Reviews and Monographs ERud=kars

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' '12025,52(5):1070~1080

www.pibb.ac.cn

4B 5-2 BBRTE Toll =K 4 /) S
2 BUERKIm P HVE R’

RKEF K OF B O ww”
(T2 BE 2R BB . 3R T 075000)

BWE Ak, BEHRR B RGEETE, Hrp 2 BIBERAA (diabetes mellitus type 2, T2DM) f A WL, H = ERRAE A ig Pk
R R AE 5 1 ZACHIETL . Toll 32144 (TLR4) REZEMBICRMZMAE, HiGb)5 TEd N 7 «B (NF-«xB) ##H5
EIERMMEN T B, /S T2DMAIY LA . ANE 5260 (5-HT) F8hmiE N e mmmes (EC) 4iy=f, H5H
By RAEHI A E A S UIPIE . IR AN B B ILA ARG 5-HT 524K (5-HTR) 4585, wI2maliss At . Neish 5 e @l i 212
WA A #E, MANE S-HT/KFEF T, o] SEWUAERRIEEEL, K3l T2DM KA K . gk S-HT 78 P A AL il A
(MAO-A) BIMEF R W S 3% I PR 4R 26 (ROS), ROS i i R P B A AR R & A=, 3% AT REAL & T2DM i Y
JEE L MM R S 5-HT (9 EBAE7E7 0, /MR TLRA(S S (080T . AR S-HT s EAFA T, Saliimn
THS-HTHE I, N T2DM R . Rt , 0 TLRA IERARAME 5-HT 7KV 500] UATRYT T2DM A 80K NS . A SCR RSN
S-HTBIA AL, i AR, DL HAE TLR4A 4S5 /9 T2DM H AFE LS, 780 T2DM BIIRIRIZ I . 3697 SOTAG R (L

/EE\% o

KRR 2RI, TollEsZik4, 5-FR{ufik
FESES R392.6 DOI: 10.16476/j.pibb.2024.0520

B PRI O BRI AL TAE R, 3
v 2 BB R AR (diabetes mellitus type 2, T2DM)
P GBRME PRI 114 90%.. WHIRIG I &A= % e 518
PEAR B RAE % VI A &, Toll B Z {& 4 (Toll-like
receptor 4, TLR4) Z 5 T RIER N, N F T
T2DM kA A Je 1, bR TLR4 B PR A] LA % fidk s
g Witk 3% S5 59 T2DM ), 5- F2 f i (5-
hydroxytryptamine, 5-HT) X H bR 9 H A7 o 45 1
FHE, Al A0 R S-HT 7K SF- AT 68 0 e BE 3 30
T2DM 5, HHFZE &P, TLR4 A R0 ARE 5-HT (1)
ARG R 7 B TLR4 E: A% T2DM 5 A
2R S 5-HT A, HETMAFEE. 430K FSE
HhJE 5-HT % TLR4 453 B9 T2DM 1R 2838, LU
B1oh T2DM (2 . J6T7 ST SRS ST L L e
FERl

CSTR: 12369.14.pibb.20240520

1 SMES-HTHIE M. EH5 K5

S-HT VE N &R 0 e BRI ™=, et b &
BB E A T, NS RN EAT
AR A BN B T 5-HT JG Bk 50 i v 5
KNG 5 38 e P A 4 S-HT AR B0 ST, il 5-HT #43
SJprh A 5-HT FIAME 5-HT B34 0 R4S R AGH |
P 5S-HT MR “PUREERT, HEFR B, AR 2y
95% M 5-HT 20 A5 TAMNE, H E 28T iE N e fE
Mg REER  (enterochromaffin, EC) #4ijify (),

# WAL S AR RA BRI H  (2D2018076) Hi[dbdk Ji2#
Bt EARBLETE (XJ2024029) ¥EBb,

s TR R N o

Tel: 18931316309, E-mail:changxt1212@vip.sina.com

WOR FLA . 2024-12-18, $23% 18] : 2025-03-04



2025; 52 (5

KZE, % SNES-RERETIEZFAN SHI2ZER 7 T HI/E A 1071

1.1 5MES-HTHIE B

ORI N LT IR, g & W 5-HT iy
AR, CEREEE SR A, SEm
U N *i?&%ﬁfﬁﬁ o 5-HT WA Lo W
MBS, f@%@&féﬂé@ (tryptophan
hydroxylase, TPH) MIMEALERT, ¥Rk
F 5-F &R (5-hydroxytryptophan, 5-HTP) "'/,
TPH J& 5-HT 5 i 2 P i) BRI, A7 75 TPH1 I
TPH2 WAL AY > ™ Horp, TPHI FEAFETH
JATE R EC A, TPH2 78 PRI 2 R G 3Rk,
FEAET TRy haesz e, B2, 5HFKR
L- & % 2 i R B (L-amino acid decarboxylase
deficiency, L-AADC) 4 il ¥f S-HTP %% 1k
5-HT "
1.2 SMNEAS-HTHIZH S5 IhAE

