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Abstract
Tyres are a mixture of vulcanized or cross-linked polymers, carbon black, dispersing oil, sulphur, synthetic fibres,
pigments, processing chemicals and steel/fiberglass. Burning of tyre materials produces smoke and toxic air pollutants,
including benzene, dioxins, furans, heavy metals and polycyclic aromatic hydrocarbons (PAHs). We investigated the
effects of the accumulation of these toxicants on fish smoked with waste tyre materials as fuel source on liver function
and oxidative stress parameters in Albino Wistar rats. In this toxicological study, some of the rats were exposed to diets
formulated with the smoked fish and some were allowed diets formulated with smoked fish and/or Solanum lycopersicum
and Allium cepa. At the end of the study period, the liver function parameters (total protein, albumin, AST, ALP, ALT,
bilirubin and cholesterol) indicated negative hepatic changes with adverse fluctuations in oxidative stress parameters
(GPx, catalase, SOD, GSH and MDA). Incorporation of S. lycopersicum and A. cepa in the diets ameliorated these
adverse biochemical changes in rats exposed to fish smoked with these toxic materials.
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endometriosis, sexual reproductive disorders, birth defects, damage to
the immune system and cancer [7,8].

Introduction

Roasting and/or smoking foods with firewood produce PAHs in
the foods [4]. Therefore, using firewood and waste tyres materials as
source of fuel in food preparation may increase the level of PAHs,
dioxins and heavy metals. Roasted foods have advantages such as
palatability, aesthetic quality and the speed of preparation. However,
the adverse health consequences of unregulated consumption of these
foods are important. The knowledge of sources of exposure, possible
amounts and their damaging effects are pertinent to helping us avoid
them or check our intake of such foods. Environmental risk assessment
of foods, commonly consumed is important for healthy living. Since
roasting/smoking foods is a very common method of food processing
in many Nigerian homes [4,9], their potential hazards ought to be
brought to the knowledge of consumers.

Chemicals produced during food processing, storage, transport
and from the environment are sources of exposure to food toxins
and contaminants. PAHs, dioxins and heavy metals are important
compounds associated with ecological and health problems.
Polycyclic aromatic hydrocarbons (PAHs), is a ubiquitous
compound of hydrogen and carbon with two or more fused aromatic
rings. PAHs are chemically persistent organic compounds generated
from the incomplete pyrolysis of organic compounds [1,2]. They are
commonly produced during domestic food preparation processes
(such as grilling, roasting, smoking, etc.) that exposes the food to direct
contact with the fire, smoke and high temperature [3,4]. The toxic
effect of PAHs is generated by its metabolites which bind to protein
and DNA, causing biochemical disruption and cell damage in animals
and cancer in humans [5]. There are three principal pathways for
metabolism of PAHs: the pathway via bay region dihydrodiol epoxide
by cytochrome P450 enzymes (CYPs), the pathway via radical cation by
one-electron oxidation, and the ortho-quinone pathway by dihydrodiol
dehydrogenase (DD) [6].
Dioxins are certain group of compounds containing benzene
rings and varying numbers of chlorine atoms at different positions
of these rings. Dioxins [polychlorinated dibenzo-p-dioxin (PCDDs)]
and furans [polychlorinated dibenzofurans (PCDFs)] are produced by
tyre incineration. Hydrocarbons (the bulk of the tyre and firewood)
and oxygen (from the air) are readily available when tyre is incinerated.
Most thermal process leads to the formation of dioxins, because they
are characterized by the presence of organic matter, chlorine, high
temperature (200–900°C) and low concentration of oxygen [7]. One
important source of chlorine in tyres is its content of halogenated butyl
rubber liners. The addition of chlorine or bromine (the latter used
more widely for truck tyres) to the butyl rubber gives liners the airpermeability required to maintain proper tyre inflation. Furthermore
the presence of metals in tyres serve as catalyst for the synthesis of
dioxin, providing a surface on which dioxins can readily form during
and after the combustion process. Dioxins are highly toxic and cause
serious health problems such as infertility, learning disabilities,
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Materials and Methods
Materials
Healthy male albino rats of Wistar strain (Rattus norvegicus) that
weighed between 50 g and 90 g were purchased from the Zoological
department of the University of Nigeria, Nsukka. They were kept
in cages where they were fed with rat pellets. The rat feed used was
manufactured by Vital Poultry Growers Pellets, a product of Grand
feed Nigeria Ltd. The fish used for the experiment was purchased from
Obinze market in Owerri, Imo state.
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Feed preparation
The onions and tomatoes were purchased from Relief market,
Owerri; they were cut into small pieces and dried at room temperature
for four (4) weeks. Finally, they were oven dried at 40°C for two days,
ground and stored in labelled, air tight containers.
Fresh fish samples were purchased from a local market and were
roasted on a locally set up kiln, The fish samples were roasted by
exposing them to the heat, smoke and flame generated by firewood
and waste tyre material as energy sources for over four hours at high
temperature.. They were ground and stored properly in well labelled,
air tight containers and stored in a dark cupboard.

