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Summary

In this study, detection of a possible relationship of some trace element levels of copper (Cu), zinc (Zn), and iron (Fe), toxic heavy metals,
cadmium (Cd) and lead (Pb), and antioxidant functions in cattle, which are living near the trunk roads for at least 3 years, was aimed. Totally,
70 cattle, which were in different herds, were used. Fifty-four cattle (3-13 years), which were living near the trunk roads at about 0-500 m were
used for the experiment group. Also, 16 cattle (3-12 years), which were living far from trunk roads at about 2-3 km were used for the control
groups. Blood samples were collected and Cd, Pb, Cu, Zn, Fe levels, lipid peroxidation product malondialdehyde (MDA) and antioxidative
defense system indicators, erythrocyte superoxide dismutase (SOD) activity, catalase (CAT) activity, and plasma ceruloplasmin (CP) level
were measured. Cd and Pb levels of the experimental animals were determined to be higher than the control group (P<0.01 and P<0.001,
respectively). However, Zn level of the experiment group was found lower than the control animals (P<0.001). MDA increased about three
times and CP increased about two times more than the control group (P<0.001). Significantly correlations were observed among Pb, MDA and
CP levels. Also, important correlations were found between Fe and CP, also Cu and MDA levels. Besides, MDA and CAT levels of the animals
increased with CP and SOD together, respectively. At the end of the study, Cd and Pb accumulation was observed in cattle, which were living
near the road with intensive traffic for at least three years when compared with the control group. In addition, the results showed significant
interactions among toxic heavy metals, physiological trace elements, enzymatic and non-enzymatic antioxidants and the lipid peroxidation.
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Anayol Yakininda Yasayan Sigirlarda Kan Agir Metal, iz Element
Seviyeleri ve Antioksidan Metabolizma Arasindaki iliskinin
Degerlendirilmesi

Ozet

Bu calismada, en az 3 yildir anayol kenarinda yasayan sidirlarda bakir (Cu), ¢inko (Zn) ve demir (Fe) gibi bazi iz elementler, zehirli agir
metallerden olan kadmiyum (Cd) ve kursun (Pb) ve antioksidan fonksiyonlar arasindaki olasi iliskinin tespit edilmesi amacglandi. Calismada
farkli ahirlarda yasayan toplam 70 besi sigir kullanildi. Ana yola 0-500 metre mesafede yasayan 54 (3-13 yaslarinda) sigir arastirma grubu olarak
kullanildi. Ana yola 2-3 km mesafede yasayan 16 (3-12 yaslarinda) sigir ise kontrol grubunu olusturdu. Hayvanlardan kan 6rnekleri toplandi
ve Cd, Pb, Cu, Zn, Fe seviyeleri, lipid peroksidasyon g&stergesi olan malondialdehid (MDA) ve antioksidasyon defans sistem indikatorleri olan
eritrosit siiperoksit dismutaz (SOD) aktivitesi, katalaz (CAT) aktivitesi ve plazma serliloplazmin (CP) seviyesi 6l¢lildi. Deneme grubu hayvanlarin
Cd ve Pb seviyelerinin kontrol grubu hayvanlardan ylksek oldugu belirlendi (sirasiyla P<0.01 ve P<0.001). Bununla birlikte deneme grubunun
Zn seviyesi kontrol grubundan disiik bulundu (P<0.001). MDA seviyesi kontrol grubundan yaklasik ti¢ kat, CP seviyesi ise yaklasik iki kat daha
yliksek tespit edildi (P<0.001). Pb ile MDA ve CP seviyeleri arasinda gozle goruilur sekilde bir iliski oldugu goézlendi. Ayrica, Fe ile CP ve Cu ile MDA
arasinda da énemli dlctide korelasyon bulundu. Bunun yaninda MDA ile CAT ve CP ile SOD seviyelerinin birlikte yiikseldigi gorilda. Calisma
sonunda, anayol yakininda en az {g yil yasamis olan hayvanlarda, kontrol grubuyla karsilastirildiginda Cd ve Pb birikimi oldugu gozlendi.
Ayrica, elde edilen sonuglar zehirli agir metaller, fizyolojik iz elementler, enzimatik ve enzimatik olmayan antioksidanlar ve lipid peroksidasyon
gostergesi olan MDA arasinda 6nemli dlizeyde iliski oldugunu gosterdi.
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INTRODUCTION