B R 5-HT 8 A% 1514 1 (vesicular
monoamine transporter 1, VMAT1) 2351 v,
1M VMAT1 J2& EC 40 JfLF1 /NS 43 b i 8 5 200 i Joir
FEA R e MECHIMIZ BN T . Ak siil
MR RE, LT A 09 5-HT R o238 o i A
FH ., AT EC 28 1 358 0 B 0T 1 5% 3 v R s

K, ANA A S-HT 23 28 ol To R R ik 1) 74 11
rh el EC 4R S-HT AT GBSl ok LA 3 4
WA REAEN : a. BB A Z 0 5-HT 5z
AR A EAEH ; b, 8% 5-HT #%3i8 # 11 (serotonin
reuptake transporter, SERT) W¢UHE AR | Bz 40 g
W e EARBIESRZ 1

SERT 1157 5-HT MYHR4EHL, B REWISIEIA Y
S-HT iz B AN N TR . HEA 42 B IR 6 69 5-HT
Zxif i SERT # I/ IMRIB S, 1/ L H 5-HT
) FE LA . R, K29 95% ) 5-HT fiff
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J, 5-HT 32z A & vk Rl o o

I/ INHR W2 AT 7 5-HT 388 3 1l i i A 2] 41 e B 20
g0, SR ENRRES-RAaKZIK (5
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NAERT, IRE T S5 SO L A AR P
R A8 A 2 45 S-HT 2 4kn] 43R 74
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Z AR, ﬂ%lﬁ’)ﬂ]ﬁG%EﬁEﬁ &, eflEs
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Table 1 Peripheral 5—-HT effects on lipid and carbohydrate metabolism and their target tissues
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[SREN A S 5-HT2BRI i fli 75 73 i [24]
R 5-HT2 AR IR I 2 43 [25]
Fil] € i i 2 S0 A o [26]
RN IR S S-HTIRH T 7= #ft [27]
ULPAIZH 41 JA I S-HT2 AR JInHE A7t [28]
6007 22 B [29]

1.3 SMES-HTHIBEAE

75 5-HT R AR, e AN Y 5-HT 8¢
2R AR SN b By B S K T A (monoamine
oxidase A, MAO-A) ifij %L%ﬂﬁﬁ%ﬁ’]ﬁfﬁfﬁ[‘k
e R, ELL R P S AR A
(reactive oxygen species, ROS), ROS i) £ % 553
7 ad H fk & (hydrogen peroxide, H,0,) "', 4
ROS i &= 4: . AWIFHLER, H 5HM A4 5
TAHEAEI, ATRES FECAALIIBU N, AT

