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[(MHZE] BH - FERSEEEE (intermittent fasting, 1F) HeG 7" #5864 /N R BE R IGYT FIB/E M . 773k - I8 A
itk CSTBL/6) IEH /N LA R IR TR IR 47, A I/ USRS N SRR ST S X 4 5 5 B8 Jl i Mk CS7BL/6T IE
e /INERAE AN B T S0 X 5 o 2 RIS g6 /N RIS 40 S X BRAE . B HOIE R T 44 CL316243 (B3-B AR FABSZ MK a7, CL)
4. WP, IFHEG IR B IR ETEST CL 4. MEHEAYT S0/ BRSNS SR 92 30/ N B3 0] T 10038 d Al 124 d, T B (a1 24 LA & g
TR R, 152 did st/ REE AR T IR )E RS RO S I A MR B, R AR G T 414 (brown
adipose tissue, BAT) . MBI @RI 4LZ (inguinal white adipose tissue, iWAT) . [ff52 1 @542 (epididymal white
adipose tissue, eWAT) FUHFNEAEASIERRIUR &, i IR ARG L (H-E) @ UsNg i ALV R IE L 20U 4 24k, R
TS5 e R A W F . (RT-qPCR) A3 A e 7 20 2RO IR R 2 7 R IR . R JEIR DA RO i AR A 56 SE TR Ay 2
KKV, R - AT SR, IFECE CLAES T HRAEIF, Al — B il A0 /N BUA B SO F BEARILE (38 P<0.05), Wk
/N eWAT FUFIE A0 A P (0BG (34 P<0.05), {2k eWAT 5 iWAT H = PR R i (BIEBE 11 1 (uncoupling proteinl, Ucpl) F
IPET- 5 S DFFA RSV ZE 1 o (cell death inducing DFFA like effector o, Cidea) FIFik, FiHeWAT 5iWAT Hfig iR %A
Ak A 5 55 TR o 40 A 0 6 44 194 5 0 3035 % R o (peroxisome proliferator-activated receptor o, Ppara) FlHs L4 A 7K 4 1
(enoyl-CoA hydratase and 3-hydroxyacyl CoA dehydrogenase, Ehhadh) 33k (¥)P<0.05); SXFIRAAM L, TFBE CLIAHT
Tl eWAT FOATIE HH RAEAASCAYZEIN G5 (35 P<0.05) , JEsEAPIEMHRISIAI G R R IE (39 P<0.05), {H 5 HAlIF # b 22 57
TG B L EICREWRG S8, IFBA CLAHAS THAi IF, nf 3 — 20080/ eWAT FIIWAT 4l N g7 . IR iE eWAT 55
iWAT ' Ucpl #l Cidea 17535, |1 eWAT 5 iWAT W Ppara #l Ehhadh 3%3% (¥ P<0.05); SXf MM, IFIKE CLiELn]
PSR R EIE SRR, DIREGE R (33P<0.05), FFif ARG W7 iR AL A DS ZE I iy ik K (38 P<0.05) ,
A5 REEIF M 22 g2 . S5i8 - AEIEIRGYT S B E SRR IF AR LG, IF 65 Bl i Ak 3l v i iy
MR IR, (it @RI ™ SIL R R e R U S R (2 3k 5 (LW 3 % O o o 0 W 9 306 5/ T AE T JRE Ty 7 A TR
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Combined effects of intermittent fasting and thermogenic fat activation on the treatment
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[Abstract] Objective:To investigate the effects of intermittent fasting (IF) combined with thermogenic fat activation on the
treatment and prevention of obesity in mice. Methods-Male C57BL/6J mice aged 8 weeks were fed by high-fat diet for 4 months
and then used as obesity treatment models. The prevention model was conducted on male and 8-week-old C57BL/6J mice. High-fat
diet-induced obese mice and normal mice were respectively assigned into four groups: control group, alternate-day intraperitoneal
CL316243 (B3-adrenergic receptor agonist, CL) injection group, IF group, and IF combined with alternate-day intraperitoneal CL
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injection group. Obesity treatment experimental mice and obesity prevention experimental mice were intervened for 38 d and 124 d,
respectively, and they were all fed with high-fat diet during the intervention. The food intake and body weight were measured every
two days. The blood glucose was measured at the end of the experiments. The brown adipose tissues (BAT), inguinal white adipose
tissues (iWAT), epididymal white adipose tissues (eWAT), and livers were collected and weighed after the mice were sacrificed. The