Road traffic contributes significantly to air pollution
in urban areas, generating particulate matter, aerosols,
and heavy metals around the roads. The problem of
environmental pollution with heavy metals is becoming
increasingly urgent'. Cd, Pb, Cu, and Zn are good indicators
for some environmental pollution 2. Calcium (Ca), Fe,
and Zn deficiency, for instance, enhance susceptibility to
Cd and Pb toxicity 3. Cd and Pb enter food chains mostly
through plants, which often accumulate heavy metals to
concentrations exceeding their levels in the soil by many
times “. Cd, which is a highly toxic metal, causes necrosis by
accumulating especially in liver and kidney °. General clinical
symptoms of Cd toxicity in mammals include anemia,
retarded testicular development or degeneration, enlarged
joints, scaly skin, liver and kidney damage, reduced growth,
and increased mortality 5. Cd also stimulates free radical
production, due to oxidative deterioration of lipids 8. Pb
is the most common cause of heavy metal poisoning in
cattle and signs include a depressed appearance, blind-
ness, grinding of teeth, muscular twitching, snapping of
eyelids, and convulsive seizures °. Pb-induced damage
may result from disturbance of prooxidant and antioxidant
balance that is found in the mammalian cells. These
suggestions include disturbances in mineral metabolism
and demyelination of nervous tissues °. Normal blood
levels of Cd and Pb are 1 and 0-0.24 ppm, respectively in
animals 7. Also, blood Pb values 0.35 ppm is diagnostic of
Pb poisoning in cattle .

Trace elements are essential in human and animal
nutrition. For some, trace elements suffer from deficiencies;
they are likely to produce milk and meat that are deficient
as well. Clinical signs linked to trace element deficiencies
are well-described in cattle '". There is an important inter-
action between trace elements and toxic metals such as
Pb, Cd and Zn >, Exposure of livestock to either high
levels of toxic metals (Cd and Pb) or less than optimal
levels of the essential microelements (Cu, Co, and Zn) can
trigger adverse effects such as reproductive impairment,
physiological abnormalities, behavioral modifications,
or even death . In addition contribute to important
developments both in treatment and control of diseases
directly related to the lack of trace elements, as well as
in the treatment and control of parasitary, bacterial and
viral diseases caused as a consequence of trace element
deficiency . Nevertheless, many of the clinical signs are
not pathognomonic of trace element deficiencies and their
diagnosis is most commonly confirmed by blood analysis ™.

The aim of this study was the detection of possible
correlation of some trace element levels (Cu, Zn, and Fe),
toxic heavy metals (Cd and Pb), and antioxidant functions
(superoxide dismutase [SOD] and catalase [CAT] activities,
plasma malondialdehyde [MDA] and ceruloplasmin [CP])
in cattle which are living near the trunk roads.

MATERIAL and METHODS

Animals

Totally 70 female cattle, which lived in different herds
in Samsun and Tekirdag Cities of Turkey, were used in
the study. Fifty-four cattle (3-13 years), which were living
near the expressway at about 0-500 m were used for the
experiment group. The breeds of the experiment animals
were local race (15), Jersey (11), Simental (2) and Holstein
(26). In addition, 16 cattle (3-12 years), which were living
far from the expressway at about 2-3 km were used for the
control groups. The breeds of the control animals were
local race (9), Jersey (5) and Holstein (2). All the animals
were living for at least 3 years in the same region and were
grazing at least 6 hours per day.

Blood Heavy Metal and Trace Elements Analysis

Blood samples were taken from the jugular vein in
anticoagulant and empty tubes from both control and
experiment groups. For the Cd and Pb measurements, an
equal amount of 20% trichloroacetic acid (TCA) was added
to the tubes with 3 ml anticoagulated blood and this
mixture was centrifuged.

