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Effects of Constant Light Exposure on Hepatic Lipid Metabolism
and Weight Gain

ZHU Kuicheng', DU Chunyan', HE Long™*

('Laboratory Animal Center, Zhengzhou University, Zhengzhou 450052, China; *Department of Anesthesiology,
Pain, and Perioperative Medicine, the First Affiliated Hospital, Zhengzhou University, Zhengzhou 450052, China)

Abstract The exposure to ALAN (articial light at night) disrupts the biological rhythms and has been as-
sociated with metabolic disorders, but the underlying mechanism is not known. A random allocation of male 8-week
C57BL/6 mice into three groups was done, including controls, light group and fenofibrate groups, which contained
20 mice each. The body weight, liver wet weight of the mice were measured. Liver index was calculated based on
the percentage of liver to body weight while pathological changes of the liver and fat tissue were observed micro-
scopically. The contents of TG (triglyceride) were analysed in both serum and liver by enzymatic assays, while oil
red O staining in liver frozen sections were performed to confirm hepatic lipid cumulation. The hypothalamus and
liver were collected for mechanism experimentation using RT-qPCR. Fenofibrate (agonist of PPARa) was used
to confirm the relationship between PPARa and lipidolysis. The results showed that the mice exposed to ALAN

developed obesity and hepatic steatosis. Biochemical analysis suggested increased hepatic lipid accumulated and
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increased transport of lipid from the liver to adipose tissues in LL mice that gained weight under constant light

exposure. The expression of key genes involved in fatty acid oxidation (Pgcla, Ppara, Cptla and Aco, etc) was

significantly increased, which was paralleled by decreased expression of Rev-erbo. Additionally, a decrease in adi-

pose tissue weight and adipocyte size led to the differences in body weights when treated with fenofibrate, which

reversed hepatic lipid deposition by promoting the expression of lipid decomposition gene Ppara. As a reminder,

constant light disrupts the body clock, thus leading to obesity. The biological process may be related to inhibiting

the expression of FAO (fatty acid oxidation) genes.
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S FEE U e R TR o A P P 2T LA, A
TR AL S T AOAE I AR AR R (R 76 77 S 43t
i R

1 MRER*E
1.1 L3I

L8 DU (255 T3941)I6 [ 2 [H TargetMol
Chemicals /A & ; JHZLO Y R F E(F2 5 G1262). H
=18 (TG) & &Rl A & (55 : BC0625)1t H Ik
R ERHEA R A7 5 #/l55% H B(apolipoprotein
B, ApoB) il A1 & (5% 5 : 20221018)14 [H 7 5 & ik
W FCHT ; Trizol(F25: Y1525)0 H RAR AL R
AR 7], RNAT % 5% K 5t 8 EPCRIATI & (15
WH2322021)04 [ 28 X AERHS (LB A BR A
.
1.2 LEEMS574E

8 Ji & C57BL/ 6 5 H T B 44 S50 3h ¥ h
Oy, BT TR K 2 S5 By v o0 Bt B A 55 2h ) 5
(SYXK(74)2021-0009), H HUOKFRE . NR7TH
1EH# G4 (12-h light-dark cycle, LD, n=20). 24 h
Fra IR 4H (12-h light-light cycle, LL, n=20)H1E %
DU T 140, (LL+Fenofibrate, n=20), £:£H20 A . T4
HEFE200 Ix, FRELIANT8E . T T4/ RIEL: I HT4/E
JE UG5 T PPARE BN AR DURE, DIREE, 452
WE0.04 g/(kg-d), 425N 1A 4)E, 45 25 IR OR PO
LR R AT
1.3 MERATARLA LR AR S

N IR 8B, FRE S oy BITE 4 T o B Z1
ZTO0(zeitgeber time, ZT; 8:00ic.Jy ZT0)F1 45 o It %]
ZT12(20:00) P A 1] 55 3% 13 B2 b 22 44 157 s 3 55
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Table 1 RT-qPCR primer sequence
B 1EF5I (53" S B H(5'—3")
Genes Forward primer (5'—3") Reverse primer (5'—3")
Atf4 CCT GAA CAG CGAAGT GTT GG TGG AGA ACC CAT GAG GTTTCA A
Fgf21 GTG TCAAAG CCT CTAGGT TTCTT GGT ACA CAT TGTAAC CGT CCT C
Rev-erba ACT TCC CAC CAT CAC CTA CTG GGG GAG CTATCATCACTGAGA
Ppara. GGAAGA CCACTCGCATT GTA ATC AGC AAC CAT TG
Pgcla TAT GGA GTG ACA TAG AGT GTG CT GTC GCT ACA CCACTT CAATCC
Cptla AGA TCA ATC GGA CCCTAGACAC CAG CGA GTA GCG CAT AGT CA
Aco AGA GAG AAA GAG AGATGG CGA GC ATC AAT CAA GCA GTG GGA AT
Srebpl TGG TTG TTG ATG AGC TGG AG GGC TCT GGA ACA GAC ACT GG
Fas TAT CAA GGA GGC CCATTT TGC TGT TTC CAC TTC TAAACC ATG CT

