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Abstract: Introduction: Heavy metals such as lead, cadmium, chromium etc are environmental contaminants.
They are also known today as human and animal carcinogens. Objectives: The aim of the study was to evaluate
the genotoxic and biochemical effect of feeding rat with fish obtained from heavy metal contaminated water
bodies in Lagos, Nigeria. Methods: DNA damage was investigated using DNA lading assay, while heavy metals
and antioxidants were analyzed from fishes obtained from contaminated water bodies. Results: There was
fragmentation of blood chromosomal DNA in rats fed with heavy metal contaminated fish, while in the control
and zinc supplemented group, there was no fragmentation. Heavy metals were detected in the tissues and serum
of exposed rat, while the activity of the serum catalase and reduced glutathione significantly decreased.
Conclusion: The consumption of heavy metal contaminated fish resulted in DNA fragmentation and its deposition
in the rat tissue. Zinc supplementation prevented the degradation of DNA and potentiated antioxidant activities.
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1. Introduction

Heavy metals are amongst the most widely spread environmental contaminants in the world today. They are
present in industrial wastes & they find their way into major water bodies. These metals are assimilated by aquatic
creatures in the water bodies and they eventually bio accumulate upon long-term consumption in human beings [1].
Heavy metals are toxic elements, having the most adverse heath effects on the public based on toxicity and exposure
levels [2-5]. Therefore, they are important risk factors for human health [6]. They are also found to be carcinogenic
and eventually lead to cancer and cardiovascular diseases [7, 8]. Some studies have reported genotoxic effects in
people exposed to heavy metals [9]. A possible explanation for heavy metal induced carcinogenesis may involve the
damage of DNA. Heavy metals have been shown to cause a number of DNA lesions, such as mutation and DNA
steers breaks [10, 11]. Formations of free radicals seem to be the major cause of heavy metal genotoxicity. Studies
have shown that heavy metal induced DNA damage in the result of free radical generation. Hence, antioxidants and
free radical scavenges are useful in protecting against heavy metal toxicity [12].

The mutagenic potential of lead in human has been described in lead-exposed battery worker who showed
increase in DNA breakage [13]. Calcium and chromium have also been shown to induce DNA damage [14].
Determination of the heavy metal composition in water bodies together with their genotoxic potentials are crucial for
environmental protection and human health.

Lagos State is a major industrial area and effluents from many industries area being discharged into its water
bodies without adequate treatment. Previous studies have shown that Carter Bridge and Makoko water bodies (part
of the Lagos Lagoon) are heavily contaminated with heavy metals [15, 16]. Fishes obtained from these two water
bodies contain high levels of heavy metal above the maximum contaminant level (MCL) of the WHO [16-18]

A variety of chemical and toxins may induce two different types of cell death such as necrosis and apoptosis.
Apoptotic DNA fragmentation is often analyzed using Agarose gel electrophoresis to demonstrate a ladder pattern

The main goal of this study is to ascertain the genotoxic and bio chemical effects of feeding rat, with fishes from
two heavily polluted water bodies of Lagos Lagoon, Nigeria.
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2. Materials and Methods

2.1. Study Location

Lagos Lagoon in Nigeria is the largest lagoon system in the West African Coast, covering 208km? The Lagoon
is an open tidal estuary and it is fed in the North by Ogun River, Majidun , Agoyi and Ogudu Creeks. In the South
margin, we have Five Crowries, Badagry Creek while in the East, we have Lekki and Epe Lagoons [19].

2.2. Fish Sampling and Analysis

Two markets were selected for the purchase of the fish samples: Makoko market- close to Makoko water site of
the Lagos Lagoon. Carter Bridge market- close to Carter Bridge site of the Lagos Lagoon. This is also known as
Gbogbaniyi market, Lagos. The fish samples (Sarothederon melanotheron) were bought and taken to the laboratory
where they were cleaned, identified, weighed, oven dried and grounded to powdery form.

2.3. Animal Study

2.3.1. Experimental Animals

Twenty-one albino Sprague-Dawley rats (190g + 6.27) were obtained from the Laboratory Animal Centre,
College of Medicine, University of Lagos, Lagos State, Nigeria. They were randomly divided into four as follows:
Group A, B, Cand D.