Trace elements (Zn, Fe, and Cu) were detected from
sera, as well as Cd and Pb measurements were carried out
with Atomic Absorption Spectrometry (Shimadzu AA-680)
based on comparison with external standards. The stan-
dards were freshly prepared from standard stock metal
solutions (Titrisol 1.000 8 0.002 mg/l, Merck) just prior
to analysis, and were used for initial calibration for each
substance. These solutions were also used as internal
quality standards Hollow Cathode Lamp and Background
Correction (with Deuterium Lamp) modes were selected
to element analyses. Each result was corrected for the
appropriate reagent used and matrix blanks. For the
accuracy of trace element concentrations, each sample
was measured twice for each element analysis and
the differences 5% between two measurements were
accepted. Deionized water was used to clean the chamber
and zero control for each analysis. The stock standard
metal solutions for every metal (Merck, 1.000 mg/l) were
used for positive control and tested for every 25 samples,
for the reliability of measurement ¢,

Assay of Lipid Peroxidase and Antioxidant
Metabolism Parameters

SOD and CAT activities, MDA and CP levels were
determined to evaluate lipid peroxidation and antioxidant
metabolism. The anticoagulated blood samples were
centrifuged at 3.000 rpm for 15 min to separate the plasma
and erythrocytes. Plasma was harvested by aspiration.
Prior to analysis, erythrocytes were washed the three times
with an equal volume saline. The plasma specimens used
for the determination of MDA and CP, and the erythrocyte



samples used for the determination of SOD and CAT.

MDA levels were determined using the method
described by Yoshoiko et al.", based on thiobarbituric acid
(TBA) reactivity. The optical densities were measured at
535 nm by spectrophotometer (Schimadzu UV 1208). The
erythrocyte CAT activity was measured using the method
of Aebi % with a spectrophotometer at 240 nm. Erythrocyte
SOD activities were determined with the method of Sun
et al.?". This involved an inhibition of nitroblue tetrazolium
(NBT) reduction by the superoxide anions. The resulting
reduction of NBT was measured at 560 nm by the spectro-
photometer. Plasma CP level was determined using P-
Phenilen diamin dichloride (PPD). The optical density was
measured at 546 nm by the spectrophotometer 2.

Data Evaluation

Independent samples of t-test or Mann Whitney U-test
was used for statistical comparison of the groups. Also,
pearson correlation test was used for determination of
correlations among heavy metals, trace elements, lipid
peroxidation and antioxidation parameters. All data were
expressed as mean = standard deviation (SD). Differences
were considered as significant when P values were less
than 0.05.

RESULTS

Heavy metal and trace element levels and lipid per-
oxidation and antioxidation parameters are shown in
Tables 1 and 2, respectively. Cd and Pb levels increased
in the experimental animals, which were living at 0-500
m near the road for at least 3 years and this increasing is
statistically important compared with the control animals
(P<0.01 and P<0.001 for Cd and Pb, respectively). On the
other hand, serum Zn level decreased in the experiment
group when compared with the control group (P<0.001).

Average MDA level of the experiment group was
increased about three times than the control group
(P<0.001). In addition, a statistical difference was
determined in mean CP levels between the groups
(P<0.001). However, no statistical differences were
detected at SOD and CAT activity levels (P>0.05).

Table 1. Blood trace element and heavy metal concentrations (ug/dl)
Tablo 1. Kan iz element ve adir metal konsantrasyonlari (ug/dl)

Groups
Parameters
Control (n=16) Experiment (n=54)

Cu 57.53+6.98 53.89+12.45

Zn 72.40+15.11 64.57+9.76**

Fe 131.554£22.20 120.72+35.94

cd 1.308+0.691 2.379+0.871%
Pb 11.89+5.227 19.33+9.535%*

* Statistically different from the control group (*P<0.01, **P<0.001)
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Table 2. Lipid peroxidation and antioxidation parameters of the groups
Tablo 2. Gruplarin lipid peroksidasyon ve antioksidasyon parametreleri

Groups
Parameters
Control (n=16) Experiment (n=54)
MDA (umol/L) 25.74+13.13 77.07+£36.81*
CP (mg/dL) 5.17+£3.07 11.57+4.67*
CAT (K/ghb) 0.31+0.24 0.38+0.29
SOD (U/ghb) 2.82+0.87 2.90+1.01

* Statistically different from the control group (P<0.001)

Correlations between the parameters are shown in Table
3. Mean blood Pb levels were significantly correlated with
MDA and CP levels (r=0.252,P=0.036 and r=0.276, P =0.022,
respectively). Also, Fe and Cu levels were significantly
correlated (r = 0.245, P = 0.05). A negative correlation was
determined between Fe and CP levels (r =-0.272, P = 0.028)
and also Cu and MDA levels (r =-0.242, P = 0.046). Further-
more, positive correlations were detected between MDA
andCP (r=0.271,P=0.023) and CAT and SOD levels (r=0.264,
P =0.031). Although a negative correlation was observed
between Cd and Zn levels, this correlation was not
statistically important (r =-0.084, P = 0.492).

