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1 Introduction: energy balance

+ Energy balance = energy intake
minus
energy expenditure




E 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
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Fig. 1. Location of the hypothalamic infundibular nu-

in which the melanocortin system may exist
ick brain. Coronal (transverse) sections through
the chick brain are depicted.

Bungo et al., 2011. J. Poult . Sci. 48: 1-13




(AN)OREXIGENIC PEPTIDES MAMMALS
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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

o-MSH icv {

CRF icv {
urocortin icv {

NPY icv )

AgRP icv T

GHRH icv 1

MC3/4R agonists | iv icv {
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Red font: opposed to mammals L

Effect of central or peripheral administration of compounds on feed intake (Con’d)
compound site response
CART icv {
u-opioid agonists icv 0
bombesin icv {
leptin ? icv iv {
insulin icv {
peptide YY icv T
pancreatic polypeptide | icv T
Orexins-A/B icv =
GLP-1 icv {
Red font: opposed to mammals I:E“ijl\;éﬁ

+ 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? 4
4
4
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o The Chicken Leptin Gene: Has It Been Cloned?
I - M. Friedman Einat, ! T. Boswell, 112 G. Horev.” G. Girshvarma.t 1 €. Dunn,f
i - RT tand P.J. Shs
)
I
o - oral b i
I- = Chicken leptin . wsiinee
!. L Reply 1o viewpoints by |

Dunn, D Waddington and T Hn!\m\l
[Chicken Leptin: General and
Comparative Endocrinulogy, 158, 2-1
(2008)] )
M

M. Tao
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M. Pic Willians”, A, Gentler
Domestic Animal Endocrinalogy 21 (2001) 319-327 ! ! 5! E!i g EI

GHRELIN: endogenous ligand for GHS-R

[ Post-translational processing | -
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Rat: 28 AA
Chicken: 26 AA
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b il m - hepatic gluconeogenesis T
\ hyperglycemia
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inhibition of insulin production

) suppression of skeletal
g S UCP expression
CRH T = ACTH T = cortisol T
prolactin T
” GH, leptin, insulin, CCK
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GHRELIN: avian species

iv. ghrelin inhibits food intake in chicken
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3100

e MNa
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Food intake

05 10 20 40 120 240
Time (h)
1 nmol/100 g BW
[Jsaline; [l ghrelin

Geelissen et al., 2006. Domest Animal Endocrinol 30:108-116
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Rodents:
- feed intake ¢ - vericie
- gastric emptying 4 a— obestatn (125 nmolkg)
- jejunum contractions
- body weight ¢
- GPR39 receptor ?

Obestatin: mammals

Cumulative food intake (g)

Controversial??

Time (h

NaCl or abestatin

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

"' Obestatin
b

- 23 amidated protein deduced from preproghrelin

- Concentration depends on nutritional

CONTROVERSIAL!!

In rodents:
- feed intake a
- Emptying rate of stomach !
- jejunum contracM e
- body weight

- ???binding to the receptor GPR39 (stomach, small intestines, liver, thyroid
gland, hypothalamus, ...)

In avian species??

Peripheral “chicken” obestatin administration does not affect feed intake and gut
muscle contractility of meat-type and layer-type chicks (Gallus gallus domesticus)

Zhigang Song **, Pieter-Jan Verhulst ", Zarbakht Ansari *', Theo Thijs °, Inge Depoortere ", Nadia Everaert *,
Eddy Decuypere °, Johan Buyse **




Feed intake (g/1009 BW)

Obestatin: avian species

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

B o

.y o
° Ad libitum Feed deprivation of 1.5 h
6 B e
2 & 2
. o
osh i 1sn o 2 2sh 3 s 4 Ssh i 1d 2 2 ch s .
Other trials: 1 nmol or 10 nmol intraperitoneal No effect on:
7-t0 9-d-old layers - feed intake
iv 10 nmol rat obestatin (layers) - duodenal contractions
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Song et al., 2012. Regulatory Peptides, in press

AMP-activated protein kinase
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Lage et al., 2008. Trends Mol Med 14: 539-549

leptin
(muscie)  leplin
quercetin (hypothalamus)

ghrelin
berberine cannabingids
\ / (hypothalamus)

capsaicin ———  AMPK +————— adiponectin

/-
/ ‘\\ a-Lipoic acid
epigalocatachin / \ ACAR

gallate
ol metformin
resveratrol
thiazolidinediones

Hardie, DG. 2011. Am J Clin Nutr 93: S891-6.
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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
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g Regulation of feed intake

) energy expenditure
+ long term: central regulation

stress
social
experience

peripheral

signals -

higher
brain
centra

) appetite Tor &

u-lnn.\T\ ? exs] Song etal., 2013.

Gen. Comp. End. 190: 112-117
et
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Energy expenditure:

Feeding
behaviour
0 Ut Ut Higher brain centra A\ (feed intake or
satiety)
Hypothalamus after
integration
9 Autonomous nervous Movement
l system
Hormonal influence v \
via thyroid glands or Orthosympaticus Parasympathicus
adrenals (spinal cord) (brain stem)

Metabolic
proc\i:lsses

Organs and systems

Functioning
of the body (heart, of digestive
muscle, white and brown zZ N\ tract
fat, liver,...)
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Orthosympathetic NS

PVN Hypophysis
D CRH CRH — ACTH — adrenals
------- >
TRH TRH —TSH — T3/T4
@ (€3]

Hypothalamus peripheral factors
NARC/IN glucose, leptin, GLP-1, ...
PY a-MSH
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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
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