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SUMMARY

This study was conducted to determine the effect of rations containing different amounts
of Poppy seed (PS) and Poppy seed oil (PSO) on oxidant-antioxidant balance in laying
hens. There was a control (unsupplemented) and six experimental groups (supplemented
with 0.5,1.0 and 1.5 % PS and 0.5,1.0 and 1.5, % PSO ). Totally 360 and 24 weeks old
laying hens were utilized. The experiment was lasted for 8 weeks. The blood malondial-
dehyde (MDA), nitric oxide (NOx), vitamin C, B-carotene and vitamin A and levels,
between PS groups did not differ. The reduced glutathione (GSH) levels in 1.0% and 1.5
% PS groups increased significantly compared to controls group. The MDA level was
found to be significantly lower in the 0.5 % PSO group than in the controls and other
PSO groups. The GSH levels in 0,5 % and 1.0% PS groups increased significantly com-
pared to controls group. The NOx levels in  0,5% PSO group significantly decreased
compared to other experimental groups. The Vitamin A levels in 0,5%, 1,0% and 1,5
PSO groups increased significantly compared to control group. The vitamin C and -
carotene levels between PSO groups did not differ. According to the findings of this
study, the 0.5% supplementation of PSO to the diets of laying hens decrease the blood
MDA levels and increase the GSH and vitamin A concentrations. It is thought that 0.5%
PSO supplementation can be used effectively as an antioxidant supplement in laying
hens.

Yumurtaci Tavuklarin Diyetlerine Eklenen Degigik Diizeylerdeki
Haghas Tohumu ve Haghag Tohumu Yaginin
Oksidan-Antioksidan Denge Uzerine Etkileri

OZET

Bu arastirma, yumurtaci tavuklarda yeme farkli oranlarda katilan hashas tohumu (HT) ve
hashas yaginin (HY) oksidan-antioksidan dengeye etkilerini belirlemek amaciyla yapilmis-
tir. Arastirmada HT ve HY icermeyen bir kontrol grubu (% 0 HT ve HY) ile % 0.5, 1.0,
1.5 diizeylerinde HT ve % 0.5, 1.0, 1.5, 2.0 ve 2.5 oranlarinda HY iceren 9 farkli grup
olusturulmustur. Arastirmada 35 haftalik yasta, toplam 360 adet yumurta tavugu (Hy-
Line/ brown) kullanilmigtir. Deneme 8 hafta strdarilmistir. Kan malondialdehid
(MDA), nitrik oksit (NOx), vitamin C, B-karoten ve vitamin A diizeylerinde HT gruplar
arasinda anlamh bir farklilik izlenmemistir. Rediikte glutasyon (GSH) diizeyleri % 1.0 ve
% 1.5 HT gruplarinda kontrol ve %0,5 HT grubuna oranla anlamli diizeyde artmustir.
Kan MDA diizeyi %0,5 HY grubunda kontrol ve diger HY gruplarina oranla anlamli
olarak azalmistir. % 0,5 ve 1,0 HY grubunda GSH diizeyleri kontrol ve % 1,5 HY gru-
buna ve kontrole oranla anlamlt diizeyde artmistir. %0,5 HY grubunda NOx diizeyi diger
gruplara oranla anlamli olarak azalirken, vitamin A diizeyleri ise 0,5, 1,0 ve % 1,5 HY
gruplarinda kontrole oranla anlamh dizeyde artmistir. HY gruplarinda vitamin C ve B3-
karoten yontunden anlamli bir degisim izlenmemistit. Sonu¢ olarak ¢alismada elde ettigj-
miz bulgular yumurtact tavuklarin rasyonlarina katilan % 0.5 HY’nin kan MDA diizeyi
tzerine azaltici, GSH ve vitamin A dizeyleri tzerine ise artirict etkilere sahip olmasi
yumurtact tavuklar i¢in etkin bir antioksidan olarak kullanilabilecegini géstermektedir.
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INTRODUCTION

