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Effect of dietary fatty acids on hepatic and blood fatty acid profile and
metabolic associated genes in obese mice
FAN Rong, HUA Yinan, SHEN Jingyi, LIU Ziyan, KONG Weijuan,
ZHANG Meng, XIAO Rong, MA Weiwei
(School of Public Health, Capital Medical University, Beijing 100069, China)

Abstract; Objective The aim of this study was to determine the effects of dietary fatty acids on hepatic and blood fatty
acid profile and metabolic associated genes in obese mice. Methods Eight-week-old male C5S7BL/6 mice were randomly
divided into 7 groups with 10 cases in each group including control group, long-chain saturated fatty acid ( LCSFA) group,
medium-chain saturated fatty acid ( MCSFA ) group, n-3 polyunsaturated fatty acid ( n-3 PUFA ) group, n-6
polyunsaturated fatty acid (n-6 PUFA) group, monounsaturated fatty acid ( MUFA) group and trans fatty acid ( TFA)
group, fed with normal-fat diet ( providing 10% of total energy), lard high-fat diet, coconut oil high-fat diet, linseed oil
high-fat diet, soybean oil high-fat diet, olive oil high-fat diet and 8% hydrogenated soybean oil high-fat diet respectively for
16 weeks. The fat-to-energy ratio of high-fat diet was 45%. The total energy of all diets was the same. After being fasted for
12 hours, the mice were anesthetized and the liver tissues were collected. Fatty acids composition in liver and blood samples

were analyzed by gas chromatography. Real-time polymerase chain reaction (PCR) were used to measure the expression of
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hepatic and blood fatty acid metabolic associated genes. Oil red O staining was carried out to assess the hepatic lipid
accumulation. Results Compared with the control group, significant hepatic and blood lipid accumulation were observed
in the LCSFA, MCSFA, n-6 PUFA, MUFA and TFA groups. The n-3 PUFA group had less hepatic and blood lipid
accumulation. Compared with the control group, the contents of total PUFA and total n-6 PUFA in the LCSFA group were
significantly increased. The levels of total n-3 PUFA and total PUFA in the hepatic and blood of n-3 PUFA group were
significantly rise up, but the content of total MUFA was significantly decreased. The levels of total n-6 PUFA, total n-3
PUFA and total PUFA in the n-6 PUFA group were significantly increased, but the contents of saturated fatty acid (SFA)
and total MUFA were significantly reduced. The content of total SFA in the MUFA group was significantly decreased. The
C18 : 1 n-9t (TFA) content in the TFA group was significantly increased (P<0.05). The expression level of hepatic
fatty acid metabolism gene sterol regulatory element-binding protein-lc ( SREBP-I¢) mRNA in the LCSFA and MCSFA
groups were significantly higher than those in the control and n-6 PUFA groups (P<0.05). Conclusion The fatty acids
composition in mice liver and blood changed in accordance with dietary fatty acids pattern. Different types of high fatty

acid diet could affect hepatic lipid metabolism and accumulation under obesity by regulating the expression of related
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genes.
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U5 AR ZE LT 975 2 04 B , 2 B Ol MILAA g 1y 2 i
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ACCI) (i ALYy i 1A 386 FR TG S2 A v S0 Y 1
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tivator-la, PGC-1a) L) N 8 Wi R & A [ ( fatty acid
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LT EEMARS5EF

GC-2010 AR 35 A (BF AT & KM B 7 A A
2 H 7% Shimadzu) ,SP-2560 4045 €4 3% 4% (100 mx
0.25 mm,0.2 pm, 3 [# Supelco) ,PTC-0200 A DNA
Engine ® Peltier Thermal Cycler # ffF ¥ 1% . CFX
Connect " 92 5 I A W 5% 20 W (PCR) K R
i34 [ 92 15 Bio-Rad, CRYOSTAR NX50 #1 yk 5 1]
A HL,LEICA 819 ®Y) / J1, #3k A .

