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Objective: To investigate effects of in ovo ghrelin administration on serum malondialdehyde (MDA)
level in newly—hatched chickens. Methods: Fertilized eggs were divided into 7 groups: group T1
as control (without injection), group T2 (in ovo injected with 50 ng/egg ghrelin on day 5), group T3
(in ovo injected with 100 ng/egg ghrelin on day 5), group T4 (in ovo injected with 50 ng/egg ghrelin
on day 10), group T5 (in ovo injected with 100 ng/egg ghrelin on day 10), group T6 (in ovo injected
with solvent: 1% acetic acid, without ghrelin on day 5) and group T7 (in ovo injected with solvent
without ghrelin on day 10). After hatching, serum MDA concentrations were determined. Results:

Ié;};z}lz:ﬁ Ghrelin administrated groups (T2, T3, T4 and T5) had lower serum MDA level in comparison with
e control group (T1) or solvent injected groups (T6 and T7). T2 and T3 (ghrelin injection on day 5) had
In ovo injection significantly lower MDA concentrations (4.10 and 4.60 nmol/mL, respectively) in comparison with
Malondialdehyde other groups. In T4 and T5, MDA levels were lower than T1, T6 and T7 (non—ghrelin administrated

groups) (9.53 and 9.50 in comparison with 10.73, 10.03 and 10.13 nmol/mL) and were higher than T2
and T3. Conclusions: It can be concluded that in ovo administration of ghrelin can have anti—
oxidative protection and reduce serum MDA level. Ghrelin administration on day 5 of incubation
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Acetic acid is more efficient.

1. Introduction

Currently, the anti—oxidant properties of some regulatory
peptides are interesting research topics. For example,
Zheng et allll reported that leptin has considerable role
in anti—oxidant defense of body by activating super oxide
dismutase. Ghrelin is another multifunctional regulatory
peptide. After identification of ghrelin in mammals by
Kojima et all2] so many relative studies were conducted on
ghrelin properties. Studies conducted during last decade
suggested various specifies and functions for ghrelin, such
as GH-releasing3], osteogenesis(451, hematopoiesisl6.7], food
intake and energy balance and regulationi8.9], endocrine/
paracrine roles in pancreasl10.11], and currently anti—
oxidative effectsl12.13]. Peptide structure of chicken ghrelin
has 26 amino acids with 549 similarity to rat ghrelinl14l.
Ghrelin has been identified in albumen and yolk of
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fertilized chicken eggli5l. Malondialdehyde (MDA) is the
organic compound with the formula CH,(CHO), and it is
a bio—marker of oxidative stress in an organism and an
increase of MDA level demonstrates oxidative stressl16].
Anti—oxidative activity of ghrelin has been reported in
numerous studies[12.13.17]. Reports of Iseri et alll7] indicated
anti—oxidative activity of ghrelin and its ameliorative
ability for alendronate—induced oxidative stress, as MDA
comes back to the control level after ghrelin infusion.
Also, Brzozowski et all18] reported its gastroprotective and
hyperemic activities against ischemia—reperfusion—induced
erosions and a decrease in relative MDA level. Increase in
aerobic metabolism and lipid peroxidation in chick embryo
makes high demands for anti—oxidative protection. Chick
embryo has attempted to increase capacity of its antioxidant
defenses during embryonic lifel191. Anti-oxidative effects
of ghrelin have been studied on mammalian models mostly
and it is unclear in birds. With attention to the presence
of ghrelin in the yolk and albumen of fertilized chicken
eggsl15], also because of anti—oxidative effects of mammalian
ghrelin, this study was aimed to investigate the effect on
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serum MDA level in newly-hatched chicken after in ovo
administration of ghrelin on day 5 and 10 of incubation.

2. Materials and methods
2.1. In ovo injection procedure

In the present study, 350 fertilized eggs were obtained from
broiler breeder flock (Ross 308). The eggs were divided into
six experimental groups: control group T1 (without injection),
group T2 (in ovo injected with 50 ng/egg ghrelin on day 5),
group T3 (in ovo injected with 100 ng/egg ghrelin on day 5),
group T4 (in ovo injected with 50 ng/egg ghrelin on day 10),
group T5 (in ovo injected with 100 ng/egg ghrelin on day 10),
group T6 (in ovo injected with solvent, without ghrelin on
day 5) and group T7 (in ovo injected with solvent, without
ghrelin on day 10). All the eggs were incubated with normal
incubation condition (37.8 °C and 60% relative humidity).
Exogenous ghrelin was purchased from Sigma—Aldrich®
(Rat Ghrelin—USA), dissolved in 1% acetic acid solvent and
required concentrations of ghrelin were prepared. On day
5 of incubation, in ovo injection was conducted for T2, T3
and T6. Also on day 10, the same in ovo injection procedure
was done for T4, T5 and T7. Before injection, egg shells
were marked with waterproof marker for identification of
air cell position and optimum in albumen injection site.