DISCUSSION

Heavy metals may come from many different sources
in urbanized areas, including vehicle emissions, industrial
discharges, and other activities. Traffic exhaust is an
important influence on Pb and Cd pollution, leading to a
concern on their ecological impact, as indicators of these
pollutants . Heavy metals are among the most widespread
potential chemical contaminants in the environment and
are transferred to man and animals through diet and other
routes °. Cd has a long biological half-life (10-30 years)
in animals ?*. Accumulation of Cd and Pb in ruminants
causes toxic effects (characterized by neurological signs,
which include depression, ataxia, blindness, and seizures,
gastrointestinal, haemopoietic, liver and kidney failures) in
cattle, but also in humans consuming meat contaminated
with toxic metals '°%. In this study, plasma Pb and Cd levels
of the experiment animals, which were living and feeding
near the trunk road at least three years, were determined
importantly increased compared with the control group.
Although these values are under the acute toxicity levels,
heavy metals cause serious health effects in animals in
long-term period . Furthermore, these animals were used
for milk and meat production, and therefore toxic metal
accumulation is also a health risk for humans.

The absorption, accumulation, and toxicity of each
metal may be affected by diverse factors, including inter-
actions with other metals. Indeed, interactions between
toxic and essential metals are central to mineral balance. It
has been demonstrated that toxic metals can disrupt trace
element metabolism 3.
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Table 3. Correlations between the parameters
Tablo 3. Parametreler arasindaki iliskiler

Parameters Correlation Analysis Cd Zn Fe
Pearson Correlation 1 -0.084 0.268
cd Sig. (2-tailed) 0.492 0.051
N 69 69 65
Pearson Correlation -0.084 1 0.078
Zn Sig. (2-tailed) 0.492 0.538
N 69 69 65
Pearson Correlation 0.268 0.078 1
Fe Sig. (2-tailed) 0.051 0.538
N 65 65 65
Pearson Correlation 0.182 -0.132 0.245*
Cu Sig. (2-tailed) 0.134 0.281 0.050
N 69 69 65
Pearson Correlation 0.219 -0.225 0.169
MDA Sig. (2-tailed) 0.071 0.063 0.178
N 69 69 65
Pearson Correlation 0.133 -0.197 -0.272*
cP Sig. (2-tailed) 0.274 0.105 0.028
N 69 69 65
Pearson Correlation 0.149 0.168 0.113
CAT Sig. (2-tailed) 0.234 0.178 0.380
N 66 66 63
Pearson Correlation 0.129 -0.074 0.062
sob Sig. (2-tailed) 0.302 0.554 0.632
N 66 66 63
Pearson Correlation 0.011 -0.150 -0.220
Pb Sig. (2-tailed) 0.927 0.218 0.079
N 69 69 65

Cu MDA CcP CAT SoD Pb
0.182 0.219 0.133 0.149 0.129 0.011
0.134 0.071 0.274 0.234 0.302 0.927
69 69 69 66 66 69
-0.132 -0.225 -0.197 0.168 -0.074 -0.150
0.281 0.063 0.105 0.178 0.554 0.218
69 69 69 66 66 69
0.245* 0.169 -0.272* 0.113 0.062 -0.220
0.050 0.178 0.028 0.380 0.632 0.079
65 65 65 63 63 65
1 -0.242* 0.059 -0.215 0.067 0.014
0.046 0.631 0.084 0.596 0.907

69 69 69 66 66 69
-0.242* 1 0.271* -0.064 0.076 0.252*
0.046 0.023 0.607 0.542 0.036

69 69 69 67 67 69
0.059 0.271* 1 0.085 0.150 0.276*
0.631 0.023 0.495 0.224 0.022

69 69 69 67 67 69
-0.215 -0.064 0.085 1 0.264* -0.019
0.084 0.607 0.495 0.031 0.877

66 67 67 67 67 66
0.067 0.076 0.150 0.264* 1 -0.115
0.596 0.542 0.224 0.031 0.357

66 67 67 67 67 66
0.014 0.252* 0.276* -0.019 -0.115 1
0.907 0.036 0.022 0.877 0.357

