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Research article
Ερευνητικό άρθρο

ABSTRACT. The aim of present study was to investigate the short-term and long-term effect of the peripheral admin-
istration of ghrelin on the growth performance (feed intake, weight gain, and feed conversion ratio), carcass quality, and 
selected serum biochemical (glucose, total cholesterol, triglyceride, and total protein) and hormonal (T3, T4, and corti-
costrone) indices in broiler chickens. 240 one-day-old broiler chickens were selected, and allocated into three treatment 
groups (control and two experimental groups). On day-21 of the rearing period, ghrelin was peripherally administrated 
to three experimental groups. The control group contained birds without any administration of peptide or solution, 
groups G50 and G100; included birds with Ip-injection of 50 and 100 (ng/100g BW) ghrelin peptide, respectively. The 
peripheral administration of exogenous ghrelin did not affect feed intake, body weight gain (BWG), feed conversion 
ratio (FCR) and carcass characteristics in broiler chickens. In short-term samples taken 12h after ghrelin infusion, the 
glucose level was increased in ghrelin-treated groups (162 and 151 mg/dl in G50 and G100 compared with 117 mg/dl 
in control; P< 0.01) and there were significant declines for TC, triglyceride, and TP in the ghrelin-treated groups (G50 
and G100) compared with the control. In addition, long-term glucose level has a greater value in G50 and G100 (182 
and 200.66 mg/dl) compared with control (133.60 mg/dl) group (P< 0.01). A significant decline was also observed for 
TC and triglyceride content in the ghrelin-treated groups (P<0.05).  There was no significant difference among groups 
for TP in short-term and long-term samples. There was a significant increase for T4 in ghrelin-treated groups (G50 and 
G100) compared with the control (4.55 and 4.57 ng/ml vs 4.20 ng/ml respectively; P< 0.05) in long-term samples. In 
conclusion, the peripheral administration of ghrelin in broiler chickens, during the commercial rearing period did not 
affect the overall growth performance, carcass quality and feed conversion ratio. The infusion of exogenous ghrelin 
may increase the levels of serum glucose, decrease total cholesterol and triglyceride, and T4 levels are increased in the 
long-term (and not in the short-term or 12h after administration). 
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INTRODUCTION 

Ghrelin is one of most discussed regulatory pep-
tide in the recent two decades (Kojima et al., 

1999; Benso et al., 2013; Pradhan et al., 2013). Due 
to its multifaceted properties, ghrelin is the one of 
multifunctional peptides with strong effects on endo-
crine axes (Kluge et al., 2010; Spencer et al., 2012), 
oxidative system, appetite (Inui et al., 2004; Klok 
et al., 2007), and growth performance (Ukkola and 
Pöykkö., 2002; Dimaraki and Jaffe, 2006), although 
not limited to these functions. Ghrelin has general 
(same) and specific functions in various species of 
animals (mammalian and non-mammalian), especial-
ly in birds (Kaiya et al., 2009, 2013; Tachibana and 
Tsutsui., 2016). In addition, the peptide structure of 
ghrelin can be different in animal species (Kojima et 
al., 2008). 

The identification of chicken ghrelin by Kaiya et 
al. (2002) resulted in several scientific debates, due 
to the different effects of ghrelin on feed intake in 
avian species (Saito et al., 2002; Kaiya et al., 2013; 
Tachibana and Tsutsui., 2016). Ghrelin gene expres-
sion, density of ghrelin immunopositive cells, and the 
peripheral ghrelin level in chickens vary according to 
age (Yu et al., 2016) and feed additives (Poorghasemi 
et al., 2018). Ghrelin is known to serve as biological 
signal of energy utilization and is involved in energy 
homeostasis in broiler chickens (Song et al., 2018). 

Administration of ghrelin with peripheral and cen-
tral methods in chicken is evident in numerous studies 
(Geelissen et al., 2006; Oclon and Pietras., 2011; Ze-
ndehdel and Hassanpour., 2014). it generally reduces 
feed intake (hypophagia) in broiler chickens, howev-
er, in none of these studies, the performance and car-
cass quality of chicken were investigated. In a study 
with in ovo (pre-hatching) administration of ghrelin in 
chicken, a significant decrease in post-hatching feed 
intake was observed (Lotfi et al., 2013). However, af-
ter a post-hatch treatment the results were different 
(Kaiya et al., (2007), since plasma ghrelin levels in 
laying hens were not affected by its administration. 
Also in other study, the plasma level of ghrelin was 
not correlated with the laying-performance of lay-
er-type birds (Höhne et al., 2017). 