Papaver sommifernm (poppy) is cultivated as an annual
crop in Asia Minor but is now grown in locations
with similar climates throughout the world, including
Anatolia; Turkey.! Poppy has been grown since an-
cient times for its oil-rich seeds and the opium,
which is exuded from its incised seed capsules.
While alkaloids from poppy capsules and straw are
widely used in the pharmaceutical industry, its seeds
are used extensively in various food products.?
Poppy seed is generally rich in polyunsaturated fatty
acids! and has the highest percentage of (85.9%)
unsaturated fatty acid.>* Nergiz and Otles reported
that poppy seed oil is also a good source of essential
fatty acids.> Azcan et al. demonstrated that poppy
seed oils contain much less stearic (2.5-3.2%) and
linolenic (0.4-0.6%) acids than palmitic (10.0—
13.0%), oleic (16.1-24.7%), and linoleic (56.4—
69.2%) acids.4

Poultry diets are usually formulated around a ce-
real as the main source of energy, with an oilseed
meal as the major supplement to the protein in the
cereal. Soybean meal is the most commonly used
protein source, but other oilseed meals may also be
used.> The oil remained from the oilseeds contrib-
utes to the energy of the diet. Fats, including oils,
contained more energy than starch are valuable in
balancing the nutrients when formulating diets. In
addition to energy, oilseed contains linoleic acid
which has been shown to be important for obtaining
maximum egg size, and linolenic acid which has
beneficial effects on human health. ¢7

A wide variety of reactive oxygen species (ROS)
are produced in the course of the normal metabo-
lism in biological systems and they have several im-
portant physiological functions, but their accumula-
tion beyond the needs of the cell can potentially
damage lipids, proteins, and nucleic acids. The utili-
zation of excessive energy in the hens metabolisms
due to egg production may led to an increased oxida-
tive stress in the body. Oxidative stress plays an
important role in the parthenogenesis of many
chronic diseases and leads to a decreased production
in laying hens.® In addition, the same free radicals
that are generated during oxidative stress are pro-
duced during normal metabolism and thus are in-
volved in both health and disease. Overwhelming
evidences indicate that oxidative stress causes to cell
and tissue injury. However, the cells possess an intri-
cate network of defence mechanisms to neutralize
excessive ROS accumulation, including antioxidant
compounds and antioxidant enzymes. Therefore,
under physiological conditions, cells are able to cope
with the flux of ROS. Oxidative stress describes a
condition in which cellular antioxidant defenses are

insufficient to keep the levels of ROS below a toxic
threshold.%10.11 Therefore, determination of oxidant-
antioxidant balance in the blood of laying hens fed
with diet contained oilseeds or their oils may provide
the important data on their using in poultry and feed
industry.

There have been no published articles investigat-
ing the effects of poppy seed and poppy seed oil on
oxidant-antioxidant balance in Laying Hens by using
biomarkers of oxidative stress. The purpose of the
present study was to evaluate the effect of supple-
mentation of poopy seed and poopy seed oil to diets
at various quantities on oxidant-antioxidant balance
in laying hens.

MATERIALS and METHODS

Chemicals: Vanadium(Ill) chloride (VCl3), NaCl,
EDTA Na;, NaOH, thiobarbituric acid (TBA),
trichloroacetic acid (TCA), HCI, sulfanilamide
(SULF), and N-(I-naphthyl) ethylenediamine
dihydrochloride (NEDD) were obtained from
Merck (Darmstadt, Germany). Other chemicals used
in the study were purchased from Sigma-Aldrich
Chemical.