Formulation of diet
The feed was formulated as shown in the Table 1. An analytical
balance was used to accurately weigh the different samples to prepare
the diets and the formulated diets were stored in well labelled, air tight
containers.

Experimental design
The experimental protocol of this study was reviewed and approved
by the ethics committee of the Department of Biochemistry, Federal
University of Technology, Owerri, Nigeria. The rats were housed in
clean metal cages, maintained at room temperature in an animal house
with constant photoperiod of 12 h light/dark cycle for two weeks for
acclimatization. They were allowed rats pellet and water ad libitum.
The rats were divided into six groups, six in each. The rats in each
group were allowed the formulated diets as described in Table 1 for
four weeks. The rats in group 1 (fed with 100% feed) served as control.
Water was provided ad libitum. The rats were sacrificed after 24 hours
fast. Blood and liver samples were taken for liver function, oxidative
stress parameters and cholesterol determinations.

Biochemical analyses
Biuret method was used for the qualitative determination of
the total protein in serum [10]. Bilirubin was determined by the
colorimetric method based on that described by Jendrassik and Grof
[11]. ALT and AST were measured by monitoring the concentration
of pyruvate hydrazone and oxaloacetate, formed respectively, with 2,
4- dinitrophenyl hydrazine [12]. Alkaline phosphatase activity was
determined by the Englehardt et al. [13] method. Serum albumin
was determined based on its qualitative binding to the indicator 3, 3´,
5,5´- tetrabromo- m cresol sulphonepthalein [14]. Serum cholesterol
concentration by the methods described by Allain et al. [15] and
Melattini et al. [16]. Liver homogenate was used for the assessment of
oxidative stress parameters. Catalase (CAT) activity was determined as
described by Aebi [17], superoxide dismutase (SOD) as described by
Xin et al. [18]. Glutathione peroxidase (GPx) activity by the method of
Paglia and Valentine [19]. King and Wootton [20] method was used to
determine reduced glutathione (GSH) and malondialdehyde (MDA)
Group

Feed Composition

Group 1 100% feed
Group 2 60% feed + 40% wood fish
Group 3 60%feed + 40% tyre fish
Group 4 50% feed+ 40% tyre fish + 10% tomato
Group 5 50% feed + 40% tyre fish + 10% onion
Group 6 50% feed + 40% tyre fish + 5% tomato + 5% onions
Table 1: Percentage (%) composition of the processed onion, tomato and fish
samples
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concentration (a marker of lipid peroxidation) was determined by the
method described by Wallin et al. [21].

Statistical analysis
The results were analysed using Duncan’s Multiple Range test. All
data were expressed as mean ± standard deviation. Differences between
groups were considered at 95% confidence limit and probability level of
0.05 (p<0.05) was taken as significant.

