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ABSTRACT
The present study was undertaken to investigate whether treatment with vitamin E (VE)
protects against intoxication induced by lead
(Pb) exposure in Oreochromis niloticus.
Fish were exposed for 60 days to a 10 mg
Pb / Kg diet. The oxidative stress affected
by Pb in fish was treated by antioxidant
(VE) supplementation. Fish were assigned
to four dietary groups. The diets differed in
their constituents of Pb and VE. Growth
hormone (GH) levels were significantly
increased (p<0.05) in fish fed the VE supplemented diet and decreased in fish fed the Pb
supplemented diet reference to control. The
supplementation of VE with Pb reduced the
accumulation of that metal in muscle and
prevented its negative impact on growth
when compared with control. The treatment
with dietary VE reduced Pb concentrations
in muscles and increased GH levels in serums of Pb treated fishes. While diets devoid
of that antioxidant (VE) showed reduced GH
levels in serums and increased Pb concentrations in muscles of these fishes.
These observations suggest that VE has
a definite role in the prophylaxis of Pb poisoning, and that GH levels may be consid-
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ered a sensitive bioindicator of Pb pollution
and of antioxidant defence in fish.
INTRODUCTION
Vitamins are organic compounds necessary
in the diet for normal fish growth and health.
They often are not synthesized by fish, and
must be supplied in the diet. Vitamins are
divided into two groups: water-soluble and
fat-soluble (Steven Craig, 2002). Vitamin
E receives the most attention for its importance as an antioxidant (Steven Craig, 2002).
Vitamin E is a fat-soluble vitamin that exists
in 8 forms. Each form has its own biological activity, which is the measure of potency
or functional use in the body (Traber and
Packer, 1995). Alpha-tocopherol (α- tocopherol) is the name of the most active form of
vitamin E. It is also a powerful biological
antioxidant (Farrell & Roberts, 1994 and
Trader, 1999). Antioxidants, such as vitamin
E, act to protect the cells from the effects of
free radicals, which are potentially damaging by-products of energy metabolism, or
from environmental exposure like radiation
(Farrell & Roberts, 1994). Free radicals may
be defined as any molecule that has one or
more unpaired electrons. They can damage
cells and may contribute to the development
of cardiovascular disease, cancer, tissue
injury in liver, brain, kidney, lung, nervous
system and other organs (Weiss, 1989 and
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Halliwell, 1994). The redox cycling of heavy
metals, as well as their interaction with
organic pollutants is a major contributor to
the oxidative stress resulting from aquatic
pollution (Iqbal et al., 2005). Small molecule antioxidants such as vitamin E are able
to interact with oxidizing radicals directly
(Jones et al., 1995). Studies are underway
to determine whether vitamin E, through its
ability to limit production of free radicals,
might help prevent or delay the development
of the previous diseases (U.S. Department of
Agriculture, 2004).
VE has also been shown to play a role
in immune function, in DNA repair, and
other metabolic process (U.S. Department of
Agriculture, 2004). VE functions to protect
membrane lipids from damage (Frei, 1991).
Many foods are the source of VE, such as
vegetables, oils, nuts, green leafy vegetables
and fortified cereals (U.S. Dept. of Agri.,
2004). In calves, administration of antioxidants reduced the uptake of lead in tissues
and prevented the clinical signs of lead poisoning (Bratton et al., 1981). In addition, the
supplementation of antioxidants diminished
lead-induced biochemical alterations in the
urine, blood, kidney and liver of rats, and
reduced accumulation of lead in the tissue of
rats (Flora et al., 1984). Dietary supplementation of lead and ascorbic acid prevented
lead-induced growth retardation, reduced
food consumption, anemia, renal hyperTable (1): Composition and approximate chemical analysis of the experimental basal diet.
Ingredients