/IS BRUH I -3 R B0 & ( glyceraldehyde-3-
phosphate dehydrogenase, GAPDH ) 2 [X N £ 5| ¥ M
PPARo . FASN . SREBP-1c [ ACCI . PGC-1a H [H &
I i B T AR TR R A SRt 2R
RNA $2 B0 & (3 [ Promega) , 3% # 3¢ ] &
(T8 Thermo) ,SYBR R & &t PCR 5| & (£
KAPA) ,4583 5 £ U] | i B (OCT) 4 48 5 ( 3
Sakura) ,G1101 [ & ¥ .G1016 {21 4 i . G1004 75
AREJW .G1005-3 /34 . G1005-4 1% ¥ ik . G1402
e e = R R e [ R ZE A R AR ) B RCA RR
2w, 57-50-1 JEBE, 0.9% S Ak gh, B BE-£ Tt K
(10:1,V/V,20 mmol/L) , —:HUT 3 H B , 6% bk ik 4
W, EC b,

1.1.2 sCE63hY

R 8 Ji % B M JC RF E e 5K (SPE %)
C57BL/6 /NERL 70 H, P-4 BT i 25 g, i db 5t 4kl
FIAE S5 3 W) H AR A PR 2w g At A2 P2 VR TR S
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DTFA 4 . W8 8% Sk K S s I ikl 16 A, i A
T A 2 o b s R B S A A B D A AR

NI 16 A5 A5 12 h B/ R &
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Table 1 Compositions of nutrients in different diets
5y Xt e 21 LCSFA 41 MCSFA 41 n-3 PUFA 41 n-6 PUFA 41 MUFA 41 TFA 41
T 25 14 800. 0 800. 0 800. 0 800. 0 800. 0 800. 0 800. 0
L-Joe 42 1% 12.0 12.0 12.0 12.0 12.0 12.0 12.0
TR TER 1 808. 8 291.0 291.0 291.0 291.0 291.0 291.0
3 RS 300. 0 400. 0 400. 0 400. 0 400. 0 400. 0 400. 0
iR 691.2 691.0 691.0 691.0 691.0 691.0 691.0
oY% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
i 180. 0 1.823.0 0.0 0.0 0.0 0.0 977.0
BBl 0.0 0.0 1823.0 0.0 0.0 0.0 0.0
7R 0.0 0.0 0.0 1823.0 0.0 0.0 0.0
K E 225.0 0.0 0.0 0.0 1823.0 0.0 0.0
S I 0.0 0.0 0.0 0.0 0.0 1823.0 0.0
ARG 0.0 0.0 0.0 0.0 0.0 0.0 846. 0
T RIRA! 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AR A5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ik RS 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P R 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4rEZIRE 40.0 40.0 40.0 40.0 40.0 40.0 40.0
A1 TR AU IR 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mg 4057.0 4057.0 4057.0 4057.0 4057.0 4057.0 4057.0
1.2.2 JHHEMEL O Je s 1.2.3 SR 05 o A D P e % 1 3 Big 175 18 7K ~F-

P N e A e e o S S s £ 9 1
HEVB T RIGHE 4 CIEE T A 15% FEREZ
FRUURJGTE 4 CIREE T 55 A 30% 55 45 75 8 4 B K
R . KWK B BT UE T OCT 40 1 5] [#] 52 5 1T
PR AL i VKR V) R WL 45 R 8~ 10 um 11y
VKR F AR AE T -20 C, Y38k O & F
SR TS B VKR Y R A 8 52 W B 52 15 min,
F K ok J5 T 5 QT 2T e ok R I 55 o Ot
Je  RAET O Yei Yt 8~ 10 min, FHIZE MK wh vk 5
O 5L AT 75% W5 K5 , T FH 25 48 K ohvk
B RUEM @R ARG A R R Y 3~
5 min J5 , 2838 A kK #h P-4 A0 4 k- F R K b
WML Je o FH AR W 1 A7 3R W, I K oh ik s B
AeHmBKREFRE TR, & LSRR EER
flBE N E S

HUFIELH U A 0.7 ml 0. 9% S Ak 4h A Wi, &)
U100 wl 233 W, A 2 ml 20 mmol/L H [ig-
SR (101, V/V) GBS A 2 wl AT £
i3 ;100 C/K 1 h; fim A 5 ml 6% Bk R £ ¥ i Al
150 pl IEC &, IR Z R 21 ;4 C 3 000 r/min &
£ 15 min(22 200xg) 5 W B b 2 0 & % 7 4r FH T
W 5E

