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Introduction: energy balance  

 

 Energy balance = energy intake  

                                minus 

                         energy expenditure 
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1. Energy intake  

 

 Control and regulation of feed intake is 
very complex 

   - peripheral  central mechanisms 

   - physical factors  chemical factors 

   - endocrine  neural 

   - long term  short term 
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 short-term: meal-to-meal 

         - visual – sensory – olfactory 

         - congnitive/experience 

         - hunger and satiety hormones: gut-derived 

         - gut mechanoreceptors 

         - gut osmoreceptors 

         - metabolic cues: diet-induced thermogenesis 

         - … 

INTEGRATION   

INPUT           BY THE         OUTPUT 

BRAIN  
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Input 
Higher brain regions 
(emotions, memory, social 

influences, processing, sensory 
stimulus) 

Hypothalamus 
integration 

Digestive tract 
(mechanical and chemical 
stimuli, peptide hormones) 

Reserve (fat) tissue 
(adipokines) 

Nucleus Tractus 
Solitarius 

Senses (sight, 

taste, sound, 
smell) 

Social 
environment 

Blood circulation 
Metabolites and nutrients 

Peptide hormones 
Adipokines (e.g. leptin) 

N. vagus 
Mechanical stimulus 
Peptide hormones 

Adipokines 
… 
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NPY/AgRP POMC/CART 

CRH 

TRH 

PVN 

LHA 

autonomous 

reactions 

hormonal 
reactions 

Feeding behaviour 

NARC 

Leading role in the 

hypothalamus 

 

NARC (4 neuron-populations) 

LHA (2 types of cells) 

PVN (2 types of cells) 

Brain stem 
- NTS  
- area postrema 

 

 

Brain cortex 

_ 

+ 

+ 

_ 

+ 

_ 

_ 
+/- 

+/- 

 energy 

 expenditure 

periferal influence: 
hormones and 
metabolites 

Active product of POMC = α-MSH 

Fatty acid sensitive 

neurons 
Glucose sensitive  

neurons 

+ 

MCH 

orexins 

+ 

Bungo et al., 2011. J. Poult . Sci. 48: 1-13 
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(AN)OREXIGENIC PEPTIDES  MAMMALS 

OREXIGENS 
 

NPY 
 

AGRP 
 

MCH 
 

OREXINS 
 

GHRELIN 
 

GALANIN 

MOTILIN 
 

GHRH 
 
… 
 

ANOREXIGENS 

POMC 

CART 

MSH  

CRH 

CCK 

LEPTIN 

INSULIN 

ADIPONECTIN  

AMYLIN 

GLP-1 

BOMBESIN 

… 

 

LEPTIN 

Slows down 
feeding 

behaviour 

 
MC4 receptor 

on neuron 

AgRP BLOCKS THE ACTION OF α- MSH in LHA: 

   feed intake increases  

α- MSH slows down 

normally the 

orexigenic effect of 

the  MCH cells in 

the LHA via 

an MC4 receptor 

GHRELIN 

NPY 

- 

NPY   

AgRP   

POMC   

CART   

MC4R   

MCH   

Orexins   

CRH   

TRH   

Effect of feed deprivation on avian hypothalamic neuropeptide gene expression 
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Effect of central or peripheral administration of compounds on feed intake  

compound site response 

Ghrelin icv iv  

Obestatin iv  ip no 

-MSH icv  

CRF icv  

urocortin icv  

NPY icv  

AgRP icv  

GHRH icv  

MC3/4R agonists iv icv  

Red font: opposed to mammals  

Effect of central or peripheral administration of compounds on feed intake (Con’d)  

compound site response 

CART icv  

-opioid agonists icv  

bombesin icv  

leptin ? icv iv  

insulin icv  

peptide YY icv  

pancreatic polypeptide icv  

Orexins-A/B icv  

GLP-1 icv  

Red font: opposed to mammals  

 Source: chicken  mammalian 

 Fragment length 

 Broiler  layer 

 Age 

 Dose 

 Direct effect or via locomotor behavior? 

 Ad libitum or pre-fasted 
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LEPTIN: still controversial in avian species?  

