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Advance in the regulation of energy metabolism by
peripheral serotonin
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Abstract: Serotonin (5-hydroxytryptamine, 5-HT) is an endogenous molecule playing key roles in life
activity. In the treatment of metabolic diseases such as obesity, the traditional paradigm of appetite suppression
by serotonin in the central nervous system has some limitations. In recent years, great progress has been made
in the study of the regulation of energy metabolism by peripheral serotonin system. Recent studies revealed
that peripheral serotonin plays an important role in regulation of adipogenesis and energy expenditure in adipose
tissues, insulin secretion in pancreatic f-cell and glycogen synthesis in liver, efc. This review summarizes the
recent advances in the function of serotonin in the peripheral organs of energy metabolism. We propose that
peripheral serotonin system may serve as an attractive new therapeutic target for the treatment of metabolic
diseases in the near future.
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PR R BBV T RIS AFAE BRI RS o jEAh, JTAEk
AT, MHN P 5-HT 55 A2 S EUE
PP & SR A Y, SRR K S-HT RS S HLABE
AT R s

PLAA B BE B 4% N 5 ¥ K6 1 -1 45 /2 o X A0 4k )
(R WLA. BRWT) 2T EIHIEREE R . |
THUETIR 551 E 384474 S-HT ARG R R, i
HAMARIER) 5-HT Joikdid e 5e i, it 5-HT
FE R A AR JE L A TE f 1 AR A ST 5 T A3 42
R, TR, FRINE S-HT REAEN A RE =AY
VAT R B AR T ROR RN, A E S-HT 55
T PR RIS R 2 TR B S A i s
PUHIE DA, oA S5 G AR 1E BV AR R
AICHE 5-HT X4 e w2 fe AU T2 (IR
JHFIE S JBR &555) AR FIBEAT 53R, JEHID RS X
TAHR MO KA 7, BAHIO AR 25 & R 1+ T
SR AR BB .
1 5-HT 9%/ K REZ AT RMEXES B

AR IR AE (LR R AL B§  (tryptophan hy-
droxylase, Tph) f# 4 & 4 il 5-# (42 B (5-hy-
droxytryptophan, 5-HTP), P48 75 77 Ik 28 ik R Il 2 i
(aromatic amino acid decarboxylase, AADC) & i
5-HTM), o Tph /2% F2 (1R 3% B . Tph 43 A Tphl
A Tph2 PiANEAL, Tphl 3 B3I 1E [l V8 4% 41 o
(enterochromaffin cell, EC cell). B JiR4E 4 & 414,
ifii Tph2 JL P 4= 38 3K 78 AR AR A 2 70 A i 28 0 R,
WHFCRIL, R4 RGH 5-HT S HLA B B2
2%, A S-HT HAEETAMEHELR, i 90%
fI4hfE S-HT B EC 40 k™, H 3 EAE A7 /)
e JoAMAHA COMES Al BRE . IRITHZISE)
ATLLE &4 S 21 5-HT Hodid B3 2 ek o5 40 W 1
J7 AT SR ThREN > 1O, APy S-HT K
ik 5-HT @ H UL 24K (serotonin-selective
reuptake transporter, SERT) Z= A FI|4H iy 4 55 5 figk P
T EEE LR Y B SR A O Ry 5-FR Rl &4
2 (5-hydroxyindoleacetic acid, 5-HIAA) [ JR R HE
HARSN,

A AR A B3 S ik [R] B ) 5-HT 388 ik -5 24 e s 2K fke
Ja B AR 5-HT 3244 (5-HT receptor, 5-HTR) 4%
AMREEM. S-HTR [ Z 0 T4a g & a8,
AR T AR 14 MR, bR T 5-HTR; ARC
I TIIESN, HARYIY G HAMEZAE (G-
protein-coupled receptor, GPCR)?” . 5-HTR; £ #%
5-HTR o~ 5-HTR5. 5-HTR,p. 5-HTRz 1 5-HTR ¢