3% - SP-2560 I E 414 % FE (100 mx0. 25
mm, 0.2 wm) 5 K45 S S0 B AR AR I 3% IR N
280 C, SEHEZRIE R 270 C 8 Eaim A, 7
TR 100 1, HEAEAR B 1wl B2 Y TH IR W0 46 IR
FE 100 °C {45 13 min; L 10 °C/min [ R FHE 2
180 °C #£%Z 6 min; LA 1 °C/min [y 3£ F F}1E F 200 C
A4 20 min; LA 4 °C/min {3 R TR = 230 C R
15.5 min J5 K045 .
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1.2.4  SEAF28t e 5 PCR RGN AT g 5 2 1K 08 A
KHL K mRNA KA K-

MR RNA 32 B0t & 1 B 43, 32 30/ BUAT
JIE R RNA IR I 5 H 5 6 e, P4 IR A St 3]
UL B 5 SO cDNA, L SR AR P 142 CHFLE
15 min, 95 C %2 5 min J5, % ff 4 C, X
GAPDH .PPAR« .FASN .SREBP-1c  ACCI1 D)} PGC-
lo FE[H cDNA 2SI JEAT Y B P . 2% LW E
Py ER s (NCBI) B O 4 4> 56 D BT 45 5+

R BT R P

S19, B A TS A xS 4 kAT A R (L
2) . FAFTOLE B PCR ¥ :95 C HiAE P 3 min;
95 CAFPE 3 5,60 C iRk 30 s,72 °C 4Efh 30 s, 4t
40 G IR 74 2 A B R AT 2 )
B, MR 40 3 55 25 SR A6 38 B {H (Cq) , LA GAPDH g2k
W, E H KR M R R R =

2 =L CGRYG H AIED P-4 Cq =8 SR8 C ) - O BEERL A HE D7 2 Ca - BHERTHC) |
o

I E A 3 K,

CR 51¥ 751519

Table 2 Sequences of real-time fluorescence quantitative PCR primers

A S (5'-3") 51K B /bp L P31 5
F. ACGATGCTGTCCTCCTTGATGAAC 24

PPAR«x NM_011144.6
R: GATGTCACAGAACGGCTTCCTCAG 24
F. CCGTGTGACCGCCATCTATATCG 23

FASN NM_007988. 3
R: CGTGAGGTTGCTGTCGTCTGTAG 23
F. GCGGTTGGCACAGAGCTTCC 20

SREBP-1c¢ NM_011480. 4
R: CCTCCTCCTCAGACTGCGATCC 22
F. ACCTCAGTGGCGTCTCAGTATCC 23

ACCI NM_133360. 2
R: ACTGCCTGCCTGTCTCCATCC 21
F. GTGCCACCGCCAACCAAGAG 20

PGC-la NM_008904. 2
R: TTCCTCGTGTCCTCGGCTGAG 21

1.3 G b 50- dbod oy acd

B SPSS 24. 0 GE it A 2R 47 £odls 70 B, T F R B
BHA B AR ME 22 (£s) R, IR TG BB T 22 5%
KRR R T 225000, 4 75 2455 R AR S BR 5,
2 18] B8 L #5722 5% R M B/ 1 35 M 22 S (1LSD) &
8¢ Dunnett T3 3,4 P<0.05 N ERAGIT¥E X,

2 #R
2.1 A[RIZEAYRE W5 R AR B 0 /N B ot o B E %R
A Qiip A

SA/NRP AR A e B 25 K1 A]
U, 2 /N2 it 16 ) (9 fa) kL R SR 5, 1R ot & 24 4
AN TR R B 00 Th e, A& 2H /N B BT B s T X B,
%R A G5 X (P<0.05), n-6 PUFA 41/ EUiA
i & T LCSFA 41 . MCSFA 41 .n-3 PUFA 41, n-3
PUFA 41/ RUR T A T MUFA 4151 TFA 41, £ %
B gt L (P<0.05) , BB A 58 3k H] 45% g
5 %) v A ek i S 1 T PR 3 ) A A B N

