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Abstract: The central nervous system and peripheral hormones jointly regulate the appetite of humans
and animals. In recent years, it has been verified that the composition and changes of gut microbiota
affect the host’s appetite through multiple pathways. Intestinal bacteria can secrete and produce a large
number of functional metabolites, such as short-chain fatty acids, secondary bile acids, and amino acid
derivatives. In addition, gut microbiota can also affect the nutritional perception of the digestive
system, delivery of intestinal vagus signals, secretion of intestinal hormones, among others, which are
related to the appetite. Therefore, it is new strategy for improving host’s appetite to clarify the
mechanism of bacteria’s regulation of appetite and perform targeted regulation and reorganization of
gut microorganisms, which is helpful for the diagnosis and treatment of anorexia, bulimia, and other
related diseases.

Keywords: gut microbiota; bacterial metabolites; appetite regulation; feed intake; “microbiota-gut-brain”
axis

NS Y58 N KRR MR EMEY Si(central nervous system, CNS)HpREIFE . 1H
HAZZMEEWATER, mAEeEs T (ki 180, B ALUL BB =R F A
MR AT . BIEMEMEROER. B fERBRSESEHEE. KT, Mg,
EAY S WP IR DTG B ACH, BOE bl Bikoh S AS 18] 3 48 38 3 106 T 910K 4% (nucleus
SCR“THEE-Ta -l il EATZ BB E B 28 of solitary tract, NTS)#HF%] CNS, 7£F i
MBI Z M B, JEAEE, —2 Zophligth b T BEIFRR. TR
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. AN T EZEEES 5 AN R
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KIFEFEIEAEH . ARC (FEMZR S E/EE
UG 200 : (R B & n—Rik e
HEE M2 IR Y (neuropeptide Y, NPY)FlHi]
UM & 2 [ (agouti-related protein, AgRP); I
TR 28 60— IR 3 2 A B R 3R o
% JH (proopiomelanocortin, POMC)FIA] 45 [K -4
A fib BH 18 795 %% 5% BK (cocaine and amphetamine-
regulated transcript peptide, CART), XZ&ffizg
JUHE Y 2R 3K RIS HL 4207 57 AR FR A T
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Ho AN, ARC BBk = 1 ik 5F B (blood brain
barrier, BBB), 7] HZ5AMNHER P HIRE .
N A T RIS REMEAL S W EAT SCUR ,  DATT ER A
N B AEA [ A= BRSO BE R T AR, Fa kil A
FlE TR FRRERD. BRT T R, L+
H i P A 28 5T 22 T M4 o A SR 1 T T &R
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WA, MEFAEK, M RO 2 R P
W, —BAERIL 2-3 HIEBiaTREE. &
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LA ) W T TR IE 5 T AL 2 R T
— R E ML A SR, X E ERE RS T &
HEATRAER, a0 a8 i 26 157 b A G )
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BOAE AR, & ONS. N E-ER-E
AR B2 FR G0N i A e [ R A R 22 - T

<l actamicro@im.ac.cn, & 010-64807516

Oy UGV RS, A R B AR AL
P2 BN G . I IE R ATl il 22 R 8
DI ZR G M N 50 WA 5 A B e A= P AR ) 25
ZHEBAES G S - s B0,
(&N AL LR PN, L K R E -
FVARAE 0P B AR AE 552 I 750 M 5 M 1 T AR 1 2
WAFAE R U106 R P R M 2 MBI UE 92, <
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3 MEEBAMRANTMAAEE
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ANEBFIEHE B i i 2R . £ 5
FEFAI RE IR S fE FE I EACRER B4t
TETCH (germ free, GF)AIZRA YR |,
TE TR R B RS 23 5 | ARRDR B i i i 2
Ak, —IWF5E KB, GF /NECRE R IE#HF
B /NG I 29%, {HEAAE & R EIR D 42%.
%5 GF /INEUE B Z TR T B TR AR T RE IR B 4
B0 ERR 5 Mk A AR . HE— 2B K
B, RN E A R R A 4G GF /D
Rl 23 5| A I 98 2% (leptin) F1BE 5 2K F- B 3%
Fhi, B Y 2- W AR A W 6~ R vk B 1
ey 2 5 R s R, i R
R 23 U 8 X R R WSCR BRI, E T
BrE BRN A B AZ L. BE R I AR IR
EREEFE. A, B—unln g H 5 IE
By /N UM B, GF /BT B2 fidi NPY T AgRP
FEHFRIRAKF B E TR, POMC Kk /KF-Al i
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B IR 3Z K (G protein-coupled receptor, GPCR)
FEFREE TR, W GPCR Al LGS