69 69 69 66 66 69

* Correlation is significant at the 0.05 level (2-tailed)

Cd metabolism is closely related to Zn metabolism. A
well-known example of this is that pretreatment with Zn or
the simultaneous administration of Zn with Cd reduces Cd
toxicity %. Both metals are absorbed in the intestinal canal
connecting the same metallothionein. In experimental
studies, even low doses of Cd intake have shown to inhibit
the absorption of Zn from the intestine . In addition, it has
been reported that high Cd levels lead to Cu deficiency %.
Spierenburg et al.*® reported that while mean Cd organ
concentrations were increased about 2.5 times, Cu levels
decreased, but Zn levels did not differ from the control
group in the cattle, which lived near the industrial area.

However, the obtained data from the present study do
not completely confirm with previous studies. Because,
mean Cu and Fe levels of the experiment group were not
found different from the control group when Cd level
increased in this study. Though, serum Zn level decreased
in the experiment group compared with the control group.

A correlation was observed between Cu and Fe levels, but
although a negative correlation was seen between Cd and
Zn levels, it was not statistically significant.

Pandya et al® reported that when Pb and Cd
are accumulated and presented together in similar
concentrations, the antioxidant enzyme activities are
affected. Cd has been demonstrated to stimulate free
radical production, resulting in oxidative deterioration
of lipids, proteins, and DNA, and initiating various
pathological conditions in humans and animals 2. In
addition, oxidative damage has been proposed as
another possible mechanism involved in Pb toxicity °.
Antioxidant defenses are composed by nonenzymatic
hydro and liposoluble compounds, like vitamin E, vitamin
C, carotenoids, ubiquinols, polyphenols, cellular thiols, and
enzymes like SOD, CAT, and glutathione peroxidase (GPX) 3'.
Furthermore, MDA is a by-product of lipid peroxidation
and used as an index of the rate of tissue reaction chain.



MDA is also used as an indicator of oxidative stress in cells
and tissues %2 Also, CP is a copper-containing ferroxidase
that oxidizes toxic ferrous iron to its nontoxic ferric form.
It protects tissues from iron-mediated free radical injury
and is involved in various antioxidant and cytoprotective
activities 3. Extracellular nonenzymatic antioxidants, such
as CP, neutralize the free radicals by binding oxygen free
radicals and prevent the formation of new radicals 3.

In this study, average MDA level of the experiment
group increased about three times, and CP levels increased
about two times than the control group. Especially, it was
concluded that Pb accumulation was affected the lipid
peroxidation and antioxidative metabolism. Because, a
significantly correlations were observed among Pb, MDA
and CP levels. Also, the increasing of lipid peroxidation
may be depending on reduced mineral concentration, as
well as heavy metals, in blood. Because, trace elements,
such as Fe, Cu and Zn, are very important factors in
antioxidant defence system * and important correlations
were found between Fe and CP, also Cu and MDA levels.
Besides, another important finding was MDA-CP and CAT-
SOD levels of the animals were increased together and
there were significant correlations between these lipid
peroxidation and antioxidative metabolism parameters.

Traffic exhaust is a very important factor and Cd and Pb
are good indicators of the toxic effects of environmental
pollution. In this study, Cd and Pb accumulation was seen
in cattle, which were living near the intensive traffic road for
at least three years when compared with the control group.
In addition, the results showed significant interactions
among toxic heavy metals (Cd and Pb), physiological
trace elements (Fe, Cu, Zn), enzymatic and non-enzymatic
antioxidants and the lipid peroxidation (SOD, CAT, CP
and MDA). Disruption of trace element metabolism and
antioxidant defence system by toxic metals could decrease
of productivity and contribute to the pathogenicity of
other diseases. Also, due to food residues, toxic metal
accumulations may affect human health. Therefore,
periodically monitoring systems for toxic metals should
be constituted and the breeders should be educated
about hazardous of heavy metals.

ACKNOWLEDGEMENT

The authors thank Bahar OZTURK, a student pursuing
MSc, for her technical assistance.

REFERENCES

1. Samecka-Cymerman A, Stankiewicz A, Kolon K, Kempers AJ:
Self-organizing feature map (neural networks) as a tool to select the
best indicator of road traffic pollution (soil, leaves or bark of Robinia
pseudoacacia L.). Environ Pollut, 157, 2061-2065, 2009.