B IMLIE T 20 °CIRAE. KI5 BUFIERRE I HE
AR E, W FE 25 = AT o 2 (g)/44 5 2 (2)]%100%,
0 S = 5 440 B AR A, 230l T HE 44 1
(hematoxylin-eosin staining)(4%% 5 HEE [H & ). UK
ROV CRrit A BRI ) TR BTRFR AN (20 °CPk
7 )56 7€ B PCRAT T (-80 °CELRAF); T ILfiKi—80 °C
TRAE ; ZTORT HUA I H) R €1 197 41 21 (brown adipose
tissue, BAT), JBA 4% % 5 R[] 52 (48 h). 5K
5877 RE IR LI AR R S0 B e
A EHE S ZZU-AC20231229[03]).
1.4 TGF1ApoBEE 5N

FREUHFZHZ3100 mg & -T-HFEEACH, IIANFA A
FRER7K 0.9 mLUKI )3 . 8 000 xg. 4 °CiZ.0» 10 min,
W e BB, A8 H I =R (TGRBEE ) a7 &
PEFN IS TG R = . B#HEYE (enzyme-linked immuno-
sorbent assay, ELISA) 73 # MG EE R HB & & .
1.5 HLARES

A A ER iR 4121, HEG4 4, Image) 1.8.0
BRI B i P AR RN o B 42493 31 12E AT HE A
WA OGeth, B T WL g 2H S 3 2= A8k S I8 i
BERUE DL
1.6 SEEFIEEEPCR

Trizol—EHE U [ A JH 2 RNAJF & &,
Jf1 il DNase IR FRTS AR I DNA. %4h
JEIGEETH HT RNAZERE K JE . ¥ cDNA.
PCR G| B R AV B I A BR 2 7] & B (R
1), CLFE P 5T 9 SLEE PR - 3800 % 3% IR 1 4 (activat-
ing transcription factor 4, A#f4), J&#F4E40 M A K A
¥ 21(fibroblast growth factor 21, Fgf21); B/ 11
R : Rev-erba(reversed erba); i i 73 il A5 A 5

LR o S Y I A 8 B P i AL 3 AR L0 R T
la(peroxisome proliferator-activated receptor gamma
coactivator 1o, Pgcla), Pparao 5 3258 3L K] PABRAE AR Bk
%I 1a(carnitine palmitoyltransferase 1a, Cptla)Ffl
LB AR AL B (acetyl-CoA carboxylase, Aco); JIg i
B AR AR JCHE A - [ B T o b 45 & 8 1(sterol
regulatory element-binding protein 1, Srebp 1) Ffig I R
& F B (fatty acid synthase, Fas). JWAKZ: 10 uL 2x
QuantiFast® SYBR" Green PCR Master Mix, .. T
W51 ul, 1 uL cDNA, Nuclease-free H,O#h & &
20 pLo MFEF: 95 °CHIAEYE3min; 95 °CAEVET s,
58 °CiR K35 s, 72 °CIEAH135 s, 40 MEH . FEMFEA
KW E3NE AL, LAGAPDHAE )yt i, il SYBRSE
I 96 8 BT S HEAT I 1 SO, 45 SRR 27440
AT
L7 Gt oh

K SPSS 17.0%8 41347 # 4 4b ¥, GraphPad
Prism 9. 58RI . Jrf Bodls #EAT IR TR L,
I P B0 B hm 14 22 () 2o, 4L 1A) BB A R R 7
#(One-Way ANOVA) 7. P<0.053K7R 72 57 . 55

2 Z#R
21 PMRERENERERET

SLDA L, LLA/NRIESNIRSE, BRINE,;
JHEREAARRIE R, il , BUEAR IR, DS, A & .
JH B R I 48 #5038 5 2 = (P<0.001). 5 LLA
FLR, FF4H (LL+FNF)/N REEACIR S B B 0, #
PRAT RIEORN R, BRI 65 FENELE,
KA I, B, AR JH R E &
T H) B PR (P<0.01). 1.
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LL+FNF
87 %k %k 1 /D
D LD =

o =LL 201.5 L/L S 6 ns L/L
= mm [/L+FNF 3 = L/L+FNF 5 ns ns = [ == L/L+FNF

2 =
H 210 T 4 =
o z o) =
z z =z =
] 205 3 2 =
- 5

0 0

Time /w
A~C: FEHERARIE Ao D~F: fRBE . AR S HTHESRE. ns, P>0.05; **P<0.01; ***P<0.001.
A-C: macroscopic appearance of the liver. D-F: body weight, body mass, liver wet weight, and liver index. ns, P>0.05; **P<0.01; ***P<0.001.
B LRI NRATAERAS . RRE . ATBLEEFATATE SRR

