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Interaction of olfaction and feeding behavior and its neural

mechanism

ZHOU Jian-Hong, CHEN Yan-Mei"
Department of Basic Medicine, Medical School, Kunming University of Science and

Technology, Kunming, 650550, China

Abstract: Olfaction and food intake are interrelated and regulated. In the process of
feeding, the metabolic signals in the body and the feeding signals produced by food
stimulation are first sensed by the arcuate nucleus of hypothalamus and the nucleus
tractus solitarius of brain stem, and then these neurons project to the paraventricular
nucleus of hypothalamus. The paraventricular nucleus transmits the signals to other
brain regions related to feeding and regulates feeding behavior. In this process,
olfactory signals can be transmitted to hypothalamus through olfactory bulb and
olfactory cortex to regulate feeding behavior. At the same time, gastrointestinal
hormones (ghrelin, insulin, leptin, etc.) and some neurotransmitters (acetylcholine,
norepinephrine, serotonin, endogenous cannabinoid, etc.) produced in the process of
feeding act on the olfactory system to regulate olfactory function, which in turn affects
the feeding itself. This review summaries the research progress of the interaction
between olfaction and food intake and its internal mechanism from the aspects of

neuronal and hormonal regulation.
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(arcuate nucleus, ARC) Xl T 9L H 4% (nucleus of the solitary tract, NTS)# i ,
X EefE B A3 5 3 — 2D B B R i % 5% #% (paraventricular nucleus, PVN),
PVN #Z T AL B 5 K5 5 A5 32 31 5 108 AR DG I A X, 4% 18 e AT N0 X i
MRA Y, TR, RKRA ey, WFEANBENER. #8)E, 4
BESER—E/KPE, YA EEE, B3N M Bt e, e fedh &k
BE, SRS SHENICIZH B, 10 B MGE A & 5 IR 2 8, TRk &
O, R A AT P

TR ARC AR A BT N SO R PAI E B, R
AR EZER . ARC AT T MK, H=M=ml. ARC FZHZR A M
B X = % PYN RS (B i an )R AR 305, 2R AR
FEJi#MI X (ateral hypothalamic area, LHA)FE £ 8K 2 (orexin) AE ML ToHST, LA
JoRE NTS 5, &% ZUREE . B R SA8URZSEHI ARC H#
S0 BRT LA EAER X RN, BERE R ARKEEE . B USER
VEWR . TR AR, DASCARIS™ W 0 ) JE I R e 2 AR E R ARC #HE
JCHNES), FHHBE T RCATER AT AT R E TR . KREH R A e
AL JRAIZAT ML TER R R, ARC EEFAPIR S A LM T,
CATH R I R AR B R & Jn KA SR 9K JIK (agouti-related peptide,
AgRP), [AIffEILRIBMZRL Y (neuropeptide Y, NPY), #Fk A AgRP #14:7t,
AgRP #2200 T ARC JEINEE, KEHN P A%, W PVN & LHA, A1
IEAR BRI RE Y RERIE ] . BFAR B, AgRP M GTEREE L=
I, IR GABA. AgRP B¢ NPY SRAE#E & A E¥E N, AgRP #i4
TR B TP AEYURIRS), WS AgRP M TG RESRZIHIBUR SR & AT 9, T



HEHEZEHR Acta Physiologica Sinica, 2022, DOI: 10.13294/j.aps.2022.0021

AgRP 4 ILRZIE FEUNRBBEHEYLIK . 55— 4 031 f] 2 57 % JH (pro-
opiomelanocortin, POMC)F1AJ % [K]- 4% P4 i AH 5¢ 4% 5k W) (cocaine and amphetamine
related transcript, CART), ## 7 POMC #1470, POMC #& LH 4t 2467 T LHA
1) BB 25 W 4R I8 (melanin-concentrating hormone, MCH)## %4 e A Ak E M4 0
(1, POMC #22 TCAE R 5 70 2 I B0 Sk B € SN, ) s o Reelel
2, ARC ReW3lUiR A 5 Re s AR S S 5., a1y 2 2310 8 3= 3045
AR R BAFMOIRAS IS B, @ o5 AL K R BEUR SR DU B i TE A
JFFIE R 2K AE w284 NRAF T b AT I A e RS, TR B RS2 7 4 W SR 3 AR 1L,
FRPEE TEIRAR G T REEDIRAS IS B, KX B85 B 55k B AN B2 2 X380 S Py 54—
. ALK (bed nucleus of the stria terminalis, BNST)% X I8k M5 . BR5E . 4R
WA S, CAROCT R . WARER S I S E & SR AR, T E L
i LHA [ 2] PVNL N ERMAMAIEA, 50000, . 28 &z
ENEE i, PR A AT A