The in ovo injection was done in hygiene room with 37 °C for

Table 1

avoiding any temperature stress for chick embryo. At this
experiment, 22G needles were used for in albumen injection
for all the injected eggs. After hatching, the blood samples
were collected from chicks, immediately following chick
decapitation. Blood samples were centrifuged and serum
was obtained for MDA assay with Alcyon 300 auto analyzer
(Abbott Park, IL., USA) and its commercial kits were also
used for MDA assay.

2.2. Statistical analysis

Data of 105 samples from 15 newly—hatched chickens were
analyzed with SAS software (Ver. 9.1) and the differences
between groups were detected via Duncan multiple test.

3. Results

Serum MDA concentration of hatched chicks following in
ovo ghrelin administration was presented in Table 1.

In ovo administration of ghrelin in all the groups could
lower serum MDA levels in newly—hatched chicks (Table
1). Group T2 and T3 had significantly lower serum MDA
concentrations (4.10 and 4.60 nmol/mL, respectively) in
comparison with other groups. In T4 and T5, MDA levels
were lower than T1, T6 and T7 (non—ghrelin administrated
groups) (9.53 and 9.50 in comparison with 10.73, 10.03 and
10.13 nmol/mL) and were higher than T2 and T3.

Serum MDA concentrations in newly—hatched chicks after in ovo injection of ghrelin.

Experimental groups Injected dosage (ng/egg)

Injection day (incubation day)

Serum MDA concentration (nmol/ml)

T1 -

T2 50

T3 100

T4 50

Ts 100

T6 Solvent (1% acetic acid)
T7 Solvent (1% acetic acid)

- 10.73"
5 4.10°
5 4.60°
10 953"
10 9.50"
5 10.03"
10 10.13"

Different letters (a, b, ¢) shows significant difference at P<0.05; SEM=0.288 9; CV=5.97.

4. Discussion

Hatching time is considered to be a period of high
oxidative stress due to long—chain poly unsaturated fatty
acids accretion in tissues[20.21]. Due to onset of pulmonary
respiration, and sudden increase in rate of oxidative
metabolism(10], the hatchlings are expected to react with
a compensatory induction of endogenous antioxidants. In
this regard, maternal antioxidants (such as carotenoids) are
obtained in the fertilized eggl9] for possible anti-oxidative
protection.

In previous studies, in ovo administration of antioxidants
including vitamin El21l, sodium selenite and vitamin C[22]
had anti—oxidative effects and markedly abated oxidative

damages in chick embryos.

In the present study, in ovo administration of ghrelin could
lower serum MDA levels especially on groups injected on
day 5 of incubation. Schaall2!] reported enhancement of
brain tissue lipids and the antioxidant status of hatched
chicks following in ovo administration of vitamin E. Also,
Wang et all22] had suggested that antioxidant defense
impairment in chick embryo induced by in ovo exposure to
Fusarium mycotoxin butenolide, can be eliminated by in ovo
administration of antioxidants such as sodium selenite and
vitamin C.

Results of the present study were in agreement with the
findings of Iseri and Brzozowski et all17.18] who reported
lowering effect of ghrelin on serum MDA in mammalian
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species. Also, obtained results are in accordance with in ovo
studies of Schaall2!] and Wang et all22] who have investigated
other anti—oxidant compounds.

In ovo administration of ghrelin on day 5 of incubation
was more efficient than day 10 administration for MDA
decreasing effect 4.10 and 4.60 nmol/mL in comparison
with 9.53 and 9.50 nmol/mlL, respectively). Tt seems that in
ovo ghrelin supplementation especially at early embryonic
life (such as day 5 of incubation) could show better anti—
oxidative protection during embryonic life of chicken and
greater decrease in serum MDA level in newly—hatched
chicks.

It is concluded that in ovo administration of ghrelin (as
an antioxidant peptide) on day 5 and day 10 of incubation at
the dosages of 50 and 100 ng/egg (T2, T3, T4 and T5 groups)
can have anti—oxidative protection and decrease serum
MDA level. Further studies with measuring specific enzymes
(superoxide dismutase, glutathione proxidase, etc) activity
in blood or tissues of newly—hatched chicks following in ovo
administration of ghrelin on different incubation days are
suggested for further clearness of antioxidant properties of
ghrelin in chicken.

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgments

The authors are thankful to Mr. Vatankhah (Drug Applied
Research Center, Tabriz University of Medical Sciences,
Iran), for his attempts in conduction of laboratory assays.

References

[1] Zheng J, Fang J, Yin YJ, Wang XC, Ren AJ, Bai J, et al. Leptin
protects cardiomyocytes from serum—deprivation—induced
apoptosis by increasing anti-oxidant defense. Clin Exp
Pharmacol Physiol 2010; 37: 955-962.