effect of IF combined with CL on morphologic changes was investigated by hematoxylin-eosin (H-E) staining. The expression levels
of the genes related to thermogenesis, inflammation, and glucose and lipid metabolisms in the livers and adipose tissues were
detected by real-time quantitative polymerase chain reaction (RT-qPCR). Results-In the treatment model, compared with IF alone,
IF combined with CL further reduced the body weight and blood glucose of obese mice (P<0.05), reduced the lipid droplet size in
the eWAT cells and the liver cells (P<0.05), promoted the expression levels of the thermogenic genes uncoupling protein 1 (Ucpl)
and cell death inducing DFFA like effector o (Cidea) in the eWAT and the iWAT, and up-regulated the expressions of the fatty acid
oxidation related genes in the eWAT and the iWAT, i. e., peroxisome proliferator-activated receptor o (Ppara) and enoyl-CoA
hydratase and 3-hydroxyacyl CoA dehydrogenase (Ehhadh) (P<0.05). IF combined with CL also inhibited the expressions of
inflammation-related genes in the eWAT and the liver (P<0.05) and promoted the expressions of glucose metabolism-related genes
in the liver compared with the control group (P<0.05), but there were no significant differences compared with IF alone. In the
prevention model, compared with IF alone, IF combined with CL further reduced the lipid droplet size in the eWAT cells and the
iWAT cells, promoted the expression levels of Ucp! and Cidea in the eWAT and the iWAT, and up-regulated the expression of Ppara
and Ehhadh in the eWAT and the iWAT (P<0.05). IF combined with CL also resisted the weight gain induced by high-fat diet,
improved blood glucose (P<0.05), and inhibited the expression levels of fatty acid oxidation-related genes in the liver compared
with the control group (P<0.05), but there were no significant differences compared with IF alone. Conclusion-Both in the obesity
treatment and prevention models, IF combined with thermogenic fat activation can reduce lipidosis in the adipose tissue and
promote the expression of thermogenic genes and fatty acid oxidation genes in the white adipose tissue compared with IF alone;
however, the combined effects of them on body weight and blood glucose are superior to IF in the obesity treatment model, but not
in the prevention model.
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white adipose tissue, eWAT) M7= 4 3L K Ucpl
ik U IR BEHS I iWAT T4 SE T 15 5 DFFA FERUN
HF M« (cell death inducing DFFA like effector a,
Cidea) FNIL% N B 4 K K+ (vascular endothelial
growth factor, Vegf) Fik, fEUFRERMEFE ™. LLA,
(] B A 3 PT35S AR K-
ek R UK AT AR RE AR PV i gE
TEGE P2 BN, ARG AR T R I ) B A A T R
05 AN A TR VRGBS AL BE LV AR, HRPT
BRI E AR, R HERR UCP 7 [a] &)
RETER. FIEE|UCPI B AEAR AR 5 FIK (A
BRIk, HAREFKENRIE AL RE AL k4
JEL A A S R T RR TS B 2, FRATMR UCPL 7E
] BRPEAS B b R HOCHEVE T, Ak T UCPT IPEH],
[F) BACPE A B Y RN 2 40, I B3-1F B R R
HE SZ AR S 300 O A B FOK @ R 1D, P2 RE DA
UCP A i 5 2% AR AR BB = #4, WFRETOR (R
A el R AN CE A A . ARSI 2 A v
TRE S ACE /NS AEAL AN B b AT ) B A £ 5
%, JFREH 457 B3- L IREAEZ R S5 CL316243
TP TR, WL ] BRI A G 15 77 BRI 117 1% Ak
F IR IR TR L MBPERIE, L RALAREREF 5
AISEIN , PRR RIS IS IRYT RS IE— 2 AT
JHE R AR R TR, I UCP L 7E ) BRPEAS B e i fE
IR ERPEAE RS B3 1 IR 3R RS2 AR B AR IR IR
Hityiz AR HEER S .