Results and Discussion
Increases in transaminases are markers of hepatocellular damage
and leakage of enzymes through damaged cell membranes [22]. It
indicates that the hepatic intracellular enzymes have leaked into
circulation [23]. The significant increase observed when the groups fed
the smoked fish diets were compared with the control indicates hepatic
damage resulting from the toxicants present in the smoked fish diets
(Table 3). This assertion is in line with the work of Ujowundu et al. [24]
which observed that PAHs and heavy metals in diet, reacts readily with
hepatocellular components, inducing toxicity via epoxide formation.
Yoon et al. [25] observed an increase in liver mass during and a rise
in ALT activity in the serum of murine model, administered 100 μg/
kg b.w. of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) a standard
compound of PCDDs.
Alkaline phosphatase is ubiquitous with regard to tissue
distribution, but its concentrations are high in the liver, bone, intestine
and placenta. A healthy liver contains ALP and other substances which
drain continually through the bile duct. Lobular damage may obstruct
the flow of bile, causing accumulation of ALP which is regurgitated
back into the plasma [26,27]. The significant increase in ALP activity
observed in rats exposed to tyre smoked fish without concomitant
feeding with either onion or tomato or both when compared with other
groups (Table 3), indicates hepatic damage. This corroborates the work
done by Eteng et al. [28].
Impaired hepatic function affects albumin and plasma proteins,
leading to disturbances in their plasma concentration [29]. The
significant decrease in albumin and total protein concentration observed
in the groups exposed to smoked fish without concomitant feeding with
either onion or tomato or both when compared with control (Table
2), is consistent with the trend observed in liver diseases and damage
involving impaired liver function [29,30]. This study observed a nonsignificant increase in bilirubin concentration in rat groups exposed to
fish smoked with firewood and tyre compared to the control (Table 2).
Also, a significant increase in cholesterol concentration was recorded
in rats fed fish smoked with tyre without supplement (Table 2). These
indicate a gradual compromise in liver function [31]. Bilirubin, a
breakdown product of red blood cell haemoglobin is removed from
the blood through the bile by a healthy and functional liver. However,
diseases of the liver are often accompanied by increased levels of
bilirubin in the system. Also, the increase in cholesterol buttresses a
gradual dysfunction of the liver. Furthermore, the finding of Ivens et al.
[32] indicated that, accumulation of dioxins in the liver could modify the
metabolism of cholesterol and hormones. And since these compounds
are involved in plasma proteins synthesis, hepatocytes accumulation
of dioxins may change the peripheral blood status and influence the
biochemical response to an inflammatory reaction. However, the nonsignificant change in cholesterol in the supplemented groups could
be attributed to the antioxidant (flavonoids) and hypocholestrolemic
(saponins) properties of the supplements, which may have given some
chemoprotection [33,34].
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Groups

T. Protein (g/l)

Albumin(g/ l)

Bilirubin(µmol/ l)

Cholesterol(mmol/l)

Control

74.23 ± 1.72a

38.50 ± 0.70a

8.40 ± 2.74a

1.76 ± 0.39b

Firewood FD

59.70 ± 7.54b

31.80 ± 1.83b

9.17 ± 0.81a

1.68 ± 0.03b

Tyre FD

59.93 ± 5.12b

31.30 ± 3.94b

9.63 ± 2.36a

3.41 ± 0.27a

67.80 ± 6.63

33.33 ± 0.31

9.23 ± 1.76

a

1.86 ± 0.12b

Tyre FD+tomato

ba

b

Tyre FD+onion

64.23 ± 6.60ba

32.93 ± 2.48b

9.43 ± 1.05a

1.59 ± 0.19b

Tyre FD+tomato+onion

73.27 ± 5.68a

32.67 ± 3.04b

9.43 ± 1.45a

1.99 ± 0.09b

Values are expressed as mean ± standard deviation. Values with the different superscript per column are significantly different (p<0.05).
Table 2: Liver functions parameter and total cholesterol of rats maintained on diets formulated with smoked fish and treated with tomato and onion.
GROUP

ALT (u/l)

AST (u/l)

ALP (u/l)

Control

31.33 ± 3.06a

67.33 ± 1.54a

7.47±0.38a
12.07 ± 1.10b

Firewood FD

64.33 ± 2.08b

78.00 ± 5.29a

Tyre FD

64.33 ± 10.26b

152.0 ± 24.58b

18.77 ± 2.76c

Tyre FD+tomato

46.67 ± 2.08c

73.33 ± 5.03a

10.50 ± 1.25a,b

Tyre FD+onion

58.33 ± 4.73b

105.33 ± 11.02c

11.67 ± 3.00b

Tyre FD+tomato+onion

58.33 ± 4.73b

117.33 ± 17.01c

11.97 ± 1.93b

Values are expressed as mean ± standard deviation. Values with the different superscript per column are significantly different (p<0.05).
Table 3: Liver enzyme activities in rats maintained on diets formulated with smoked fish and treated with tomato and onion.
GROUP