On the other hand, the effects of peripheral ghrelin 
administration in poultry species is not completely 
similar; for example in domestic geese (Anser ans-
er domesticus) results in an increase of feed intake 
during the growing period (Aghdam Shahryar and 

Lotfi., 2015), a finding that is in contrast with that of 
Oclon´ and Pietras, (2011) and Lotfi et al., (2013) in 
broiler chickens. 

Interestingly, the administration of ghrelin antag-
onist ([D-Lys3]-GHRP-6), decreased feed intake, and 
increased plasma T4 in chicken (Aghdam Shahryar 
and Lotfi., 2016). Taking into consideration the dif-
ferent effects of ghrelin in birds, it seems that several 
mechanisms involved in ghrelin activity, and this pep-
tide affects endocrine-axes, such as hypothalamo-pi-
tuitary-adrenal and hypothalamus-pituitary-thyroid 
axis (Oclon´ and Pietras, 2011; Kluge et al., 2010).

In literature, the effects of ghrelin on hormonal 
parameters of poultry species are relatively similar, 
and there is no considerable difference among poultry 
species. In detail, the administration of ghrelin causes 
temperate insulin decreases in geese (hyperglycemic 
effect; Aghdam Shahryar et al., 2014), and in new-
ly-hatched broiler chicks (Lotfi et al., 2011), and it 
may cause an increase of thyroid hormones levels in 
poultry species, especially in chickens and domes-
ticated turkey (Aghdam Shahryar and Lotfi., 2013; 
2017).

In overall, although several studies have been 
conducted examining the effects of ghrelin in poultry 
species, the effect of peripheral administration of ex-
ogenous ghrelin on broilers’ growth performance pa-
rameters such as feed intake and carcass quality have 
not been fully assessed. It seems that acknowledge of 
the effect of ghrelin on broilers’ performance is neces-
sary for completing ghrelin “puzzle” in poultry. Aim 
of the present study was therefore to investigate the 
short-term and long-term effects of peripheral admin-
istration of ghrelin on growth performance (feed in-
take, weight gain, and feed conversion ratio), carcass 
quality, and selected serum biochemical (glucose, 
total cholesterol, triglyceride, and total protein) and 
hormonal (T3, T4, and corticostrone) indices in broiler 
chickens.

MATERIALS AND METHODS
The experiment was conducted at Poultry Farm 

of Islamic Azad University, Shabestar Branch (North 
West of Iran) in summer 2016.

Grouping, Feeding and Housing
In the present study, 240 one-day-old male broiler 

chicks (Ross 308) were selected, and assigned into 3 
treatment groups (one control and two experimental 
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groups). The treatment included 5 replicates and there 
were 16 chickens per replicate. A completely random-
ized design (CRD) was used in this experiment. Diets 
included three formulas (Table 1), in accordance to 
NRC (1994). The diets and fresh water offered ad libi-
tum to birds. The ambient temperature was gradually 
decreased from 32 °C on day 1 to 24 °C on day 20 
and was then kept constant. The lighting program was 
provided as 23h L:1 h D throughout the study.

Table 1. Ingredients and nutrient specifications of experimental 
diets
Item
Ingredient, %

Starter
1-10 d

Grower
11-24 d

Finisher
25-42 d

Corn (cp =8.5%) 53.82 54.50 56.08
Soybean meal (cp= 44%) 40.00 39.00 37.00
Soybean oil 1.80 2.80 3.50
DCP 1.45 1.18 1.22
Oyster meal 1.70 1.47 1.31
Vitamin - mineral premix

1
0.50 0.50 0.50

DL-Methionine
Lysine

0.32
0.16

0.21
0.09

0.14
-

Salt 0.25 0.25 0.25
Compositions (calculated)
ME (kcal/kg) 2854 2950 3000
Crude Protein% 21.36 21 21
Ca % 0.99 0.86 0.70
P available % 0.49 0.425 0.414
Met + Cys % 1.02 0.89 0.80
Lysine % 1.34 1.19 1.13

1Vitamin and mineral premix provided per kilogram of 
diet: vitamin A, 12.000 IU; cholecalciferol 1.500 IU; 
vitamin E, 30 mg; vitamin K3, 5 mg; vitamin B1, 3 mg; 
vitamin B2, 6 mg; vitamin B6, 5 mg; vitamin B12, 30 μg; 
Ca-D- panthotenate, 10 mg; folic acid, 0.75 mg; D-biotin, 
0.08 mg; Mn, 80 mg; Zn, 60 mg; Fe, 40 mg; Cu, 5 mg; Se, 
0.15 mg; Co, 0.1 mg; I, 0.4 mg

On day-21 of the experimental rearing period, one 
group was considered as the control while the two 
other groups served as the experimental groups and 
they were subjected to ghrelin Ip-Injection (Sigma 
Aldrich, USA). 