Animals and Protocol Design: Three hundred
sixty, 35 week-old Hy-Line / Brown hens, were
obtained from a commercial Laying facility. Hens
were housed in cages (109 x 68 x 39 cm) in con-
trolled environment laying house with 16 h of light
and 8 h of darkness and temperature was between 26
and 32°C. The hens were divided into seven groups
of 40 hens each. Each group of hens was further
divided into four subgroups (10 hens in each sub-
group). There was a control (C) (unsupplemented)
and six experimental groups (supplemented with
0.5, 1.0 and 1.5 % poppy seed (PS) and 0.5, 1.0 and
1.5 % poppy seed oil (PSO) ). The formulation of
diets is shown in Table 1. The diets was a typical
layer diet containing 17,5% crude protein (CP) and
2825 kcal metabolizable energy (ME/kg) and was
calculated to cover or slightly exceed the nutrients
requirements recommended by the National Re-
search council> Hens received the experimental
diets and water ad libitum for 8 weeks.

At the end of the experimental period, blood
samples were collected from vena breachialis from
10 birds randomly chosen from each groups. Blood
samples were taken into heparinized tubes. Two
milliliters of blood were immediately pipetted into
another tube to measure malondialdehyde (MDA)
and reduced glutathione (GSH). Remaining blood
was centrifuged at 3000 rpm for 10 min at 4°C for
plasma separation. Plasma samples were stored at -

>
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30 °C for the analysis of Nitric oxide, vitamin C,
vitamin A and 3-carotene .

Biochemical analysis: MDA levels, an index of
lipid peroxidation, were measured by the double
heating method of Draper and Hadley.'2 The blood
GSH concentration was measured as described by
Beutler ¢ a/.13 Nitric oxide decomposes rapidly in
aerated solutions to form stable nitrite/nitrate prod-
ucts (NOx). Plasma nitrite/ nitrate concentration
was measured by a modified method of Griess assay,
described by Miranda ef a/."* The principle of this
assay is reduction of nitrate by vanadium combined
with detection by the acidic Griess reaction. Vitamin
A and B-carotene concentrations were estimated by
the method of Suzuki and Katoh!® | and vitamin C
was measured by Kyaw [30].

Statistical Analysis: All data were presented as
mean £ SE for parametric variables. Parametric
variables were compared using one-way analysis of
variance with post-hoc analysis using the Duncan
test. Data were analyzed using the SPSS® for Win-
dows computing program (Version 11.0), and
p<0.05 was considered statistically significant.!”

Table 1. Chemical compositions of control and experimental diets.
Cizelge 1. Kontrol ve deneysel diyetin kimyasal yapisi

9,)5 10% 15%

0
PSO PSO PSO

Corn 555.86 556.63 557.39 558.14 560.99 566.15 570.74
Soybean meal  141.78 13152 128.00 13448 139.75 16243 184.41
Full fat soya 11506 12153 12127 111.01 10910 7642  44.61
Sunflower meal 75.04 7337 7170 70.04 7376 7248 7253

Con- 05% 1.0% 15%
trol PS PS PS

Poppy seed - 5.00 10.00  15.00

Poppy seed oil - - - - 5.00 10.00  15.00
Limestone 8826 8799 87.73 8746 88.32 8838 8844
DCP 13.82 1378 1374 1370 13.89  13.95  14.00
Salt 2.56 2.56 2.56 2.56 254 252 251
Vitamin* 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Mineral** 1.00 1.00 1.00 1.00 1.00 1.00 1.00
DL-Methionine 1.12 1.12 1.12 1.12 1.15 117 1.19
NaHCO; 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Toxin binding 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Calculated values

Crudeprotein,% 17.50 17.50  17.50 17.50  17.50 17.50 17.50
ME, kcallkg 2825 2825 2825 2825 2825 2825 2825
Calcium,% 3.75 3.75 3.75 3.75 3.75 3.75 3.75
Phosphorus,%  0.653  0.655 0.657  0.658 0.656  0.647  0.645

DCP: Dicalcium phosphate

*Provided by per kg of diet: Vitamin A, 10 000 IU; vitamin D3, 1 000 IU;
vitamin E, 25 mg; vitamin K3, 3 mg; vitamin B1, 2 mg; vitamin B2, 6 mg;
niacin 20 mg; vitamin B6, 4 mg; vitamin B12, 15 mg, folic acid, 0.8 mg;
choline chloride,

**Provided by per kg of diet: 300 mg; Mn, 80 mg; Fe, 60 mg; Zn, 60 mg; Cu, 5
mg, |, 1 mg; Co, 0.2 mg; Se.

RESULTS

The results of biochemical parameters (MDA, GSH,
NOx, vitamin C, Vitamin A and (-carotene levels)
in experimental group were summarized in Table 2
and 3.