2. Li X, Poon C, Liu PS: Heavy metal contamination of urban soils and
street dusts in Hong Kong. Appl Geochem, 16, 1361-1368, 2001.

3. Alonso ML, Montaina FP, Miranda M, Castillo C, Hern’andez
J, Benedito JL: Interactions between toxic (As, Cd, Hg and Pb) and

S81

ARSLAN, SARIPINAR AKSU
OZDEMIR, YAVUZ, OR, BARUTCU

nutritional essential (Ca, Co, Cr, Cu, Fe, Mn, Mo, Ni, Se, Zn) elements in the
tissues of cattle from NW Spain. Bio Metals, 17, 389-397, 2004.

4.SereginV, lvanov VB: Physiological aspects of cadmium and lead toxic
effects on higher plants. Russ J Plant Physl, 48 (4): 523-544, 2001.

5. Nisbet C, Terzi G, Pilgir O, Sarac N: Determination of heavy metal
levels in fish samples collected from the Middle Black Sea. Kafkas Univ Vet
Fak Derg, 16 (1): 119-125, 2010.

6. Neathery MW, Miller WJ: Metabolism and toxicity of cadmium,
mercury, and lead: A review. J Dairy Sci, 58, 1767-1781, 1975.

7.Kaya S, Akar F: Metaller ve diger inorganik maddeler metaller. In, Kaya
S, Piringci I, Bilgili A (Eds): Veteriner Hekimliginde Toksikoloji. 2. Baski, s.
207-239, Medisan Yayinlari, Ankara, 2002.

8. EI-Demerdash FM, Yousef MI, Kedwany FS, Baghdadi HH: Cadmium-
induced changes in lipid peroxidation, blood hematology, biochemical
parameters and semen quality of male rats: Protective role of vitamin E
and b-carotene. Food Chem Toxicol, 42, 1563-1571, 2004.

9. Mousa HM, Al-Qarawi AA, Ali BH, Abdel Rahman HA, El Mougy SA:
Efect of lead exposure on the erythrocytic antioxidant levels in goats. J Vet
Med A, 49, 531-534, 2002.

10. Rumbeiha WK, Braselton WE, Donch D: A retrospective study on
the disappearance of blood lead in cattle with accidental lead toxicosis. J
Vet Diagn Invest, 13, 373-378, 2001.

11. Guyot H, Saegerman C, Lebreton P, Sandersen C, Rollin F:
Epidemiology of trace elements deficiencies in Belgian beef and dairy
cattle herds. J Trace Elem Med Biol, 23, 116-123, 2009.

12. Wentink GH, Wensing T, Baars AJ, van Beek H, Zeeuwen AAPA,
Schotman AJH: Effects of cadmium on some clinical and biochemical
measurements in heifers. Bull Environ Contam Toxicol, 40, 131-138, 1988.

13. Goyer RA: Toxic and essential metal interactions. Annu Rev Nutr, 17,
37-35,1997.

14. Nriagu J, Boughanen M, Linder A, Howe A, Grant C, Rattray R,
Vutchkov M, Lalor G: Levels of As, Cd, Pb, Cu, Se and Zn in bovine kidneys
and livers in Jamaica. Ecotox Environ Safe, 72, 564-571, 2009.

15.Or ME., Kayar A, Kiziler AR, Parkan C, Goniil R, Barutcu B, Dodurka
HT: Determination of levels of some essential (iron, copper, zinc) and toxic
(lead, cadmium) metals in the blood of sheep and in samples of water,
plants and soil in Northwest Turkey. Vet Arhiv, 75 (4): 359-368, 2005.

16. Brown A, Halls JD, Taylor A: Atomic spectrometry update-clinical
materials, foods and beverages. J Anal Atom Spect, 1,21-35, 1986.

17. Brown AA, Taylor A: Applications of a slotted quartz tube and flame
atomic absorption spectrophotometer to the analysis of biological
samples. Analyst, 110, 579-582, 1995.

18.Turker G, Ergen K, Karakog Y, Arisoy AE, Barutcu UB: Concentrations

of toxic metals and trace elements in the meconium of newborns from a
n industrial city. Biol Neonate, 89 (4): 244-250, 2006.