Diet %

Rice bran

34

Yellow corn

26

Fish meal

25

Meat meal

12

Molasses

3

Total

100

Chemical analysis on dry metal basis

%

Moisture

7.02

Crude protein

24.92

Ether extract

8.54

Nitrogen free extract

37.48

Ash

16.21

Crude fibers

5.73
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trophy, and accumulation of lead in tissues
(Suzuki & Yoshida, 1979a). Variation of
antioxidant enzymes and the effect of heavy
metals on these enzymes were investigated
in fresh water fish (Paula et al., 2001). Researchers observed higher hepatic levels of
copper in fish captured at the polluted sites.
Dietary supplementation of VE and VC is
safe for the general population because these
nutrients supply antioxidants, support functions for homeostasis, and protection against
free radical damage (Hathcock et al., 2005).
Antioxidant treatment has also been shown
to prevent late memory impairment in animals (Barichello et al., 2007). Antioxidants
improve myocardial efficiency in patients
with heart failure (Shinke et al., 2007). Fernanda et al., (2008) studied the antioxidant
defenses and biochemical changes in fish in
response to copper exposure. They found
that antioxidants significantly protected fish
from heavy metal toxicity (Mourente et al.,
2002 and Senug et al., 2007).
GH inhibition has the potential to
identify heavy metals in environmental
samples, and antioxidants were screened
for their ability to protect GH activity from
heavy metal inhibition (El-Shebly, 2002 and
Apigall et al., 2003).
The present work aims to evaluate the
protective role of antioxidants (VE) in
reducing accumulation and toxicity of heavy
metal (Pb), and enhancement of growth of
Oreochromis niloticus.
MATERIALS and METHODS
Eighty adult, mixedsex Nile tilapia (Oreochromis niloticus) with an average weight
of 82.3 ± 6.3 g and length of 17.9 ± 2.1 cm
were acquired from a private farm, acclimatized, and randomly distributed in 8 glass
aquaria (70 L each) in declorinated tap water
at 25 oC under a natural photoperiod (12h
light- 12h dark). The aquaria were supplied
with continuous aeration. Fish were allowed
to acclimatize to their new environment for
7 days prior the initiation of treatment. The
fish were assigned to 4 dietary treatment
groups (duplicate replicates per treatment)
for 60 days. Fish were fed on the basal diet
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Table (2): The effect on muscle lead (Pb) content and serum growth hormone The results of the pres(GH) levels after treatment with vitamin E (VE) in lead exposed and un-exent study are shown in
posed fish (Oreochromis niloticus).
Treatments (Dietary groups)

Muscle Pb content (mg/kg wet
weight)

- Group A (control) basal diet

1.78

- Group B (basal diet + VE)

0.53

- Group C (basal diet +Pb)

4.06

- Group D (basal diet +VE + Pb)