REWITR . 2 B 5 E Y G, 51k — R
MRG0 A4, T B s AR E
PERRUE

o 1 TR 1) 2 B A N 2 AR AR AR R AN
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FRE R, AT AR AR SRR R
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P ICKETHE R AT e H O D A )N

Hai A2 VSL#3 (FLERFF I . BUSCH 18 FIBE R
WIREY), NREWEA R, T ER
NPY Fll AgRP 3K ik K B EFIL, POMC
BERIN . B kI VSLH3 S 2 E 40
A T ER B S BB, W T R L A
T GPCRA41 KA L 4 531 F5k e MW Z A k-1
(glucagon-like peptide-1, GLP-1), CLP-1 #J[J
WA e s D Y I 2 el
5 | S 19 i TE Tl AR ) 2o 2 A e 2 B S e )
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Z& 7 #4511 (fecal microbiota transplantation, FMT)
S5 T 10T B g RR A BT At e N 1) 17 1
I AER B B A IR IR B AR U T —
SE AR 1), RSB IR T S BB i Jr
2, BATRE RS

®1 TRAEERKEALRRMAREXEBNIRRTR

Table 1
diseases

Clinical studies about the intervening gut microbiota to improve human appetite and treat feeding

Methods of microbial modulation Human

Effects

Lactobacillus acidophilus,
Bifidobacterium bifidum,
Bifidobacterium lactis,
Bifidobacterium longum,
Lactobacillus rhamnosus,
Lactobacillus reuteri®*

food addiction

Inulin-type fructans!®®! Adults with

Obese women with Improved body weight, appetite score and eating behavior by
inhibiting NPY expression

Increased feelings of fullness and reduced the food intake by altering

overweight/obesity the composition of gut microbiota (e.g. increased Bifidobacterium)

Fructan extracted from chicory Healthy adults
roots

FMT2 Anorexia nervosa

Increased satiety score by increasing serum intestinal peptide
(27] concentrations (GLP-1 and PYY)
Improved patient weight and symptoms by promoting beneficial

microbial colonization and SCFA production
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EIR R DYRAFIW SO, AR5 28 e ik L il
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JERR0 (2 N R R RUR AN R A 84y
WAFN 7 A2 15 YLHE 2 (ghrelin) . GLP-1. leptin Fl
B KRR, BENS TR R sk
EMZ R G R)KIFEm CNS M&TEl. 3)
TH N A [v] 240 e A R Ak 7 AR DRt 1) S B IR D
2 (short-chain fatty acids, SCFAs). KZARIT R
I RePE Z B RAT AW EME) . X G
Yk T HECN I E AR bR E, 2R RAE
HAT 5 43 HE A I B T 30 35 v o A A R
. WUA . BRISESNEA S, B BEH/ERT T
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JE B RS TR PR 2 5 AR P

4 FEEAYERAR T NERALH

4.1 PFEERIEREF 70

NFENYE WA RS E RS 58
WSRO ICRA N -, FEAAEE. (1)
HEERTE B8 I W A 2k I TL
WL R IE M55, 3 5A ghrelin, JHFEIL
45 2 (cholecystokinin, CCK)., GLP-1 Flfi & ik
(peptide YY, PYY)FEWiEAHE; 2) S5KNAE
Wi 25 B IE A G Y Teptin MRS R, B
S35l RE W A AR AH 20 A, SRS
MR LB, DL B Ak Rl A i A
BB R AN RE S5k 2 ONS, UG
AR ol N T R A S € ot P
W B A W e L 2 BRLIR A5 AT 5 i) 3 4 A
FURER K10 A 53 Mh . 555 WA RN 43, 2T
ZHREmRE.
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I fE AL ¥ % 5 BBB 51 ik ARC #4758,
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B POMC #2206 1, e 238 g Wi A
HIF D B R A REDY . A R ST AR s 1 R R
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HNF#E R E AR 2R, MY
BB 0 LA T R BT T AR 2 R
TP S