The experimental groups were characterized as 
follows: 

•	 Group 1 (control): Birds without any adminis-
tration of peptide or solution.

•	 Group 2 (G50): Ip-injection of 50 ng/100g 
body weight ghrelin peptide on day-21. 

•	 Group 3 (G100): Ip-injection of 100 ng/100g 

body weight ghrelin peptide on day-21.

Injection procedure
Lyophilized ghrelin powder (rat) was purchased 

from Sigma Aldrich Company (G8903, USA). Similar 
peptide with chicken ghrelin was used in the present 
experiment, in accordance with Saito et al. (2002b). 
The powder was solved in distilled water according to 
the manufacturer’s instructions. The infused solution 
(0.5 ml) was administered to each chicken. Injections 
were performed using 30g needle on day 21. The pro-
cedure was carried out in a sterile environment and 
in a special injection chamber, according to animal 
ethics (Reg. no.7884).

At the end of day 21 (12 h after injection), blood 
samples (9 samples/group) were collected from all 
groups for the examination and assessment of the ini-
tial effect of the injected solution. The rearing peri-
od continued up to day 42 under commercial rearing 
conditions, which were similar to those in the com-
mercial broiler farms. 

Data collection and analysis 
Feed intake, BWG (body weight gain) and FCR 

(feed conversion rate) were recorded for three weeks, 
namely from day 21 up to day 42. On day 42 (end 
of the rearing period), after measuring the weight of 
chickens, additional blood samples were collected 
(from the vein of the wing). Blood samples were an-
alyzed to determine the serum thyroid hormones (T3 
and T4) and the following biochemical indices: glu-
cose, total cholesterol (TC), triglyceride, total pro-
tein (TP). Measurements were performed by using a 
biochemical auto-analyzer with Elisa kits of Pars Az-
moon Company (Biochemical kits, Pars Azmoon Co. 
Tehran, Iran) for checking biochemical parameters. 
Also, Roche testing kits (12017709122, Roche Ltd., 
Basel, Switzerland) and Chicken CORT ELISA Kit 
(MBS701668, MyBiosource, Inc., San Diego, CA) 
were used for thyroid hormones, and corticosterone, 
respectively.

Carcass traits
On the 42 day of the study, 5 birds from each repli-

cate (pen) were randomly selected and slaughtered by 
decapitation. After removal of skin and feather, car-
cass, breast and thigh muscles, liver, and abdominal 
fat were weighed individually. Yields were expressed 
as the percentage of live BW.
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Statistical analysis 
Statistical analysis of the data was conducted us-

ing the GLM procedure by SAS Statistical Analysis 
Software (SAS Inst. Inc., Cary, NC, 2000). Signifi-
cant differences among the experimental and control 
groups were detected by ANOVA (analysis of vari-
ance) and Tukey test. The probability value was set at 
P< 0.05 for checking the statistical significant differ-
ences among groups. The applied statistical model is 
the following:

Yij = µ + Ti + Eij

Where,

Yij: all dependent variable

µ: overall mean

Ti: the effect of ghrelin levels (i = 1, 2, 3)

Eij: the random effect of residual

RESULTS 

Growth performance and carcass characteristics
The performance of broiler chickens with respect 

to feed intake, BWG, and FCR is presented in Table 2. 
The results obtained in this study indicate that the pe-
ripheral administration of exogenous ghrelin caused 
minor reductions (ns) in feed intake and in BWG (ns) 
during the rearing period. Hence, there was no signif-
icant change in FCR, due to ghrelin administration. 

In other words, the administration of two different 
doses of ghrelin did not cause any effect on the per-
formance of broiler chickens, as illustrated in Table 2. 

In Table 3, no significant difference between the 
control and ghrelin-treated groups for live weight, 
carcass yield, and relative weight of breast muscle, 
abdominal fat, and liver (ns) was also observed and 
there was only a significant decrease in thigh percent-
age of carcass in the ghrelin-treated groups (P<0.01). 

Blood biochemical parameters
In Table 4 (short-term effect), the glucose level 

was increased in the ghrelin-treated groups (G50 and 
G100) compared with the control (162 and 151 mg/dl 
vs 117 mg/dl, respectively; P< 0.01) and a significant 
decrease for TC, and triglyceride in the ghrelin-treat-
ed groups (G50 and G100) compared with the con-
trol. Triglyceride levels were lower in G100 group. 
In long-term effect (table 5), the glucose level was at 
a greater level in G50 and G100 as compared with 
the control (182 and 200.66 mg/dl vs 133.60 mg/dl, 
respectively; P< 0.01), in accordance with the find-
ings of short-term effects. A significant decline was 
observed for TC and triglyceride in the ghrelin- treat-
ed groups (P<0.05).  There was no significant change 
among groups for TP.