1.93

(Table 1). Group A (control) received the
basal diet devoid of VE and Pb (- VE – Pb).
Group B received the basal diet supplemented with 300 mg α- tocopherol VE/ kg
diet (+ Ve – Pb). Group C received the basal
diet supplemented with 10 mg Pb as lead
acetate/ kg diet (- VE + Pb). Group D received the basal diet supplemented with 300
α – tocopherol VE and 10 mg Pb / kg diet (+
Ve + Pb). The fish were fed daily between
9:00 and 10:00 A.M. at a rate of 5 % of the
total body weight. Unconsumed feed and
wastes were siphoned daily. The average
water quality parameters were within the
optimal values: temperature 25 ± 0.2 oC, pH
7.6 ± 0.3, dissolved oxygen 7.3 ± 0.8mg/ L,
alkalinity 81 ± 11 mg/ L Ca Co3, unionized
ammonia 0.007 ± 0.001 mg/ L and nitrate
0.002 ± 0.001 mg/ L. Water quality parameters were determined according to APHA
(American Public Health Association, 1992).
At the end of exposure period, 10 fish
from each treatment (5 fish from each aquaria) were netted and blood samples were collected from their caudal veins, centrifuged
at 3500 rpm for 15 minutes to obtain serum,
and stored at -20 oC until analysis. Growth
hormone (GH) levels were determined in the
serum by a private medical laboratory.
Parts of the dorsal muscles of each
fish were kept at -20 oC prior to heavy
metal (Pb) analysis. Lipid free dry tissues were used for determination of heavy
metal content using Atomic Absorbtion
Spectrophotometry (Perkin Elmer, model
2380) according to Allen et al (1979). Lead
concentrations were expressed as mg/ kg
wet weight.
RESULTS
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Table 2. Exposing fish
to Pb caused elevation
Serum GH levels (ng/ml)
in muscle and reduc0.69
tion of GH levels in
0.81
serum. These two lev0.34
els are the indicator of
0.65
growth rate. However,
VE may restore the
reduced GH levels and mitigate the effect
of Pb. Fish fed diets supplemented with VE
(group B) showed the highest GH levels
(0.81 ng/ ml) in serum when compared with
the control group (0.69 ng/ ml). The lowest
levels of GH (0.34 ng/ ml) were recorded in
group C, which received a diet supplemented with Pb and devoid of VE. Serum GH
levels in fish fed the group D diet (+ VE +
Pb) did not differ significantly (0.65 ng/ ml)
from those fed the control diet (p<0.05).
Concentrations of Pb in muscle varied
among the dietary groups. The Pb content in
muscle reflected Pb content in the diets, as
well as the presence of VE. The most significant increase of Pb concentrations (4.06 mg/
kg wet weight) was recorded in the muscle
of fish fed diet C (- VE + Pb) as compared
with the control (1.78 mg/ kg wet weight).
The lowest concentrations of Pb (0.53 mg/
kg wet weight) were recorded in the muscle
of fish fed diet B (+ VE – Pb). Addition
of VE in diet D (+ VE + Pb) resulted in
decreased accumulation of Pb (1.93 mg/ kg)
in muscle as compared to fish fed diet C, and
demonstrated no significant difference (p <
0.05) when compared with the control.
DISCUSSION
The results reported here show that antioxidants have the ability to prevent oxidative
stress induced by Pb heavy metal. Exposing
fish to Pb for 60 days significantly inhibited
the activity of serum GH. This inhibition
was reduced in fish supplemented with VE.
Adding the vitamin caused an elevation in
serum GH level in Pb-treated fish, compared
with the Pb-treated diet only. The results of
the present work indicate that fish fed the
group B diet had significantly (p < 0.05)
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higher GH levels than the remaining groups.
The significantly lower GH levels of fish in
group C, that received Pb only, are probably
a result of toxicity related to Pb. Whereas
there were no significant differences in
GH levels among group D and the control
(group A), reflecting the positive role of VE.
Mourente et al., (2002) recorded that growth
and survival of fish were relatively unaffected by heavy metals in a VE supplemented
diet. Also, Steven (2002) recorded growth
depression in fish fed a Pb-supplemented
diet, a decrease that was prevented with the
supplementation of antioxidants.
The treatment of Pb-exposed fish with
VE caused a significant decrease in Pb in
the tissue. The present results agree with
Tandon et al., (1987) who recorded that
supplementation of vitamin B complex
reduced Pb intoxication in rats. Bralton et al
(1981) also recorded the preventative effect
of antioxidants in Pb poisoning. They attributed the preventive effect of antioxidants
to the in vivo formation of readily excretable
complex(es) between Pb and the vitamin or
its metabolite(s). The fact that supplementation of a Pb-rich diet with antioxidents
was more effective than the treatment of
Pb-exposed fish indicates that the effects
were due to the inhibition of Pb absorption,
and the availability of chelatable Pb in the
former situation (Flora et al., 1984). Ping et
al (1998) recorded that Pb exposure might
decrease the defense capacity of an animal,
and ascorbic acid greatly enhanced the prophylactic potential for removal of Pb from
tissue. Guluzar et al., (2006) recorded that
vitamins have the ability to mobilize Pb into
the urine. Seung et al., (2007) recorded that
VE appears to provide protection against
oxidative stress caused by Pb toxicity. The
present results agree with these previous
observations.
The data of the present work indicates
that the intake of VE in Pb-exposed fish prevents the accumulation of Pb in tissue, and
enhances the growth factor of fish.
Finally, GH levels can be used as a tool
to rapidly screen for and identify heavy
Intern J Appl Res Vet Med • Vol. 7, No. 3, 2009.