LHA #£ 765 ARC. PVN fAEXL A5, #5322k H ARC ) NPY Re 55 A
J2 POMC/MSH #4171, LHA 1) MCH #0148 76 R 73 MCH 8, MCH X% &
AT VR AE T AR B, VS MCH 26 nT DA sl ) & i N, MCH
TR IL 2 TS DAL AR B F AP, LHA & — K& nhehy iRk
e BEAKER A (orexin-A)AI5EMERK (dynorphin) M. g 8RR 78 TR 732 £ B MR HR-i75 B2
FAh B EEEA, BRI, =S a AR A sein eyl
MR AR A FIFETUAT DA N3, oAb, T B i 4 i B 2 A4 7E
EREREC/EE DN R PO el VS (S IR N [EE A o D pria= g IOt Ll
TEF VA K NPY f i3k 6 (R #E 4 B A0 0 st T AL i A s 04, 1 5 1N i i
T 2579 P A% e 42 0 RE R IR I A O AR I DGR R s . Rk, LHA B
SR N R G Z BRI ER:, (AEHZR A M PVN MR GES, G
R EMGE . WS CA K B B S S, LHA [ 5 ik A a i i 5 sl e 7E
VAT B BGPTSR AR . Rtk LHA 7E8 6 i & Rk
=7 AR BNz,
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F DK S B P 22 G = BB B A4 S L 4y WAl 7 3R (oxytoein) K LA T K R
(vasopressin), /NHEAHZ T H WM E bR B 5 ER B ISR (corticotropin-
releasing hormone, CRH) {2 IR IR ¥ 25 B JiU ZR (thyrotropin-releasing hormone,
TRH), 4 SE0E e & AR IR Rl 7. eah, PVN I& BAA e i Al
& B S R & ik (anorectic peptide) (#1270,  PVN IEE R 40l 05T £ 2 FiA
iR A BRI RO AT 4, DR BEAZ . IR R R (R AU A SR 2 A
MRIX 3. BRI, PVN A BEERIEIR TN, Eaedd HiEE . M bl 2 A
AR AR B R B AR R AT, PVN 3B 5 BOOA S I S B\ 38 5%

EHIRF SR, IR 4> T Nesfatin-1 ALE I EEE PVN H P2 R AP0,
JAE 52 NTS ) POMC #Z70, M5 17 88, 5—miwt 7L, PVN
[¥] CRH #1505 5 1 22 i M) ORI PR M RSO0 ) S By, B g 5 ¢
SRS PVN 1) CRH M & 70idsl, MLk, SO DB MRS PVN
ff] CRH 75, Ak, JeitfEaE PVN 19 CRH M2 o2/ i L
Wids i AL B AR ). DA RS FE ARSI EA PVN ZE R 15 & AT A EEAEH .

T NTS AR EEZ B . NTS & KB E ARC SMUAH
[IZIA K POMC #H4 LRI X I8, NTS FIRKE 21 328 Sh A% 38 3 3k vk B 11
SR BRI 4 324k AR UUMN =Bk NTS vE 5 2 R R 2 ARk B AT
ENFAERIER, JF B AR S BT s 5 B3 = 0 = 33 5 1 R A AU

o 5N, NTS i&HAT RS K2 B i i 2R 10 52 1 DA R 4 Wi vt
MIZTC. NTS HSIREMAE TR A oA BHRGER:, RO HALTE . AR R
ORI TGN

AR, N M BRI RS B R R SO EENER, SRS
bR A TS B AT OB 2 AR AR AR AR AN A 2R I8 PR A N R R, IX e
BTER Fei )45 30— D A0 B, AR5 SRS FE A - N 43 A [ S 8 R0 2 SR AR
BEATN.
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L, 2 A 2 RIS (PR ) A7 T ML iz (PBURE ) 5 B Py <Ok gt 2 34 11
HEEG . SRS BRI R WRERAING B 2 =4 4 P