2 AL, 5 X BR 2 E %, LCSFA 4 il n-6
PUFA 21/ BUFIE R BB, ZR A SR IF¥E X
(P<0.05);n-3 PUFA 41 F1 TFA Z1/N R AFIE R
T LCSFA 4, 2 R A Giit2# 8 L (P<0.05),
2.2 A[RIZEAINE TR AR B 6/ B BE 4T O 4L
1) 52 i)

mE 3 s, 55 B4 %, LCSFA 41 \MCSFA
4 .n-6 PUFA 44 MUFA 44 f1 TFA 41 /N BUFFAE A 34

T R XTI I AE P<0.05;" #5 5 LOSFA 41 4 P<0. 055
“FR5 MCSFA 41H B P<0.05;" %555 n-3 PUFA 41 H 4% P<0.05
BT AR 38 2 i i TR A %o /0N SRR B i 14 5
Figure 1 Effect of dietary fatty acids on body weight of

obese mice

TEE R %%

Tt RN G IRAL IR P<0.05;" ok 5 LOSFA 414 P<0. 05
P2 Al 26 AL R 5 1R A X /0N BRUATIEE 28 5 4 2 i
Figure 2 Effect of dietary fatty acids on liver coefficient

obese mice
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Figure 3  Effect of dietary fatty acids on oil red staining of livers in obese mice

WL B IR R UL, &l O Yo e,
MCSFA 41 TFA 28 /]y B JIE 7k 18 P Big 52 190 R 5 W]
o n-3 PUFA 4/ BUHIE RS B iiC AR 5 x5 B2 AR I .
2.3 OR[FIZEAY g 7 2 IR 0T /0N BRI IR B 5 ift v B
15 TR 4L 5 1) 5 T

MR 3 iR, 4 20 /0N BRI B 1 v g 1y 2 A
A, C11:0,C15:0,€20:0,C23:0,C22:1 n-9 #
C22:2 n-6 STHEZHEZRH LG FE L (P>
0.05) ., 5xFBE4H b #, LCSFA 20 /N B IE & ifi Wi
€24:0,.C18:2 n-6¢,C18:3 n-6,C20:2 n-6. 4 n-6
PUFA J & PUFA & it ¥ 75, C22 10 % B AIR, 22
SH BT XL (P<0.05) ; MCSFA 41 /) B iE
K C12:0.C14:0 C14:1 C16:1 & H ¥ T &, 1
C18:0f1 C18:3 n-6 FEHFRAL, 2R WAL= E
X (P<0.05);n-3 PUFA 20 /)5 BUFFIE K 1l & C18 2
n-6¢,C20:2 n-6 . C18:3 n-3,€20:3 n-3,C20:5 n-3,
(22:6 n-3 i n-3 PUFA K& i PUFA & &1, |
C14:0.C16:0,C22:0.C16:1,C17:1,C18:1 n-9c,
C20:1, % MUFA,C18 :3 n-6,C20 :4 n-6,n-6/n-3
PUFA & C18:1 n-O9t( TFA) S MG, 2R E S
J12%8 L (P<0.05) ;n-6 PUFA 20 /)N BUFFIE 2% 1 %
(24:0,.C18 :2 n-6¢,C18 :3 n-6,C20 :2 n-6, Hn-6
PUFA .C18 :3 n-3,C20 :5 n-3. 04 n-3 PUFA & 2
PUFA & ¥ A&, /0 Cl16:0,C18:0,C22:0, 24
SFA .C16:1 .C17:1 ,C18:1 n-9c C24:1 i MUFA &%
C18:1 n-9t(TFA) & i B FEAR , 22 5 WA e it X
(P<0.05); MUFA # /N BT JIE & 1fit % C16 : 0.,
C18:0 % SFA C16:1,C17:1.C18:3 n-6,n-6/n-3
PUFA & BB, ZR WA SR IFFE X (P<
0.05) ; TFA 2 /)N RHIE S il i €21 :0,C18:2 n-6¢ |

