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Abstract

The present study was planned to evaluate the effects of various concentrations of raw rock phosphate (RRP)
rich in heavy metals on oxidative stress markers in blood samples obtained from laying hens. A total of 192
commercial laying hens of the same weight were allocated under the Completely Randomized Design to 6
treatments with 4 replicate cage boxes of 10 chicks each. The birds were maintained in cages for a period of 21 to
45 weeks of age. The RRP [A representative sample from Tarnawai-Lagarban, Danna and Kakul at Khyber
Pakhtoon Khawa, Pakistan] was incorporated into a standard diet based on corn, rice broken, rice polishing,
soya bean meal, sunflower meal and corn gluten meal (60%) to replace the amount of P provided by the DCP at
0, 25, 50, 75, and 100% level. A control diet was formulated without phosphate. Oxidative stress parameters
(TAS, catalase, SOD and GSH-Px) showed decreasing (P<0.05) trend in birds fed raw rock phosphate-based
diets as compared to those birds fed control (bone meal) and 100% DCP diets, while TOS and MDA values in
birds fed with raw rock phosphate-based diets increased than those of control and 100% DCP diets. It may be
concluded that raw rock phosphate-based diets at 75 and 100% replacing DCP may cause buildup of free radicals
in the serum, enrichment of lipid peroxidation and hampering the activities of antioxidant enzymes which

accordingly stimulates oxidative stress and damages the antioxidant function in hens.
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Introduction

Commercial poultry production is related with
different stresses accountable for decreasing
productive and reproductive performance of growing
chicks, breeders and commercial layers. A growing
body of testimony indicates that most of stresses in
poultry production at the cellular level are associated
with oxidative stress (Surai, 2016). The imbalance of
pro-oxidants and the endogenous antioxidant
mechanisms in living tissues leads to uncontrolled
oxidative damage to cellular components, known as

oxidative stress (Kohen and Nyska, 2002).

Present study is related to raw rock phosphate (RRP)
based layer diet containing heavy metals caused stress in
chickens. An excess of heavy metals can cause oxidative
damage to membrane lipids, DNA and proteins, and
their oxidation may ultimately lead to cellular
dysfunction and tissue injury (Valavanidis et al., 2006).
The catalase (CAT), superoxide dismutase (SOD) and
glutathione peroxidase (GPx) are three important
enzymes of intracellular antioxidants in cells. The SOD
converts superoxide anion radicalinto hydrogen
peroxide, whilst GSH-px and CAT change hydrogen

peroxide into water (Weydert and Cullen, 2010).

No such studies have been reported in the literature
so far and hence, it is first study of its kind to evaluate
the effects of RRP on oxidative stress biomarkers in
laying hens exposed to heavy metals under feeding
trial. Thus, it is necessary to understand the
mechanisms of metal toxicity in laying birds, and the
concentrations that cause effects on oxidative stress
biomarkers. The aim of this pre-clinical study trial
was to evaluate the effects of various concentrations
of RRP rich in heavy metals on oxidative stress

markers in blood samples obtained from laying hens.

Materials and methods

Birds and diets

A total of 192 commercial laying hens (Hy-Line W-
98) of approximately the same weight were allocated
under the Completely Randomized Design to 6
treatments with 4 replicate cage boxes of 10 chicks
each. The birds were maintained in cages for a period

of 21 to 45 weeks of age. The raw rock phosphate [A
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representative sample from Tarnawai-Lagarban,
Khyber PakhtunKhwah,

Pakistan] was incorporated into a standard diet based

Danna and Kakul at

on corn, rice broken, rice polishings, soyabean meal,
sunflower meal and corn gluten meal (60%) to
replace the amount of P provided by the DCP at o, 25,
50, 75, and 100% level (Table 1). A control diet was
formulated without phosphate. Six experimental diets
were formulated to include adequate levels of all
nutrients needed to satisfy the chicks’ minimum

requirements (NRC, 1994).

Blood Sample collection and biomarker analyses

At the end of trial period, blood sample (3mL) was
collected in blood collection vacutainer from each hen
under the study in different treatment groups and
control group. Collected blood samples were allowed
to clot and then centrifuged at 3500 rpm for 10
minutes to separate serum for oxidative biomarkers
determination. Oxidative stress parameters including
total antioxidant status (TAS), total oxidant status
(TOS), Malondialdehyde Assay (MDA), -catalase
(CAT), superoxide dismutase (SOD) and glutathione
peroxidase (GPx) in blood serum were analyzed after
homogenization (1:10 w/v) in a stock buffer (1.15%
KCl in 0.01M PBS (pH 7.4) with 0.02M EDTA).