1 #HEMBGE

1.1 9858

8 JEl S I CSTBL/6) /NI H 16 R A= YR
HBRA T, SCK S WA = AT UE S S SCXK ()
2018-0003. /RIS T L1 5830 K2 B Be SL 50 sh )
Bh2E 88 SPF R 000 %, MERIRIE (25+1) °C, W
50%, JFPRIE 12 hoBRE/12 h BBEEASE: . /AR SR S2 46
WITFHATIR A8 el s A miE Y, A /R
FIH PR . S5 3 il I VF Rl HIE 5 2 SYXK (7)
2018-0027,

1.2 LR AL 8%
60% =5 5 77 B (D12492) 4 [ 2% [E Research
Diets 28 /], B3-'B I ¢ % 8 52 IR ¥ 8 77 CL316243
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(C5976) W H £ H Sigma /A F], TRIzoliki| (R401-
01). &R F & (R222-01) . SEATAE 2 PCRIAF
& (Q711-02) W F 7 5t v METE LE PR B A A BR 2
A, =AM EE (10006818) . S A EE (80109228) .
75% L BE (80176961) M 7 [ 24 5 A Ak~ i A FR 2>
7], DEPCAbFE/K (B501005-0500) W E A= T4 T
& (L) Aw, SERpE R PCR (RT-qPCR) 5¥1H
ATAEYTR (BF) AREITSE M.

4 3 AR R (F6/10) 14 H EFEE
Sl kA RAR, G EHE.OHL (SLI6R) .
fiti X (Multiskan Sky) . PCR #AEFERL (2720) 1
H 2% [# Thermo Fisher Scientific 22 #), #¢ )6 E & PCR
% (LightCycler®480 II ) W H ¥+ Roche AF], )6
58 B EE (Ts2-FL) g H H 48 Nikon A A o

1.3 S8kl gy 4l

NE IR 97 5250 . T 8 JA S ik %k C57BL/6T /) BR
60% f= R TRVEHEE SR, /INEAT B IR Y, IR 4
AR EE S IEHE N BUBERY, 5225250 B L
60% = AR TRV 3% . R AT /)N BB 2 4 2 B D) s Bt AL
BN A, AR  (Cul 4l) . PR HE
JE e B CL316243 401 (CL, #) . (Al Bk P25 &4 1
(IF 4H) . [RIERPESE I A b H IE s 1 49 CL3162434H 1
(IF+CL 41), Hidl4 /N o, [alaobE 25 R B
b H AR RSN . —H AMIRE, —HAUREEoK,
lE] B HEAT, 4F4:38 d. CL, 415 IF+CL, 41/ flb@ H
(IF+CL M A MK EH) T B3-5 LR K2 ki
Bl CL316243 @ 4T, 4 0.5 mg/kg, i gt
19, SLEG I E A 2 did /b R B 5k R 2 AR
b, HE/INR 38 d N BB

RE R T )7 52 56 - BE MUK 8 J] % Ik 1 CSTBL/6T /)N
S RAd, Al xRl 2 (Cul,4H) . b HIE s iE
$F CL316243 412 (CL,41) . [IKPEEE 42 (IF,
41) . ] B AR KA PR H O B T S CL316243 41 2
(IF+CL,41), &4 5 R/, HLL60% = gk} i
Fro 44/NRAS RIS 258 T W7k 5iRYT 55—
H, THi124d. SLRHIEE 2 dids/ MR R S5 1
AR, RN 124 d R R E R

SEEE RS, WU BUR SR K M T i AR L
JH BSOS D /I BRA M) il A 2 Wik B 5 L CO, %8 Bk
IhAE /N, BUNERFAEZ4121 . BAT. iWAT 5 eWAT
HF RS W1
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Oy U E . BAT. iWAT 5 eWAT il A Ji
TRIzol i |, JF T ¥ URAF A b i e 20 21, A 48
TRIzol i 7 15 W] 45 42 B RNA, J DEPC 4b P /K % it
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Z: 2 uL cDNAFEH . 02 pL BS54 (10 wmol/L) |
0.2 wL RS54 (10 wmol/L) . 5 pL 2xChamQ SYBR
qPCR Master Mix, 2.6 pL BZE/K . RN AR FAE
95°C30s; 95°C 10s, 60°C30s, L4071, %L
P LI R 22T PO (ribosomal protein lateral