19. Yoshoiko T, Kawada K, Shimada T: Lipid peroxidation in maternal
and cord blood and protective mechanism againist active-oxygen toxicity
in the blood. Am J Obstet Gynecol, 135, 372-376, 1979.

20. Aebi H: Catalase in vitro. Methods Enzymol, 105, 121-126, 1984.

21. Sun Y, Oberley LW, Li Y: A simple method for clinical assay of
superoxide dismutase. Clin Chem, 34, 497-500, 1988.

22. Colombo JP, Richterich R: On the determination of ceruloplasmin
in plasma. Schweiz Med Wochenschr, 94, 715-720, 1964.

23. Nam DH, Lee DP: Monitoring for Pb and Cd pollution using feral
pigeons in rural, urban, and industrial environments of Korea. Sci Total
Environ, 357 (1-3): 288-295, 2006.

24. Arabi M, Mohammadpour AA: Adverse effects of cadmium on bull
spermatozoa. Vet Res Commun, 30 (8): 943-951, 2006.

25.Cai Q, Long ML, Zhu M, Zhou QZ, Zhang L, Liu J: Food chain transfer
of cadmium and lead to cattle in a lead-zinc smelter in Guizhou, China.
Environ Pollut, 157 (11): 3078-3082, 2009.

26. Moore JW, Ramamoorthy R: Heavy Metals in Natural Waters. Applied
Monitoring and Impact Assessment. Springer-Verlag, New York, 1984.

27. Coppen-Jaeger DE, Wilhelm M: The effects of cadmium on zinc


http://vetdergi.kafkas.edu.tr/

S82
Evaluation of the Relationship...

absorption in isolated rat intestinal preparations. Biol Trace Elem Res, 21,
207-212,1989.

28. Blanco-Penedo |, Cruz JM, Lépez-Alonso M, Miranda M, Castillo
C, Hernandez J, Benedito JL: Influence of copper status on the
accumulation of toxic and essential metals in cattle. Environ Int, 32 (7):
901-906, 2006.

29. Spierenburg TJ, De Graaf GJ, Baars AJ, Brus DHJ, Tielen MJM, Arts
BJ: Cadmium, zinc, lead, and copper in livers and kidneys of cattle in the
neighbourhood of zinc refineries. Environ Monitor Assess, 11, 107-114, 1988.
30. Pandya CD, Pillai PP, Gupta SS: Lead and cadmium co-exposure
mediated toxic insults on hepatic steroid metabolism and antioxidant
system of adult male rats. Biol Trace Elem Res, 134 (3): 307-317, 2010.

31. Descalzo AM, Rossetti L, Grigioni G, Irurueta M, Sancho AM,

Carrete J, Pensel NA: Antioxidant status and odour profile in fresh beef
from pasture or grain-fed cattle. Meat Sci, 75, 299-307, 2007.

32. Nisbet C, Yarim GF, Ciftci A, Cenesiz S, Ciftci G: Investigation of
serum nitric oxide and malondialdehyde levels in cattle infected with
Brucella abortus. Ankara Univ Vet Fak Derg, 54, 159-163, 2007.

33. Murata H, Shimada N, Yoshioka M: Current research on acute phase
proteins in veterinary diagnosis: An overview. Vet J, 168 (1): 28-40, 2004.

34. Halliwell B, Gutteridge JM: Oxygen free radicals and iron in relation
to biology and medicine: Some problems and concepts. Arch Biochem
Biophys, 246, 501-514, 1986.

35. Ercal N, Gurer-Orhan H, Aykin-Burns N: Toxic metals and oxidative
stress part I: Mechanisms involved in metal induced oxidative damage.
Curr Top Med Chem, 1, 529-539, 2001.



	17 (Suppl A): S77-S82, 2011
	RESEARCH ARTICLE
	Evaluation of the Relationship of Blood Heavy Metal, TraceElement Levels and Antioxidative Metabolism in Cattle Which AreLiving Near The Trunk Roads
	Makale Kodu (Article Code): KVFD-2010-3433
	Summary
	Anayol Yakınında Yaşayan Sığırlarda Kan Ağır Metal, İz ElementSeviyeleri ve Antioksidan Metabolizma Arasındaki İlişkininDeğerlendirilmesi
	Özet
	INTRODUCTION
	MATERIAL and METHODS
	RESULTS
	DISCUSSION