S5 SR, P08 Gy R EEERSZAR, 7T LU ] IR
FRINLRE, PRI BEIRIRTT (cyclic adenosine mono-
phosphate, cAMP) 7K~¥; 5-HTR; 7& Gqn & H B2
A, AT DL B R =R LR A R E, SEURE A
Ca> B, 43N 5-HTRyas S5-HTRup il 5-HTRye =4
WA, 5-HTR; & FCAR 192 8 Tl IE 24K, Hoiiz 2k
AT DL BUR B ) LR, A R PR R 2 AL, AR
HEPFEMER BT (Na's K Ca®") J@IEHT I, KRSk
B S-HTRs /EF A #5, BT LLTH i cAMPR*21,
2 5-HT S5 EREEREIET

21 S5-HT S5EMEAREENRE HORKTHAHA
(white adipose tissue, WAT) & g fifi 17 1) = Z 37 A,
A A2 N A3 B . WAT B T 2 S5 LR RE &1 i
T AN, Ak 73l & IR 7 R T B TR B SR AR
A e b S5k 1 R s A i mT LA B 5 &l 5-HT, [6]
I RIEEEN S-HTR. 5-HTRy, MRIBELE 3T3-L1
RGN e R A e I B W e co NI £
JEAR G 15 4 J 43 At F2 o, S-HTR,a« 5-HTRop M
S-HTR,c #3551 & RIA™, Bty K BB IR o 4
ffirh 5-HTR;p. 5-HTR,a Al 5-HTR, ik F 5P,
R FUREL, AME S-HT w] DU s B4 AE T iR
97 28 . B AN IR ) 5-HTR U715 8 7 4 B 16 & 1 5 0 il
Sumara PR S R AEZEAORE T, BIER S-HT
(gut-derived serotonin, GDS) B {EH T 5-HTRg,
B8 R O YE R W B (hormone  sensitive lipase,
HSL) (BRI RE SR 4% . Sohle PR IR
N JEACHE 05 40 i A6 F 5-HTR, $5 3177 (RS127445)
APRJE, RTCAKE AR ) R, $R7R 5-HT wf Ll id
Wzl 5-HTR,p W5 T MW 20 o 1AL 5-HTRos 5]
FIAREE 3T3-L1 i iy 40 Jif mT LA g s 76 R o 2k
mRNA {1k, fEITRR& s (fatty acid
synthase, Fasn). W88t H L f Rl 2 £
(diacylglycerol acyltransferase 2, Dgat2) 54, fdi
5-HTR,, fEHUM (F M) 298k 5-HTRye 15917
(SB-242084) P ) T 3¢ /> it U1 440 P 11 J 5 R R, 4
HINRIT TR, #2778 5-HT 7T L@ #E) 5-HTR,4 A
5-HTR,c M40 . b4, 5-HT i&w] AN
SRR B R BUIR B ARAE L, HPLHI T B8 S S-HT i
cAMP/ZE H ¥ A (protein kinase A, PKA) /S H]
{5518k, J/> HSL MBER. FRCIRROEEN
1 PKA KA X, S-HT X% T AR
R IAE B 3 T AR S E S EE IR
(high-fat diet, HFD) &fF T, #Il4ME 5-HT B4 1%
AT LA /N BT T HERR, BRARIR W5 40 j K/, I Bk
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DRI BAE DL ] mRNA (Fasn Dgar2 55) 3R
KU1 S BRI 57 45 B 55 Sumara 25PYI 45 A e, AT
RE5 LIRS T AL B ARUPIRES AN R A 5. BLAh, —Lt
WEFC R, MR S-HIAA o] DL 45 & i
WA BEAR BE Y05 4K y (peroxisome proliferator-
activated receptor y, PPAR-y) % ZARAIRLAA X 45 &4,
TR 3 5 I AR AN R D7 T BOR 5% B PPAR -y Hi K
R ERIL, MRS &EA 4 P (fatty acid
binding protein 4, aP2/FABP4) . T & I i X A I 2 %
fg2E A (phosphoenolpyruvate carboxykinase, PEPCK)+
Ag Wi R i AL B FE TR (fatty acid translocase, FAT/CD36)
5, AR HEH i =8 (triglyceride, TG) (¥4 HAl
Jie R At 47272