ML BAS AT 386 A 2 2046145 . Abu Khadra 55 22
W9 RIT, TEMERIAL T, R BTt f A 2= YN
W (malondialdehyde, MDA) W& W Em T
fERFEXT HRZH , HA R A E AL A (catalase,
CAT) EMEBEMCT XM . CAT EXHT AN 3
MPTA LR, HEE TR, JoRT i S-HT R
FEAE R ROS I RE ST FEAIG, e ah SR 4 7R S AL I R
P D AR SRR 1] B 3 T2DM R . A1
5-HT W95 BB ACHHLE an il 17 o
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Fig. 1 The synthesis and release mechanism of peripheral 5S-HT
E1 SMNEAS-HTHIE B RRERALH
5-HT: 5-32fl (5-hydroxytryptamine); 5-HTR: 5-HT3Z{K (5-hydroxytryptamine receptor); Trp: (2R (tryptophan); TPHI: {A%&(iz¥%
fL B (tryptophan hydroxylase) ; 5-HTP: 5-¥2 {4 % i (5-Hydroxytryptophan) ; L-AADC: 5 # % L- % 2 2 il & i (L-amino acid
decarboxylase deficiency) ; VMAT1: % il fi)iit %2 K 1 (vesicular monoamine transporter 1) ; SERT: 5-HT#%i2%E 1 (serotonin reuptake
transporter) ; MAO-A: A% LA (monoamine oxidase A); ROS: 7EMESZE (reactive oxygen species) .
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HERAT, /AR S-HT K F F I BE
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W HOME 1, 6- — B BR B (fructose 1, 6-
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(protein kinase A, PKA), IH{bi PKA /-S40 1N
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G HSL, fedtigis g > . $l 7 5-HT2BR {5
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HIBA kg >
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TP AR R S, iBAT 18 ik R ——
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FH SRR AR AR, A SRR B = A 11
A AR 2R R 2, S-HT XFF/NELBAT
)= AR BE i o AR 2 . BRI,
5-HT REAS 10 6] iBAT 19 7= $AF 56 &2 40 AR I T B
HAEFMLHIAET, S-HTilid 5S-HT3AR K iBAT h
ff) cAMP 7K F, 317 ik 2> HSL (36 46 @7, Jf H.
5-HT b 2[R UCP1 1355, & SEHX iBAT /™~
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SN R P BER 5-HT2AR S A A0 4 70 A
S-HT2AR B3k, AT 364346 i i 40 it 2 h i
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T
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9% 55 8%, T 3E i 5-HT2A 32 (k54050 A 5-HT
B AMEIR], WA LUA ROiE Y T2DM %57, F
Rof AV I Rt B o (Bt A BFSR R B, S-HT i
5-HT2AR 3§ 0B 5 U2 L i) o 2 B 40 BB, O L
RERSIE N LN M B | GLUTA B3R 4, Mmifie E 4
ZIBEEORI - eAh, S-HTifREi# L 5-HT2AR
Bom o BB # ML OBE R OR O B
(phosphofructokinase, PFK) AYJEM:, HEMifE g4k
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Fig. 2 The mechanism by which peripheral 5-HT regulates glucose and lipid metabolism through target organ receptors

B2 SMES-HTE #28E Z0E T 1R RS s R ALl

5-HTR:

5-HT %% {& (5-hydroxytryptamine receptor) ; GLUT: #ij % ¥ %% 32 # (1 (glucose transporter) ; PFK: #§ iR S W i iy

(phosphofructokinase) ; FBPase: JFH1,6- " #iFRfF (fructose 1,6-bisphosphatase) ; G6Pase: 7 % ¥ 6- Wi B2 i (glucose-6-phosphatase) ;
cAMP: PR IR MLEE (cyclic adenosine monophosphate) ; PKA: 2 14 E#A (protein kinase A); HSL: 2 HUMENEIiHE (hormone-
sensitive lipase); TAG: Tl =g (triacylglycerol); FFAs: JiBSISNifR (free fatty acids).
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3 TLR4ESNET2DM

Toll #£ 52 {& (Toll-like receptors, TLRs) 1EH
—RE TR MBS IR, 725 IEREAH G
PRAE LA S S AU R E BOCEHEEMEH. 17
TLRs ZJ5HY, TLRAJUAZEN, Ol EH g
RCEE A R &) EAI R B2 Rz —

MTLRAYIE G, SRsh—RINE NG
P AR, MK — e R G IR 2 — SR T A%
[AF«B (nuclear factor kB, NF-«xB). 7£1F % 4 #f
RET, NFxB ZRIKS I«BEASS, UiER
BAEETYMRE . HEYPUAL T SRR,
I-xB i (inhibitor of kB kinase, IKK) & &Y<
s, R IkBEHZRMA, R, R4S
H1-xB HE H [ 9, NF-«B EiHE, #FE A4
W, RIFHAE R SAE(F 5 b O Sk R 1R,
LV TNF-a, IL-1F11L-6 S5 98 0E K735k, T 5
E SN

ST TSR, 2352 o) ] A WS SBURI IR T iR
R B TERIAREROT T, TSR K DL
FHCAG S B 0 TP, A e A o e ) A2 2]
P 52 M B 2 W LR S A AT P
AT, & UMK E S AT s FERRIT R A I,
IEH BRI R Ak o i A AR I AR R AT EL ), i
AR W AEAR N S MR, ORI EE T B RERR
EARAEHUAT= A B Z M SAER -, TR — Rl
TEIR 3,

RII, 76 T2DM & E & Rerydefed, {2 4m
TR T s CE o S f e, R
Mo R %€ 22—, 1 TLR4 i@ 1 R HL 7R3 1 f
EE T OCHMHESIEN, A T T2DM i kA Kk
& B, TLRAE SR MR G AL an i 3.