metals in environmental samples. Pb toxicity
exerts a negative effect on fish growth, thus,
fish displayed reduced growth when fed
experimental diets deficient in VE. Additionally, antioxidants have a growth stimulating
effect on fish and may be used as an additive
in food to produce that effect.
REFERENCES
1.Abdel-Hakim, N. F.; Ammar, A.A. and Bakeer M.N.
(2004): Effects of stocking density and feeding
system on growth performance of Nile tilapia
(Oreochromis niloticus) reared in concrete tanks.
J of Egyptian Academic Society for Environmental
Development, 5(2): 87 – 105.
2.Allen, S.; Grmshoy, H.; Parkinson, J. and Quarmby,
C. (1979): Chemical analysis of ecological materials. Blackwell; Oxford, 565 pp.
3.APHA (American Public Health Association) (1992):
Standard methods for the examination of the water
and wastewater including bottom sediments and
sludge. 12th Edition, INC. New York, USA, 769
pp.
4.Apigail, M.; Brent, M.; William, A.; and James, N.
(2003): Heavy metal-induced inhibition of Aspergillus niger nitrate reductase: applications for rapid
contaminant detection in aqueous samples. Analytical Chimica. Acta., 48(1): 131 – 142.
5.Barichello, t.; Machado, RA.; Constantino, L.; Valvassori, SS.; Reus, GZ.; Martins, MR.; Petronitho,
F.; Ritter, C.; Quevedo, J. and Dal-pizzol, f. (2007):
Antioxidant treatment prevented late memory impairment in an animal model of sepsis. Crit. Care
Med., 35 (9): 2186 – 2190.
6.Bratton, G.; Zmudzki, J.; Bell, M. and Watnock, L.
(1981): Thiamine (Vitamin B1) effects on lead
intoxication and deposition of lead in tissues:
Therapeutic potential. Toxicol. Appl. Pharmacol.,
59: 164 – 172.
7.El-Shebly, A.A. (2002): Effect of heavy metal pollution on growth hormone levels and growth rate of
Oreochromis niloticus. Bull. Nat. Inst. Oceanogr.
& Fish., A.R.E., 28: 191 –199.
8.Farrell, P. and Roberts, R. (1994): Vitamin E. In: Shils
ME, Olson JA, Shike M, Ross AC, ed. Modern nutrition in health and disease. 8th ed. Philadelphia,
PA: Lea and Febiger, 326 – 341.
9.Fernando, G.; Cheila, D.; Eliane, T.; Laila, R.; Ana,
L. and Francisco, T. (2008): Antioxidant defenses
and biochemical changes in Pacu (Piaractus
mesopotamicus) in response to single and combined copper and hypoxia exposure. Comparative
Biochemistry and Physiology part C: Toxicology &
Pharmacology, 147(1): 43 – 51.
10.Flora, S.; Singh, S. and Tandon, S. (1984): Prevention of lead intoxication by vitamin B complex. Z.
Ges. Ilyg., 30: 409 – 411.
11.Frei, B. (1991): Ascorbic acid protects lipids in
human plasma and low-density lipoprotein against
oxidative damage. Amer. J. Clin. Nutr., 24: 1113
– 1118.
12.Guluzer, A.; Özlem, A.; Seyhan, T. and Mustafa