Rt g 204 (brown adipose tissue, BAT) 1] 4k
FERLAAAZ O 10 T AR AR 2804 S ke it 22 1 g B0
BAT 73 PR AL, — o 70 Af 76 BN 8tE B
A HE 55 A A A5 A B SR AR B R TS Sy —
PP i TR o = NEN =] /TP S A S U NS =i N N7
IEFCRAS T eige Bl I E U Re 121, 22 B
RLRIES (v R, g B BERE) T BATA)
RUH) BAT #44 (browning), JHFEZ R AEE KIE M
PERPY. AR, KE G browning #A N 7ERH 11
I J% 2 A 3 1 5 0 R o 2 2 o A B
Crane 25"V 50 SR 401 41 & S-HT A7 LAY 0 HFD 1%
FHIN BAT ZekifAh i EBtEH 1 (uncoupling
protein 1, UCP1) [H3Ki&, $#&F BAT Xf g5 LR & A
RO, B9 BAT AT FEEN &, Fh s SE ik
R . Oh ] 5-HTRs, £ HRER (Htr3a ™)
/IN RAIE BH i 0 YR P (1) 5-HT X BAT #g f2 78 ¥E 19 #0 i 7F
F/&did 5-HTR3, /S 52 R
2.2 S5-HT S5BRE p4HRaTINEE  JiR i & 2R A 40 sy m]
PAFRIE S-HT AR FEBCFI 20 W Frf 258, AL I
[N 46 3% Tphl A1 Tph2Us:34, A BS36ms i K 73
(1R B 2 ] Rk 2 MR 1) 5-HTR. ) H AL,
5-HT Xof i & 2% 709k R U 547 A S i3 — LEHF ORI,
S-HT 0] LA e i 3 (B s> ), il sk ¢ k S-HT
FRHZHUAM 17 (selective 5-HT reuptake inhibitor, SSRI)
7 HUPK AT 0] Min6 £ 0 ) 2 61 40 A0 TR IR ) R B 2R
43 (glucose stimulated insulin secretion, GSIS)™*!,
Zhang Z5U24RIE 5-HTR,c Wh 70 ol #00 / U 21
ZUH Min-6 41 il GSIS. Paulmann %53 41 g 41 (¥)
S-HT 1] fg 2 8l Bh S-HTR o KA 5 2 R
BRAb, — I IE N S LR AR, S-HT
AL LA IE 5 AR S 2120 GSIS. 1M 53 71— L6 7T A

N S-HT AT LURISORE & 2 AR s> *°), 40 Paulmann
WIS p A 5-HT 1] LS 5 5 70 b 52
f) Rab #E [ (Rab3a Fl Rab27a) KAEILMNLES (se-
rotonylation), A M 38 1 fi 5 & (%€ 7 . Bennet &MY
A 5-HT 7] LAXG N 2 BB FR s 3 10 Jigé 15 20 24 GSISS,
X A]RE 50 RO B 5-HTR,p M1 5-HTR,, IR |
VA 2. /E— T HFD % SR/ R 7, 455940 g
4ifi Tphl REKFE (Tphl ) LAK Hirda™ HI/NE
I35 B 5 AR B AR R (wild type, WT) /NRIBE
B T %o 20 B X /)N BRI JER B A 2 T GSIS B i
W, R B AR TE R S-HT W] LS R 4 4R
| 5-HTR;, K14 5 5 25 B 1. Ohara-Imaizumi 250%
IR RERIALH]Z 5-HTR;, B0 AT DARF R 40 f i 2
AT, BEAK Ca™ NFABRIME, H4hnm S B4l i
LT, AT 38 o f % 25 AR RE A

