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[ Abstract ] Objective  To explore the mechanism by which docosahexaenoic acid ( DHA ) inhibits the
accumulation of adipose tissue lipid in high-fat diet ( HFD)-induced body weight gain in C57BL/6 mice. Methods
Animals were fed a control diet (C57BL/6 C group), a 45% HFD (C57BL/6 H group) or 45% HFD with 0.2 ¢ DHA
(FAD3C) or 0.4 ¢ DHA (FAD3H) per g of food for 20 weeks. Resting metabolic rate was measured at 19 weeks. Visceral
adipose and brown adipose tissue were collected for RNA extraction. Lipogenesis-related and fat browning-related gene
expression was detected by quantitative PCR. Results A HFD significantly increased (P < 0.05) body weight, body fat,
and serum leptin and triglyceride (TG) levels in the C57BL/6 H group compared with the C57BL/6 C group. DHA
significantly decreased (P < 0.05) body weight, fat mass, and levels of serum leptin and TG in the FAD3C and FAD3H

groups compared with the C57BL/6 H group. In visceral adipose tissue, DHA significantly downregulated the expression of
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lipogenesis-related genes, including the CCAAT/enhancer-binding protein, peroxisome proliferator-activated receptor-y,

and sterol regulatory element-binding protein-1C in FAD3H groups compared with the C57BL/6 C group (P< 0.05). In

visceral adipose and brown adipose tissue, DHA supplementation significantly increased (P< 0.05) the expression of fat

browning-related genes, including uncoupling protein 1, and peroxisome proliferator-activated receptor coactivator-la in

FAD3H groups compared with the C57BL/6 H group. Conclusions DHA may be used to combat obesity by regulating the

resting metabolic rate, levels of leptin, fat and TG, and the expression of browning-related and lipogenesis-related genes.
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FEH RIS, £ 5 AE 4 A - B4 20 2 185 o, 2 1 240
M ER 6 (1L-6) , iR IR SE [ 5 (TNF-o ) , FlIE 3R
(Leptin) o 1 HT 28 P 5 19 43 Wb sk 20>, 40 Jig K &
(adiponectin) 412 10(1L-10)"" . HET n-3 K
HENRWIMRAS )2 1Y G0, P 2 P98 R W n-3 Kk
NEWIR (n-3 LC PUFA) WM REIEH A i, Fe 2 —
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PRI AHE S0 1) R SR A T A FH . b, i
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20 g HJ5,50. 91 g KL EY,5.5 ¢ EITE,
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DHA 47, A HEE MK, Bra SCm Ve g
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Shor a4 A IR 45% kel BYIH CSTBL/6
/N (n=8) (C57BL/6H) , 1M 10% keal £ %) 114
C57BL/6 /N (n=8) (C57BL/6C) , T M 45% keal
I DHA £29) (9 bl , 45 260 Z 5075 50 258
(") DHA) (n=8) (FADC) 5/l DHA &4 (&% im
B, B 260 2 5 & 100 Z A DHA) (n=38)
(FADH) , 34w 3% 20 Jil, &bSE 2 ¥ Jm B wa il s
IV 4 0 1 € JI 7 2L 2RI B oA B AT R DS
112 FEAER A

HL - R (FR 2 AT 7)) B0 L ( Eppendorf ) |
R 1 ( FOXBOX, Sable Systems International Inc,
Las Vegas,NV,USA) , fftiz 5 453 6O BT ( Thermo
Scientific Nano Drop 2000c¢) , PCR 1% ( ABI Veriti 96
well Thermal Cycler) , SZHf %€ 1 PCR {2 ( ABI7500)

PrimeScript'™ RT reagent Kit with gDNA Eraser
(Perfect Real Time ) {7 & (575 RR047 A, TaKaRa
/N F], Japan) . RNAase free H20 , RNAiso Plus Total
kit( 555 9109, TaKaRa /A 7] , Japan) .