100

C. (2006): Response of catalase activity to Ag+,
Cd2+, Cr6+, Cu2+ and Zn2+ in five tissues of
freshwater fish (Oreochromis niloticus): Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology, 143(2): 218 – 224.
13.Halliwell, B. (1994): Free radicals, antioxidants, and
human disease: curiosity cause or consequence?.
Lancet, 344: 721 – 724.
13.Hathcock, J. N.; Azzi, A.; Blumberg, J.; Brat, T.;
Dickinson, A.; Frei, B.; Jialal, I.; Johnston, CS.;
Kelly, F.; Kraemer, K.; Packer, L.; Parthasarathy,
S.; Sies, H. and Traber, MG. (2005): Vitamins E
and C are safe across a broad range of intakes.
Amer. J. Clin. Nutr., 81 (4): 736 – 745.
14.Iqbal, A.; Miguel, O. ; Mario, P. and Mario Ana.
(2005): Anguilla anguilla L. oxidative stress
biomarkers responses to copper exposure with or
without β- naphthoflavone pre-exposure. Chemosphere, 61 (2): 267 – 275.
15.Jones, D. P.; Kagam, V.E.; Aust, S. D.; Reed, D. J.
and Omaye, S.T. (1995): Impact of nutrients on
cellular lipid peroxidation and antioxidant defense
system. Fundam. Appl. Toxicol., 26: 1 – 7.
16.Mourente, G.; Diaz, E.; Bell, J. and Tocher, D.
(2002): Increased activities of hepatic antioxidant
defense enzymes in juvenile gilthead sea bream
(Sparus aurata L) fed dietary oxidized oil: attenuation by dietary vitamin E. Aquaculture, 214(1- 4):
343 – 361.
17.Paula, A.; Tersa, P.; Maria, C.; Maria, D. and Ana,
M. (2001): Response of antioxidant enzymes in
freshwater fish populations (Leuciscus alburnoides
complex) to inorganic pollutants exposure. The
Science of The Total Environment, 280(1-3): 2153
– 2163.
18.Ping-Chi, H.; Ming-Yie, L.; Chao-Chin, H.; LihYuh, C. and Yueliang, G. (1998): Effects of vitamin
E and/ or C on reactive oxygen species-related lead
toxicity in the rat. Toxicology, 128: 169 – 179.

101

19.Senug, H.; Min-Won, B.; Hui-Young, L.; Dong-Jae,
K.; Yi-Rang, N.; Kyoung, N.; Song, P.; Hyan, K.;
Byoung, H.; Dong, R. and Jae-Hak, P. (2007):
Arsenite-induced apoptosis is prevented by antioxidants in zebra fish liver cell line. Toxicology in
Vitro, 21(5): 870 – 877.
20.Shinke,T.; Shite, J.; Takaod, H.; Hata, K.; Inoue,
N.; Yoshikawa, R.; Matsumoto, H.; Masal, H.;
Watanabe, S.; Ozawa, T.; Otaka, H.; Matsumoto,
D. and Hirata, K. (2007): Vitamin C restores the
contractile response to dobutamine and improves
myocardial efficiency in patients with heart failure
after anterior myocardial infraction. Amer. Heart
J., 154 (4): 645. e1 – 8.
21.Stevan Craig (2002): Understanding Fish Nutrition,
Feeds and Feeding. Virginia Corp., 420 – 456.
22.Suzuki, T. and Yashida, A. (1979a): Effect of dietary
supplementation of iron and ascorbic acid on lead
toxicity in rats. J. Nutr., 109: 982 – 988.
23.Tandon, S.; Flora, J. and Singh, S. (1987): Chelation
in metal intoxication: Influence of various components of vitamin B complex on the therapeutic
efficiency of disodium calcium versenate in lead
intoxication. Pharmacology and Toxicology, 60:
62 – 65.
24.Traber, MG. (1999): Vitamin E. In: Shils ME, Olson
JA, Shike M, Ross AC, ed. Modern nutrition in
health and disease. 10th ed. Baltimore : Williams
and Wilkins, 347 – 362.
25.Traber, MG. and Packer, L. (1995): Vitamin E:
Beyond antioxidant function. Amer. J. Clin. Nutr.,
(62): 15015 – 15095.
26.U. S. Department of Agriculture, Agriculture Research Service (2004): USDA National Nutrition
Database for Standard Reference, Release 16 – 1.
Nutrient Data Laboratory Home Page, www.ars.
usda.gov/ba/bhncr/ndl.
27.Weiss, S. J. (1989): Tissue destruction by neutrophils. New Engl. J. Med., 320: 365 – 376.

Intern J Appl Res Vet Med • Vol. 7, No. 3, 2009.