Blood hormonal parameters
In Table 6 (short-term effect), there was no sig-

nificant differences among groups. A trend of lower 
T3 and corticosterone and higher T4 levels existed in 
ghrelin administered groups. In Table 7, (long-term 
effect), there was a significant increase for T4 in the 
ghrelin-treated groups (G50 and G100), compared 
with the control (4.57 ng/ml vs 4.20 ng/ml; P< 0.05). 
There was no significant difference among groups for 
T3 and corticostrone.

Table 2. Performance of male broiler chick subjected to IP-injection of ghrelin

Treatment Growing period
d 1-21

Finishing period
d 21-42

Injection dosage 
(ng/100g BW) Feed intake (g) BWG1 (g) FCR2 Feed intake (g) BWG (g) FCR

Intact (control) 0 890.25 552.50 1.61 1471.10 775.30 1.82
G50 50 845.50 544.20 1.55 1389.40 768.10 1.81
G100 100 840.20 553.40 1.52 1361.30 770.30 1.76
P-value 0.4129 0.3351 0.0857 0.2341 0.1412 0.0905
SEM 21.29 15.14 0.04 20.16 12.20 0.03

1 BWG: body weight gain. 
2 FCR: feed conversion ratio.
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Table 3. Carcass traits 1 of male broiler chick subjected to IP-injection of ghrelin (% of live weight) 
 Treatments Injection dosage

(ng/100g BW)
Live weight 

(g)
Carcass yield

(%)
Breast muscle

(%)
Thigh
(%)

Abdominal fat 
(%)

Liver
(%)

Intact (control) 0 1903 69.29 25.10 25.30a 1.88 2.99
G50 50 1855 67.04 23.90 23.98c 2.01 2.65
G100 100 1955 69.83 24.27 24.67b 1.95 2.65
P-value 0.2156 0.4017 0.0942 0.004 0.5283 0.0578
SEM 35.22 1.43 0.323 0.11 0.07 0.09

a-c Values in the same row not sharing a common superscript differ significantly (P< 0.05).
1 Carcass traits are presented with percent of carcass weight. 
 Sample number per organ = 5

Table 4. Serum biochemical indices in male broiler chick subjected to IP-injection of ghrelin in day 21(12 h after ghrelin administra-
tion)

Treatment Injection dosage 
(ng/100g BW)

Glucose
(mg/dL)

Total cholesterol
(mg/dL)

Triglyceride
(mg/dL)

Total protein
(g/dL)

(control) 0 117.00b 191.00a 78.30a 5.03a

G50 50 162.00a 156.33b 85.33a 4.30b

G100 100 151.00a 157.31b 61.00b 4.40b

P-value 0.005 0.0014 0.0022 0.0106
SEM 6.17 4.03 2.80 0.12

a-b Values in the same row not sharing a common superscript differ significantly (P< 0.05).

Table 5. Serum biochemical indices in male broiler chick subjected to IP-injection of ghrelin in day 42

Treatment Injection dosage 
(ng/100g BW)

Glucose
(mg/dL)

Total cholesterol
(mg/dL)

Triglyceride
(mg/dL)

Total protein
(g/dL)

(control) 0 133.60c 192.31a 79.62a 5.10
G50 50 182.00b 137.65c 69.31b 5.00
G100 100 200.66a 168.33b 69.66b 4.80
P-value 0.001 0.02 0.0313 0.0893
SEM 3.73 4.06 2.08 0.14

a-c Values in the same row not sharing a common superscript differ significantly (P< 0.05).

Table 6. Some of serum hormones indices in male broiler chick subjected to IP-injection of ghrelin in day 21(12 h after ghrelin ad-
ministration)
Treatment Injection dosage (ng/100g BW) T3 (ng/mL) T4 (ng/mL) Corticosterone (ng/mL)
(control) 0 2.16 4.10 4.83
G50 50 1.73 4.63 3.96
G100 100 1.80 4.53 4.43
P-value 0.0544 0.0673 0.076
SEM 0.16 0.21 0.32