1.2 FHiE
1L.2.1 (REMEE

K 8:00 — 9:00 AL T KF-F i 3y ) (A e
(KETE) 0.1 g) . BYIRAKHE YAk E,
SHTFUG PR B S W) AR G I B A 2 6% 1Y 1]
B, 3 d s TARREIE] (B4 08:00 — 09:00) FR
HEYERE, BYHEFXPREFH 3 0.001
g)o 2 h FEEYHA = (REHEY - FMRrE
1)/3,

1.2.2  Fr1EARIEPR (resting metabolic rate, RMR) F
i 5E

KT AAC G T E . FESE 37 JAIE
RMR, /I RMR & i 52 29 (30 + 0.5)C [
PERREEX (27.5 ~ 32.5)°C ], s (e I A QR Al
FEAREEE, e P W 3 N AT A A0 5 19 8] (24 2
h) FEYOK AR A HE L, 3 A5 B 5 BBk
R IEACHER (RMR) o 0 B4 2l 0 s AP I =
(1.4 L) [ RAAAEFRAE AL (30 £ 0.5) °C ]
FE 2 h, E AT S #3317 25 R Baseline Ml &, SR H

(FR =235 i # (mL/min) , Fi = #F APPIK % 22
RIS (%) , Fe = IR 2 3 A 22 U

(%)) ( http://warthog. ucr. edu/WartHogPage/
respirometry.html ) 58 RMR, HUERT, B30 %S
T8 B FARAE A 4B (5 min) /E 8 RMR BI(E, I
JE i Je SRR B SRR (T R RR IR 0. 1
).
1.2.3
7

JB 5 2 (1845 10 - 1132 - 01, Mercodia 23 ],
Sweden) J8 % (175 ab100718, Abcam, USA ) FlH i
=HR(TG) (585 226900, Abcam 2 H], USA ) /)N i
ELISA 1250 & 47 00 2, 7 4i (9 #:7E 20 3R = R
ELISA 2GR & th il W BaEAT . RO T3
K, MR AR v th 2 B 45 5 R o I T SR R
R = ERA R A,
1.2.4 &R PCR

RNAiso Plus Total kit ( Takara, Japan) $2 51 {4
g 10 F1A8 (U 1 1) 5, RNA | 2% 45 1L cDNA , PCR i
H PrimeScript RT Reagent i3] & ( Takara) ¥ 3454
(WL# 1), & PCR ¥ H47E Stratagene & i PCR Y
(Stratagene, USA) F 47, PCR 1Y [ B AR 5
6.25 pL. 2 X SYBR® Premix EX Taq" master mix
(Cat. NO. DRR041D,TaKaRa, Japan) ,1 wL cDNA
A 0.2 wmol/L 514, RIVFRFH:95 C 10 5595
C 55,60 °C 20 5,72 °C 20 s, AT 40 HA
278K RT-PCR S50 43 BT 45 56 IR 3R 34 (9 A8
X2 AACtEA LI T A5 AACL = ( Clyyep -
Cleappn ) ssma ~ ( Clygsepg -Cloappn ) RPRELH LA R
IRIKAP B AR ACA T T2 2R Y FE R R Rk KT 22
g =27

£ 1 LEHER PCR ATARERESHS 1Y)
Table 1 Gene-specific primers used for Real-time PCR

[ & % 9 K (Leptin) A1 H i = 8 (TG)

S 514 FFFI(5-3")
Gene Primer Sequence 5’ -3’
F CGTCCACACGGAAGAGCGTGA
PRDM16
R TGGAGGTTGCTGGGGTCCGT
CERP F CCAAGAAGTCGGTGGACAAGA
« R CGGTCATTGTCACTGGTCAACT
F TAGAGCATATCCCCCAGGTG
SREBP1 R GGTACGGGCCACAAGAAGTA
PPAR F TACTGCCGTTTTCACAAGTGC
« R AGGTCGTGTTCACAGGTAAGA
uePl F CCAAGCCAGGATGGTGAAC
R CCAGCGGGAAGGTGATGATA
CADPI F GCAAGTTCAACGGCACAG
R CGCCAGTAGACTCCACGAC
F CCGAGGGCTTGTCATCA
PPARy
R GGGCAGCTGACTGAGGAA
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1.3 SitZESH