Fig.1 Effects of continuous lighting on liver morphology, body weight, liver weight and liver index of mouse

2.2 FECERRINRASRE . FFREAZARRRZELR
RIEF M

HEJ 25 B os , LLAL/N RATRHESI AL, 4i
RO , BT S MANRRTEAS . AL OB WL LLA
JFF 210 5 21 €5 I ¥R B R G 22 5 TU4E A e T
JRTRR R, MO N AL B kb . BN, 51D
AL, LLA /N R AEFN LS TG & AE ZTOR 73 5]
B0 64%H152%, 1F ZT 128843 530 53%F145%; 5
LLZH Fe e, T Pl 2H /) 63U A I35 TG 2 8 4E ZT0
I 43 79 FEAIG 18% 11 25%, 7E ZT 1215 43 i FFAK 13% A1
28%(P<0.001)(2).

LLAH /N BTG 197 40 LK /N LDAH () 1.401 , T
THEH i 10 40 /N A LLAA 1 0.744% o ELISAVEAG I
MiEHIEE [ ApoBH &, 45 Ex, 5 LDAMLL,
LLZH /N BRI ApoB & & AE ZTOF ZT128F 43 71 34
97%M173%; S5 LLAM L, T/ FiE ApoB &
HAE ZTOM ZT 1286 73 51 F % 24% 41 18%(P<0.001)
(K13).
23 IR ERAg4 % BT BEBE B S A R B E
mRNAFIET{L

Fr R 4 45 RNAR) Dago/Dasol, ¥I7E 1.9~2.12
[f], B B BRI DNATS Y, RNAR BRI 5 5%

Time /w

Time /w

K FH RT-qPCR 7 LA FURF 206G OO R i Arf4
FERIFRIA M5, 45 R o, fEZTOMZT12, SLDA
P, LLAH /N R At/ 435 B0 (P<0.05), T T4 A4
A S LLALAH TG 25 1 2 5 (P>0.05) .

3 A 0 2EL 23 e R J5 5 BORN G i AR AH 0% 2
mRNARIL, fEZTOMZT12, 5 LDAM L, LL4L
/IN B U T Joi2 4 A AU AH G R R Fgf21 . Pgela
Pparo e LRI #EIE K Cptlafl AcoR ik 5.3 T i
(P<0.05, P<0.01), flg)oi & AR £ [H Srebp 1 S Ho T
T B EL K] Fas 323k 6 . & Y2 (P>0.05) . T4
JIE 5 2 AR U A DG TRl mRINA R Ik e FE A 5 3] 1F
W EASAE, JEEZTORMZT 12725 52 2 30% (P<0.05,
P<0.01)(&l4).

3 i

WU £ 2 R DR 0 P L SRR B2,
DLZE SR IE 3 (ORI . 10 FERIAQ 25 AR R 3, e 12
PR RO R I (R B Y, AL
3, B NE ST SN AR B, ARS8, I
S I IO i = 8 7K S S22 T 7 % 4 TR 5 0
G0 £ TR A R R, SR 5 e T S N U
RERE AR AL, 1 B S 1 AR L SVE B, S BN
BB
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A~C: FFEHZIHEY (1; D~F: FREALZUMAI0% 5, Gy H: AFIEALZURIMTE TGS & . ns, P>0.05, **P<0.01, ***#P<0.001.

A-C: HE staining of liver tissue; D~F: oil red O staining of liver tissue; G,H: hepatic and serum TG (triglyceride) content. ns, P>0.05, **P<0.01,
***P<0.001.

E2 FESLREXRATBAELRRFES . FREEIMERTCE 2RI

Fig.2 Effects of constant light on liver histopathology, TG content in liver and serum of mouse
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A~C: IR 2L ZTHES 4 D: IR 4IH K /N; E: 135316 2 FAB(ApoB) & & . ns, P>0.05; *P<0.05; **P<0.01; ***P<0.001.
A-C: HE staining of adipose tissue; D: adipocyte size; E: serum ApoB (apolipoprotein B) content. ns, P>0.05; *P<0.05; **P<0.01; ***P<0.001.
E3 #HFEeRx/NRARREARIEE R ILEApoBE £ RIS
Fig.3 Effects of constant light on adipose histopathology and serum ApoB content of mouse
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A: ZTORS R RN S IE K25 . B: ZT 128 R AR OGIE K R i . ns, P>0.05; *P<0.05, **P<0.01.
A: expression of lipid metabolism-related genes at ZT0. B: expression of lipid metabolism-related genes at ZT12. ns, P>0.05; *P<0.05; **P<0.01.
El4 s/ IiERAHEXEERENFMm