Serum TAS and TOS were measured using novel
automated method developed by Erel (2004 & 2005)
with a spectrophotometer (UV-1603, Shimadzu). The
results are expressed in terms of mmol/]l and pumol/l,
respectively. Lipid peroxidation, estimated as
thiobarbituric acid-reactive substances (TBARS), was
assessed following the methodology described by
Placer et al. (1966) with a spectrophotometer (UV-
1603, Shimadzu). As the MDA is one of the most
abundant carbonyl products of lipid peroxidation, the
amount of MDA produced was used as an index of
lipid peroxidation. The CAT (EC1.11.1.6) activity was
assayed following the methodology described by
Clairbone (1985), based on the decomposition of
hydrogen per oxide (H20-) in molecular oxygen and
water by this enzyme. The rate of enzymatic
of H.0:. was

decrements at

decomposition determined as

absorbance 240onm with a

spectrophotometer (UV-1603, Shimadzu).
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The assay mixture consisted of 950uL. of potassium
phosphate buffer (0.05M, pH7.0), 500uL of H>0-
(0.03M) and s50uL of sample. The results were
expressed as IU/L. The activities of SOD (EC1.15.1.1)
and GPx (EC1.11.1.9) were determined with the
Ransel and Ransod kits (Randox Laboratories),
(A2s-

Autoanalyzer, BioSystems), following descriptions of

respectively  using  spectrophotometer
Reglero et al. (2009) with some modifications. To
determine the SOD and GPx activities, homogenized
samples were diluted at 1:20 and 1:25(v:v) with
Ransel diluting agent and Ransod sample diluents
(Randox Laboratories), respectively. The SOD and
GPx activities were expressed as IU/mL and U/L,

respectively.

Statistical Analysis

The results were expressed as mean + standard error
(SE) and one way analysis of variance (ANOVA) for
statistical significance was carried out using statistical
package for social sciences (SPSS) version 12.0
analysis system. Significant differences in the
concentrations of the elements were determined by
applying ANOVA. Tukey multiple-comparison test
was used to compare the differences in the mean
values of the elements. Differences were considered to

be significant at p < 0.05.

Results and discussion

Oxidative stress parameters (TAS, CAT, SOD and
GSH-Px) showed decreasing (p<0.05) trend in birds
fed RRP-based diets as compared to those birds fed
on control (bone meal) and 100% DCP diets, while
TOS and MDA values in birds fed RRP-based diets
increased than those of control and 100% DCP diets
(Table
parameters in this study might be on account of heavy
metals and F in the diets of RRP (Table 1). Inadequate

2). Such changes of oxidative stress

literature is available on the influences of higher
dietary F contents on oxidative damage parameters in
the poultry. Findings of the present trial are in line
with results of few other studies (Liu et al., 2003;
Chen et al., 2011; Deng et al., 2014), which indicated
that high dietary F decreased the actions of catalase,
GSH-Px & SOD and increased content of MDA in

broiler chicken’s serum, advocating of F introverted
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the actions of blood serum antioxidants as well as
raised the reactive oxygen species (ROS) levels in the

chickens’ blood circulatory system.

Table 1.

containing 0 to 100% raw rock phosphate (RRP) in

Composition of experimental diets

place of acidulated phosphate rock (DCP) during
production phase (21 to 45 wks).
Items DCP:RPR

(% unless Control 100: . . o q
noted) 00:0 75:25 50:50 25:75 0:100
Corn 52.00 52.00 52.00 52.00 51.70 51.40
Rice broken  10.00 10.00 10.00 10.00 10.00 10.00
Rice 6.34 6.34 6.24 6.28 6.30 6.31
polishings

Soyabean 17.00 17.00 17.00 17.00 17.00 17.00
meal

Sunflower 4.00 4.00 4.03 3.83 3.96 4.00
meal

Corn gluten 5.00 5.00 5.00 500 500 5.00
meal (60%)

Lime stone 3.00 3.00 2.92 284 276 2.68

DCP - 2.00 150 1.00 0.50 -
Raw - - 0.65 131 196 2.61
phosphate

rock

Bone meal 2.00 - - - - -
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Premix* 0.30 0.30 0.30 0.30 0.30 0.30
DL- 0.06 0.06 0.06 0.06 0.06 0.06
Methionine

Total 100 100 100 100 100 100
Calculated

ME Kcal/kg 2800 2800 2800 2800 2800 2800
Lysine 085 085 085 0.85 0.85 0.85
Methionine 0.40 0.40 0.40 0.40 0.40 0.40
Analyzed

Crude 16.50 16.50 16.50 16.50 16.50 16.50
protein

Crude fiber 4.90 4.90 4.90 4.90 4.90 4.90
Ether extract 3.50 3.50 3.50 3.50 3.50 3.50

Total P 061 0.61 0.61 0.61 0.61 0.61
Available P 040 0.32 0.32 0.32 0.32 0.32
Calcium 358 356 352 356 3.57 3.56
F mg/kg 32.0 0.25 148 202 439 645
Heavy metals

(mg/kg)

Cd 042 044 046 0.61 0.94 1.15
Cr 347 345 3.60 4.21 544 5.85
Cu 820 8.40 948 10.31 10.74 12.99
Mn 58.20 55.50 68.20 82.24 85.34 89.43
Ni 1.40 1.56 2.04 231 254 2.94
Zn 61.30 58.60 20.95 34.99 38.09 42.18
Pb 2.84 3.13 4.91 519 6.10 6.79
Fe 98.11 104.44 118.24 122.47 126.14 132.06

*The vitamin-mineral premix provided per kilogram
of diet: vitamin A, 5,000IU; cholecalciferol, 750IU;
vitamin E, 7.5mg; menadione, 0.63mg; thiamine,

0.25mg; riboflavin, 1.6mg; pyridoxine, 0.5mg;
vitamin Bi», 4.0pg; niacin, 12.5mg; calcium
pantothenate, 1.8mg; butylated hydroxytoluene,

63mg; Cu, 3mg; Fe, 4omg; Zn, 3omg; Mn, 30mg; I,
1.2mg; Co, 0.36mg; Se, 0.24mg
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Table 2. Effects of replacing dicalcium phosphate
(DCP; on a P basis) with raw rock phosphate (RRP)

on different oxidative stress parameters.