4 SNES-HTSTLR4EEHXZR

TLRA {555 1l A A0S FISME 5-HT BT+
PR3 E T2DM I E BRI 2, B4 5ME 5-HT i)
Thi 255 TLRA B A G W7 A 4R KM,
TLR2 9375 )5, I SERT, (40 iE4h 5-HT
ARG AN B, ©RIE R S A2 S0 A 1 o 88
(myeloid differentiation primary response protein 88,
MyD88) & TLR2 I TLR4 {5 5 #% (19 3L [l {5 542
AT, A8 TLRAX] SERT /754 MW7 Mendoza
S IR, TLRA RIS ' 5-HT A§% iz id 72

h kR EAEMH. g Z B (lipopolysaccharide,
LPS) {4 TLR4 (%) 5 2 B4R, 7T RF 5 4 300
TLR4, HILPS AP I Mz 45, 4RfE 2 m
SERT FIKFEAL, (9L H8% G A A1) 5-HT /b,
S S-HT T 5

TLR4 ANMYAE 5-HT 451z 210 L HEER, XF
SEAFAE ML/ MR S-HT B R RIRE A HEL R . 2
21 57 ) 8 5 B, 5-HT 23 ML/ INbi P B il
KM RV . WF9E &3, LPSIT /MG, &
AGEAF T UL/ S JU0RE Hh BY) S-HT S 8 B HE R
iy S-HT VR EE b, 17 TLR4 HE PR R 1)/ B
ZLPSHIMUG , MLy S-HTHREAR LA K, R
SR EERR R ZEEL

RAERE PRI /N BRI Y S-HT 39 o), B
U B AR DR s 1 22 1 PRIAEAS 5-HT 7K T &7,
5-HT 7KV 55 il B F T 1/ Bk 5-HT (3 fin
DL R/ NG 5-HT PYFEHUEAR B >80 IR n &
AT HE S TLRAME 5 A ¢, [HHLAEHE s i 7 3K
5-HT Tt 09 HARMLE H w5 A 86, AR A
W% .

5 REERE

g LRk, AME S-HT XFHLAR B 10 &2
M, B AR FEUITNERE AN, (125 15 Rk
TR, e GE s U An i = ER e, (R
NRWFRR AT H Mg 2, 51 ZPUARBNR S Tl
BREAiG . 1M TLR4 A9 300 23 5 S0 A7 A6 1t/ i
S-HT BRI N, 33X 0] g & 5 SO R 8 10
S-HTHEINEY RN 22—, 5-HT Lok b 29l fi
St Ak, — Bl SR EL R, HEFHE
AR BSNE , HETTEOT NE-xB {5 5 0 B A1 %8
JiE SN, I T2DM (%) A& A J =00 skami B AT,
TET2DM KA KR BERE s, TLR4SZMARE 5-HT
ACERIHLE M ARG, G40, FErsRm 8 E AN,
HhJE 5-HT B G W5 B #2275 55 TLR4 £ 7 Bk
27 TLR4J&: 7518 1 5 i £ ki /R th MAO-A iy %35
Z 550N L

FAN, HHABIIT R B, TLR4 LR sk n] piat
T2DM 1) H B PR AE—— R 5 b ), x— L
G0 IR T 5 5-HT 286 7 R4t
X TLR4 Xt A1 & 5-HT B 52 1 K HAL ] G — 26 1%
AWFE, ARG RZE . 1697 . PTG T2DM $24it
B
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Fig.3 Mechanism of TLR4 signaling regulating glucose and lipid metabolism
E3 TLR4ESFTHERER I