P AT B N SPSS22 Se itk ik AT g it 22 4y
Mro BT A il 4 it 53 #r Z 00, 8 Kolmogorov-
Smirnov and Levene tests #o: J Z 4 %) 55 V£ Al IE 25 43
i, A BRI EE R ZE (& +5 )RR,
AT T & AT A7 & ) 18 R A 8 &2 0 £ ( repeated
measurement analysis ) , 1.3 25 5 7 — 2 R WA &
77 225307 ( Two-way ANOVA) , 41 [8] L3R H Turkey
HSD 73041, RMR W5 H i =8 555 2 | Leptin |
PPARy .PPARa ,CEBPa,SREBPl1c, Prdm16 , UCPI
PGCla KW 2R J7 2253 H7 (Two-way ANOVA) , 4
] AR ] Turkey HSD 2347, P< 0.05 KR 2 5%
BAG R,

2 #HR

2.1 HEEBYBANENMFHIEREE(RMR) UK
Hil =05 (TG) #JE = ( Leptin) K £

St AL RS |, C5TBL/6 H 2H iy 1A E L Ho A
34/ ARE B B3 (P < 0.01),1fii FAD3H (¥
RE 5 CS7TBL/6C MRTE A 225, W HIE Y
HIEA 25, C5TBL/6 H s HA M E R R
v T HAM 3 41 (P< 0.01) ,FAD3 H ZHAY G & &
B EMKT FAD3C 1 C57BL/6H, (P< 0.05) ,{B}E5
C57BL/6 C 4H¥A W i 25 5, X SEBHE R W] 45% 1Y
FIREE YA S CSTBL/6 /N BUA T KIS 14 fin, DHA
FEARE IS B 0% S 1Y CSTBL/6 /N LB & AR )R
FIXEIN . T RN RE VS A, I T A A A 1R AR
W%, CSTBL/6 H 4L Ik % i 2 B AIK, FAD3
H AR R (P< 0.05) (£ 2) . IXLE45RES
7k DHA 7] LI 3 fin FAD3 H ZH AR 1A% | 38
hnfig s, TR = iR & %155 CSTBL/6 /MR
SSRGS

JHFAEH- il = BEHE C57BL/6 H 2H#% &, FAD3H
il = Je ke B K (P< 0.05), 5 H A ZH A B,

C57BL/6 H AR R & mEU B2 (P< 0.05),
Hf =gz TR, (£2)

2.2 HAfaf Y%At UCP1, PGCla, PRDMIG,
PPARq, PPARYy, SREBP1c #1 CEBPa mRNA HY
FRi&

TEF A 2 C57BL/6 H 4H 5 Wi 40 4k B 7
PGCla ,PPARY . SREBPIc l CEBPa ) mRNA fi)5%
NI T HAL =41 (P< 0.05) , K57~ C57BL/6 H
ZH AR Y 1 hn AT Be 55 A DG BE D7 4 A R B 3R A 4
A 5 ;FAD3 H 41 PPARy SREBP1c F1 CEBPa 1)
mRNA AYERIE ] BALT H A =20 (P< 0.05) , 6B
DHA 7] DAFEAIRIX 28 5 15 73 fL R+ 1 mRNA 7K, 1
RRARA WS K PGCla f9 mRNA 35 i i
TFTHAb =4 (P< 0.05), C57BL/6 H #41 UCP1 ¥
mRNA AU AL T HAth =21 (P< 0.05),UCP1
A BRICHE X 45 R s R i S
/. FAD3 C ZH71 FAD3 H Z4 /) UCP1 %) mRNA
FIR U B T C57BL/6 C 411 C57BL/6 H ZH (P
< 0.05), FAD3 H #H1 Prdm16 %3 m T HAh =41
(P<0.05), PPARa [JRiE 4 Az, (K1)
2.3 # fa4A 4HF UCPl, PGCla, PRDMI6,
PPAR«, PPARYy, SREBP1c #1 CEBPa mRNA £y
Rk