5 ghrelin fE AR, THAGIE P A 0 £ B30
fil# 2% CCK. GLP-1 #l PYY 3= 835 i i
1 POMC # &0 KA IR EVEM . tesh, B
W T B R A HESE T HEAS G IE I Bl
N T 38 5 2 R 15 B it TR S i B k),
Hrp, GLP-1 ZAKTEREAL AR AT F i
Hi ik, GLP-1 5 HE5 400 5 LN IE P
M PYYsa642 PYY FEAHELL, X NPY %2
R Y2 ZAREH BTy, AL )G
REREME NPY/AgRP ME B ARTEME, IFMEBRIG
HXt POMC W PmI Ve, b= A PR sgon
Duca ZB7VR B, GF /NELUR 18] iz P 40 00 40 i
(enteroendocrine cell, EEC)%{ = A M 7 iE 1 fE
ik CCK. GLP-1 Hl PYY WY HFILKFESIE
H/NEAH R EREAL, XIS BT GF /)
BROR B it e T 38 B /N B R AL

FATT A1 BA AT 40135056 A il R ol A R 35 114
FEE R A4, DR AR K
MR UCARL, $& 8 T W18 40 0 AR 1 s 1
FELLRG, 340 T 4% 5 IR BB S 4 4 A i i =F
B A, SRR M ghrelin KSR 2 3 T
5, GLP-1 7K 8 & TR CCK AR LA 2P
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X LB 5 100 ] i T TR A A B RN A AT s
TH A 5305 21 BE B W0 45 AH SC IR K-
PR 5 W) Tl A - W - T Bt A T ) 78 AR SRR
KEITH
412 ERERTES

T RE & R ALK I A s i AR S AR A R o
ERE R FFZEEE MR . FEHAA
HE Wi L2 0 Wb 7= HE1F) Teptin 7] BEXTHLAAR 1)
REE TR YR AR A R,
ARG leptin /K5 H @I I & 2 A IE
He, T KSR leptin 2338 3 S RS R =4
0 R A1 SR 2 R it 41 o g 0 5 B, SR B
leptin B8 254757, Leptin 3 2k 1 Fliz i R 5%
P BBB, 5 F [/ ARC T4 leptin 32 {4 # ]
454 )5, R NPY/AgRP K-, I POMC/
CART {4k, DA™ A PR RN A s/ 2 W) 4
AV T g 8 TR R T 5 MR S A
B R 5 WA 250w, B D iCRR N AR 7 40
L5 W 7= A ) leptin K- #8243 52 B % 18 TR A T
TSZ I VF Z A9 HGE T 45 AR JT (NS R Al 2
A TR CANAE P LA 7)) T ek 25 i 1 TR R AL, o
B AR AT, G2 A v I AR B R R
W AR FEFE R, JFEEREE leptin AKPFIR
BRI R K2, leptin (K2
Xof i 3 TR R ) — TS ) S 5 A B leptin
SERBAR AL PEREE ob/ob /B 5 TEH /N
FALE, M FEAE S & 2 e SR, B
Bl 7 2 %) B R TR 1] L A9 B O B T AR TR Y
B B A

BT leptin, 5 25 S WHHIESL BRI 1 A
[l HEEHE R (1) SR S 2R
YRGS G e, RIBURE & 2 2 AR 1 AR B
B (serine-threonine protein kinase, Akt)ffR1L ,
M Akt AkSLHTE H R G 500+ SOk sk I+
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By 2 AT fil e B il 8 A R AR AR 1 14 R,
Ji 75— 25 A BRI b 2R 1 RS S
SRR, LRSS AORR &
AR, TERIBRERIER/NE, il
B 2O CELAT R A R SLAT R, AT G g A
Eagia2iN WA B2 s dBIR /RIS =Y |4y § = S 95 A} 7
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T YA AR