MR- 7 B KGR — 343, AT S IE AN B b a3, 32 B R A2 A 4 G
(olfactory receptor neurons, ORNs). 740 I AL LA . R 2T (MR ) 5 ML
ARG G, ORNs Metr, AR I HLAE 5 VE 25 1 2 4 I 1)l SR A% 3% 22671 I i 48
Ry ER2T,

MEER 2 ARG, AN NIRRT N 6 JZ: MLAHIE E (olfactory nerve layer,

ONL). PR/NERJZE (glomerular layer, GL) 4 MK 2 (external plexiform layer, EPL)+

=

i 21 /2 (mitral cell layer, MCL). N AVIR)Z (internal plexiform layer, IPL)FIURE
4 i JZ (granule cell layer, GCL). 4345 T H [ I #HZ T A G TEZA0 AL MORGHAR.
TSR JE L« RUAE 200 i AP R S S 5, L e 4 L R AR 20 MR SR 2 PR U
WANZTC, 52K 1E ORNs AR R REIST . Lo 3 Ll (G IR . AR 4 R Y
T 2 % ML R o 43 S 38 LR AR 2 L 1) T 2 R e, 30 L4 — S (I MR 3R 5 T g
B AP 4E, MRS B N SRV B R AL s g,

NELRY S 0 FE AT MR R SRR R J2 o MR B ELAR R . IR, AL
R AL B AR 5T K2 25 < AN R RZ J2 A A BN T i X AN M R 5
BT R F MLER (Y AT AR 20 RUIR Bz 2R WM Rz 2 i T AR e K — AN X
o, BUIR R B BT AR S IR R B BRI R
HEER L By it 2 2, X 8 XIS AL (Rl i 7 IR iz J= 27

3 MG SRR A AT NI BT
3.1 MR BT AR

MRSEFE TR A AT R AR . SRS B R, MRSE AR N X 5 R
JZ N R BS B M5 B 5 BT IAR DAE B RN X (R A7 7E B4Rz, R AR o S0 T
PAEE SRk B IS HLEU S B B AR DG I 26 S B o fEE B AR, b i<k
Oy VIR 2 S AR B P PR BRI B, R bR R R A T, 7R

6



RS WS SRR AT N R ELA T S e e L

AT IR S e AL, B IR R A R S AR R R R A
I, MRUREACIZ A OIS R B I OGRS Bk S Bl b, R B Ak
Gy HE NS SR ORNs, BIR 51 R SR B AT . BRI, i i ot id 125
BT TR YRS T M NI B IER N, Gt B R AR AR FE AR 3 AUk
AR RN 7 00, (R BR AT S), 288, WL AE RBR T Re et Ak, tREHIGI
AR WEFC R I, BT 5 J7 kI AT LLOE I PR 18 P9 20l i A K BRSO ghrelin )
KPR U, TR B AT 90, B W SRR ik 5.0 IXIE 45
B R NERRIE RS, Ak IR R TR . IeAh, HEE R aMm Ak S
BPIAASC I A LE R e AgRP #Z 0TS, 5 POMC & 0HiE3),
M AT A, T Eh P R BB,

