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stimulating hormone.
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Fig.1 The hypothalamus regulates appetite through two pathways!3!
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Fig.2 Regulation of feed intake in poultry involving short term and long term!?!l,

3 KERERT
3.1 fe&RT
3.1.1 NPY

BT K NPY e @i i & i F 21 2 —, fE R B e &P it 2 E P ONPY
M N IEYE R B AKAE SR R, s ZURITE SR &, T 2 M Ak e ik R A A,
& H TR A A i) B B R kAR IR, NPY S A2 T Fe i i) 5 IR AL, 18
BN A YERE B = S A% AR AMIX . RIS ], RS B xRS, NPY
REMEAE SN XA 2 R GEK-F B R, I H AR B Rs 3 L R BB WD Bk KA S P K
(251, Blankenship 5O 78 i, PRAAEZE 4R & 1 BHACHEMERS 39 1 Ll NPY . AgRP. {2
JUZE B & (corticotropin releasing hormone, CRH) F12 [ i 2 5%24& 1 (melanocortin 1
receptor MC1R) 7K~F, FKUIIREMEEH YL, EAIG . Nakajima SFPHFTEY], NPY &
R E/NBCKEE. Katner 252845 Wistar 5 =X % WVESS 5 pg/ul I NPY, REFEME
4N, Saneyasu SR TG, HAXTE ST NPY BERSRISHREE. NPY AMUAE M
IEE IR, T HE HAT I E A5 & RN EY. DL ERFEE], NPY A MR ) &
ARONER B, R, AR NPY /] DUy —F e 30 i & o 9 R T A 7 SE B R IR m
BREMANREE,
3.12 AgRP

AgRP 2 1 R Ll 5o A% N (1) AgRP/NPY #4 J0 FP= A2 1 — R4 ik . AgRP et i@t
IEPRIE I S (R R B AR R A, TR BB (o-MSHD 1ER, AR IS 1)
KEBU, AgRP IEHEM B 15 B L TR 24k 4 (MC4R) 1EH, =& MC4R 138 [m) H5 57732

AgRP 34454 BB R R %24k 3 (MC3R) Fl MC4R J&, fi#io-MSH 31 G & HIG1L,



PR ML Y PRI IR T (cAMP) fJ 85, ETIHY 52807 & 4K . Tachibana I 5T IH
AgRP AEWEI RS (KA B, I B A Ra-MSH X K& RIIMHIE, 20 AgRP fefsiom s
BRAEN, RaKEE.

3.1.3 &%k &K (orexin, ORX)

ORX X &M T, MopAmfE T i hax, JLHZ KRBT ORX %ifih ORXA
A1 ORXB 2 FZefik, 32 AEH 2 R3NP K & A e P04, Szekely S5BSIBF FEHH,
FE/IN BRI 2 NVESS ORXA, 30 min J5 38U BB AIERE . ORX & AERIBOH (L Lo, {2k
H iz zhU6l, ORX M NPY fE(E itk & it BAM I E HI1E . Lopez &0 Fidhkid, &
4 ORX B EILR T KR NPY mRNA RikE. (HEEELEN L 70h R I, RN ORX
TR R A RPN, KT X E ORX MWL A et — Bk, RO R & mim1y
WU LA K 5 HA B R A 2 BRI R R
3.1.4 BYUKE (ghrelin)

B VR RAE 15 N -0 B2 Eefisi =5 R R IR — Nk e B DL 3 B ) e £
AR R KR s e Ak, WATRE RSP, (R B IR A IS 2 P IhBERS, Kamegai
SRR RGE, B URERRY B IR &/ RIR &= L& NPY 1 AgRP 1) mRNA F£ik&.
Asakawa U FARIE, 15 YUK B (R 2 K RN B g 3 A K 18 R (11 430k DA _ERHF AR,
BHYIUR RGO R A A, REmR . (R, BXRMBUIRE 5WAMINE I
R AR LLIES M LR, T HoA R A i /e A B, Furuse S592IF ORI, X 40
0 5 R A LR R R B E IR IR AT N . Saito S FCHGE, T 4 H R4S ik w7
SYE VR, (R B TR ) 3 WA TR R A (R, FIXS SR . OctonZ (441t
FARAE, RIS B VR R S8R A R ERE . Geelissen EWIBFFARIE, B YUK RFFE
ARSI R . FRDIAARM, BURREMNHEENRTE. BIURENXEREW
SO — N R AR R, R R RIS A 5 T3 2 R 5T
32 fWERET
3.2.1 POMC