Feed:The rats were fed with rat chow and water ad libilum. The commercial rat chow manufactured by Pfizer
Livestock Feeds, NIG., PLC, Ikeja, Lagos State, Nigeria, was used for the study.

2.3.2. Experimental Design

The rats in group A were fed with fish obtained from Carter Bridge market (100g of powdered fish added to
their feed on a daily basis). The rats in group B were fed with 100g of fish obtained from Makoko market, added to
the rats pellets. The rats in group C were fed with 100g of fish from Carter Bridge market added to the rat pellets
together with 0.013g of zinc supplement in the form of zinc sulphate. The rats in group D were fed with 100g of rat
pellets alone which serves as the control group. After three months, the animals were anaesthetized and blood
samples collected by cutting the jugular vein into heparin bottles. The rats were dissected and assay conducted on the
liver, heart, ovary, kidney and lungs.

2.4. Determination of Heavy Metal Content

2.4.1. Digestion of Serum Samples

Serum was diluted 1:99 with deionized water for metallic estimation. One hundred mls of deionized water was
transferred into a beaker covered with a watch glass. Boiling chips were added to aid boiling. The mixture was
boiled and evaporated to the lowest volume on a hot plate (10-20ml) before precipitation occurs. Conc. HNO; was
added until digestion was completed as shown by a light colored clear solution. The mixture was cooled and diluted
to 100ml with deionized wated. Portions of this solution were taken to the laboratory for metallic analysis with the
Atomic Absorption Spectrophotometry.

2.5. Determination of Catalase Activity

Serum catalase activity was determined according to the method of Luck [20] and modified by AACC [21].
Serum (0.1ml) was added to the reaction mixture which contained 1ml of 0.01m phosphate buffer (pH7.0) and 0.4ml
of 2MH,0,.

The reaction was stopped by the addition of 2ml of dichromate acetic reagents (5% potassium dichromate
glacial acetic acid mixed in ratio 1:1). The activity of catalase was assayed calorimetrically at 620nm and expressed
as pmoles of H,0, consumed min per mg protein.

2.6. Determination of serum glutathione level

Glutathione level in serum was determined according to the method of Sedlak and Lindsay [22] and modified by
AACC [21]. To the serum, 10% TCA was added. The supernatant (1ml) was treated with 0.5mls of Ellmans reagent
(19.8mg of 5,5-dithiobisnitro benzoic acid (DTNB) in 1200ml of 0.1% sodium nitrate) and 3.0ml of phosphate buffer
(0.27M, pH 8.0). The absorbance was read at 420nm.

2.7. DNA Extraction and Electrophoresis
DNA extraction and electrophoresis were performed according to the method described by Miller, et al. [23].

2.8. Reagents

Lysis buffer: 8.3g NH,CI, Ig of KHCO3, 1.8ml of 5% EDTA (dissolved in 800m1 distilled water, filtered and made
up to 1000ml with distilled water).

Digestion buffer pH 8.0: 10mM NaCl, 10mM Tris (pH 8.0)4 10mM EDTA (pH 8.0), 0.5% SDS, proteinase K (final
concentration = 0.5 mg/ml).

Salting out: 0.6M NacCl.
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Precipitation: Sodium acetate 3M (pH 5.2), 95% ethanol.

Washing: 70% ethanol

3M Sodium acetate buffer, pH 5.2 (50m1): 20.41g of NaAcetate was mixed with 32ml of distilled water and made
up to 50ml with glacial acetic acid, sterilized by autoclaving (121°C , 15min) and stored at 4°C.

0.5M EDTA buffer, pH 8.0 (50m1): 9.31g of Na,EDTA, 1g of NaOH and 30ml of distilled water was mixed
together and the mixture made up to 50ml with distilled water, sterilized by autoclaving (121°C, 15min) and stored
at 4°C.

2.9. TBE buffer (tris-borate EDTA)

2.9.1. 1 litres 10x TBE Preparation
108g Tris base, 55¢ boric acid, and 40mls 0.5ml EDTA (pH 8.0) were mixed and autoclaved for 20 minutes.