MRBR A4 22 o0 v] L BB S B N i, RFE R, NRER- Fo - o AR 2
5T RE Rt SR, LGk B YN B RS AR AE AN [ R T 45 R
AR, MUSEERR 2 SR VRN P, (AR, MUSEERR A
MBI YR & B, ERRERYIBRIGOR B, BARTE S IR bE B 2k 1 A
SR P IR R A R R, (LRI R B A R I T — %, R
BB I AR D, A T BB S R R B R B R Eok
PRUETEAN[F] (1 /0 SRR T S 1 B 6 B AL T A58 /K-, 1200F I8 R X Foh
EAT A EBEAAE SRS 5 A L, FEAS VRS 5405 /5, DR BRI 5 OO
UCER A B 5 0 FRZELAH LB AR A 330, egh, 6 — TR 7, R Ak st A 6 7
PRI /0N B IR SRR B A 22 7T, R AR MR SRR B A 22 TT IR /N BRI e
ek, AR ATERN IE VR A B3, ATESR N i IR 17 2 B (1 T Rk ey HL 4
i 50 R LA BT, (B0 MR BE B 1 2 TC IR /) B AR B S SR T 0 R
IR B HANRE S ECE AT H AL, 3% /N B Py i D 28D, IR KPR,
B RS EACPRAR, AT — D R E AR AR =R R, i
IG5 A5 S5 B FE S AN = RGN, SO R, B T R R R R 2
TEAHZE 0 T R R 5% ZAE A K A 7--1 (insulin-like growth factor 1, IGF-1)32444% /)N s,
WL RE BRSNS RAREE I N, G B TR B AU 1% AT R U
ML ot /0N B P R B A R 1 P, B 2 B3l SR B 2 B sh P AR
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WK, SEURE K. BRER 2 W 7T B 1 RRU5E 78 IR 1 R & AU A
UNTERR B K2R s A dn I T o, SRR F TR 2 70 AR L A5 5, R
A 28 TG IR ) B 0 ) T e R 3 P B A R R, A R R RS A DR
AMP JEAGHE PGS P T B, S0 R A, S R R 5L 1 A i K R P
TE 7 — T 78, 75 00 B AT 26t 4 22 AWC H S RN daf-11 HEDR 5
AR J5 3 BN BT 43 AT A AR M T S 7 R 0 2 &, R MR 2 A R VA
BERTEOL T, AT DA I st LR AR A e s 36T AR S = S wir (Rt 7 L

i Sf R P e DR )N R A L N SIS T R R R AH BT, R B A SR R (1 m
ERELBE A5 47 /0 B B A K T I S RN RBSL. DR, MELSE RGERR T SR AT
AR, SRR B EAR A TR .
3.2 FREN IR ) T S
3.2.1 YUK ERIE B0 RUHE BE 77 B

NN N AEIRFS 252 BN B Th g . YU AR IR iz I /e o /N R
TEYUVHRIRAS TR R B YA SR I (8] 25 1 22, JF AR R BRI A 2 12
F e TR PRI (8], T 3E 63 J5 AN 2350 B A S 3 2 2 B 1E—
UK BRI, S DO, ok O 5 R BRRREE 10 A%

CHEARAR DGR, 25 (ARSI i ST P P o2 B L e 7 P K B e B 1 b i 300
AR K0, SR BT 1 DK BN L 8 P SRR P 3
B BRI, BRI D e ORI FTR B, KRR
T IRE /N SRAEASRAG I SRR RIS R AZ 77 TR R B B f, IR B ILRR5E
G b R A ML RS2 4 T PR, ML AR €] (electro-olfactogram, EOG) R i %
1, PRUBEFREE TOR T FE AR, A IB 40 M ar P PR SR, SR K e I R ) i
A AR R
3.2.2 HEMKHBRAERE RARRE LT

MRS ZR 4 L b R | WRERFNRLIR Je J2 o (R4 22 70 B 2 A B B AR DGR %2
WKL, AR R 2R, S e .

e A KRR TSR (ghrelin) o —Fl 32 2 6l B P2 AR ORI BRI R, ghrelin
IKCPAERERRTIG N, Mt e R LS, B 5 IR AR FE R =

NI
n»
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FTE R TERRA, FES ghrelin SRR IR I I BT HERL . TEN
%, ghrelin REIY IR, RIBEER &, JE9Em W= R a2, ARKEER
43 WA R 324K (growth hormone secretagogue receptor, GHS-R)/& ghrelin [{jM— 3214,
FE MR AN & R PR U FE i A A AR AN B S54RI 51, ghrelin BRI Y
WESEREOCAT N, TEREA, B AEST ghrelin BEIR/N SRR BIME, 1
IR R AR . fE N2, ghrelin [F)RE R DABE I 8735 S0k K2 B4 i AR
I FEEOT o PR A5 A A% A 52 MR 5L A X 2 — - =3 PRI A S 4 i U 4
B BN . WIS AL AN X R BERIE ghrelin 5244, IR 24
0 A A A% B A MR MO0 A A A R O o 1) P9 0 A5 A A i DX V56 ghrelin 7 5
FLSRZU IR RN ax e g RSB YA A A% P ) ghrelin AT RE-S A AT Al
Ko B, WA ZAR A BGEE SO X I, (A 53 HilE fr (R
iy B R RE X IE HAHTE, REE TR S AR AT