POMC & B I il & 8K A F 2 —. FK &K POMC H 256 N FEER R4 K,

FENAGT NN AT DAL AR IS4l Bl R R R R B AT N AR



sk B EEER . POMC /2 % % i & (melanocortin MC). o-MSH. {i£ AEfift 2 A1B- A
IHEJIK £ BT A4 5T . MC 5 B 2 5 25 %% A (melanocortin receptors, MCRs)44 &, £ SR &
R AU R B FRUTAR, B TR o0 Vil R 0 46 A BT AR R 2 S B A 4], MCAR FE4%
A ACRIA ERAAS T B A AR W, AR, FERN S AT MCAR 1) 71 A 5% 40 )
K, FEHAESER ST AT SECR A B, Klovins Z5HRF 50 & B, 241H L3I0 AK
POMC IZIEWUR I, Ho=¥)o-MSH il id 8 57 5 2 32 /& MC3R Fll MCAR 0% S A4 R 48,
MR 3% . Zendehdel S55O7E PIXS I 45 BIAH [F 1 4518

322 CART

CART | 2 AAESIII TR R G0 SMEME RGN A, JCHR T A E
g, BEFLEW], CART B ERaR &, HAF/ER BN, Tachibana 1
FOHRE, %% RS CART WS URAL F1L S i XS IR 4T . HWFFC R, CART 41
i W 1 B AR T R I e P R 3 WA R 1 HE S, T 512 P U B PR LR M o
WEAS 502, Okumura Z5549F 72 & B, CART RERSFEME KRR & &, FRGEREILER. B
R (1) - A B DA F P HE 2 . DA B AR FE R, CART BeBEAE T N Felid LS B i R PRI
K BRI R A R A5 145 PR R A i
3.2.3  HFE 4 & (cholecystokinin, CCK)

CCK &g 51 L AH FE WA AL Rt i b - Fh g o i 1 B i 2 KR, | 2 e T
BHRG. PRESMNAME RS, PR BAMEE B, CCK BA R 7
MRZEW AT . 25 B is Zh D Re i85 A1 5 RS E T . K&k N 2/ FF1E CCK-A
CCK-B 2 ffi %24k, CCK 5345 Ja il wk At ph 28 A i 1) 2o B & IS AR Z  POMC
WETE, W HZA (MCAR) RHEWEAE S, MBI, MBI T, 14
BHEN BB G, SHEE R ERAAG 22 CS BONE CCK B, B 7SRRI AE A 1 o Y
CCK 5 BKEMZ L CCK-A Zh4iG, HHNMAEMmE), A& EERERIRZNTS)#
A N EC i 35 A X%, Savory SO U iE, CCK REWS PRSI R &, HEME
BREEAH R .

324 Ex
o8 3 p ISP R s B 43 A 14— i 1 SRR S B S M AL RN A 8 3R 1 S



ALY, R A ARSI A ISR AR AR . BN RS R . LR, R
7o 71 B A v S R A R BN BRUR L NPY mRNA 1 Ris &, [ e T 5K
EHICH) POMC mRNA Fik 502631, Boswell S5O0 FE i 18, 98 i@ 17T AGRP Al POMC
SRR R IL RIS R B . Cassy S5O FUGE, HREFRICT 56 HEEGKREE.
Denbow 25 5uiiE, @ik in = st B4 REN, REMH T 42 HRASIRE
o Dridi O AHGE, B R EES] T 21 HESRXY R AN NPY. ORX Z51f) mRNA Fi&
o DLEWIRRERY, BRES AL POMC/CART (A& 0i%3h, RN &K NPY/AGRP
FIPheTeiEsl, MM RF SRR,
325 EBER

i B 3 pR B R BAR L 7 AR IR AU Iy, T LB IERE NIRRT ELE T i DGR X 4k
FIERR R R ZAR, PR REVR AT PR EZE M G PR, BRERSHMNZ
REA T LA R B VMN A1 POMC #1428 701 ATP #5081 24 18 18 ( ATP-sensitive potassium
channel, KATP) V&1, #f— il BEARBENLEE 3-8 (PI3KD 155 A2 240 L A ¥ 4
(ROS) 7K, LAUATS g ERA A AR08, 1k N AR R JiR & 3 AT 5 N el 5 IRz #4276 Bl
NSZRGEE, BTSSR AR(E S, W] NPY/AgRP #H4 0RIE, E#E POMC #Z& 64 ik
By b, AWHI SR & . S FC R S R EEA, )R i b R BEREOE
WIS, SEINA T LB A RILEETEYE, R m B A VR, BERKE R
R0, A2, Liv FUWFFRIE, R 3 R A S0 PR A
4 /NG

BARFERABIVRTHG 050, HAlMR e EHm. (B2, TaEREEREHEAR
(R, — S SCH R R 1 A0S Sl B AN W BT, SR R AL T S S T B R
B G- TSR EAR (GC-MS) LA Z HAER AR TR B 2 W ispLH], x Tk
HRBEAR BRI RN, e F &R RN L E K.