Table 7. Some of serum hormones indices in male broiler chick subjected to IP-injection of ghrelin in day 42.
Treatment Injection dosage (ng/100g BW) T3 (ng/mL) T4 (ng/mL) Corticosterone (ng/mL)
(control) 0 1.70 4.20b 5.93
G50 50 1.53 4.55a 4.80
G100 100 1.66 4.57a 4.83
P-value 0.1517 0.0250 0.081
SEM 0.05 0.19 0.43

a-c Values in the same row not sharing a common superscript differ significantly (P< 0.05).
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DISCUSSION 
As already pointed out, ghrelin is mainly consid-

ered as a “hunger signal” in chicken, similar to its 
function in mammalian systems (Kaiya et al., 2007, 
2013). This function is referred to the endogenous 
ghrelin (Kaiya et al., 2002, 2007) and is possibly not 
connected with the peripherally administered exoge-
nous ghrelin that was applied in the present study. The 
administration of exogenous ghrelin has different ef-
fects on appetite or feed intake in chickens (Stimula-
tion/No effect/Inhibition) as reviewed by Kaiya et al., 
(2013). Tachibana et al., (2011) reported that feed in-
take is not affected by the administration of ghrelin in 
neonatal broiler chicks, whereas Buyse et al. (2009) 
found that peripherally injected ghrelin inhibited feed 
intake. In the present study (table 2), feed intake was 
not affected by ghrelin-administration, and there was 
no significant effect on the growth performance or 
feed conversion ratio. Therefore, the present findings 
are in accordance with the results of Tachibana et al. 
(2011), who stated that the administration of ghrelin 
did not affect feed intake. In a recent study conducted 
by Höhne et al. (2017) on laying hens and also in a 
study of our research team in geese (Aghdam Shahr-
yar and Lotfi, 2015), peripheral ghrelin administration 
did not affect energy demands or feed intake at whole 
growing period or at least finishing rearing-period. It 
appears that in agreement with Kaiya et al., (2013), 
only central-/ or endogenous- ghrelin may have a 
significant effect on appetite (feed intake) regulation 
in birds, and not exogenous or peripherally-adminis-
tered ghrelin, especially in finishing rearing-period of 
chickens. Conversely, exogenous -(or administered) 
ghrelin may play a potential role in appetite regula-
tion, only in the growing period (before d 21). In the 
studies of Buyse et al. (2009) and Lotfi et al. (2013) in 
neonatal chickens, the infusion of exogenous ghrelin 
significantly affected subsequent feed intake and me-
tabolism.

 These findings indicate that the endogenous 
ghrelin system may be completely developed in a lat-
er period and is not affected by peripherally-adminis-
tered excessive ghrelin. This hypothesis is in agree-
ment with the findings of Höhne et al. (2017), who 
found that plasma ghrelin has no significant effects on 
energy status and performance of layer-type chickens. 

As indicated, there were significant short-term in-
creases for glucose, and decreases in TC, triglyceride, 
and TP levels in groups subjected to ghrelin-adminis-
tration (table 4). On the other hand, TP level did not dif-

fer among experimental groups on day 42 (ns; table 5).

The infusion of ghrelin that is one of the key reg-
ulatory peptides in glucose metabolism (Vestergaard., 
et al., 2008; Delhanty and Van der lely., 2011; Deza-
ki., 2013) may cause notable elevation in serum glu-
cose levels. 

Lotfi et al. (2013) showed a hyperglycemic effect of 
in ovo-administered ghrelin in newly-hatched chicks. 
It seems that the up-regulation of plasma glucose lev-
el due to ghrelin infusion is a physiological pathway 
to obtain energy for hemostasis in birds (Geelissen et 
al., 2006; Lotfi et al., 2013; Aghdam Shahryar et al., 
2014). Therefore, the findings of the present study for 
glucose level in both short- and long-term samples is 
in agreement with the regulatory effect of ghrelin on 
glucose metabolism. On the other hand, reduction in 
the levels of lipidemic indices (TC and triglyceride) 
in the present study (table 4 and 5) revealed the lip-
olytic effect of ghrelin, which was reported in new-
ly-hatched chicks by Buyse (2009). In this regard, 
molecular studies showed that the infusion of exoge-
nous ghrelin may stimulate the mRNA expression of 
lipolytic genes in birds (Furuse et al., 2001; Geelissen 
et al., 2006; Buyse et al., 2009; Ocelon and Pietras., 
2011; Kaiya et al., 2013). Ghrelin may trigger lipoly-
sis to obtain energy and glucose for homeostasis in 
broiler chickens, as suggested by Briggs and Andrews 
(2011).