As shown in Table 2 MDA, NOx, vitamin C, 3-
carotene and Vitamin A and levels, between PS
groups did not differ. The GSH levels in 1.0% and
1.5 % PS groups increased significantly compared to
controls and 0,5% PS group (p<0.05).

The MDA level was found to be significantly
lower in the 0.5 % PSO group than in the controls
and other PSO groups (p<0.05). On the other hand
the MDA levels in 1.0 % PSO group significantly
increased compared to controls and other PSO
groups (p<<0.05). The GSH levels in 0,5 % and 1.0%
PS groups increased significantly compared to con-
trols and 1,5% PS group (»p<0.05). The NOx levels
in 0,5% PSO group significantly decreased com-
pared to other experimental groups (p<0.05). The
Vitamin A levels in 0,5%, 1,0% and 1,5 PSO groups
increased significantly compared to control group.
The vitamin C and beta carotene levels between

PSO groups did not differ.

Table 2. Levels of biochemical parameters in control and PS groups. Results
are expressed as means * standard errors.

Cizelge 2. Kontrol ve PS grubunda biyokimyasal parametrelerin seviyeleri.
Sonuglar means + standard errors olaral verilmistir.

C 0,5% PS 1% PS 1,5% PS
MDA 3,71+0,37 3,86+0,35 3,25+0,56 3,63+0,49
(nmol/mL)
GSH (g/L)  42,85+147°°  66,42+11,682  74,12+10,65 87,22+7,30*2

NOx 24,82+2,08 38,76+3,31 28,54+2,23 33,166,42
(umollL)

Vitamin C 30,67 3,16+0,51 2,21£0,49 2,89+0,62
(mg/dL)

B-carotene 47,9546,89 47,94%1,57 46,62+4,66 58,63+3,4
(HgldL)

Vitamin A 7,32+1,26 7,98+0,47 70,77 8,86+0,89
(gldL)

Table 3. Levels of biochemical parameters in control and PSO groups.
Results are expressed as means + standard errors.
Cizelge 3. Kontrol ve PSO grubunda biyokimyasal parametrelerin seviyeleri.
Sonuglar means + standard errors olaral verilmistir.

c 0,5% PSO 1% PSO 1,5% PSO
MDA 37140370 2414017 487:036%  4,62£044%b
(nmol/mL)

GSH (glL) 428541470 88844838  77,69£1030% 66,07+7,86"
NOx 248242080  1504+104D  2936+168 29.43+507
(umollL)
Vitamin C 340,67 2324033 2305043 1,78£029
(mg/dL)
B-carotene
47,95+ 48174541 £202 516043032
(el 956,89 81715, 6356+2,02  51,60+3,03
Vitamin A . . . .
7,3241,26 1£1,07°0 10,58+ a 480,510
i 324126 9,141,0 058+065  9,48+05
*p<0.05
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DISCUSSION