R B 3 A BRI N FE I HE IR 1R R SRS I BN, I LE REJHERIRE PR 5 55
ARG P OCBRAE A o WL R PRS2 S 40 48 e 1] B JR I8 32 A, RLER (¥ b
MR . WRUNEREE L e 41 P LA A RORL 400 i 22 Hp B e B 3R AR Rk . AT,
AIALIR B 2 WRBR. ATWSLAZ . MRS TTT . P ML J2 A5 i [X 3 R 32 (1120 25 285 ) v
I B T2 AR, X e SR B R 1 KT BE S S R R G TR,
TR IR (0 T 4% 7T A 5 R 5 2 D% LR R 5 2R 475 S O I B 2 8 s
SRAGTEAN B EE,  TBE B I 2 PO R R A IR A0 M RV 1t . ZEVLER 48 h i, &
P 2 18 T R A 1 200 L R RUASE 4 P )3 P T S IR R AN MLERAT Ay, T A fr
RRIESHR R RS, AR IAT AR, 7E EOG H,  WSURS T 5 J5E 5 25
22512 EOG MMARMGFEAC, 17 7E LR R J2 Ay 56 19 B 38 2 ) FoA 22 7 i e I A
WEL B B 71 IR

P03 b T s A P 0 B PP R R T Sk, RIS BN SR R P R
N S AAFRKINRE: a~e, £ FREMPREERENERZE Db S 5ANK
VAT 3 B2 A RV R 22 0 2 2 AR T R B, (e AT TR MR o A i P SR
FEMSL | B < THI Fry 60 2 DI 1) MR 0 400 M th A Rk s B, AR T B AR AN BR,
P 2R B /)N BRI 3R SZ AR B I B/ BRE BR ) 0 S 0 T, BA o v PO ML B
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AL, AR S 06 rh AR B ) A ]t BE R D> 3, 3 B 9 2R R o S 4 o) B IR
W NITESEEs &L=/ BpSYITI=Pa. 5 DSt Rl s U 3 - AUl L Sl

(&

SMEEITHN.
b 7 _FIRTE AR E, —Bepad 5T, 1 N IR YE KRR R (endocannabinoid),
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CBIR)FEMURG RS A A5 A T, A7 AE WK (R R/ INER DA Hi MRAZ AR R 2% (1 e
Jee BEAh, RIS EER REM L U RIA KRN CBIR, AETEAIAMNIEE 1 KR
A LME TSR AP e o0, IR 28 o3 31 2 ILER 14 400 1) PR RURE 240 i
B AR MR B RUR, 0 0 ) X g 2, DT O 1 0 0 200 M PO 307, B el £ 7 A
BRI, RYIRRRER R G0 LU 195 DhRE T F R 42 Bt 47 4.

4 45E5RE

ZR BRI, MRS B 6 HAH OGIE ELA S o MR 2R e i g ik B ) 4 ok
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WRLSE R AL 5 WA AR . HEIRE S AR O, a2 NN g 4 52 2 T4,
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A EAE R LT IR, BA T B4 A MR LS R R 5 545
B DR X S AH SR AR 2 Te AR BLAE R T SRR MR, A B T3 — B 5,
FERR B IRRT . ARG LK AR 2 1R AT MR B AR F

22 3k

1 Berthoud HR. Multiple neural systems controlling food intake and body weight.

Neurosci Biobehav Rev 2002; 26(4): 393—428.

10



¢ WRGE B R AT A LR B AR L

2

10

11

Watts AG. Understanding the neural control of ingestive behaviors: helping to
separate cause from effect with dehydration-associated anorexia. Horm Behav
2000; 37(4): 261-283.