RRP replacing DCP (%) P-
25 50 75 100 value
1.45+ 1.42+ 1.29+ 1.21+ 113+ 1.12+ 0.04
TAS (mmol/]) 0.01° 0.022 0.02% 0.03® 0.02" o0.05"
1.43+ 1.40%+ 1.53+ 1.62+ 184+ 187+ 0.03
TOS (umol/1) 0.03> 0.02" 0.02" 0.01?» 0.04* 0.08*
9.57+ 9.23+ 9.72+ 12.54+ 13.87+ 13.95+ 0.04
MDA (nmol/1) 0.02°  0.06° 0.02¢ 0.01" 0.05° 0.04*
72.5+ 71.6+ 70.4t+ 56.6+ 33.1+ 32.2+ 0.03
7.008 5.60® 5.80% 3.30% 290" 3.00P
7.6+ 7.0+ 6.8+ 6.0+ 5.5t 53+ 0.04
0.09* 0.04* 0.08* 0.07®> 0.05" o0.10"
102+ 101+ 98+ 87+ 64+ 60+ 0.03
7.008  6.90? 5.00% 1.00%" 2.00P 1.89P
a-Means within a row without common superscripts are significantly

Items Control

CAT (IU/1)

SOD (1U/ml)

GSH-Px (U/L)

different (P < 0.05).

TAS: Total antioxidant status; TOS: Total oxidant status; Catalase:
CAT; MDA: Malondialdehyde Assay;

SOD: Superoxide Dismutase, GSH-Px: Glutathione Peroxidase

Heavy metals possess lethal prospective and capacity to
create ROS particularly whilst at high contents that
may perhaps cause metal-linked oxidative strain which
may direct to oxidative damage to proteins, lipid &
DNA (Valko et al, 2005). The present results
corroborate those obtained by Mashkoor et al. (2016),
who reported that levels of CAT and TAS were declined
(p<0.05) in chicks treated with Cr than those for
control group. Likewise, such reduction in CAT in the
Cr-treated rats and fish was also reported by Molina-
Jijon et al. (2011) and Shaheen and Akhtar (2012).
Similarly, Wu et al. (2013) noted the reduction in GSH-
Px, CAT and SOD activities in the Ni-induced broiler

groups as compared to without Ni group.

Conversely, contents of MDA were higher in the Ni
supplemented broiler groups than that of control
group. Moreover, some studies indicated higher lipid
peroxidation occurred after exposure of Pb in broilers
(Hoffman et al.,, 2000; Mateo and Hoffman, 2001;
Mateo et al., 2003) and after Hg exposure in rats and

birds (Huang et al., 1996; Hoffman et al., 2005).

The SOD, GSH-Px and CAT were recognized as the
first line of cellular protection against oxidative
damage which work together in the disintegration of
H.0: and O: to less detrimental forms. In this sense,
SOD catalyses the conversion of Q. into H.0: & O:
after that GSH-Px & CAT catalyze the disintegration
of H-0- (Halliwell and Gutteridge, 1999).
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In the present study, serum antioxidant enzymes
activities in the birds fed RRP-based diets particularly
at 75 and 100% RP groups were decreased as
compared with other groups. Such reduction in
enzymes activities may direct to extreme accessibility
of H.O. and <O in biological systems which
ultimately will create OH  implicated in the
beginning as well as proliferation of lipid
(Halliwell 1993).
Consequently, the MDA may cause cross-linking in

peroxidation and  Chirico,
nucleic acids, lipids & proteins (Halliwell and Chirico,
1993). This MDA production provokes increase of

membrane fragility along with modification of

membrane fluidity (Chen and Yu, 1994).
Furthermore, Marnett (1999) reported that MDA
hampers different enzyme affects & applies

mutagenicity as well as carcinogenicity via
constituting DNA adducts (segments of DNA bound
to a cancer-causing chemical). Thus current results
clearly revealed that increasing concentrations of
MDA in the birds’ serum caused through heavy
metals found in RP-based diets. Since a delayed
biomarker of oxidative stress, the enhanced yield of
MDA involves the augmentation of lipid peroxidation
with deposition of lipid peroxides in the body which

thus decreases antioxidative role in hens.

Conclusion

It may be concluded that RRP-based diets at 75 and
100% replacement with DCP may cause buildup of free
radicals in the serum, enrichment of lipid peroxidation
and hampering the activities of antioxidant enzymes
which accordingly stimulates oxidative stress and
damages the antioxidant function in hens.
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