EEPEIN
(1] RS, KA ITHEHE. TRERPFEEEXRRNMALERD. DY E F ¥

##%,2011,23(6):908-913.



[11]

Wi 2 8 & R R I U e [J].) AR 1EL2004,13(5):19-21.

TL 75 H0 SR B AR L) K LA Fe 8k RE[0]. RS & 4,2012(4):5-9.

FERKET P R,GERNAT A G.Factors that affect feed intake of meat birds:A
review[J].International Journal of Poultry Science,2006,5(10):905-911.

FH S R, 5K 38T . I 0 % R B 1 RS WL A S N R T Tk e (0] [ B A

I£,2011,38(3):228-230.

MEM, B, &R ke ERENHET b= S I R
\1k,2002,23(4):12-14.

e g R AR SR BN PR T TR BN AR M R AR DGR TR [J]. B & K,2003(9):24-25.

N ARAR e N R PR TR 0 A SR B B S (0] o AR}, 2006(7):27-28.

W R B E 3R M AL R E O H Al A, 2003.

MORTON G J,CUMMINGS D E,BASKIN D G,et al.Central nervous system control of
food intake and body weight[J].Nature,2006,443(7109):289-295.

AT, D AN, RS A PUAT IS LI AR F 5 £ U A DGR R B U S R
5 S5 [ AR AL RH,2008,41(3):925-932.

FRRBE ARREILEE ANBSHEFEXEEREM TR A EIHD.EHE S
[5,2012(S1):30-33.

ISt TR P S N R RE I AA AN i SR B A R DR R DR 2 3K R 5 A [ D] A L 2 7
WA ML T R 5 B, 2014.

TLHEH, E B RBEE AN W& & K& =0 P LR [0]. 7 R
¥},2012,21(S1):47-49.

LENARD N R,BERTHOUD H R.Central and peripheral regulation of food intake and
physical activity:pathways and genes[J].Obesity,2008,16(S3):S11-S22.

TR g, 37 E A R R PR 2 (0] [ Em AR E,2007,34(12):17-21.

W%, B A AR AN [ i 2 B KT %o B PR PR B A K A R A P M B I S [T R AR
F}2£2011,38(18):89-92.

A ARG R B BT AU R [0]. K& RH,2012(2):45-47.



[19]

[21]

TN B AR e i B ORI B8 B AS A I 1 A STk R IA 0 it e 22 5 AL leptin AR AEAT:
FH[D]. 1 =24 (0718 5. B AR B AR L K 27,2009.

HEH, B KL, 5 GRREEAEIFNTHE TSR ZWE 7%
#,2006,18(S1):353-360.

RICHARDS M P.Genetic regulation of feed intake and energy balance in poultry[J].Poultry
Science,2003,82(6):907-916.

FURUSE M.Central regulation of food intake in the neonatal chick[J].Animal Science
Journal,2002,73(2):83-94.

ARV ) i = R 5 B - A T 1 I Q= T I W ) e 0 1 M A E
8,2015,37(7):45-49.

FRA,IF B, F 4,55 AA XS R [ NPY FERI R IE 5 R 8 A i [I]. &4 5 5
[%,2013,45(12):28-32.

MARSH D J,HOLLOPETER G,KAFER K E,et al.Role of the Y5 neuropeptide Y receptor
in feeding and obesity[J].Nature Medicine,1998,4(6):718-721.

BLANKENSHIP K,GILLEY A,PIEKARSKI A,et al.Differential expression of
feeding-related hypothalamic neuropeptides in the first generation of quails divergently
selected for low or high feed efficiency[J].Neuropeptides,2016,58:31-40.

NAKAJIMA M,INUI A,TERANISHI A,et al.Effects of pancreatic polypeptide family
peptides on feeding and learning behavior in mice[J].Journal of Pharmacology and
Experimental Therapeutics,1994,268(2):1010-1014.

KATNER S N,SLAWECKI C JLEHLERS C L.Neuropeptide Y administration into the third
ventricle does not increase sucrose or ethanol self-administration but does affect the cortical

EEG and increases food intake[J].Psychopharmacology,2002,160(2):146—154.

[29] SANEYASU T,HONDA K,KAMISOYAMA H,et al.Neuropeptide Y effect on food intake in

[30]

broiler and layer chicks[J].Comparative Biochemistry and Physiology Part A: Molecular &
Integrative Physiology,2011,159(4):422—426.