DI RNA . MR S 5% s atm) 10 W 4545 RNA S 5% 5% i
cDNA, R4 520 5 i PCRA & AL 10 L 2 B4

%1 RT-qPCR3|#57
Tab 1 Primer sequences for RT-qPCR

Gene Forward sequence (5’ —3")
Rplp0 GAAACTGCTGCCTCACATCCG
Ccl2 AGGTCCCTGTCATGCTTCTG
Cel5 TGCCCACGTCAAGGAGTATTT
1I-1b GAAATGCCACCTTTTGACAGTG
1-6 AGTTGCCTTCTTGGGACTGA
Ucepl GGCATTCAGAGGCAAATCAGCT
Cidea GCAGCCTGCAGGAACTTATCAGC
leptin AGCAGTGCCTATCCAGAA
adiponectin CAACTGAAGAGCTAGCTC
Ppara AGAGCCCCATCTGTCCTCTC
Pparg CTGACCCAATGGTTGCTGAT
Ehhadh CAGATGAAGCACTCAAGCTTG
Hmgcs?2 GACATCAACTCCCTGTGCCTG
Cidec TCGACCTGTACAAGCTGAACCCT
Srebplc GATGTGCGAACTGGACACAG
Fasn GGAGGTGGTGATAGCCGGTAT
Sedl GCTGGAGTACGTCTGGAGGAA
Dgat? GCGCTACTTCCGAGACTACTT
Gek AGGAGGCCAGTGTAAAGATGT
Pfkl TCCGCACCTACAACATCCAC
Hk2 TGATCGCCTGCTTATTCACGG
Pkm GCCGCCTGGACATTGACTC
Glutl TCAAACATGGAACCACCGCTA
Glut4 GTGACTGGAACACTGGTCCTA
Pepck CATATGCTGATCCTGGGCATAAC
G6Pase ACACCGACTACTACAGCAACAG

stalk subunit PO, Rplp0) RHNZ,
(1 mRNA AHXT #ik

KK GIMIFFIILR L,

Reverse sequence (5'—3")
GCTGGCACAGTGACCTCACACG
TCTGGACCCATTCCTTCTTG
TTCTCTGGGTTGGCACACACT
TGGATGCTCTCATCAGGACAG
TCCACGATTTCCCAGAGAAC
CAATGAACACTGCCACACCTC
GATCATGAAATGCGTGTTGTCC
TGCCAGAGTCTGGTCCATCT
CTTAGGACCAAGAAGACCTG
ACTGGTAGTCTGCAAAACCAAA
GGTGGAGATGCAGGTTCTAC
ACCTTGGCAATGGCTTCTGCA
GATGTCAGTGTTGCCTGAATC
AGGTGCCAAGCAGCATGTGACC
CATAGGGGGCGTCAAACAG
TGGGTAATCCATAGAGCCCAG
TCCCGAAGAGGCAGGTGTAG
GGGCCTTATGCCAGGAAACT
CTCCCAGGTCTAAGGAGAGAAA
GGCTGGGATGACACACATGA
AACCGCCTAGAAATCTCCAGA
CCATGAGAGAAATTCAGCCGAG
AAGAGGCCGACAGAGAAGGAA
CCAGCCACGTTGCATTGTAG
CAAACTTCATCCAGGCAATGTC
CCTCGAAAGATAGCAAGAGTAG

PA2 AR S

Note: Ccl2—C-C motif chemokine ligand 2; I/-/b—interleukin 1B; Ppara—peroxisome proliferator-activated receptor «; Pparg—peroxisome proliferator-

activated receptor vy; Ehhadh—enoyl-CoA hydratase and 3-hydroxyacyl CoA dehydrogenase; Hmgcs2—3-hydroxy-3-methylglutaryl-CoA synthase 2; Cidec—

cell death-inducing DFFA-like effector c; Srebplc—sterol regulatory element binding transcription factor 1c¢; Fasn—Tfatty acid synthase; Scdl—stearoyl-CoA

desaturase 1; Dgat2—diacylglycerol O-acyltransferase 2; Gek—glucokinase; Pfki—phosphofructokinase, liver type; Hk2—hexokinase 2; Pkm—pyruvate

kinase; Glut/—glucose transporter member 1; Pepck—phosphoenolpyruvate carboxykinase; G6Pase—glucose-6-phosphatase.