OB ZEHPL: TLRAFIGENF-«BAINKIEEK, fERHEFHIIN. ROSHIE, feiFIRS- 1225, THERZ (G545, MR R EUR
M, SFEUEDRIRYT; @RS TLRAFIGCPLA, il FESREBP- 180G BRI B, SEUFNENE D5 R A H I —Fe A s in; O .
TLRAF: S B BGE T e, Sl PR ARPDCTG 4, A AL, 55 HK2MPFKM,  FHWTHE 5/ (W SCHERG (PCKURIG6PC), SN T
fib . AR A RIS EER R . AKT: EHEB (protein kinase-B); CD14: TLR44MEAHINZE 1714 (TLR4 accessory protein cluster
of differentiation 14); EMP: FEEEf#IE4E (glycolytic pathway); FFAs: FEIRNIHR (free fatty acids); GLU: #ii%i## (glucose); GNG: F#
5 4: (gluconeogenesis) ; G6PC: 7 %4 W 6 W B2 fiff (glucose-6-phosphatase) ; HK2: C A #(fifi2 (hexokinase 2); IKK: IkBiffiff (IxB
kinase); IRS-1: [ ZEZIRJEY 1 (insulin receptorsubstrate-1); IRF3: THZEJFI7AF3 (interferon regulatory factor 3); JNK: c-Jun N3
W (INK, c-Jun N-terminal) ; LPS: JEZ M (lipopolysaccharides); MyD88: i & 73 #) 2% S )i K88 (myeloid differentiating primary
response gene 88) ; NF-kB: 4% [Al T kappa B (nuclear factor kappa B) ; PCK1: #f & /& M =X 74 B B2 ¥& % % (phosphoenolpyruvate
carboxykinase); PDC: NHAMRIEMIE A4 (pyruvate dehydrogenase complex); PEP: BffRJ&HEZA AR (phosphoenolpyruvate); PFKM:
R WL (phosphofructokinase-muscle) ; PI3K: #5AREEILEE-3-F40E (phosphatidylinositol-3-kinase); ROS: iM% (reactive oxygen
species); SREBP-lc: [HEETT G445 G H 1c (sterol regulatory element-binding protein-1c); TAKI1: #{b/E K FFBiG i1 (TGF-
beta-activated kinase 1) ; TBK: TANKZ%5 & i#f#1 (TANK-binding kinase 1); TIRAP: Toll- 4/ % -1 %Z A& BL 45 E I1 (Toll-interleukin-1
receptor adapter protein) ; TCA cycle: =¥ ZBEH (tricarboxylic acid cycle); TLR4: Toll#:Z{K4 (Toll-like receptor 4); TRAM: TRIFAH
$#3k4>F (TRIF-related adaptor molecule); TRIF: TIRZEHIEL &4 M#HE H1AES THEEB (TIR domain-containing adaptor inducing IFN-B) ;
TRAF6: M RSEH FZ KA F6 (tumor necrosis factor-associated factor 6)

[2]  Pierre N, Deldicque L, Barbé C, et al. Toll-like receptor 4 knockout
i,j % X ) mice are protected against endoplasmic reticulum stress induced
by ahigh-fatdiet. PLoS One, 2013, 8(5): ¢65061

11 JEBER A % G  IGRAE SR RN 00
[0 JASE XA, WEeY . MBS S A LA A F HOBER, [3] Zhao S L, Liu D, Ding L Q, et al. Schisandra chinensis lignans
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Role of Peripheral S—hydroxytryptamine in Toll-like Receptor 4—-mediated
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Abstract In recent years, the prevalence of diabetes has continued to rise, with diabetes mellitus type 2 (T2DM)
being the most common form. T2DM is characterized by chronic low-grade inflammation and disruptions in
insulin metabolism. Toll-like receptor 4 (TLR4) is a key pattern recognition receptor that, upon activation,
upregulates pro-inflammatory cytokines via the nuclear factor kB (NF-kB) pathway, thereby contributing to the
pathogenesis of T2DM. Peripheral 5-hydroxytryptamine (5-HT), primarily synthesized by enterochromaffin (EC)
cells in the gut, interacts with 5-hydroxytryptamine receptors (5-HTRs) in key insulin-target tissues, including the
liver, adipose tissue, and skeletal muscle. This interaction influences hepatic gluconeogenesis, fat mobilization,

and the browning of white adipose tissue. Elevated peripheral 5-HT levels may disrupt glucose and lipid
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metabolism, thereby contributing to the onset and progression of T2DM. Within mitochondria, 5-HT undergoes
degradation and inactivation through the enzymatic action of monoamine oxidase A (MAO-A), leading to the
generation of reactive oxygen species (ROS). Excessive ROS production and accumulation can induce oxidative
stress, which may further contribute to the pathogenesis of T2DM. Platelets serve as the primary reservoir for
5-HT in the bloodstream. The activation of the TLR4 signaling pathway on the platelet surface, coupled with
reduced expression of the 5-HT transporter on the cell membrane, leads to elevated serum 5-HT levels, potentially
accelerating the progression of T2DM. Therefore, inhibition of TLR4 and reduction of peripheral 5-HT levels
could represent promising therapeutic strategies for T2DM. This review explores the synthesis, transport, and
metabolism of peripheral 5-HT, as well as its role in TLR4-mediated T2DM, with the aim of providing novel
insights into the clinical diagnosis, treatment, and evaluation of T2DM.
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