Guan JL, Saotome T, Wang QP, Funahashi H, Hori T, Tanaka S, Shioda S.
Orexinergic innervation of POMC-containing neurons in the rat arcuate nucleus.
Neuroreport 2001; 12(3): 547-551.

Horvath TL, Diano S, Pol A. Synaptic interaction between hypocretin (orexin)
and neuropeptide y cells in the rodent and primate hypothalamus: a novel circuit
implicated in metabolic and endocrine regulations J Neurosci 1999; 19(3):
1072-1078.

Baldini G, Phelan KD. The melanocortin pathway and control of appetite-
progress and therapeutic implications. J Endocrinil 2019; 241(1): R1-R33.
Quarta C, Claret M, Zeltser LM, Williams KW, Cota D. POMC neuronal
heterogeneity in energy balance and beyond: an integrated view. Nat Metab
2021: 1-10.

Rempel-Clower NL, Barbas H. Topographic organization of connections
between the hypothalamus and prefrontal cortex in the rhesus monkey. J Comp
Neurol 2015; 398(3): 393—419.

Kokkotou EG, Tritos NA, Mastaitis JW, Lawrence S, Eleftheria MF. Melanin-
concentrating hormone receptor is a target of leptin action in the mouse brain.
Endocrinology 2001(2): 680.

Ludwig DS, Tritos NA, Mastaitis JW, Kulkarni R, Maratos-Flier E. Melanin-
concentrating hormone overexpression in transgenic mice leads to obesity and
insulin resistance. J Clin Invest 2001; 107(3): 379-386.

Chou TC, Lee CE, Lu J, Elmquist JK, Scammell TE. Orexin (hypocretin)
neurons contain dynorphin. J Neurosci 2001; 21(19): RC168.

Scammell TE. Wakefulness: An eye-opening perspective on orexin neurons.

Curr Biol 2001; 11(19): R769-R771.

11



A 2EHR Acta Physiologica Sinica, 2022, DOI: 10.13294/j.aps.2022.0021

12

13

14

15

16

17

18

19

20

Sakata T, Yoshimatsu H, Kurokawa M. Hypothalamic neuronal histamine:
implications of its homeostatic control of energy metabolism. Nutrition 1997,
13(5): 403-411.

Haynes AC, Chapman H, Taylor C, Moore G, Cawthorne MA, Tadayyon M,
Clapham JC, Arch J. Anorectic, thermogenic and anti-obesity activity of a
selective orexin-1 receptor antagonist in ob/ob mic. Regul Peptides 2002;
104(1-3): 153-159.

Itoh E, Fujimiya M, Inui A. Thioperamide, a histamine H3 receptor antagonist,
suppresses NPY-but not Dynorphin A-induced feeding in rats. Regul Peptides
1998; 75-76: 373.

Bouret SG. Development of hypothalamic circuits that control food intake and
energy balance. In: Harris RBS. Appetite and Food Intake: Central Control. 2nd
ed. Boca Raton (FL): CRC Press/Taylor & Francis; 2017.

Simerly RB. Anatomical substrates of hypothalamic integration. In: Paxinos G.
The Rat Nervous System (Third Edition). Academic Press, 2004, 335-368.
Swanson LW. Paraventricular Nucleus *. In: Fink G. Encyclopedia of Stress
(Second Edition). Academic Press, 2007, 75-78.

Maejima Y, Sedbazar U, Suyama S, Kohno D, Onaka T, Takano E, Yoshida N,
Koike M, Uchiyama Y, Fujiwara K, Yashiro T, Horvath TL, Dietrich MO,
Tanaka S, Dezaki K, Oh-I S, Hashimoto K, Shimizu H, Nakata M, Mori M,
Yada T. Nesfatin-1-regulated oxytocinergic signaling in the paraventricular
nucleus causes anorexia through a leptin-independent melanocortin pathway.
Cell Metab 2009; 10(5): 355-365

Kim J, Suh G. Rapid, biphasic CRF neuronal responses encode positive and
negative valence. IBRO Reports 2019; 6: S55.

Williams DL, Kaplan JM, Grill HJ. The role of the dorsal vagal complex and
the vagus nerve in feeding effects of melanocortin-3/4 receptor stimulation.

Endocrinology 2000(4): 1332.