ROS are produced as normal products of cellular
metabolism. However, excessive generation of free
radicals can occur due to differences in ingredients
of diets.'81 When there is an imbalance between
ROS production and various antioxidant systems,
this leads to an injury in cells and tissues due to al-
terations of macromolecules (membrane lipids, pro-
teins and DNA) 1920, Since membrane phospholipids
are major targets of oxidative damage, lipid peroxi-
dation (LP) is often the first parameter analyzed for
proving the involvement of free radical damage. LP
is a complicated radical chain reaction leading to the
formation of various products including malondial-
dehyde.2!:22 Thus, the presence of MDA is consid-
ered as an indicator of free-radical damage through
membrane lipid peroxidation.2 The antioxidant
defense system includes small molecular antioxi-
dants, antioxidant enzymes, and metal chelating
agents. The efforts of the endogenous antioxidant
enzymes to remove the continuously generated free
radicals that initially increased due to an induction
but with later enzyme depletion resulted in oxidative
cell damage.2?> GSH and its metabolizing enzymes
provide the major defense against ROS-induced
cellular damage.2* GSH serves as a reductant in oxi-
dation reactions resulting in the formation of GSSG
and thus can protect cells against the damage of
ROS arised during conditions of oxidative stress. A
decrease of the GSH concentrations may reflect
depletion of the antioxidant reserve.?

In the present study, the supplementation of
poppy seed oil at only 0.5 % level to the diet signifi-
cantly decreased the blood MDA concentration.
However, more supplementation of PSO to the diet
significantly increased the blood MDA concentra-
tion. The supplementation of poppy seed did not
affect on the blood MDA concentration. Our results
show that the supplementation of PS has no effect
on lipid peroxidation in the laying hens. Although
research is limited, diets high in fat have been shown
in several studies to be associated with higher mark-
ers of oxidative stress in animals.?>2¢ In our study the
high levels of PSO increased the MDA but low lev-
els of PSO decreased the blood MDA concentration
in laying hens. These results in confirmed previous
studies conducted in animals.?>?¢ Also the supple-
mentation of PO and POS to the diet significantly
increased the blood GSH concentration. Further-
more the vitamin A levels in all PSO groups in-
creased significantly compared to control group.
Poppy oil has a desirable fatty acid composition,
with 73% linoleic, 10% palmitic, and 13% oleic acid
as the major fatty acids.>?’ The reported health bene-
fits of oils rich in linoleic acid, like corn or safflower

oils, in lowering serum cholesterol levels is an indica-
tion of the nutritional importance of the use of
poppy seed 0il.282 Ozoan and Atalay suggested that
the poppy seed oils contained an appreciable amount
of tocopherols!. Bollengier ¢f al. reported that vita-
min E increases the antioxidant enzyme activities too
during stress and so removes the free radicals in the
early phases of lipid peroxidation.’® Sterols in poppy
seed oil consist almost entirely of campesterol,
stigmasterol, sitosterol and delta 5-avenasterol.3!
Yoshida and Niki reported that 3-sitosterol, stigmas-
terol, and campesterol exerted antioxidant effects on
the oxidation of methyl linoleate oil solution.?? The
results in present suggested that 0.5 % PSO  sup-
plementation exhibited direct antioxidant by reduc-
ing basal MDA formation and increased the GSH
and vitamin A levels in blood. It could be explained
by the phytosterols fraction and tocols contents. Its
constituents showed the potential use of 0.5 % PSO
supplementation as a source of antioxidant principle.

The role of nitric oxide (NO) appears controver-
sial because a tissue dysfunction or injury could oc-
cur after inhibition of NO. However, high produc-
tion level of NO has been suggested as a cause of
tissue injury.??> Stimulation of tissue NO production
is also associated with adverse events such as hy-
potension, inhibition of intermediary metabolism,
and the production of the potent oxidant peroxyni-
trite following radical—radical reaction with superox-
ide.3* The bioavailability of NO is reduced due to the
increased level of superoxide radical, which trans-
forms NO to peroxynitrite. The present study
found the plasma NOx concentrations in 0,5% PSO
group were significantly decreased compared to
other expertimental groups but The NOx levels in
PO groups did not differ.