AR DR USRS 8 R B AR B AT IR S LB FE[D]. 18 L 27 18 S e %2



[34]

[36]

DU NTIAR LK 72,2011,

SCHWARTZ M W,WOODS S C,PORTE D,Jr,et al.Central nervous system control of food
intake[J].Nature,2000,404(6778):661-671.

HASKELL-LUEVANO CMONCK E K.Agouti-related protein functions as an inverse
agonist at a constitutively active brain melanocortin-4 receptor[J].Regulatory
Peptides,2001,99(1):1-7.

TACHIBANA T,SUGAHARA K,OHGUSHI A,et al.Intracerebroventricular injection of
agouti-related protein attenuates the anorexigenic effect of alpha-melanocyte stimulating
hormone in neonatal chicks[J].Neuroscience Letters,2001,305(2):131-134.

YAMAMOTO TNOZAKI-TAGUCHI N,CHIBA T.Analgesic effect of intrathecally
administered orexin-A in the rat formalin test and in the rat hot plate test[J].British Journal
of Pharmacology,2002,137(2):170-176.

SZEKELY M,PETERVARI E,BALASKO M,et al.Effects of orexins on energy balance and
thermoregulation[J].Regulatory Peptides,2002,104(1/2/3):47-53.

LOPEZ M,SEOANE L M,GARCIA M C,et al.Neuropeptide Y,but not agouti-related peptide
or melanin-concentrating hormone,is a target peptide for orexin-A feeding actions in the rat
hypothalamus[J].Neuroendocrinology,2002,75(1):34-44.

FURUSE M,ANDO R,BUNGO T,et al.Intracerebroventricular injection of orexins does not
stimulate food intake in neonatal chicks[J].British Poultry Science,1999,40(5):698—700.
sk, H A S ANFEFRSY R BB S RN TR R E RS
[%,2003(7):56-57.

KAMEGAI J,TAMURA H,SHIMIZU T,et al.Chronic central infusion of ghrelin increases
hypothalamic neuropeptide Y and agouti-related protein mRNA levels and body weight in
rats[J].Diabetes,2001,50(11):2438-2443.

ASAKAWA A,INUI A KAGA O,et al.Ghrelin is an appetite-stimulatory signal from

stomach with structural resemblance to motilin[J].Gastroenterology,2001,120(2):337-345.

ZE RN .2 BRSO S B R 42 7 (R AR AR FE [D] A 2 A7 18 S0 AR 221 AR ARk R



[43]

[49]

#2014

FURUSE M,TACHIBANA T,O0HGUSHI A et al.Intracerebroventricular injection of ghrelin
and growth hormone releasing factor inhibits food intake in neonatal chicks[J].Neuroscience
Letters,2001,301(2):123-126.

SAITO E S,KAIYA H,TACHIBANA T,et al.Inhibitory effect of ghrelin on food intake is
mediated by the corticotropin-releasing factor system in neonatal chicks[J].Regulatory
Peptides,2005,125(1/2/3):201-208.

OCLON  E,PIETRAS  M.Peripheral ghrelin  inhibits feed intake through
hypothalamo-pituitary-adrenal axis-dependent mechanism in chicken[J].Journal of Animal
and Feed Sciences,2011,20(1):118-130.

GEELISSEN S M E,SWENNEN Q,VAN DER GEYTEN S,et al.Peripheral ghrelin reduces
food intake and  respiratory  quotient in  chicken[J].Domestic = Animal
Endocrinology,2006,30(2):108-116.

TAKEUCHI S,TESHIGAWARA K,TAKAHASHI S.Molecular cloning and characterization
of the chicken pro-opiomelanocortin (POMC) gene[J].Biochimica et Biophysica Acta
(BBA): Molecular Cell Research,1999,1450(3):452—459.

B FRIE T, ST R B B B ER S AR 4 0 SR AR AR AR AT R (0], B A S
BAPE 2017,49(1):110-113.

TREA AR BRI/ 5 08 B FUMR 78 AT XS R i 2 b i [D). B 22 A8 S0 FR 221l
RAL R #,2012.

KLOVINS JHAITINA T,FRIDMANIS D,et al.The melanocortin system in
Fugu:determination of POMC/AGRP/MCR gene repertoire and synteny,as well as
pharmacology and anatomical distribution of the MCRs[J].Molecular Biology and
Evolution,2004,21(3):563-579.

ZENDEHDEL M,HAMIDI F,BABAPOUR Vet al.The effect of melanocortin (Mc3 and
Mc4) antagonists on serotonin-induced food and water intake of broiler cockerels[J].Journal

of Veterinary Science,2012,13(3):229.