12



S WL BEEAT A LR R AR L

21

22

23

24

25

26

27

28

29

30

31

32

MMI A. Central and peripheral control of food intake. Endocrine regulations
2017; 51(1): 52-70.

Lacroix MC, Kuszewski N, Baly C, Duchamp-Viret P. Metabolic status and
olfactory function. In: Etiévant P, Guichard E, Salles C, Voilley A. In Woodhead
Publishing Series in Food Science, Technology and Nutrition. Flavor,
Woodhead Publishing, 2016, 315-335.

Gottfried JA. Central mechanisms of odour object perception. Nat Rev Neurosci
2010; 11(9): 628-641.

Huart C, Rombaux P, Hummel T. Neural plasticity in developing and adult
olfactory pathways - focus on the human olfactory bulb. J Bioenerg Biomembr
2019; 51(1): 77-87.

Hawkes CH. Cell biology of olfaction. Q Rev Biol 1993; 183(Pt 3): 645.
Neville KR, Haberly LB. Olfactory cortex. Synaptic Organization of the Brain,
2004; 415-455.

Stettler DD, Axel R. Representations of odor in the piriform cortex. Neuron
2009; 63(6): 854-864.

Yeomans MR. Olfactory influences on appetite and satiety in humans. Physio
Behav 2006; 89(1): 10-14.

Massolt ET, Haard PMV, Rehfeld JF, Posthuma EF, Veer EVD, Schweitzer DH.
Appetite suppression through smelling of dark chocolate correlates with
changes in ghrelin in young women. Regul Peptides 2010; 161(1-3): 81-86.
Vettor R, Fabris R, Pagano C, Federspil GJ. Neuroendocrine regulation of eating
behavior. J Endocrinol Invest 2002; 25(10): 836—854.

Motokizawa F. Olfactory input to the thalamus: Electrophysiological evidence.
Brain Res 1974; 67(2): 334-337.

Aschenbrenner K, Hummel C, Teszmer K, Krone F, Hummel T. The influence
of olfactory loss on dietary behaviors. The Laryngoscope 2008; 118(1): 135—
144.

13



A 2EHR Acta Physiologica Sinica, 2022, DOI: 10.13294/j.aps.2022.0021

33

34

35

36

37

38

39

40

41

42

Meguid MM, Koseki M, Yang ZJ, Gleason JR, Laviano A. Acute adaptive
changes in food intake pattern following olfactory ablation in rats. Neuroreport
1997; 8(6): 1439.
Riera CE, Tsaousidou E, Halloran J, Follett P, Hahn O, Pereira M, Ruud LE,
Alber J, Tharp K, Anderson CM. The sense of smell impacts metabolic health
and obesity. Cell Metab 2017; 26(1): 198-211.e5.
Zhang B, Jun H, Wu J, Liu J, Xu X. Olfactory perception of food abundance
regulates dietary restriction-mediated longevity via a brain-to-gut signal. Nature
Aging 2021; 1(3): 255-268.
Mutlu AS, Gao SM, Zhang H, Wang MC. Olfactory specificity regulates lipid
metabolism through neuroendocrine signaling in Caenorhabditis elegans. Nat
Commun 2020; 11(1): 1450.
Chen Y, Liu X, Jia X, Zong W, Ma Y, Xu F, Wang J.. Anxiety- and depressive-
like behaviors in olfactory deficient Cnga2 knockout mice. Behav Brain Res
2014; 275: 219-224.
Chen Y, Zhou H, An Y, Jia X, Zhang J. Combined effects of olfactory
dysfunction and chronic stress on anxiety- and depressive- like behaviors in
mice. Neurosci Lett 2018; 692: 143-149.

Horio N, Liberles SD. Hunger enhances food-odour attraction through a
neuropeptide Y spotlight. Nature 2021; 592(7853): 262-266.
Aimé P, Duchamp-Viret P, Chaput MA, Savigner A, Mahfouz M, Julliard AK.
Fasting increases and satiation decreases olfactory detection for a neutral odor
in rats. Behav Brain Res 2007; 179(2): 258-264.
Thiebaud N, Johnson MC, Butler JL, Bell GA, Ferguson KL, Fadool AR,
Fadool JC, Gale AM, Gale DS, Fadool DA. Hyperlipidemic diet causes loss of
olfactory sensory neurons, reduces olfactory discrimination, and disrupts odor-
reversal learning. J Neurosci 2014; 34(20): 6970—6984.