GPx

Control

0.39 ± 0.23b

(U/g tissue)

41.52 ± 5.38a,b

3.10 ± 0.63b

0.83 ± 0.06a

1.74 ± 0.63a,b

Firewood FD

0.046 ± 0.01a

32.85 ± 2.49b

0.62 ± 0.16a

0.67 ± 0.15b,c

2.75 ± 0.27b,c

Tyre FD

0.020 ± 0.004a

37.23 ± 4.17a,b

0.43 ± 0.15a

0.33 ± 0.06c

3.48 ± 1.11c

Tyre FD+tomato

0.096 ± 0.02a

37.12 ± 4.02a,b

0.90 ± 0.77a

0.63 ± 0.15b,c

1.28 ± 0.11a

Tyre FD+onion

0.073 ± 0.037a

38.00 ± 4.60a,b

2.08 ± 0.25b

0.63 ± 0.15b,c

1.99 ± 0.40a,b

Tyre FD+tomato+onion

0.076 ± 0.021

42.86 ± 5.46

2.70 ± 1.04

0.57 ± 0.15

2.07 ± 0.23a,b

a

SOD

(U/g tissue)

a

CAT

(U/g tissue)

b

GSH

(mg/ g tissue)

b

MDA

(% TBARS)

Values are expressed as mean ± standard deviation. Values with the different superscript per column are significantly different (p<0.05).
Table 4: Oxidative stress parameters in rats maintained on diets formulated with smoked fish and treated with tomato and onion.

The chemoprotective significance of onion and tomato were further
observed from the activities of some antioxidative enzymes (Table 4).
Under normal physiological conditions, the antioxidative defence
system allows the elimination of excessive reactive oxygen species. A
non-significant increase in GPx, SOD and CAT activities was noted in
the groups fed onion/tomato supplemented diet when compared to the
tyre group. Increased GPx activity is a mechanism among antioxidant
enzymes in response to increased oxidative stress [35]. SOD and CAT
combines to protect cells from superoxides and hydrogen peroxide
[36], their reduced activities observed in this study (Table 4) indicates
possible exhaustion due to their radical scavenging roles at sites of liver
injury [24].
Other compounds used in monitoring oxidative stress are
glutathione (GSH) and malondialdehyde (MDA). GSH is the most
abundant non-protein thiol in cells that participates in several
biochemical processes. GSH occurs in red blood cells mostly in reduced
form, affecting the free radicals scavenging functions [37,38]. The use
of GSH in protective roles against oxidants may have resulted in its
significantly reduced concentration in rats fed with fish smoked with
tyre materials (Table 4) [39]. The metabolites of hydrolytic degradation
of dioxins (a major product of tyre combustion) by monooxygenase
are conjugated with glucuronic acid or the glutathione molecule (GSH)
and released from organisms with urea or bile [40]. The supportive
roles of the antioxidant constituents of the supplements were observed
in the non-significant reduction of GSH in the supplemented groups.
The significantly increased (P<0.05) MDA concentration recorded in
the groups fed diets formulated with fish smoked with firewood and
tyre materials (Table 4) indicates increased lipid peroxidation initiated
by free radicals generated by their toxic contents (PAHs, dioxins
and heavy metals) which are deleterious to the cells and organs [41].
However, groups fed the diets supplemented with onion and tomato,
J Environ Anal Toxicol
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maintained low MDA concentration within that of the unexposed.
Increased MDA is an indicator of lipid peroxidation and thus oxidative
stress [42,43].

Conclusion
This study has shown that onions (Allium cepa) and tomato
(Solanium lycopersicum) have both hepatoprotective and antioxidative
potentials. From the results obtained, there were obvious attempts by
the plants content to maintain the animal’s system. Allium cepa and
Solanium lycopersicum are good sources of phytochemicals and may
have contributed [24]. Awareness should be made to the public about
the dangers of constantly consuming smoked, grilled and barbequed
foods, and if they must be taken, adequate onions (Allium cepa) and
tomatoes (Solanium lycopersicum) should be incorporated into their
diets.
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