[2] Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa
K. Ghrelin is a growth—hormone-releasing acylated peptide from
stomach. Nature 1999; 402: 656—660.

[3] Hashizume T, Horiuchia M, Nonakaa S, Kasuyab E, Kojimac M,
Hosodad H, et al. Effects of ghrelin on growth hormone secretion
in vivo in ruminants. Regul Pept 2005; 126: 61—65.

[4] Delhanty P. Ghrelin and bone. Berlin: Proceeding of 10th
European Congress of Endocrinology; 2008, p. S7.3.

[5] Fukushima N, Hanada R, Teranishi H, Fukue Y, Tachibana T,
Ishikawa H, et al. Ghrelin directly regulates bone formation. J
Bone Miner Res 2005; 20: 790—798.

[6] Akarsu S, Ustundag B, Gurgoze MK, Sen Y, Aygun AD. Plasma
ghrelin levels in various stages of development of iron deficiency
anemia. J Pediatr Hematol Oncol 2007; 29: 384—387.

[7] Dixit VD, Yang H, Sun Y, Weeraratna AT, Youm Y, Smith RG,
et al. Ghrelin promotes thymopoiesis during aging. J Clin Invest
2007; 117: 2778—2790.

[8] Nakazato M, Murakami N, Date Y, Kojima M, Matsuo H, Kangawa
K, et al. Role for ghrelin in the central regulation of feeding.
Nature 2001; 409: 194—198.

[9] Toshinai K, Date Y, Murakami N, Shimada M, Mondal M,
Shimbara T, et al. Ghrelin—induced food intake is mediated via
the orexin pathway. Endocrinology 2003; 144: 1506—1512.

[10] Stevanovi¢ D, MiloSevi¢ V, StarCevi¢ VP, Severs WB. The effect
of centrally administered ghrelin on pituitary ACTH cells and
circulating ACTH and corticosterone in rats. Life Sci 2007; 80:
867-872.

[11] Dezaki K, Sone H, Yada T. Ghrelin is a physiological regulator
of insulin release in pancreatic islets and glucose homeostasis.
Pharmacol Ther 2008; 118: 239—249.

[12] Kheradmand A, Alirezaei M, Asadian P, Alavi RE, Joorabi S.
Antioxidant enzyme activity and MDA level in the rat testis
following chronic administration of ghrelin. Andrologia 2009; 41:
335-340.

[13] Kheradmand A, Alirezaei M, Birjandi M. Ghrelin promotes
antioxidant enzyme activity and reduces lipid peroxidation in the
rat ovary. Regul Pept 2010; 162: 384—389.

[14] Kaiya H, Miyazato M, Kangawa K, Peter RE, Unniappan S. Ghrelin:
a multifunctional hormone in non—mammalian vertebrates. Comp
Biochem Physiol A Mol Integr Physiol 2008; 149: 109—128.

[15] Yoshimura Y, Tsuyuki C, Subedi K, Kaiya H, Sugino T, Naoki L.
Identification of ghrelin in fertilized eggs of chicken. J Poult Sci
2009; 46: 257-259.

[16] Nielsena F, Mikkelsen BB, Nielsen JB, Andersen HR, Grandjean
P. Plasma malondialdehyde as biomarker for oxidative stress:
reference interval and effects of life—style factors. Clin Chem
1997; 43: 1209—1214.

[17] Iseri SO, Sqener G, Yiiksel M, Contuk G, Cetinel SQ, Gedik N, et
al. Ghrelin against alendronate—induced gastric damage in rats. J
Endocrinol 2005; 187: 399—406.

[18] Brzozowski T, Konturek PC, Sliwowski Z, Pajdo R, Drozdowicz
D, Kwiecien S, et al. Prostaglandin/cyclooxygenase pathway in
ghrelin—induced gastroprotection against ischemia—reperfusion
injury. J Pharmacol Exp Ther 2006; 319: 477-487.

[19] Stock MK, Silvernail KK, Metcalf J. Prenatal oxidative stress: I.
Malondialdehyde in hypoxic and hyperoxic chick embryos. Free
Radic Biol Med 1990; 8: 313—318.

[20] Cherian G, Gopalakrishnan N, Akiba Y, Sim JS. Effects of
maternal dietary 18:3 n—3 acids on the accretion of long chain
polyunsaturated fatty acids in the tissue of developing chick
embryo. Biol Neonat 1997; 72: 165—174.

[21] Schaal TP. The Effects of in ovo feeding of fatty acids and
antioxidants on broiler chicken hatchability and chick tissue lipids.
Thesis for degree of Honors Baccalaureate of Science in Animal
Sciences. Oregon State University, University Honors College;
2008.

[22] Wang YM, Wang HJ, Peng SQ. Lipid peroxidation and antioxidant
defense impairment in the hearts of chick embryos induced by in
ovo exposure to Fusarium mycotoxin butenolide. Toxicon 2008; 52:
781—786.