[51]

[54]

R AR Visfatin X 52 4ER B8R B £ 80 12 5 (52 10 (D] A - 2247 18 S0 KM
TR A K 2,2015.

TR GE, i 22 [H, £ 2 % .CART kX sh ¥k fr & M A7 A ] 3 & JF 5
#,2007,19(S1):503-507.

TACHIBANA T,TAKAGI T,TOMONAGA S,et al.Central administration of cocaine- and
amphetamine-regulated transcript inhibits food intake in chicks[J].Neuroscience
Letters,2003,337(3):131-134.

OKUMURA T,YAMADA HMOTOMURA W.,et al.Cocaine-amphetamine-regulated
transcript (CART) acts in the central nervous system to inhibit gastric acid secretion via
brain corticotropin-releasing factor system[J].Endocrinology,2000,141(8):2854-2860.
AR 3 A 98 CCK. CCKAR X Zh¥R fr B2 T FU ik JE (1], H A & 4. JE S
£,2008,28(5):69-71.

Je € R R AR, 7K g 5, A IH B4 B O B W)oK B B R R A (1], 3h W E IR
#,2006,18(S1):316-322.

Wk e AR P 0 £ AR A1) X 5 O B AR B v B A LR BT B W U [D] A A A 1 5
B AR rh A R 22,2005

R A E WIS B B AR A SN R 0 Tk R (D). P [ X 8,2011,33(5):44-46.
MORAN T H,BALDESSARINI A R,SALORIO C F,et al.Vagal afferent and efferent
contributions to the inhibition of food intake by cholecystokinin[J].The American Journal of
Physiology,1997,272(2):R1245-R1251.

SAVORY C J,GENTLE M J.Intravenous injections of cholecystokinin and caerulein
suppress food intake in domestic fowls[J].Experientia,1980,36(10):1191-1192.

ASHWELL C M,CZERWINSKI S M,BROCHT D M,et al. Hormonal regulation of leptin
expression in broiler chickens[J].American Journal of Physiology-Regulatory,Integrative
and Comparative Physiology,1999,276(1):R226-R232.

PROULX K,RICHARD D,WALKER C D.Leptin regulates appetite-related neuropeptides in

the hypothalamus of developing rats without affecting food



intake[J].Endocrinology,2002,143(12):4683-4692.

[63] YAMAMOTO Y,UETA Y,DATE Y,et al.Down regulation of the prepro-orexin gene
expression in  genetically obese mice[J].Brain Research  Molecular  Brain
Research,1999,65(1):14-22.

[64] BOSWELL T,DUNN I C.Regulation of the avian central melanocortin system and the role
of leptin[J].General and Comparative Endocrinology,2015,221:278-283.

[65] CASSY S,PICARD M,CROCHET S,et al.Peripheral leptin effect on food intake in young
chickens is influenced by age and strain[J].Domestic Animal
Endocrinology,2004,27(1):51-61.

[66] DENBOW D M,MEADE S,ROBERTSON A,et al.Leptin-induced decrease in food intake in
chickens[J].Physiology & Behavior,2000,69(3):359-362.

[67] DRIDI S,SWENNEN Q,DECUYPERE E.,et al.Mode of Ieptin action in chicken
hypothalamus[J].Brain Research,2005,1047(2):214-223.

[68] KB AR NI ILHEHE. T Fisind lE S H)E TR A 2 5 B R BLHI[1]. 30 W8 9522
##.,2013,25(7):1395-1405.

[69] WOLFGANG M J,LANE M D.Control of energy homeostasis:role of enzymes and
intermediates of fatty acid metabolism in the central nervous system[J].Annual Review of
Nutrition,2006,26(1):23—-44.

[70] ARISA AR MBERN K &R BRI ILITEL2011(4):1-4.

[71] LIU L, XU S H,WANG X J,et al.Peripheral Insulin doesn’t alter appetite of broiler

chicks[J].Asian-Australasian Journal of Animal Sciences,2016,29(9):1294-1299.

Research Progress on Regulation Mechanism and Main Regulatory Factors of Feed Intake In
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Abstract: Feeding is the basic way for intake of poultry, and is also a prerequisite for the healthy
growth of poultry. Feed intake and feeding behavior are closely related to the production
performance of poultry. In this paper, we summarized and analyzed the concept, regulation
mechanism and main regulatory factors for intake of poultry, providing a theoretical basis for
further study on the physiological regulation mechanism of poultry.

Key words: poultry; feed intake; mechanism; regulatory factors