Tschop M, Smiley DL, Heiman ML. Ghrelin induces adiposity in rodents.

14



¢ WRGE B R AT A LR B AR L

43

44

45

46

47

48

49

Nature 2000; 407(6806): 908-913.

Zigman JM, Jones JE, Lee CE, Saper CB, Elmquist JK. Expression of ghrelin
receptor mRNA in the rat and the mouse brain. ] Comp Neurol 2006; 494(3):
528-548.

Cowley MA, Smith RG, Diano S, Tsch?P M, Pronchuk N, Grove KL,
Strasburger CJ, Bidlingmaier M, Esterman M, Heiman ML. The distribution
and mechanism of action of ghrelin in the CNS demonstrates a novel
hypothalamic circuit regulating energy homeostasis. Neuron 2003; 37(4): 649—
661.

Wren AM, Seal LJ, Cohen MA, Brynes AE, Bloom SR. Ghrelin enhances
appetite and increases food intake in humans. J Clin Endocr Metab 2001; 86(12):
5992.

Tong J, Mannea E, Aimé P, Pfluger PT, Yi CX, Castaneda TR, Davis HW, Ren
X, Pixley S, Benoit S, Julliard K, Woods SC, Horvath TL, Sleeman MM,
D'Alessio D, Obici S, Frank R, Tschép MH. Ghrelin enhances olfactory
sensitivity and exploratory sniffing in rodents and humans. J Neurosci 2011;
31(15): 5841-5846.

Russo, Cristina, Antonella, Pellitteri, Rosalia, Stanzani, Stefania. Ghrelin-
containing neurons in the olfactory bulb send collateralized projections into
medial amygdaloid and arcuate hypothalamic nuclei: neuroanatomical study.
Exp Brain Res 2018; 236(8): 2223-2229.

Fadool DA, Kolling LJ. Role of olfaction for eating behavior. In: Fritzsch B.
The Senses: A Comprehensive Reference (Second Edition). Elsevier 2020, 675—
716.

Aimé P, Hegoburu C, Jaillard T, Degletagne C, Garcia S, Messaoudi B,
Thevenet M, Lorsignol A, Duchamp C, Mouly AM. A Physiological increase of
insulin in the olfactory bulb decreases detection of a learned aversive odor and

abolishes food odor-induced sniffing behavior in rats. PLoS One 2012; 7.

15



A 2EHR Acta Physiologica Sinica, 2022, DOI: 10.13294/j.aps.2022.0021

50

51

52

53

54

55

Lacroix M-C, Badonnel K, Meunier N, Tan F, Poupon CS-L, Durieux D,
Monnerie R, Baly C, Congar P, Salesse R, Caillol M. Expression of insulin
system in the olfactory epithelium: first approaches to its role and regulation. J
Neuroendocrinol 2008; 20(10): 1176—-1190.

Martin B, Maudsley S, White CM, Egan JM. Hormones in the naso-oropharynx:
endocrine modulation of taste and smell. Trends Endocrinol Metab 2009; 20(4):
163-170.

Getchell TV, Kwong K, Saunders CP, Stromberg AJ, Getchell ML. Leptin
regulates olfactory-mediated behavior in ob/ob mice. Physiol Behav 2006;
87(5): 848-856.

Julliard AK, Chaput MA, Apelbaum A, Aimé P, Mahfouz M, Duchamp-Viret P.
Changes in rat olfactory detection performance induced by orexin and leptin
mimicking fasting and satiation. Behav Brain Res 2007; 183(2): 123-129.
Soria-Goémez E, Bellocchio L, Reguero L, Lepousez G, Martin C, Bendahmane
M, Ruehle S, Remmers F, Desprez T, Matias 1. The endocannabinoid system
controls food intake via olfactory processes. Nature Neurosci 2014; 17(3): 407—
415.

Janet T, Tiago Antunes D, Ulrike S. Eating disorders. Lancet 2020; 395(10227):
899-911.

16