In accordance with the findings of the present 
study, T4 as a main thyroid hormone and as a hor-
mone which plays a key role in metabolism (Kim, 
2010) increased significantly in the groups treated 
with ghrelin as a long-term result (table 7), whereas 
the thyroid hormones did not differ in the short-term 
samples (table 6). It has been reported that the admin-
istration of ghrelin might cause an increase in fT4 and 
there was a direct effect of ghrelin on the activity of 
the thyroid gland (Benso et al. 2013). Our previous 
study on newly-hatched chickens showed that an in 
ovo administration of ghrelin caused an increase in T4 
(Aghdam Shahryar and Lotfi., 2013) and in anoth-
er study on domesticated turkey (Aghdam Shahryar 
and Lotfi., 2017), the peripheral-administration of 
ghrelin caused a significant increase in the T4 long-
term levels. Also, similar results were reported in ru-
minants by Khazali (2005). A possible mechanism for 
this stimulatory effect on the level of T4 could be cor-
related to the direct effect of ghrelin on the hypothala-
mus-pituitary-thyroid (HPT) axis (Kluge et al., 2010).
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CONCLUSION 
In conclusion, the peripheral administration of 

ghrelin in broiler chicken, during the commercial 
rearing period did not affect the overall growth per-
formance, carcass quality and feed conversion ratio. 
However, it may increase the levels of serum glucose, 
and decrease the total cholesterol and triglyceride 
levels. In serum hormones, T4 increases in the long-
term (and not in the short-term). It seems that ghrelin 
affected and stimulated the hypothalamic - pituitary - 
thyroid axis and subsequently increased the levels of 
T4. This mechanism indicated that exogenous ghrelin 
might increase metabolic rate and regulate lipogen-
esis in birds, whereas it is insufficient to affect feed 
intake or the total growth performance. These find-
ings indicate that the endogenous ghrelin system may 
have been developed in an earlier period and it is not 
affected by the peripheral-administration of exces-

sive ghrelin. Also, the possible effect of ghrelin on 
appetite/ feed intake in chicken, may only be consid-
erable in the earlier period (growing period: d 0-21) 
as reported in the related literature. In a comparative 
term- it can be suggested that ghrelin has some similar 
and some various physiological effects in difference 
species of poultry, also been mentioned in the reviews 
by Honda et al., (2017) and Kaiya et al., (2013). Also, 
with attention to the temperate or weak metabolic ef-
fect of peripherally-administered exogenous ghrelin 
in mature chickens (finishing period), the adminis-
tration of exogenous ghrelin cannot be useful during 
commercial rearing, in terms of performance. Fur-
ther studies are warranted for the full elucidation of 
ghrelin activities.

CONFLICT OF INTEREST
None declared.

REFERENCES

Aghdam Shahryar H, Lotfi A (2013) Effect of in ovo ghrelin administra-
tion on thyroid hormones and some of serum biochemical parame-
ters in newly-hatched chicks. Kafkas Universitesi Veteriner Fakultesi 
Dergisi 19: 857-860. doi:10.9775/kvfd.2013.8985.

Aghdam Shahryar H, Lotfi A (2015) The effect of peripheral administra-
tion of ghrelin on the performance of growing geese. Archives Ani-
mal Breeding 58: 211-216. doi:10.5194/aab-58-211-2015.

Aghdam Shahryar H, Lotfi A (2016) Effects of peripheral administration 
of ghrelin antagonist [D-Lys3]-GHRP-6 on growth performance and 
blood biochemical indices in broiler chickens. Archiv fur Tierzucht 
59: 113-119. doi:10.1111/acer.12499.

Aghdam Shahryar H, Ghiasi Ghalehkandi J, Lotfi A, Chekani-Azar S 
(2014) Effect of peripheral administration of ghrelin on serum insulin, 
T3, T4 and some biochemical parameters in geese. Biological Forum, 
6: 100-102.

Aghdam Shahryar H, Lotfi A (2017) Effect of ghrelin administration on 
serum corticostrone, T3, T4 and some biochemical indices in turkey 
(Meleagridis gallopova). International Journal of Peptide Research 
and Therapeutics 23: 541-547 doi:10.1007/s10989-017-9588-2

Benso A, Casanueva F.F, Ghigo E, Granata R (2013) The Ghrelin System. 
Basel, Karger Publication, Karger A.G., 1st ed., 91-99 pp. 

Briggs D.I, Andrews Z.B (2011) A recent update on the role of ghrelin in 
glucose homeostasis. Current Diabetes Reviews 7(3): 201-207. doi: 
10.2174/157339911795843140.

Buyse J, Janssen S, Geelissen S, Swennen Q, Kaiya H, Darras V.M, Dridi S 
(2009) Ghrelin modulates fatty acid synthase and related transcription 
factor mRNA levels in a tissue-specific manner in neonatal broiler 
chicks. Peptides 30: 1342-1347. doi:10.1016/j.peptides.2009.04.015.

Delhanty P.J, Van der Lely A. J (2011) Ghrelin and glucose homeostasis. 
Peptides 32(11): 2309-2318. doi:10.1016/j.peptides.2011.03.001.