TRURIIEE 5 5 AN AR TR B K/ IN KA B S g 7
ITAESR I AR, S-HT VE NIRRTl T
AR B 4B T RER T IR, AN RUBE S
4H i Tphl A1 Tph2 KIS W ZEN N, 5-HT K5
FEWEPYT, S HT AT LB [ 4 Wk 55 40 Wi 75 5%
5 5-HTR, #8450 GSISCY, 7E4F 4R 1, & B 4
b 5-HTRop FRIEH N, HIB B 403G EE, H2ERAK
W, 5-HTR, FiEW /D, 5-HTR,p FiLM I, 772 A4 40
B AT H 5 507 g WA o, R A
PR S-HTT R B 3% £ 2 3 D0 B A L ko 81 20 0 o
f10) S5 IS 2 FEE DA % A A7 (0 BRI A7 7 25 S B4 phdh, b
FE R E Ik AT A R By B 4N Tphl A1 Tph2 13
1k, JFREHCIH M 7L 2 A0 e RS A IK-1 (glucagon-
likepeptide-1, GLP-1) Xf 5-HT & AL HEMEF, AT
BRABE S g AR S-HT KIS,
2.3 5-HT SAFBEFERRIKIE  S-HT JRG0x0f HEwE A s
B AN B AR . — R AT 1T 5 ke
SEEG R, AE UG AN R S R 2k R, 5-HT Al SSRI
S5 RT LS8 0 P 5 2 7 5 EORI T SR f AR 1200 g
TEEEEOIRATN, S-HT wJLUERE 5-HTR s #0117 AT
FIFE R 457 B PR, I AT R S AR T R 4
0, LE 4R SRR 2L K R B kR 78 S-HTP JE P Y.
TEARAMIEFE R, 5-HT FEGSUBE ZR R BE T T DA 1] K B
S LB J5 5 RS, T B ZR AR FEE TS K R I S
5 B2 330 X1 A A (9 B AT R R ) S-HTR
SR, BE S-HTR, f1 5-HTR,, 7 I H A2 30 b
JE G A I R o R AR R, TR S-HTR,p
5-HTR,c W58 2 3, i s 22 S JROR 78 AR [R 4 o
AFEARUPIRE T, B8 T MR HRIEZ AR A, 5-HT
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B Je o A AN ], 0 WL A g A 755 1F
A5 RN AT AN [ BAH S o E4h, SERT R [/ B3R
P H 2R S B (protein kinase B, PKB/AKT) Al
c-Jun ZIEARUGEEE (c-Jun N-terminal kinase, JNK)
E VR R, TR I 2 R B T e UL 3-UE (phos-
photidylinositol 3-kinase, PI3K) 155 iEIk55, T
JFF 4 0 B R FE R A7 D P O R R S-HT
T8 bR T SR B IR B (phosphofructokinase,
PFK) 3% 14 AT 5 1 P el A0