GHRELIN: endogenous ligand for GHS-R 

Rat: 28 AA 

Chicken: 26 AA 

18 

-  secretion of GH  

-  feed intake  

-  gastric motility  

-  gastric acid production  

-  hepatic gluconeogenesis  

-  hyperglycemia 

-  lipogenesis  

-  adipogenesis  

-  inhibition of insulin production 

-  suppression of skeletal 

        UCP expression  

-  CRH   ACTH   cortisol  

-  prolactin  

GH, leptin, insulin, CCK 
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iv. ghrelin inhibits food intake in chicken 

 saline;  ghrelin  
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 ** 
* 

GHRELIN: avian species  

Geelissen et al., 2006. Domest Animal Endocrinol 30:108-116 

1 nmol/100 g BW 

Obestatin: mammals 

- Co 

Rodents: 

- feed intake  

- gastric emptying   

- jejunum contractions   

- body weight  

- GPR39 receptor ? 

 

 
Controversial?? 

De Smet et al., 2007. Neurogastroenterol Motil 19:211-217 

-  23 amidated protein deduced from preproghrelin 

- Concentration depends on nutritional condition  

 

In rodents: 

- feed intake  

- Emptying rate of stomach  

- jejunum contractions  

- body weight  

- ???binding to the receptor GPR39 (stomach, small intestines, liver, thyroid 

gland, hypothalamus, …) 

 

 

21 

            Obestatin  

In avian species?? 

CONTROVERSIAL!! 
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Chicken obestatin

Saline

D
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Chicken obestatin

Saline

Ad libitum Feed deprivation of 1.5 h 

iv injection of 1 nmol/kg BW ‘chicken’ obestatin in 7- to 9-d-old broilers 

Song et al., 2012. Regulatory Peptides, in press 

Other trials: 1 nmol or 10 nmol intraperitoneal 

                    7- to 9-d-old layers 

                    iv 10 nmol rat obestatin (layers) 

                      

No effect on: 

- feed intake 

- duodenal contractions 

Obestatin: avian species 

AMP-activated protein kinase 

Lage et al., 2008. Trends Mol Med 14: 539-549 

Hardie, DG. 2011. Am J Clin Nutr 93: S891-6. 

α-Lipoic acid 
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Richards and Proszkowiec-Weglars, 2007. Poult Sci 86:1478-90. 
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Effect of 48 h of feed deprivation (F48) and 24 h of refeeding (F48C24) compared to age-

matched ad libitum fed controls (respectively C48 and C72) on hypothalamic phospho-

AMP-activated protein kinase levels   

 

  

Song et al., 2012. Gen Comp Endocrinol, under revision 

  The appetite-regulating effects of hypothalamic AMPK are mediated by 

orexigenic neuropeptides 

  …and not by anorexigenic neuropeptides 
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The mechanisms behind the appetite-regulating effects of AMPK might 

also include hypothalamic fatty acid metabolism 

Regulation of feed intake 

32 

 long term: central regulation 

peripheral 

signals 

higher 

brain 

centra 

TRH 
CRF 

appetite or  

stress 

social 

experience 

energy expenditure 

Song et al., 2013. 
Gen. Comp. End. 190: 112-117 

Energy expenditure:  

output 
Feeding 

behaviour 
(feed intake or 

satiety) 

Movement 

Functioning 
of digestive 

tract 

Metabolic 
processes 

Organs and systems 
of the body (heart, 

muscle, white and brown 
fat, liver,…)  

Higher brain centra 

Hypothalamus after 
integration 

Hormonal influence 
via thyroid glands or 

adrenals 

Autonomous nervous 
system 

Orthosympaticus 
(spinal cord) 

Parasympathicus 
(brain stem) 



11/4/2013 

12 

PVN 
CRH 

TRH 

Orthosympathetic NS 

Hypophysis: 

CRH   ACTH  adrenals     

TRH    TSH   T3/T4 

Hypothalamus 

 

NPY             α-MSH 

peripheral factors 
 

glucose, leptin, GLP-1, … 

_ 

+ 

NARC/IN 

+ 

RQ and HP 
  

  
  

  
*** 
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Change in preference of substrate for oxidation? 

Geelissen et al., 2006. Domest Animal Endocrinol 30:108-116 

 Conclusions  

 Control of feed intake in avian species is complex 

 Differences between avian and mammalian species 

 Functionality of obestatin? 

 Hypothalamic AMPK is involved by acting upon 

- orexigenic neuropeptides 

- fatty acid metabolism 

 Control of energy expenditure needs more 
investigations 