TER g D742, C57BL/6 H ZHEN 431k IH T
PPARy 1) mRNA %)k Bl i & T HAfh =41 (P<
0.05) ; FAD3C #1 FAD3H [ PPARy [ mRNA J3Rik
i T C37BL6C(P< 0.05), Fi#,FAD3 C 41/ FAD3
H 41 SREBP1c ) mRNA FiA# B 5 T C57BL/6 C
20 C57BL/6 H 40 (P < 0.05); C57BL/6 H 41 )
SREBP1c ) mRNA ik, C57BL/6 H 4/ Prdm16
() mRNA I 25 T HAth =41 ( P< 0.05) ,FAD3 C 41
Ml FAD3 H 4 ) Prdml6 £ mRNA B & &= T
C57BL/6 C # {B{%T C57BL/6 H 41 (P< 0.05) , i
FAD3 C 41411 FAD3 H 41 Prdm16 i mRNA %4

2 DHA X iy CSTBL/6 /)N AE it A A 5
Table 2 Effects of DHA on energy and hormones in C57BL/6 mice induced feeding bywith high fat food

45 (LN Jig iy IS JHREH i = A5 e
Groups Body weight (g) Body fat(g) BMR[ mlO,/(g-h) ] TG (mg/dL) Leptin( pg/mL)
C57BL/6C 30.23 £ 1. 14 0.74 £ 0.19 1.02 £ 0.06 29.93 £ 5.17 650.20 + 152.92
C57BL/6H 45.38 + 1.49~ 3.90 £ 0.29° 0.54 +0.05" 63.74 +£9.22" 1258.61 + 147. 67"
FAD3C 35.72 £ 1.20 2.61 +0.72% 1.01 + 0.07 44.84 + 5.21* 343.95 + 64.51
FAD3H 31.39 + 1.37 1.06 £ 0. 15 1.37 = 0. 16* 25.06 £ 2.77 312.01 £ 65.66

RN S A 4R R B P< 0.05,4 KR CSTBL/6C Al FADSH A 225, P< 0.05, (FIEIR)
Note. *** indicates significant difference from the other three groups.” Denotes difference from C57BL/6C and FAD3H, P< 0.05. ( The same in the

following Figures)
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725 FAD3H 401 PGCLa 1) mRNA % ik fx &1,
C57BL/6 H 411 FAD3 C 41 PGCla i) mRNA 3
iKE T C57BL/6 C 41, fH2{KT FAD3 H 41 (P<
0.05), It4h,FAD3 H 41 UCP1mRNA ik B i /=5
TFHAL =4 (P< 0.05), (K 2)

3 e

DHA /E 4 n-3 LC PUFA (9 £ Bz —, &
PR AT 5 0 3 PR 36 58 1 A= 0 S PR AR A 0 1R 4
PR FIET R YF 2055 R W1, DHA 7] GBS
BRIGFL R AT ST & Blam i & T Wi vk, B
TV IS B AKD 38 DHA Y746, i) [ C57BL/6
NERE AR EYIE SR ER I, PR 4R BoR
C57BL/6 /N A W = R B )5 5 44 9 e 1 L R A
KM FE R  ME AR LA K I T H il = A R A 43
WA IR R AN R = AR BT T C5TBL/6 /)
SUAORE R, TRV, kAR R BB R, M A
S D, SR, CSTBL/6 /)N B M v IS £ W A
DHA J5 # IR B B3 5, 578 CS7BL/6 /N

RS nGe S BRI EE . DHA S20m 5 7 2 B
— ANEHETTF R R IR R RIS, L,
ASLEFGE T DHA 2 75 38 i 4710 461 B 105 43 A6 - 1
TR ARAMBIIRIIR R