According to the findings of this study, the 0.5% supple-
mentation of PSO to the diets of laying bens decrease the blood
MDA levels and increase the GSH and vitamin A concen-
trations. 1t is thought that 0.5% PSO supplementation can
be used effectively as an antioxidant suplement in laying hens
[

*

Kocatepe Vet J (2010) 3 (1): 01-05 |



Fidan, Kiiciikkurt, Baysu Sozbilir, Eryavuz, Bayram, Cetingiil, Y ardimer ® Effects of poopy seed and poopy seed oil in laying bens /
Haghas Tobumn ve Hagshas Tobumn Yaginin Y umnrtact Tavuklara Etkileri

KAYNAKLAR

1. Ozcan MM, Atalay C (2006) Determination of seed and oil properties of some poppy (Papaver somniferum L..) varieties. Grasas Y Acertes, 57 (2):169-

174.

Bozan B, Temelli F (2003) Extraction of Poppy Seed Oil Using Supercritical COa. Food Chemistry and Toxicology, 68:422-426.

Nergiz C, Otles S (1994) The proximate composition and some minor constitnents of poppy seeds. J S¢i Food Agric, 66:117-120.

Azcan N, Ozturk Kalender B, Kara M (2004) Investigation Of Turkish Poppy Seeds And Seed Oils. Chemistry of Natural Compounds, 40:370-372.

National Research Council (1994) Nutrient Requirements of Poultry, 9th edn National Academy Press Washington.

Lloyd LE, McDonald BE, Crampton EW (1978) Fundamentals of Nutrition, 2nd ed., W. H. Freeman & Co., San Francisco, CA.

Lewis NM, Seburg S, Flanagan NL (2000) Enriched eggs as a source of N-3 polyunsaturated fatty acids for humans. Poultry Science, 79:971-974.

Aslan R, Diindar Y, Eryavuz A, Biilbiil A, Kiigiikkurt I, Fidan AF, Akinct Z (2004) Effects Of Different Dietary Levels Of Yucca Shidigera

Powder (Deodorase) Added To Diets On Performance, Some Hemotological And Biochemical Blood Parameters And Total Antioxidant Capacity Of

Laying Hens. Revue Méd 17¢1, 156(6):250-255.

9. Fidan AF, Kucukkurt I, Eryavuz A, Cigerct IH, Yardimer M, Ozdemur A (2009) Effects of sheating procedures on oxidantantioxidant status in
Chios sheep. Revue Méd 17¢1, 160(7):349-355

10. Schulz JB, Lindenau J, Seyftied J, Dichgans J (2000) Glutathione, oxidative stress and neurodegeneration, Eur ] Biochem, 267, 4904—4911.

11. Migliorea L, Coppedéb F (2009) Environmental-induced oxidative stress in neurodegenerative disorders and aging. Mutat Res, 674(1-2):73-84.

12. Draper HH, Hardley M (1990) Malondialdehyde determination as index of lipid peroxidation. Meth Engymol, 1990, 186, 421-431.

13. Beutler E, Dubon OB, Kelly M (1963) Improved method for the determination of blood glutathione. | Lab Clin Med, 61:882-888.

14. Miranda KM, Espey MG, Wink AD (2001) A rapid, simple spectrophotometric method for simultaneous detection of nitrate and nitrite. Nitric
Oxide, 5(1):62-71.

15. Suzuki J, Katoh NA (1990) Simple and cheap methods for measuring serum vitamin- A in cattle using only a spectrophotometer. Nippon Juigakn
Zasshi, 52:1281-3.

16. Kyaw AA (1978) Simple colorimetric method for ascorbic acid determination in blood plasma. Clin Chim Acta, 86:153~7.

17. Sokal RR, Rohlf FJ (1969) The principles and practice of statistics in biological research, 1st edition, FREEMAN W.H. (ed.), San Fransisco, , pp:
469-484.

18. Cao G, Verdon CP, Wu ABH, Wang H, Prior RL (1995) Automated assay of oxygen radical absorbance capacity with the COBAS FARA II. Clin
Chem, 41:1738-1744,

19. Fidan AF, Dundar Y (2008) The effects of Yucca schidigera and Quillaja saponaria on DNA damage, protein oxidation, lipid peroxidation, and some
biochemical parameters in streptozotocin-induced diabetic rats. | Diab Complic, 22:348-356.