5-HT A8 5 g 17 AR rh 4 35 22 %) 1 99 4
. Crane 25V 58 R IN, Tphl ™ /)N B BAE F 4
Tphl #M#171 (LP533401) #47] LA HFD 4544 R T
IERI T AR . 53— DA S R WA 5-HT AT LLT
BUFFIE TG G (fatty acid, FA) (& s in, {2
HEWAR % FE R & 1 (very low density lipoprotein,
VLDL) #M, HATgedlfil2 5-HT i HIE 5-HTR,
BOE VA EME R E T (mammalian target
of rapamycin, mTOR) ¥, phah, & W78 Kk
SERT /I BUPE IE 6 17 97 2 1 2 tH LR s A
SR, AE— TR BRAN 40 f i sk 4e v, ST 5-HTR,
TP BT A i B AT LA R AL 4 A
— B .
2.4 5-HT S5pERiEE Mg 5-HT RgRE
SERT % Fll S-HTRP ), fEffidigsh. /il RIAE
S5 IRV 37 1 5 T A B AR O W R B, AL
REIARBRE T LU R 738 5-HT R%i. /£ HFD %
SRR R, BiE S-HT KFHN, SERT ik
BRAR, Ml S-HT RZuuk BB 7558 R
JEREN R, + 468 5-HTRs, 3K B 548 hnte?,
B FVNRERE/N R TE 5-HT RS0 0% v A7
PG 22 R, 51, Bl S-HT R0t nl LA
SCIE LA R BE B AU . Weber 2T 9T K I, 75
FEUAKIRA T, 5-HTR; f5 P76 = 2] DL B f 1
IS B 48 i 1 S — 6 ) BB 3L R 08 UMK (sodium-
dependent glucose cotransporter 1, SGLT1) Fl% %] ¥
324k 2 (glucose transporter 2, GLUT2) ¥*ik, 1
o 2] B B B[R] B AT DA SO T U A g R A U
12, BHIER AT AW TG, Az S BRES T TG
RN, weAh, 5-HT 75 LA/ Ok R E W 7
FREAL, HEINAT T E bk P9 T R AP S 3 R s Ay
BEFH S-HTR; A 1050513 H 5 A0 1k g 107 1T 160 R0
#2167
2.5 5-HT SERAGEENRS S5-HT iLnT LU
LI BE B QM. Hajduch R IR 5-HT A1

5-HTRox BENF (a-F 5L S-HT) W] LIR30 oK L
F L2 i 2 A B D0, (R I 3N 5-HTR, 2 BN 7138
FILASS N Lo WL i GLUT1. GLUT3 #1 GLUT4
S5 3 M w RS AR IR AR . A DT ST, 5-HT AT
LAl 5-HTR 300/ BB AL PFK HOE T, AT
1800 B R ULE B AR, Watanabe 45U 1 B AR F )
R FUR I, 5-HT i #0E 5-HTRy, A1 5-HTR,,
SEISLE AR L], Js > PRILET 4EEE I, B3 iR AL
Re AN 7 30, X AT RE 5 88 I BB B L AL )
Pty A 14 T 0 0 S AR LS 7 1 (peroxisome pro-
liferator-activated receptor coactivator 1, PGC-1) HJ3
AR, [FIBZE IS K I 5-HT W] LA N & % UAH
KAe EACHEE R RIA, W UCP3. 2 BRI H IR
R EE LR (type 2 iodothyronine deiodinase, D2)
a5 SEINE LR B RETO) (EZIE T T AR
B3 E K2 HFD &M IR KA, H4h
WHRFE—PIESE,
3 RE

U EE B AE R NLAR 2 H 2158 B A AL B 2%
PR . AN 5-HT RG0S & 52 Re AR A 2L
AR A ke g I J B R S AR 5 0 AT 9 ) T 4
Mo I AR R BRI L 45 R R WIE s TR R B 7 3 1
REREIRZAS TS, W14 S-HT A CABHIERE AR . Bk
SRR B 0 JRR A B AR 122, el PR A
FEE RN SNE 5-HT RGETT KA EREIERNG T
2yt T ER AL . AR, T H AT ROART T
KZ AR TN PR R Foil R 9% 138 75 E IR A
MIE. dest, BESRCERUMRIE Tphl " /NRS WT
ANERAEAT N 5 SR A R AE 7 TG W R R, BT
5-HT RGWAEFAEM T2, HH &R K2 %
5-HTR $5 5513 Ae i i i e b, Rk, 2590 51 &
5-HT RGHEFENE . KT 822 4tk DL i g 22
FPEATEA 5 E— DI F o AR BRI FT 8L 24 5 AE A Y
PR AR BN, a0k R R A A A0 A e B AR AL 2
5-HT MIRHRIEZARTAL, [50 B 50 1% T TSR 1)
AW, DL G i R A P A S P TR AS RS
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