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The effects and mechanism of caloric restriction on energy metabolism

FAN Xiao-Na, CHEN Lin-Xi, XU Ge—Yang*
Department of Physiology, School of Medicine, Jinan University, Guangzhou 510632, China

Abstract: Caloric restriction (CR) is explored to limit the caloric intake without malnutrition. CR can affect the levels of various
metabolites in organism, such as lipids, free fatty acids, ketones, bile acids and amino acids, etc, and is thought being able to extend
the lifespan, postpone and reduce the incidence of age-related disorders (e.g., type 2 diabetes, cancer and cardiovascular diseases).
These effects are mainly attributed to the role of CR in energy metabolism. The mechanism of CR on energy metabolism is closely
related to biological clock, hormonal production, gastrointestinal flora and inflammation. Here we briefly review the effects and mech-

anism of CR on energy metabolism.
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Fig. 1. The three strategies of caloric restriction. Ad: ad libitum; CD: caloric decline; IF: intermittent fasting; TRF: time-restricted

feeding.
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Table 1. The metabolites affected by caloric restriction (CR)

Types Increased after CR

Decreased after CR

Lipids High density lipoprotein "* '

Free fatty acids

Ketone bodies ~ Acetoacetic acid ", 3-hydroxybutyric acid ™"

Bile acids Taurocholic acid ",

tauroursodeoxycholic acid ',

deoxycholic acid 17 lithocholic acid ™",
o-muricholic acid ', hyodeoxycholic acid '

[18] [18 [18]

Glutamate "*, methionine ¥, glutamine ',

[18]

Amino acids
alanine

Others Citric acid ", succinic acid ',

2-ketolvalic acid ", cis-aconitic acid "%,

gluconate *"

[10, 15] [10,15]
s

Low density lipoprotein , very low density lipoprotein
[15] [15]

choline ", glycerylphosphorylcholine "*, phosphorylcholine

sphingomyelin "', lysophosphatidylcholines (lysoPCs) ",

diglyceride "™, triglyceride "

19 palmitic acid ", heptadecenoic

16]

n-6 polyunsaturated fatty acids
acid ", y-linoleic acid ", dihomo-y-linolenic acid
Pyruvic acid ™"

q 1020 [19, 20]

Branched-chain amino aci , aromatic amino acids

-

I
vob b

v Voo

.

B 2. A KT B2 SO A B
Fig. 2. The two feedback loops of transcripts of biologic clock.
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FL IR AT B 2 S 06 2H ik 6 A0 2 B A I [ JE 4 AN AR
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It AU G

2 CRYE RS RS HEIR 00
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(glucagon). i IMLFE Z ALK -1 (glucagon-like peptide-1,
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YY (peptide YY, PYY). fiEEZ Ik (pancreatic polypeptide,
PP) Al fz #1 E Jik (gastric inhibitory polypeptide, GIP)
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21 BRE

JR & 2R R B ARG i, HEEAE 2
CIRVE” IS R G0 B IR N JH A YL A
AL R E B RE R R A TR B R
B AZ 0 R & 2R 10 S N B Il @, DU B N 1)
EREKGE AR R T AL E, I A IR () 4 A B
(F) R B R FH R,  HIsE URE R (A1) & i
8 28 R SR PR e o G SR I v e b R A,
oA it 2 WA B R EAERE RS S 2, A
EAS KD Fo U2 FMRIE CR AEFR /R M.
PR IA] A U2 RN B 2R o R S R R A KR
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) JER & 2R 4 G e a3, TG UL 45 g 7T BRI
JoR & R 2R OE 5, O T S BB IR I LR -3-
P (PI3K) F122 5818 - 75 2R 5 1 B (Aket-1/Akt-
2/protein kinase B) {5 53l % (PI3K/Akt)“Y, CR @it
HEICERAE ST 1 2 AHOCEE 1 (sirtuin 1, SIRTI)
I FHME T T RS H 3 (signal transducer
and activator of transcription 3, STAT3) i ZIitk,, 14
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1 (thioredoxin interacting protein, TXNIP) /K *F, il
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SO ANK, 1T A2 20 1 R e i BB 3R T 1 ) v 20 1 Y
2 RARI oA LR FE RETE R I IEH Thie B RIcER
SARMOE )5, B T i A AR Y T R R
1k 55 180 (AMP-activated protein kinase, AMPK) ¥,
TR NAD 5388 5 110 B 2 P A T fe TR A i e
I (nicotinamide phosphoribosyltransferase, NAMPT)
IRk, BoE NAD K#UK & LBt AL g SIRTT, Ik
YA S A A 3G T P T A S ARy P RO DR T
la (peroxisome proliferator-activated receptor y coacti-
vator-1a, PGC-1a)) P!, CR i 15 3% DY Ff 4K 11 3
TFHIFRIEACFE LI G RYONIREER 5
HE RN, A yrb iy s &
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FIR R E 2RI KT, e T8 52BN
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B R IR 1 B AT i o (e i %
2.3 EER
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(7 QPR LS B BRI EE, AT e ARGl K
BRI ARG, BGOSR U, snaEE R
24 HEHE

GLP-1 ", pYY L pp "™ ftk K etk ™
BRI, PR AR, GIP BEE ik 4
AR 5 16) i 5 2R JSORT i ol 4L 200 7 3 A i T
SIGRE, HOINME AR, EREMKAERE S
HN—K 6 KGN, MHEE—K 2 KA, SHEIMEH
GIP. GLP-1. PYY #1 PP [k PR, TEK R
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n Y. SERGAE R, 4 CSTBL/6T /N REEAT CR -9 (6t
b 30% FE =Rt & HARIE T E ), ~F 7 B WRCE
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SiaEE (MBRIEH Rgih LPS B4R R ) K
Ky 7,

CR AJ LAFEAR 2RE, P71k 5 0 % I o
IR FEAG N SNE 5 22 Fh A58 AH O IR 8 PR 1) R T Bl
RN A B (AR 3 DA G P2 i C© RN
5 H (C-reactive protein, CRP, — & &4 7M1
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