20. Lightboy JH, Stevenson LM, Jackson F, Donaldson K, Jones DG (2001), Comparative aspects of plasma antioxidant status in sheep and goats,
and the influence of experimental abomasal nematode infection. | Comp Pathol, 124:192-199.

21. Diplock AT (1994) Antioxidants and disease prevention. Molecular Aspects of Medicine, 15:293-376.

22. Enginar H, Avci G, Eryavuz A, Kaya E, Kucukkurt I Fidan AF (2006) Effect of Yucca schidigera extract on lipid peroxidation and antioxidant
activity in rabbits exposed to y—radiation. Revue Méd 17¢1, 157:415-419.

23. Vidyasagar J, Karunakar N, Reddy MS, Rajnarayana K, Surender T, Krishna DR (2004) Oxidative stress and antioxidant status in acute organo-
phosphorous insecticide poisoning. Ind | Pharmacol, 36:76-79.

24. Celik I, Suzek H (2009) Effects of sub-acute exposure of dichlorvos at sub-lethal dosages on erythrocyte and tissue antioxidant defense systems and
lipid peroxidation in rats. Ecotoxicol Environ Saf, 72(3):905-8.

25. Djuric Z, Lewis S, Lu M, Mayhugh M, Tang NRH (2001) Effect of varying dietary fat levels on rat growth and oxidative DNA damage. Cancer,
39:214-219.

26. Alkawa M, Sugiyama S, Hill C, Voglic S, Rabkin E (2002) Lipid lowering reduces oxidative stress and endothelial cell activation in rabbit
atheroma. Circulation, 106:1390-1396.

27. Sengupta A, Mazumder UK (1976) Triglyceride composition of Papaver somniferum seed oil. | S¢/ Food Agric, 27:214-8

28. Gottenbos JJ (1988) Nutritional evaluation of n-6 and n-3 polyunsaturated fatty acids. In: Rogers B, editor. Dietary fat requirements in health and
development. Champaign. IL: AOCS Press. p 107.

29. Imaizumi K, Adan Y, Shibata K (2000) Role of dietary lipids in arteriosclerosis in experimental animals. Biofactors, 13(1-4):25-8.

30. Bollengier S, Williams P, Whitehead CC (1999) Optimal dietary concentration of vitamin E for alleviating the effects of heat stress on egg produc-
tion in laying hens. Br Poult Sci. 40:102-107.

31. Johansson A (1979) The content and composition of sterols and sterol esters in sunflower and poppy seed oils. Lipids, 14 (3):285-91.

32. Yoshida Y, Niki E (2003) Antioxidant effects of phytosterol and its components. Journal of nutritional science and vitaminology, 49(4):277-280.

33. Bohloli M, Uzun H, Aytac E, Toklu AS, Paksoy M, Durak H, Ipek T (2007) Hyperbaric oxygen (HBO) therapy after partial hepatectomy: an
experimental study on oxidative stress in rats. Scand | Lab Anim Sci, 34:131-140.

34. Rubbo H, Radi R, Trujillo M, Teller1 R, Kalyanaraman B, Batnes S, Kitk M, Freeman BA (1994) Nitric oxide regulation of superoxide and
peroxynitrite-dependent lipid peroxidation. Formation of novel nitrogen-containing oxidized lipid derivatives. | Bio/ Chen, 269:26066—26075.

35. Keles H, Fidan AF, Cigerci IH, Kucukkurt I, Karadas E, Dundar Y (2010) Increased DNA damage and oxidative stress in chickens with Natural
Marek’s Disease. Vet Immunol Immunopathol, 15,133(1):51-8.

PRNARLDN

Kocatepe Vet J (2010) 3 (1): 01-05 | 5