2.9.2. 5x TBE Buffer Preparation

The following components were mixed to make 1 liter 5x TBE

6M Sodium chloride (50ml): 17.5g of NaCl and 30ml of distilled water mixture was mixed, made up to 50ml
with distilled water and stored at 4°C.

1M Tris- HC1 (50ml): 6.06g of Tris-base, 40ml of distilled water and 2.1 ml of conc. HCI was mixed together
and made up to 50m1 with distilled water, sterilized by autoclaving (121°C, 15 min) and stored at 4°C.

Ethidium bromide (10mg/ml): 10mg of Ethidium Bromide dye was mixed with Iml of sterile water. The mixture
was mixed gently in a foiled Eppendor tube and stored at room temperature.

Bromophenol blue (loading buffer) x4: 25g bromophenol blue and 4g of sucrose was mixed. 10ml of sterile
water was added and the mixture mixed gently and stored at 4°C

3. Procedure

3.1. RBC Lysis

Nine mls of lysis buffer was added to Iml of whole blood in a clean tube. The mixture was shaken vigorously
and allowed to stand for 10 minutes. It was centrifuged at 2,000 rpm for 10 minutes. The centrifugation was repeated
thrice. The resulting buffy coat was stored at -4°C for at least one hour.

Buffy Coat lysis:

The buffy coat was thawed in ambient air. 400uL, of nucleic lysis buffer was added, the mixture was mixed
with a vortex mixer and kept on ice for 30 minutes. 20puL of 10% SDS and 10uL of 20mg/ml proteinase K solution
was added. The mixture was incubated overnight at 40°C. One-third volume of 6M NaCl was added and the mixture
shaken vigorously, centrifuged at 3,000 rpm for 10 minutes while the supernatant was transferred to a new tube.
0.Iml of 3M Na-acetate ( pH .5.2) together with 2ml of ice cold absolute ethanol was added to the supernatant. The
mixture was kept at -4°C for 24 hours. It was centrifuged at 3,000 rpm for 10 minutes and the supernatant decanted.
The DNA pellet was washed in 70% ethanol, centrifuged and the supernatant decanted. The resulting DNA pellet
was air dried. 8uL of DNA per sample was loaded into 0.9% agarose gel pre-stained with ethidium bromide at
100mV for one hour. DNA was visualized using UV illumination.

3.2. Agarose gel electrophoresis

Materials: Agarose (SeaKem LE Agarose, Biozym Diagnostik, Germany).

TBE x10
Procedure: 0.94 of agarose gel was prepared by dissolving 0.9g of agarose powder 100ml of x1 TBE (prepared by
1:10 dilution of x10 TBE stock with distilled water). The mixture was boiled and the gel cooled to 50°C before the
addition of 50uL of 1mg/ml ethidium bromide. The ethidium bromide-stained gel was poured into the gel casting
tray with comb inserted for well creation. The DNA sample (8uL of DNA sample + 2uL of loading buffer) was
loaded into each well of the gel submerged in x1 TBE (pH 8.3) buffer in the electrophoretic tank.
The circuit was closed and operated at I0v/cm for 45 minutes. The DNA bands were visualized under UV light using
transilluminator and photographs of DNA taken using a digital camera.

3.3. Statistical Analysis of Result

Data entry and analysis were done using Graph pad prism software version 5.04. Data for the study were
expressed as mean + S.E.M. The Students t-test for independent samples and one way analysis of variance
(ANOVA) were used to analyze the difference between the mean. Probability value less than 0.01 (p<0.01) was
considered as highly significant.
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Table-1. Lead, Cadmium, Copper, Chromium, Manganese, Magnesium and Iron Levels in serum and tissues of rats for Makoko group.