C20:2 n-6. fl C18 :1 n-9t( TFA) & & ¥ I+ &5, 0
C18:0,C22:0,C24:1,C20:3 n-6 F PR, X5
YA G L (P<0.05)
2.4 ON[AIZETYG 17 TR AR B /0N BRI IR B By R AR
F IR Y 5

il 4 Frsx, LCSFA 2 F1 MCSFA 41 /)y BT AR
JI 15 T2 £t 141 3£ B SREBP-1¢c mRNA 7K 3 &5 F %t HE 41
Ml n-6 PUFA 41, 22 345 i1 3 L (P<0.05) ; HoAth
JF I g 10 T A B R i R ik 2 I R G i 2E B X
(P>0.05)

3 itig

JIFMESE B A RE B AR i Re i EE &R E, A X
TR K S0 B U A T LA SO I R B &2
B 1 U 2 A RE BT, T R AR PR T s e AR BT
2, TR R 7 AR A3 B 5 5 U0 7 IR A Ak 43 A ST
B g 0T 1 R AN A2, DRI I oA 0 44k 43 £ 1 i o FR 2R
T HE 20 M P, DT 5 | A B 40 B A A8 1 . AR I A
K HT v i ) R IR 3R 16 J AL A /0 BURE SR A A, n-3
PUFA A8 K& /N UK J0T & f s 1 X R4, (L BE i
R AT H A 2 AR 4R BHA, 7R n-3 PUFA & 5 Ik
1B A T RE 23 el I PhE A R R S 2 IE e
B Bl 9 R 1D, T AL AT R A 3 i % S 0 i I IR T
BRAGTE G g B T — AR PE A, B TR
TRE 10 140 T IR B 0 kRS A SR R
A B = T K B I = R T
T ELAT ARG /0N B 0T 2 09 4 D 8K T A B 9 45 2R R
B MCSFA 5 LCSFA = g A Bk 73 /)N B9 44 BT 45 LG
BRI 25 53X 5 [ P A S R gy 4 1 —
e, 10 5 AR ST 25 SRR — B 5 IR AT B R A )



R AR AR

— 6 — CHINESE JOURNAL OF FOOD HYGIENE 2020 4F45 32 B5 1 B

3 AR JRE A G W R X I PR /0N BRI B L i v B U R AA AR S ( & +s,n=10,% )

Table 3 Effect of dietary fatty acids on hepatic fatty acid profile in obese mice

Mg 1 iR X B 2] LCSFA 41 MCSFA 41 n-3 PUFA 41 n-6 PUFA 4 MUFA 41 TFA 4
C11:0 1.32£1.95 1.03£1.67 2.07£2.17 1.42£1.92 1.85+1.85 2.88+1.66 2.23+2.19
C12:0 0. 06+0. 04 0.03+0. 04 1.24x1. 18" 0.06=0. 02° 0. 04£0. 01° 0.04£0.01°¢ 0. 06£0. 04°
C14:0 0. 44+0. 09 0.38+0. 08 2.39+1.48%  0.31+0.07* 0. 38+0. 09° 0.38+0. 09° 0.48+0. 13
C15:0 0. 08+0. 04 0.070. 01 0.08+0. 03 0.070. 01 0. 06£0. 01 0.050. 01 0.08+0. 01
C16:0 25.60+3. 30 26.15+3. 47 26.09+4. 16 18.73+3.33%°  21.33+3. 00" 20.26+2. 65° 22.91+3. 31"
C17:0 0.53%1.41 0. 14x0. 03 0.08+0. 02" 0. 13£0. 03° 0. 12£0. 02° 0.09+0. 02" 0.10£0. 03
C18:0 10. 49+3. 78 10.51+3.21 7.47£3.18*  10.15%3.79 7.13+1. 23 6.36+1. 81 6. 46+3. 30"
€20:0 0.15+0.05 0.20+0. 06 0. 13+0. 04 0.14£0. 03 0.15+0. 06 0.16+0. 08 0. 14£0. 04
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Figure 4  Effect of dietary fatty acids on hepatic fatty acid metabolic genes in obese mice
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