Dezaki K (2013) Ghrelin function in insulin release and glucose metabo-
lism. Endocrine Development 25: 135-43. doi: 10.1159/000346064.

Dimaraki E. V, Jaffe C.A (2006) Role of endogenous ghrelin in growth 
hormone secretion, appetite regulation and metabolism. Reviews 
in Endocrine and Metabolic Disorders 7(4): 237-249. doi: 10.1007/
s11154-006-9022-0.

Furuse M, Tachibana T, Ohgushi A, Ando R, Yoshimatsu T, Denbow D. 
M (2001) Intracerebroventricular injection of ghrelin and growth hor-
mone releasing factor inhibits food intake in neonatal chicks. Neuro-

science Letters 301: 123-126. doi: 10.1007/s11259-012-9544-8.
Geelissen S. M, Swennen Q, Geyten S. V, Kühn E.R, Kaiya H, Kangawa 

K, Decuypere E, Buyse J., Darras V.M (2006) Peripheral ghrelin re-
duces food intake and respiratory quotient in chicken. Domestic Ani-
mal Endocrinology 30(2): 108-116.

 doi: 10.1016/j.domaniend.2005.06.005. 
Honda K, Saneyasu T, Kamisoyama H (2017) Gut Hormones and Reg-

ulation of Food Intake in Birds. The Journal of Poultry Science. 54: 
103-110. Doi: https://doi.org/10.2141/jpsa.0160100

Höhne A, Schrader L, Weigend S, Petow S (2017) Ghrelin plasma con-
centration does not covary with energy demand in adult laying hens. 
Domestic Animal Endocrinology 61: 77-83. 

 doi: 10.1016/j.domaniend.2017.06.006.
Inui A, Asakawa A, Bowers C.Y, Mantovani G, Laviano A, Meguid M. M, 

Fujimiya M (2004) Ghrelin, appetite, and gastric motility: the emerg-
ing role of the stomach as an endocrine organ. FASEB Journal 18(3): 
439-56. doi: 10.1096/fj.03-0641rev.

Kaiya H, Furuse M, Miyazato M, Kangawa K (2009) Current knowledge 
of the roles of ghrelin in regulating food intake and energy balance in 
birds. General and Comparative Endocrinology 163(1-2): 33-38. doi: 
10.1016/j.ygcen.2008.11.008.

Kaiya H, Kangawa K, Miyazato M (2013) What is the general action of 
ghrelin for vertebrates? - Comparisons of ghrelin’s effects across ver-
tebrates. General and Comparative Endocrinology 181: 187-191. doi: 
10.1016/j.ygcen.2012.10.015.

Kaiya H, Gayten S.V, Kojima M, Hosoda H, Kitajima Y, Matsumoto M, 
Geelissen S, Darra V.M, Kangawa K (2002) Chicken ghrelin: puri-
fication, cDNA cloning, and biological activity. Endocrinology143: 
3445-3463. doi: 10.1210/en.2002-220255.

Kaiya H, Saito E.S, Tachibana T, Furuse M, Kangawa K (2007) Changes 
in ghrelin levels of plasma and proventriculus and ghrelin mRNA of 
proventriculus in fasted and refed layer chicks. Domestic Animal En-
docrinology 32: 247-259. doi:10.4081/ijas.2010.e56.

Khazali H (2005) Effect of third ventricle infusion of ghrelin on plasma 
GH, T3, T4, milk amount and constituents in the dairy goats. Endo-
crine Abstracts 10: 48.

Kim J.W (2010) The endocrine regulation of chicken growth. Asian-Aus-
tralasian Journal of Animal Science 23(12):1668-1676. doi: doi.
org/10.5713/ajas.2010.10329



J HELLENIC VET MED SOC 2020, 71(1)
ΠΕΚΕ 2020, 71(1)

2054 H. AGHDAM SHAHRYAR, A. LOTFI

Klok M.D, Jakobsdottir S, Drent M.L (2007) The role of leptin and ghrelin 
in the regulation of food intake and body weight in humans: a review. 
Obesity Reviews 8(1): 21-34.

 doi: 10.1111/j.1467-789X.2006.00270.x.
Kluge M, Riedl S, Uhr M, Schmidt D, Zhang X, Yassouridis A, Steiger 

A (2010) Ghrelin affects the hypothalamus-pituitary-thyroid axis in 
humans by increasing free thyroxine and decreasing TSH in plasma. 
European Journal of Endocrinology 162(6): 1059-65. doi: 10.1530/
EJE-10-0094.

Kojima M, Ida T, Sato T (2008) Structure of mammalian and nonmamma-
lian ghrelins. Vitamins & Hormones 77: 31-46. doi: 10.1016/S0083-
6729(06)77003-0.

Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K (1999) 
Ghrelin is a growth-hormone-releasing acylated peptide from stom-
ach. Nature 402: 656-660. 

 doi :10.1038/45230.
Lotfi A, Aghdam Shahryar H, Ghiasi-Ghalehkandi J, Kaiyam H, Ma-

heri-Sis N (2011) Effect of in ovo ghrelin administration on sub-
sequent serum insulin and glucose levels in newly-hatched chicks. 
Czech Journal of Animal Science 56: 377-380. doi: 10.17221/2396-
CJAS.

Lotfi A, Aghdam Shahryar H, Kaiya H (2013) Effect of in ovo ghrelin 
administration on hatching results and post-hatching performance 
of broiler chickens. Livestock Science 154:158-164. doi: dx.doi.
org/10.1016/j.livsci.2013.03.020.

NRC (1994) Nutrient Requirements of Poultry. 9th Edn., National Acade-
my Press, Washington, DC., USA.

Ocłon´ E, Pietras M (2011) Peripheral ghrelin inhibits feed intake through 
hypothalamo-pituitary-adrenal axis-dependent mechanism in chick-
en. Journal of Animal and Feed Sciences 20: 118-130. 

Pradhan G, Samson S.L, Sun Y (2013) Ghrelin: much more than a hunger 
hormone. Current Opinion in Clinical Nutrition & Metabolic Care 
16(6): 619-624. doi: 10.1097/MCO.0b013e328365b9be.

Poorghasemi M, Chamani M, Mirhosseini SZ, Sadeghi AA, Seidavi A 
(2018) Effect of probiotic and different sources of fat on performance, 
carcass characteristics, intestinal morphology and ghrelin gene ex-
pression on broiler chickens. Kafkas Universitesi Veteriner Fakultesi 

Dergisi 24 (2): 169-178, doi: 10.9775/ kvfd.2017.18433
Saito E. S, Kaiya H, Takagi T, Yamasaki I, Denbow D.M, Kangawa K, 

Furuse, M (2002) Chicken ghrelin and growth hormone-releas-
ing peptide-2 inhibit food intake of neonatal chicks. European 
Journal of Pharmacology 453(1): 75-79. doi: org/10.1016/S0014-
2999(02)02393-2.

SAS Institute (2000) SAS ®/STAT Software, Release 8. SAS Institute, 
Inc., Cary, NC. USA.

Song X, Jiao H, Zhao J, Wang X, Lin H. (2018). Ghrelin serves as a signal 
of energy utilization and is involved in maintaining energy homeosta-
sis in broilers. General and Comparative Endocrinology 272:76-82. 
https://doi.org/10.1016/j.ygcen.2018.11.017.

Spencer S. J, Xu L, Clarke M. A, Lemus M, Reichenbach A, Geenen B, 
Kozicz T. and Andrews Z. B (2012) Ghrelin regulates the hypotha-
lamic-pituitary-adrenal axis and restricts anxiety after acute stress. 
Biological Psychiatry, 72(6): 457-65. doi: 10.1016/j.biopsych.

Tachibana T, Tsutsui K (2016) Neuropeptide control of feeding behav-
ior in birds and its difference with mammals. Frontiers in Neurosci-
ence10: 485. doi: 10.3389/fnins.2016.00485.

Tachibana T, Tanaka M, Kaiya H (2011) Central injection of des-acyl 
chicken ghrelin does not affect food intake in chicks. General and 
Comparative Endocrinology 171: 183-188. doi:10.1016/j.yg-
cen.2011.01.008.

Ukkola O, Pöykkö S (2002) Ghrelin, growth and obesity. Annals of Med-
icine 34(2): 102-108.

Vestergaard E.T., Gormsen L.C., Jessen N., Lund S., Hansen T. K., Moller 
N.. Jorgensen J.O. (2008). Ghrelin infusion in humans induces acute 
insulin resistance and lipolysis independent of growth hormone sig-
naling. Diabetes 57(12): 3205-10. doi: 10.2337/db08-0025.

Yu Y, Zhang Y.H, Zhang H.H, Tao H, Ou C.B, Wang Q.X, Guo F, Ma J.Y 
(2016) Effects of development and delayed feed access on ghrelin ex-
pression in neonatal broiler chickens. Poultry Science 95(10): 2397-
2404. doi: 10.3382/ps/pew169.

Zendehdel M, Hassanpour S (2014) Ghrelin-induced hypophagia is medi-
ated by the β2 adrenergic receptor in chicken. Journal of Physiologi-
cal Sciences 64(5): 383-391. doi: 10.1007/s12576-014-0330-y.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