Makoko Pb Cd Cu Cr Mn Mg Fe
Group mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
SERUM 0.002+ 0.029+ 0.049+ 0.010% 0.030% 0.096+ 0.268+
0.03* 0.024 0.074* 0.032 * 0.062 0.019 0.786
LIVER 0.006+ 0.010+ 0.041+ 0.002+ 0.086+ 0.062+ 0.246
0.039* 0.061 0.029* 0.058 0.073* 0.054* 0.622
HEART 0.009+ 0.006+ 0.044+ 0.006+ 0.044+ 0.086+ 0.469+
0.001 * 0,027 0.082* 0.037* 0.057 0.018* 0.790
OVARY 0.001% 0.002+ 0.030 = 0.009 = 0.046 + 0.088 0.586 =
0.051 0.074 0.052 0.075* 0.059 0.052* 0.654*
KIDNEY 0.001% 0.009+ 0.039+ 0.001+ 0.074% 0.102+ 0.349+
0.063 0.076* 0.062* 0.079 0.069* 0.052 0.091
LUNG 0.001+ 0.001+ 0.019+ 0.007+ 0.087+ 0.054+ 0.597+
0.004 0.065 0.084 0.077* 0.051* 0.069 0.085*
CONTROL Pb Cd Cu Cr Mn Mg Fe
mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
SERUM ND ND 0.029+ ND 0.027+ 0.146+ 0.391+
0.069 0.028 0.368 0.582
LIVER ND ND 0.015+ ND 0.019+ 0.050+ 0.397+
0.034 0.043 0.371 0.490
HEART ND ND 0.027+ ND 0.020+ 0.341+ 0.298+
0.073 0.046 0.587 0.749
OVARY ND ND 0.028+ ND 0.019+ 0.029+ 0.261+
0.092 0.089 0.024 0.547
KIDNEY ND ND 0.029+ ND 0.011+ 0.024+ 0.049+
0.045 0.047 0.076 0.095
LUNG ND ND 0.025+ ND 0.075+ 0.040+ 0.049+
0.096 0.052 0.037 0.068

Values represent mean + S.E.M of 5 rats
P<0.05, T-test for independent samples
ND = NOT DETECTED

Table-2. Lead, Cadmium, Copper, Chromium, Manganese, Magnesium and Iron Levels in serum and tissues of rats for Carter Bridge group.

Carter Bridge | Pb Cd Cu Cr Mn Mg Fe
Group mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
SERUM ND 0.003 0.049+ 0.014+ 0.024 0.168+ 0.361+
+0.01* 0.074* 0.04 * +0.09 0.76 0.54
LIVER ND 0.001 0.021 0.019 0.028 0.101+ 0.581+
+0.01* +0.60* +0.02 +0.20* 0.30* 0.70
HEART ND 0.001 0.029 0.009 0.036 0.089+ 0.469+
+0.07 * +0.40* +0.07* +0.73 0.43* 0.64
OVARY ND 0.002 0.031 0.006 0.019 0.124+ 0.360 =
+0.04 +0.90* +0.08* +0.59 0.71* 0.74*
KIDNEY ND 0.001 0.036* 0.003 0.025+ 0.169+ 0.342+
+0.02 +0.50* +0.05 0.07* 0.59 0.58
LUNG ND 0.002 0.029+ 0.006 0.063+ 0.047+ 0.493+
+0.06* 0.08 +0.04* 0.53* 0.27 0.38*
CONTROL Pb Cd Cu Cr Mn Mg Fe
mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
SERUM ND ND 0.029+0.069 | ND 0.027+ 0.146+ 0.391+
0.028 0.468 0.582
LIVER ND ND 0.015 ND 0.019+ 0.050+ 0.397+
+0.034 0.043 0.371 0.490
HEART ND ND 0.027+ ND 0.020+ 0.341+ 0.298+
0.073 0.046 0.587 0.749
OVARY ND ND 0.028+ ND 0.019+ 0.029+ 0.261+
0.092 0.089 0.024 0.547
KIDNEY ND ND 0.029 ND 0.011+ 0.024+ 0.049+
+0.045 0.047 0.076 0.095
LUNG ND ND 0.025 ND 0.075+ 0.040+ 0.049+
+0.096 0.052 0.037 0.068

Values represent mean + S.E.M of 5 rats
P<0.05, T-test for independent samples
ND = NOT DETECTED

88



Journal of Biotechnology Research, 2017, 3(10): 85-93

Table-3. Lead, Cadmium, Copper, Chromium, Manganese, Magnesium and Iron Levels in serum and tissues of rats for Zinc group.