1.5 BFE SR ALSU R A RS - D2l e 4o

WOET e EIE . B D5 2H SO T B ZH 2 T
(k) &%, 28 HFRE IR A RIHE T U0 i A3t |
VI H 57 AR -4 (hematoxylin-eosin, H-E) 4eff,
FEGF 0 U N S EFIAR T L4254, TR RIS
B T MIE A . BRI/ NGE, JFARR. iz ]
Image J FA-I 55 A 17 4 M55 )1 4 B A8 o

e
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BdE % H GraphPad Prism 9.0 {4 #4743 0. %
HEPORF DL ks 3R, A1) HOBCR B ¢ 46 40 55 5 [
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R AAGIFE YL
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200 XHARBT AR R SE I S PRI R B
BRA = TG 7 TG AT RE B R PR, BRATTR AR H
A BN R IBE O CL316243 I 8 U 5 b 23 AR /)N B
(K1A) . fEEPRREMFEZMET, 5 Cul, AL,
CL Al aa T Bk, IF 45 IF+CL 4AHE
HEEW A (B P<0.05), Ui HMEEE e A 3L
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WD BRI AT /N R (B 1B) . %t
38 d T Hil e, IF, 4145 IF+CL, 4/ BUAY 4 & 45 Crl,
EFETRE (HP<0.05); SHIF4IMHLL, TF+CL 410
JHE/N R JSTHE F RSN 2 (P<0.05, EI1C). AT
i i) B A B0 7 AU 7 07 A XTI P9 A A
FATI R T /N A BENLIRE, 4588 5 Cul, 414
Fo, CL#H. TF, 415 IF+CL, 20 ¥ B W 3 M AR R B /DN
FUILEE (¥ P<0.05); 5IF 4AML, TF+CL,41BfEHLIL
BEFREENE % (P<0.05, EI1D).

A B
gObese mice fed with high-fat diet 90 -
o 801
B A lbium [ Fasting %a 2 0l
I ® 20
Ctrl, S i
%% %%
. . . . 2 w0l
CLi 2 30}
g
g 20t
17, [ | I . - < of
0
k %& %}K %; Ctrl, cL, IF,  IF+CL,
IF+CL, [ || | . -
1 2 3 4 5 6 7
Time/d
C D
60{ —e—Ctrl, CL, IF, —e—IF+CL, or
I T 7 8
55
7 ® @
T"\ T
20 50 2 6
E‘J y ?é 5 ®®
B oy4st £
2. 3 4
2 8
=]
& 40+ @ g 3
é C]
i 2
35t
, 1
®
30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ) O
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 Cul, cL, IF,  IF+CL,

Time/d

Note: A. The schematic outline of the obesity treatment experiment. B. Accumulative food intake in four groups during intervention (38 d). C. Body weight in
four groups during intervention. D. Blood glucose in four groups at the end of experiment. ©P=0.001, ®P=0.002, YP=0.027, ®P=0.005, “P=0.019, compared
with the Ctrl| group; p=0.002, compared with the CL, group; %p=0.049, “P=0.010, compared with the IF, group.

&1

B B it BE R Bk S P PR B i L X AR BN FR 4 JBR T 4 0 2

Fig 1 Effect of intermittent fasting combined with thermogenic fat activation on the body weight and blood glucose of obese mice
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SEWR R TF+CL, 2 A9 BAT T IE R & 5 R % & A
Bt 5 Curl ZUAH L T i 35 25 7, {HiWAT 5 eWAT
TR E TR (K2A) . SRR Z 5 TN
LY i T H-E e ta, 45 WoR . IF+CL, 4/
eWAT H1 iWAT JI 7 40 i B BH /)y, eWAT Hh 465
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eWAT iWAT BAT Liver
301 61 6r
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E E E =
= oy, = oy
= z z 2
g g3 g R
o o o o
e 3 2 e 32
2 2 Z 2
= e ! = gl
0 1 - 0 0 0
Cul, CL, [IF, [IF+CL, Ctrl, CL, IF, IF+CL, Ctrl, CL, IF, IF+CL, Cul, CL, IF, IF+CL,
B
Ctrl, CL, 1F, IF+CL,
h
<
3
(5]
=
<
z
g
m
o)
.z
3
C
140 - eWAT 140 iWAT BAT 40+ Liver
E 120 120 . 35
g g 30
< 100 <100 32
3 3 225
A E 520
;D 60 ?ﬂ 60 E,) s
< [ <
§ 40 § 40 §10
< 20 < 20 < 5