JE i A B2 T R 1 4 L ) A B 7 240 M 53 £k
(R B 105 o A TR - 22 3R 18, 5 30 8 05 i 1Y)
FHZ . PPARy Hl SREBP1c 788 5 T AR i e o A
FHIEE SR U ARWF T 45 R R W7 4 Al 2
th, C57BL/6 H 4 5 Wi 77k K ¥ PPARy, PGCla,
SREBP1c 1 CEBPa i mRNA HYZEik 3w T % I
H, KW= EYIA BN R 25, 5XE
ZH(C57BL/6C) \FAD3 C 4 Fl i iR 4H ( C5S7BL/6H)
FI, FAD3 H #H 1% PPARy.PGCla, SREBP1c #l
CEBPa ) mRNA (335 W E FEAIL, U8 DHA 0] LA
AR D7 0 A K i e ik, DT sk 20 g i AR 22, i
H DHA WMEFIEA R IKHIE, X 5ES&ATE
RP e — 30 @ iE S 4 b 6 RS
PPARy F1 SREBP1c ik i 38, 15 M IR 29
1 n-3 PUFA Ji7 PPARy il SREBP1¢ FiA i & 41K,

120
100 g .
Bt 1 Cs7BL/6C
£o80 i T 4
ﬁg 60 C57BL/6H e
< o 3
z g 407 ™ FAD3C ; M
% 204 ] ¥
1%1 g = FAD3H &
g _ . .
K2 107 i : ¥
£z 87 ¥ |
g _ | '
oI 6 1 B |
= g ] III II
gz 4 | * i !
o £ | i i i
€ 24 1| & é 3t ] & ﬁﬁ i N
0 ﬁ:-:-:l'l = [lmm i £ 5 A P :=:=|I' il :::=IFTIP. ﬁn’fnll-
PPARy PPAR« CEBPu SREBPIc Prdm16 PGCla uCP1

B PUZ ARSI U A R T RZRL A S RUIE R Y mRNA 25

Figure 1 mRNA expression of adipose differentiation factor and mitochondrial synthetic gene of white adipose tissue in four groups

100 . )
80 | l
- o C— CS57BL/6C
A 60 i
ﬂﬁua C57BL/6H 4
Z 5“7 # o
2704 AR HIER 1t L
WE o, s E= FAD3H . _ : *
23 . i i }
5% o] h ¥ | ¥
o ! ! N
i i I " i
®3 14 ﬂ i ’l‘ ¥ ¥ i i
R ERRE ﬂ < HE | [LE (1
0 H Iﬁ == i) wlm rﬁl.' il N L]
PPARy PPARa CEBPa SREBPIc Prdm16 PGCla
B2 Wi s th B R R A B3 ) mRNA f255

Figure 2 mRNA expression of adipose differentiation factor and mitochondrial synthetic gene of brown adipose tissue in four groups
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e €6 i I 4 ORI 1 €5 1 7 2H 21 4 e Ak Rl DA
Hehnge S A S E AR AL, AR
w1 €0 20 B EL A 5 B AR R K, R R A B
AV SPER A UCPL A1 PGCLa' ™ ABF5E
Hiw I IS &0 9 A1 DHA J5 , FAD3 C 201 FAD3 H
2H U 5 A g T T UCP1 363k e Rl e g
Yy C57BL/6 H 2H 0 38 0, W57~ DHA 7] RE 8 o 3
I € 177 2L 220 4 €0 Ak R €00 200 L ) 5 A 38
Inee RS, T BEAR AR A G, SR, S A
s il 2, B IR B ¥ % B PPARy F1 PGCla
mRNA BFEHEHN, {H 2 Prdm16 mRNA B4 {Tf72s
1k, 1B/ DHA Hi4#] SREBP1c mRNA % ik, /R
BT PPARy fll PGCla ¥ 75 UCP1 1Y 3 ik LIAb,
SREBPlc WA REZ 5 T UCP1 £k iE 1, H
H oM ORI H A, S iR B Y T 3 PPARy Al
PGCla mRNA H93RIA¥E N, {H/2 UCP1 mRNA ik
A MUE , SREBP1e mRNA FAPEREAL, iF—2P
UESE T A S 86 [ @ g A 20 B 45 R, KSR
SREBP1c AJBEFE UCP1 ik Ry iy il s E/EH

M2 RIFIT 45 R DHA 1T DIRR(R S IR
VR AT 38 0, 38 2o B AR AR 107 2E BUE ] PPARY,
CEBPa Fll SREBP1c 335, 3 1 €5 5 i 48 £0. 4k
B PGClo F1 UCPT ik, 34 fin i 1 A 8 2%, DA
B nBE R S AR E FARNE
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