CEA XN E AR R W], B A
AR IR A . AB A, Ao = DL
leptin, B 5 28 55 3 R 19 K F 52 i BB = R AP
i, BB EARRE R
4.2 EERKNIIREEAENRHY

W 3 TR S i AR T AR R 2T 4E . RSN
AR E R Y s F R Ko FIie G
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55, fRUHA R SCFAs, W%k BAs, SCHEZ LR
(branched-chain amino acids, BCAAs)Fl y-2J&
T P& (y-aminobutyric acid, GABA)ZE I RE M40
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I 0 JEE BE T 1T 45 200 B L T 1 N4t M v DR 4R I
ETHACPERR KA A P (AN B B 27 4 BT T B 55)
PR EEARY), R E R AR R AR
WA HE/ERN . SCFAs X E /B &
S KW )5 TH . — )7 TH A& SCFAs 3 28 52 i A J&]
ar BTG, R R ER T E, ME&EER
2ot AR, T8 B — o 7 - i ol 2 [m] B AV 1 >4 40
WHUARER; J)—J/M, SCFAs, FiiliE&
MR, REE LW KA A g ook, mAK
1T A0 R R AR AR S BT AR R E AR

SCFAs il 5 i« N5 FBE iR 4124 E i
U7 25 B8 Wi IR 32 1K (free fatty acid receptor, FFAR)

http://journals.im.ac.cn/actamicrocn



3702

Liu Xin et al. | Acta Microbiologica Snica, 2022, 62(10)
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] EL AN, dEmnRIR B84, Hak, 7
—WURSMER IR, 43I 0. 2.5, 5.0,
10.0 1 15.0 mmol/L /) BCAAs Hll3 5% 2 I 4 41,
&I 10.0 mmol/L ) BCAAs W] i34 /in CCK ik
IR BT 52 K55 — Z R N 51 1/3 (taste receptor
familyl member 1/3, TIR1/3)f) mRNA K& H
ik HOFR A —0 457 TIR1/3 A7) i
/R H CCK Al TIR1/3 KSF /0P B BCAAS
Al 25 A TIR1/3 M IE IR CCK 53,
IHIFESZ Rl A7 BCAAs 235200 8 I I (5
5, Mg EEYEAG,

ek, ST ARG & B AR R F iR R
NN He. Leu Al Val SR P fa# BCAAs /KF-,
CINGITE RS -2y 7k i ey I e o s e N vy e R
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R & 4 ZAKHI CART 15 1Sk 5230
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FF 127 8 55 W 1 81 A R R DR A 24 R 28 4 2 PR G
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JRPE GABA =% 2 0d o 8 ) 25 5 Az 44, 8
TR AR, MFaREMEeKEGsE%kE
T, ERENESRE RS, NS
SO AT . SEESTE B E 30 mg/kg
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Figure 1 ~Schematic diagram of gut microbiota regulating host appetite’®. (1) Gut microbiota promotes intestinal

perception and absorption of nutrients such as fat, sugar and amino acids. After the nutrients activate GPCR, they
send signals to CNS through vagus nerve system and activate appetite regulating neurons. (2) Gut microbiota can
directly affect the gastrointestinal tract, fat and pancreatic tissue to produce appetite peptides such as ghrelin,
GLP-1, PYY, leptin and insulin, which reach and act on appetite regulating neurons in the brain center through the
peripheral circulation or vagus nervous system. (3) Gut microbiota decomposes and uses nutrients such as fiber
and amino acids or host-derived macromolecular compounds such as BAs to generate functional bacterial
metabolites such as SCFAs, secondary BAs, BCAAs and GABA, which play an important role in the regulation of
appetite and feed intake. (D SCFAs can induce the secretion of GLP-1, PYY, leptin and insulin by interacting
with FFAR2/3 in intestine, fat and pancreas. @ Secondary BAs promotes the release of GLP-1, PYY and
FGF15/19 by activating TGRS and FXR. 3 BCAAs can induce CCK secretion through jejunum T1R1/3. @
GABA binds to GABA-A receptors and inhibits GLP-1 production by L cells.
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