Ctrl;, CL, IF, [IF+CL, 0 Ctrl; CL, IF, IF+CL, Ctrl;, CL, IF, [IF+CL, Ctrl; CL, IF, IF+CL,

Note: A. The relative weight of eWAT, iWAT, BAT, and liver in the four groups. B. H-E staining of eWAT, iWAT, BAT, and liver sections in the four groups
(%x100). Scale bar=100 pm. C. The average diameters of the cells in eWAT, iWAT, BAT, and liver sections in the four groups. ®P=0.009, ®P=0.025, ®P=0.012,
©P=0.000, “P=0.002, “P=0.001, compared with the Ctrl, group; “P=0.000, ®P=0.020, "P=0.010, compared with the CL, group; “P=0.000, compared with
the IF, group.

B2 [EEREEERERE AR B E AL 3T BE AN BR RS A A0 AT AR 4B R BE A U AR B B

Fig 2 Effect of intermittent fasting combined with thermogenic fat activation on fat deposition in the fat and liver tissues of obese mice
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Fig 3 Effect of intermittent fasting combined with thermogenic fat activation on inflammation in the fat and liver tissues of obese mice
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Note: A. The expression of thermogenic genes in the eWAT analyzed by RT-qPCR. B. The expression of fatty acid oxidation genes in the eWAT analyzed by
RT-qPCR. C. The expression of thermogenic genes in the iWAT analyzed by RT-qPCR. D. The expression of fatty acid oxidation genes in the iWAT analyzed
by RT-qPCR. “P=0.019, ®P=0.008, "P=0.017, ?P=0.001, ®P=0.025, “P=0.000, *P=0.042, “P=0.016, “*P=0.007, ®P=0.036, “P=0.031, “P=0.013, “P=
0.046, ®P=0.037, ®P=0.002, compared with the Ctrl, group. “P=0.004, ®P=0.037, #P=0.003, compared with the CL, group. *P=0.010, “P=0.002, “P=0.003,
©P=0.049, P=0.037, ®P=0.000, ®P=0.001, compared with the IF, group.
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Fig4 Effect of intermittent fasting combined with thermogenic fat activation on metabolism of white fat tissues in obese mice
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Note: A. The expression of fatty acid metabolism genes in the liver analyzed by RT-qPCR. B. The expression of gluconeogenesis and glycolysis genes in the
liver analyzed by RT-qPCR. “P=0.008, ®P=0.006, ®P=0.037, *P=0.013. ®P=0.024, ®P=0.002, “P=0.001, ®P=0.000, ®P=0.020, *P=0.012, “P=0.036, “P=
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Fig 5 Effect of intermittent fasting combined with thermogenic fat activation on glucose and lipid metabolism in the liver tissue of obese mice
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Note: A. The schematic outline of the obesity prevention experiment. B. Accumulative food intake in four groups during intervention (124 d). C. Body weight

in four groups during intervention. D. Blood glucose in four groups at the end of experiment. ©p=0.015, *P=0.038, compared with the Ctrl, group; 2p=0.023,

©p=0.045, compared with the CL, group.
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Fig 6 Preventive effect of intermittent fasting combined with thermogenic fat activation on high-fat diet-induced obesity and hyperglycemia
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Note: A. The relative weight of eWAT, iWAT, BAT, and liver in the four groups. B. H-E staining of eWAT, iWAT, BAT and liver sections in the four groups
(x100). Scale bar=100 wm. The arrow indicates the crown-like structure. C. The average diameters of the cells in eWAT, iWAT, BAT, and liver sections in the
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©p=0.016, compared with the IF, group; ©p=0.000, “P=0.005, compared with the CL, group.
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Fig 7 Preventive effect of intermittent fasting combined with thermogenic fat activation on high-fat diet-induced fat deposition in the fat
and liver tissues

