Target Organ Toxicity in Marine and Freshwater Teleosts. Taylor and
Francis, London, UK, pp. 1 — 87.

Zyadah, M. A. and T. E. Abdel-Baky. 2000. Toxicity and bioaccumulation of
copper, zinc, and cadmium in some aquatic organisms. Bulletin of Environmental
Contamination and Toxicology, 64: 740-747.



	INTRODUCTION
	MATERIALS AND METHODS
	Water Chemistry Analysis
	Growth Parameters



	RESULTS
	Crude protein
	30.6± 0.33
	DISCUSSION
	REFERENCES



