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Regulatory Effect of High-Protein Diet on Circadian Rhythm of Lipid Metabolism in Obese Mice

JIANG Zhiqing, DENG Guoliang, ZENG Fanhang, SHAO Ru, ZHU Rongxiang, TANG Xue™
(School of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

Abstract: This study aimed to investigate the regulatory effect of high-protein diet on circadian rhythm disturbances of
lipid metabolism in obese mice induced by high-fat diet. Totally 120 specific pathogen-free (SPF)-grade C57BL/6J mice
were randomly divided into normal, high-fat and high-fat/high-protein groups. The metabolic status of mice was monitored
at the 4th and 12th week of intervention, and mice were sacrificed at 2, 8, 14, and 20 o’clock after completion of feeding.
Lipid levels in blood and liver, the expression of genes related to fat anabolism and catabolism and the expression of
circadian rhythm-related genes were measured, and circadian rthythm changes were analyzed. The results showed that high-
fat feeding caused an increase in body mass and obesity index and a decrease in voluntary activity and caloric expenditure
during the active period. The changes were accompanied by dyslipidemia and an abnormal increase in liver lipid levels,
manifested by continuous gene expression of acetyl-CoA carboxylase and fatty acid synthetase, key enzymes involved in fat
anabolism in liver, at high levels during the active and resting periods, a slow increase in the gene expression of sensitive
lipase and acetyl-CoA oxidase, key enzymes involved in fat catabolism in liver, and changes in the diurnal variation pattern.
Compared with high-fat intervention, high-protein intervention significantly increased the amount of voluntary activity and
energy expenditure during the active period, restored the expression rhythm of fat synthase that was higher during the active
period and lower during the rest period, and resulted in high-level expression of ACOX, a key enzyme gene involved in fat

catabolism, after ingestion, showing obvious circadian rhythms. Further analysis showed that the improvement effects of
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high-protein intervention on circadian rhythm disorders of lipid metabolism caused by high-fat diet were closely related to

the regulation of the expression of two clock genes in liver, circadian locomotor output cycle kaput (CLOCK) and brain

and muscle-Arnt-like protein 1 (BMAL1). In conclusion, high-protein diets can alleviate biological clock disorders in liver

induced by high-fat diets and ameliorate hepatic lipid metabolism disorders in mice by stabilizing circadian rhythms.
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Table1 Formulation and energy composition of diets
EELuY CON#4  HF-LP4  HF-HP#
FAFRAGE (gk 165.0 206.0 412.0
HERE SR (g/kg) 91.1 91.1 91.1
TRIEM SR (gkg) 466.1 235.4 29.4
TR SR (gkg) 125.0 125.0 125.0
K& & (g/kg) 20.0 20.0 20.0
HaE R (gke) 20.0 210.0 210.0
TR AW &= (glkg) 50.0 50.0 50.0
FERBEW S = (gke) 10.0 10.0 10.0
FUYER TR (ghkg) 40.0 40.0 40.0
BRI B (glkg) 10.0 10.0 10.0
A TR i (glkg) 2.5 2.5 2.5
it/g 1000 1000 1000
AL AR/ % 17 17 35
JE s gk 8 Lt/ % 10 44 44
KA & WL RE L % 73 39 21

132 B, AHIERRE AEREEEU LA fRE0 2
WK, U, BRI B =2 18 107 A bR
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4.0 uL. Enzyme Mix 1.0 uL, JRNase free dH,0%
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KIEERH, PLB-actin AW R, W E LB AR N
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acid synthase, FAS) . MU EEE (hormone-
sensitive triglyceride lipase, HSL) . ZBt4fifFASALRES
(acyl-CoA oxidase, ACOX) . BTz shfH
M A (circadian locomotor output cycles kaput,
CLOCK) LA A Jiki FUULIA 75 75 )& 52 iR i e s R ke B 1
(brain and muscle-Arnt-like 1, BMAL1) mRNA[{]ZRiA
&, SIMPAImME2HR . RMAKRZRI T 0.2 pL ki
51 (10 pumol/L) . 0.2 pLFiF514) (10 pmol/L) .
5.0 pL 2 X ChamQ Universal SYBR qPCR Master Mix .
3.6 WL H K AI2 uL cDNAREKT, S Bifk£10 pL. fd
qPCRACK I AR (I CHE, @ Ik2 ™ YR AT AR i i
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Table 2  Primer sequences used for real-time quantitative polymerase
chain reaction
R Ll (5-3) T (3'-5")
P-actin GTGACGTTGACATCCGTAAAGA GCCGGACTCATCGTACTCC
ACC GGCAGCAGTTACACCACATAC TCATTACCTCAATCTCAGCATAGC
FAS ATGCTGTGGATCTGGGCTGTC CAGTTTCACGAACCCGCCTC
HSL AGACCACATCGCCCACA CCTTTATTGTCAGCTTCTTCAAGG
ACOX TCGAAGCCAGCGTTACGAG ATCTCCGTCTGGGCGTAGG

CLOCK AGCACACACACTTCCTCTCTGACAT ~ ATCAAGGGACTGAACACTCAAGACC
BMALI AGTCAGATTGAAAAGAGGCGTCG AGAAATGTTGGCTTGTAGTTTGCTT

1.4 BRGS0
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Table 3  Effect of high-protein diet on body mass, energy intake, liver
index, obesity index and muscle index of mice
i) CONZ HF-LP# HF-HPZ
2R /g 27.75+1.55 34.14+2.18%*  31.91+2.48"
A/ (KD 45.62+1.28 54.18+3.82%*%  57.75+3.78
JF IR $ % % 3.414+0.19 3.564+0.28 3.4740.27
HEJHEF %/ % 2.72+0.49 4.81+0.99%*  3.95+0.80"
WA %0/ % 6.43+0.50 5.99+0.73**  6.36+0.53"
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