JOURNAL OF SHANGHAI JTAO TONG UNIVERSITY (MEDICAL SCIENCE) Vol.43 No.9 Sept. 2023



R 9, IS CO5% £ SR (A N BUERE(EAaEE | 1141

Cel2 Cels 1I-1b
14
° ° ° o)
5 5 5 5
cl= < < <
<|& z z z
Z|E £ E E
(] (5] (] (]
2 E E E
g g g g
© o) ° ©
2 =4 =4 2
0
Ctrl, CL, IF, IF+CL, Cul, CL, IF, IF+CL, Ctrl, CL, IF, IF+CL, Ctrl, CL, IF, IF+CL,
Cel2 Cels 1I-1b 11-6 B
25 ¢ 1.6 ¢ ¢ 1.6 . 127 .

Liver
Relative mRNA level
Relative mRNA level
Relative mRNA level
Relative mRNA level

0 0 0
Ctrl, CL, IF, IF+CL, Ctrl, CL, IF, IF+CL, Ctrl, CL, IF, IF+CL, Ctrl, CL, IF, IF+CL,

Note: A. Inflammation genes in the e WAT analyzed by RT-qPCR. B. Inflammation genes in the liver analyzed by RT-qPCR. VP=0.024, ®P=0.028, ®P=0.010,
©p=0.040, *P=0.039, compared with the Ctrl, group.
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Fig 8 Preventive effect of intermittent fasting combined with thermogenic fat activation on high-fat diet-induced inflammation in the fat
and liver tissues

A B
Ucepl Cidea eWAT
160 r 0o6) Br m Ctrl,
140 o CL,
120 g T20¢ CE olIF,
3 3 3 B IF+CL,
z . 5
z v : :
o 60 1% o 10F
2 R 2
= 40 Z 5
& 20 & el i
Ctr, CL, [IF, IF+CL, Ctrl, CL, [IF, IF+CL, leptin adiponectin Ppara  Pparg Ehhadh Hmgcs2  Cidec
C D
Ucepl Cidea iWAT
m Ctrl,
900 14 oD o CL,
5 800 ) D12 B FCL
153 o B
£ 700 g £ :
< 600 < <
g 400 2 2 6
£ 200 E .,
2 200 2 &
100 2
0 Ctrl, CL, IF, IF+CL, 0 Ctrl, CL, IF, IF+CL, 0 leptin adiponectin Ppara Pparg Ehhadh Hmgcs2  Cidec

Note: A. The expression of thermogenic genes in the eWAT analyzed by RT-qPCR. B. The expression of fatty acid oxidation genes in the eWAT analyzed by
RT-qPCR. C. The expression of thermogenic genes in the iWAT analyzed by RT-qPCR. D. The expression of fatty acid oxidation genes in the iWAT analyzed
by RT-qPCR. “P=0.000, *P=0.003, ®P=0.019, “P=0.001, ®P=0.002, *P=0.006, "P=0.004, ®P=0.014, ®P=0.008, “P=0.007, ®P=0.029, “P=0.021, “P=
0.024, *P=0.023, ®P=0.042, compared with the Ctrl, group; ?P=0.001, ®P=0.000, *P=0.006, “P=0.020, ®P=0.041, *P=0.005, ®P=0.010, *P=0.003,
compared with the IF, group; ¥p=0.012, compared with the CL, group.
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Fig 9 Effect of intermittent fasting combined with thermogenic fat activation on metabolism of white fat tissues in mice on a high-fat diet
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Note: A. The expression of fatty acid metabolism genes in the liver analyzed by RT-qPCR. B. The expression of gluconeogenesis and glycolysis genes in the
liver analyzed by RT-qPCR. “P=0.025, ®*P=0.010, *P=0.001, “P=0.002, ®P=0.000, “P=0.026, “P=0.040, *P=0.021, *P=0.011, *P=0.020, "P=0.005, “P=
0.031, ®P=0.018, *P=0.017, ®P=0.008, “P=0.022, compared with the Ctrl, group.
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Fig 10  Effect of intermittent fasting combined with thermogenic fat activation on glucose and lipid metabolism in the liver tissue of mice

on a high-fat diet
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