Zinc Group Pb Cd Cu Cr Mn Mg Fe
mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
SERUM ND ND 0.021+ 0.011+ 0.019+ 0.049+ 0.281+
0.065* 0.069* 0.39 0.073 0.867
LIVER ND ND 0.021+ 0.010+ 0.020+ 0.051+ 0.686+
0.12* 0.086 0.063 0.572 0.978
HEART ND ND 0.027+ 0.009+ 0.016+ 0.068+ 0.681+
0.687 0.043 0.072 0.063 0.074
OVARY ND ND 0.029+ 0.006% 0.026% 0.068+ 0.481+
0.047* 0.058 0.073 0.084 0.642
KIDNEY ND ND 0.024+ 0.010+ 0.021+ 0.046+ 0.496+
0.62* 0.071 0.081* 0.077 0.094
LUNG ND ND 0.021+ 0.004+ 0.053+ 0.038+ 0.612+
0.053 0.070* 0.082 0.074 0.864*
CONTROL Pb Cd Cu Cr Mn Mg Fe
mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
SERUM ND ND 0.029 ND 0.027+ 0.146+ 0.391+
+0.069 0.028 0.468 0.582
LIVER ND ND 0.015 ND 0.019+ 0.050+ 0.397+
+0.034 0.043 0.371 0.490
HEART ND ND 0.027+ ND 0.020+ 0.341+ 0.298+
0.073 0.046 0.587 0.749
OVARY ND ND 0.028+ ND 0.019+ 0.029+ 0.261+
ND 0.092 0.089 0.024 0.547
KIDNEY ND ND 0.029 ND 0.011+ 0.024+ 0.049+
+0.045 0.047 0.076 0.095
LUNG ND ND 0.025 ND 0.075+ 0.040+ 0.049+
+0.096 0.052 0.037 0.068

Values represent mean + S.E.M of 5 rats
P<0.05, T-test for independent samples
ND = NOT DETECTED

Table-4. Catalase activity and Glutathione level in rats fed contaminated Tilpia fish from Carter & Makoko Market, Zinc supplements & control.

Study location Glutathione | Catalase

Control 1.2740.49 0.48+0.09
Makoko 1.26+0.27 0.35+0.01
Carter 1.25+0.44 0.34+0.06
Zinc supplemented 1.28+0.28 0.49+0.04

Values represent mean + S.E.M of 5 rats
P<0.05, T-test for independent samples

Table-5. Weights of organs of rats fed with fishes from Carter site and Makoko site

Groups Heart (g) Lung (g) Kidney (g) Ovary () Liver (g)
Makoko group 0.67 +0.03 1.32+0.6* | 1.03+ 0.3 [0.22+0.01 |580+27
Carter Bridge group | 0.64+0.07* [1.33+05 | 1.04+05* | 0.21+0.03* | 6.35+2.5
Zinc group 0.57 +0.07 1.34+03 |1.18+ 06 |0.33+0.05 |6.81+1.8
Control 0.62 + 0.04 1.59+06 |1.17+06 032+0.03 |[764+27

Values represent mean + S.E.M of 5 rabbits.

*P<0.05, **P<0.01, ANOVA
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Figure-1. Agarose gel electrophoresis of chromosomal DNAs from the blood samples of rats fed with fish diet and control. Lane 1. 100 bp DNA
ladder (Bioline); Lanes 2 — 3 & 10 = Makoko; Lanes 4 -5, 7 = Carter; Lanes 6, 8, 9 = Control; Lanes 12 & 13 = Zinc
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Table-6. Purity and yields of DNA from the blood samples.

Sample Yield | Purity
ng/uL | A260/A280
Makoko -2 528.5 1.78
Makoko -3 428.1 1.71
Makoko -10 392.8 1.84
Carter — 4 503.7 1.75
Carter — 5 429.7 1.68
Carter— 7 405.8 1.70
Zinc—12 458.2 1.70
Zinc—13 527.1 1.80
Control — 6 388.5 1.78
Control - 8 582.6 1.81
Control - 9 427.3 1.75

4. Discussion

In the Western part of the country, especially Lagos State, there are numerous industries. Effluent from these
industries greatly distress the geochemistry of the soil and also introduce heavy metals into the soil & water bodies
[24, 25]. According to the United State Environmental Protection Agency USEPA [3], the Maximum Contaminant
Levels (MCL) in fishes is 0.01mg/g for Cadmium, 0.05mg/g for lead and 0.01mg/g for chromium.