Fig.4 Effects of constant light on expression of genes associated with lipid metabolism of mouse

ALT T il B o s iy A2 X B, ] Bl it
PR 42 52 2, W S0 JE 4 23 rb 1 9IR 35 4 DLOR KR
IR R P IR AN AR B A i o 2%
B, R FUR I, T R P 5 99 ST i 4
AR U 4 JFE I PR IR AR, 175 5 2 R T 52 A R AN R
By FRARST 20 ATFASE — Rl P S 190 7 3880 2 2
fERYERE A B AR B2, A4 R R i
/I B AT R v I B R 15 1 B T TR T

FET DL EAE T, FRANTHEN Y R AT gl T
ATFAEE VAN E IR B, BOARRE BT
755K R PN 5T Y S . ARHIE SR I, 5 X R
FRLE, FRE IR/ R A 4RIE K B T =,
AT Fgf2 12157k R FAIK . Fgf2l T EE T
FEAE, WEHLAA 2 R 23 A B A B BRI A 20,
AW FIESL, A2 & im it Atf4/Rev-erba/Fgf2115
FHRERE T B S SARIE R AER S, Rev-erbaff
R IR, Hshk 2 FEUN BT, IF
e I A A A R DR R e B R T A A PR AU AR
RS, Rev-erbo = BATMERR I M R IA, Hym 5 185
FOHEAC T3 VIAE O, Rev-erbodit IR R 3 /)N B35 51 & 39
FEA, J DA A, Hh =BTt e
Wi, Fef215F pge-1akik, JG#& T 122 5 &Rk
ARG Re EACHIARE IR AR B AHE i
REIR, FrEOCIRA /N B E T Rev-erbaZiid /K-F
BETHE, THE I Rev-erba: 8 40 12 LAkl
3(histone deacetylase 3, HDAC3), 1fif HDAC3:i#i i {5
PPARILILIE K 7 PGC-10.2: ZEAL , Mk i 5%
Mo Hib—, JATVRIRRELE I ZH /N B T

W B2 43 f AR 3L K] Pgc-1a. Ppara 2 FLERFE[R Cptla
M AcoRIB KV B E K. SR, R IR & At
W SE K] Srebp 1 1 Fas 22545 4L TC 5 M 25 5
A UL g, RRE R T O 40 i R R DR A SR
K 7] BETE T PPARaA ™ 5 110 i 107 B8 S Ak 20 AR /K
BEAR, T ARG MR KA B I . bk, JLARATLA]
ARE S S5, AR s AR K& O IE B R R AR
AT IR 3 i U R 1 AT 1 B ds B, T A AR
(0P & ¥ 20 DU RE T g 7 0 e, e B AR BT, B
5 BT AE 1 532 AF O P 3R O ) IR o =
ikt tH B 590, 33K e [R] 3% 7 R 481 IR 0T i
GRS AE S 2 W FE R, A7 /i — 2D i 9
o HAFERAZ, RFEOEIRALN R ApoB/KF
T, $enHE 2 IR § 2 2 6 107 274, 1X—
RIS /NRARR &R, FFAE & S TGAK P BTt
H—5.

18 F PPAR et 751 JE 15 DURREAT T 70, Jeie 4l
ZIN SO B It i 7K S S 3 B AT, PR R R %, 25
BT T PPARYE I B S8 AL A AR b VR B0, 55
LDAHAM L, T/ T Ffin Aof45 - HE Rev-erba
FRIKXAEZTORZT 120 #5545 B E V257, W RELE T Auf4
5 Rev-erbase Pparalf) LK, A1 DR IE L 0
Pparafi i3k R 7 B8 Ak 3 e, $0H vl =8 A Y,
PparaZZik/E ZTOM ZT12 801 Bt &, (B4E ZTOW A
REER, (EZTI20 ZRA R, 82 IEHEIR
Rev-erbo/BFikKFREAK, 30 T FFE Pparaifift, AF
W DUREXT Pparalfiifi VB FAEE K, B3 T TR () A6
Tt BRI
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AW TR 7R 1 RF SR BB /) AL B B Ry

BREGIROCANIN , 85 B0 15 5 5 F RS
YR (SCN), i T P 7 9 S0 57 25 1 ATF4, 2
S IR 2 AL 4T T PPARaH T 40 L D
fh. BB MLS A Se, MLFR S 26 1 ApoBrk T
ThEn, % (006 R LS B ALY, TR
F 536 TS5 5 /N BRI 3 5 A5 I ML P 1
IMBGELENLE.
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