Previous studies have found lead concentration in Tilapia fish to range from 0.31mg/g to 0.65mg/g [26].

Results showed that the administration of the fish diet produced a marked decrease of liver, heart, lung, kidney
and ovary weights. This is in accordance with previous data indicating weight loss in testes, seminal vesicles and
epididymis accompanied by a loss of reproductive capacity in rats exposed to cadmium [27].

Agarose gel electrophoresis of cellular DNA is the usual method for demonstrating apoptosis, with the
appearance of a characteristic ladder pattern [28]. Invitro, cells exposed to cadmium result in a DNA ladder similar
to that observed in Dexa-treated cells confirming the induction of apoptosis by heavy metals [29].The same result
has been observed for mouse cells [28] human T cell line, human histiocystic lymphoma cell line [29], human
promocystic cells [30] and normal human mononuclear cells [31]. Apoptosis is rare in health rodents but it can be
enhanced after exposure to carbon tetrachloride, ethanol, thioacetamide anti dioxin [10]. In the present study,
apoptosis as demonstrated by DNA fragmentation was noted in the rats fed the fish diet.

Many possible cellular mechanisms have been hypothesized to explain heavy metal toxicity, but oxidative stress
is a major process responsible for triggering cytotoxicity pathways that lead to the generation of reactive oxygen
species ROS [32]. Khan, et al. [33] found that lead induced oxidative stress in exposed human populations. A similar
finding was also reported for cadmium [34]. Interactions between metal ions such as iron, cadmium chromium or
copper could affect the generation of reactive oxygen species and the formation of DNA strand breaks. Nagy, et al.
[35] have reported that increasing oxidative stress caused DNA damage.

The heavy metal content of wastewater samples were analyzed in Allium cepa genotoxicity test and found to
induce significant chromosome aberrations [36].The application of prokaryotic tests stems with biomarkers such as
DNA fragmentation in different tissues of test organisms seemed to be a useful combination for the assessment of
cytotoxic and genotoxic potential in surface waters and secondary effluents [37]. Krishanamurthi, et al. [38] used
four genotoxicity assays namely chromosomal aberration, DNA strand break, DNA laddering and P53 accumulation
tests in human peripheral mononuclear blood cells and showed genotoxic potentials of contaminated waste water
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samples. Free radicals generated by heavy metals could bind to the purine and pyrimidne of nucleic acids to cause
base substitution and breakage of DNA and eventually induce mutation [1]. They could also interact with proteins in
a way that will affect their structure and functions.

Cadmium, copper and iron have been reported to induce the production of reactive oxygen species in eukaryotic
systems [39, 40]. The administration of zinc tablets to the rats prevented the degradation of DNA induced by the fish
diet. Zinc is an antioxidant and may prevent the formation of reactive oxygen species and peroxidation in the blood
samples. Thus it may be concluded that an oxidative pathway is involved in heavy metals induced DNA
fragmentation. To the best of my knowledge, this is the first report on induced DNA fragmentation by the
consumption of fish diet in rats. Other reports on heavy metal induced genotoxicity in organisms (by exposure to the
heavy metals itself) are in concert with this study [14, 41-44].

DNA fragmentation is a major genetic damage and it is associated with cancer predisposition. It has been
established that there exists a frequent occurrence of chromosomal aberrations in cancer cells.

Recent data indicate that adverse health effects of heavy metal exposure may occur at lower exposure levels
than previously anticipated [45]. Many individuals in Europe already exceed these exposure levels and the margin is
very narrow for large groups [45].

5. Conclusion

Measures should be taken everywhere in Nigeria to reduce heavy metals exposure in the general population in
order to minimize the risk of adverse health effects.

The sources of aquatic protein (Tilapia fish) in the Carter Bridge and Makoko water bodies are highly
contaminated with heavy metals from industrial effluents.

Consumption of this fish produces negative metabolic changes. Dietary Zinc is effective in ameliorating the
negative effects seen following long term administration. It is recommended that dietary supplement of zinc be taken
daily as prophylactic and the therapeutic management of effects of consumption of heavy metal contaminated fish.s
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