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Effects of oils on lipid metabolism in obese C57BL/6J
mice induced by a high fat diet

YANG Fan ZHANG Yong XU Qing LI Ruisheng YANG Xueyan LIU Yinghua
WANG Jin YU Xiaoming XUE Changyong
Department of Nutrition Chinese PLA General Hospital Beijing 100853 China

Abstract: Objective  To investigate and compare the effects of oils on lipid
metabolism in obese C57BL/6]J fed a high fat diet. Methods 75 male C57BL/6J mice
(4-5 weeks old) were used and randomly divided into 5 groups 15 mice in each group
and were fed a high fat diets with 2% soybean oil medium—chain triglyceride ( MCT)
peanut oil olive oil and tea seed oil respectively for 12 weeks. Body weight body fat
diet intake blood lipid profiles and enzymes relevant to lipid metabolism in white adipose
tissue( WAT) as well as pathologic changes in WAT and livers from all groups were
observed and compared. Results At the end of study the body weight and body fat

( No. 81172667)
: E-mail: michelleone@ 163. com
1 302
2 : : E-mail: cnxcy@ 163. com



902

42

50

weight were significantly lower in MCT peanut oil olive oil tea oil groups than in
soybean oil group( P <0.05) . The mice in MCT group showed significantly lower TG

TC LDL-C in serum and lower TG TC in liver than those in soybean oil group ( P <
0.05) . The cAMP PKA HSL ATGL in WAT in MCT group showed higher than those
in soybean oil group( P <0.05) . There was no fatty infiltration in the livers of mice fed
MCT olive oil and tea oil group but visible fatty liver in soybean oil and peanut oil group
were found. Conclusion Compared to soybean oil MCT peanut oil olive oil and tea oil
could reduce body weight and body fat weight in obese mice fed a high fat diet MCT also
decreased TG TC LDL-C in serum and promote lipid mobilization in WAT. As to
improving blood lipids olive oil and tea oil were less obvious than MCT was and both oils
did not induce significant fatty liver when compared with soybean oil and peanut oil.
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4
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( oleic acid OA) 15 2% “MCT.
N N 12
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4 o
> . 20 1 2%
(medium-chain Table 1 Composition of diets with different oils
triglyceride MCT) Met

. MCT 1% 90 90 90 90 90

( medium-chain fatty acids MCFA) MCFA % 2 2 2 2 2

) 1% 8 8 8 8 8
/(kl/g) 18.81 18.81 18.81 18.81 18.81

o 1%
17.65 17.65 17.65 17.65 17.65
21.03 21.03 21.03 21.03 21.03
47.50 47.50 47.50 47.50 47.50
“MCT. N 0.7 0.78 0.78 0.78 0.78
0.52 0.52 0.52 0.52 0.52
1.50 1.50 1.50 1.50 1.50
’ 9.50 9.50 9.50 9.50 9.50
1.52 1.52 .52 1.52 1.52
1.2
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( ) Q) PEG-6000 o
2, 1.5
2
Table 2 Fatty acid composition of the experimented oils .
g/100 g 1.6 ( white adipose tissue
C8:0 '1;/;(:1 WAT)
C10:0 24.6 100" mg
C16:0 6.2 125 126 8.5 0.9% 10%
C16:1 0.2 0.1 700 r/min 15 min o
C18:0 2.5 36 24 L5 BCA
C18:1 48. 8 40. 4 70.9 78.8
C18:2 30.2 37.9 9.8 10.0 ° TG. TC. HDL-C. LDL-C.
C18:3 9.4 0.4 05 11 ( phosphoglycerides PL) o
€20:0 0.6 1.0 0.23 cAMP. A ( protein kinase A
€20:1 11 0.3 0.36 PKA) . ( hormone sensitive lipase
€22:0 0.4 1.4
1 0.2 HSL) ( adipose triglyceride lipase
24:0 0.2 ATGL) ELISA o
C24:1 0.2 1.7
2.4 3.2 0.1
100 100 100 100 100
10% N N .
1.3 <Lee HE N 400
1 o .
2 N . 4
1d . o
g/ 400
1g (kJ/g) o o
Lee _ 3 (g) 0 1.8 ATGL  HSL mRNA
(cm)
1.4 ( real-time) PCR
3000 ~ Trizol RNA .
4000 r/min o : PCR. real-time PCR
( triglyceride TG) GPO-PAP ;
( TC) CHOD-PAP ; Primer 6.0  Oligo 6 o
( HDL-C) . ( LDL- 3,
3
Table 3 Sequence of primers for quantitative real-time PCR
Accession No. /bp
B-actin NM_007393 5’ ~GAGACCTTCAACACCCCAGC3’ 263
5" -ATGTCACGCACGATTTCCC3’
HSL NM_001039507 5’ —~CAGAAGGCACTAGGCGTGATG=3’ 120
5" -GGGCTTGCGTCCACTTAGTTC=3’
ATGL NM_001163689 5’ ~GGTGCCAACATTATTGAGGT3’ 493
5’ —GTCACTCTCGCCTGAGAATTG3’
95 °C .2 min 95 C. ( threshold cycle Ct)
20 s 58 C.25s 72 °C.30s 45 mRNA
o Ct Ct B-actin

Ct ( ACt) Q- Anu
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2ACt( actin) — A CH( target gene) i 2
1.9 2.1
SPSS 13.0 4
X £s o MCT. N
( one-way ANOVA) N N Lee
LSD . (P <0.05) ., MCT.
P <0.05 o (P<0.05) o
4 C57BL/6)
Table 4 Effects of oils on body weight and body fat in C57BL/6J mice fed high fat diet (=15 x *s)
/g /g /g /g /g /% Lee
26.64+0.61 36.39+3.08 9.76+3.03  1.52+0.21 1.81 +0.52 4.86+1.20 1.54 +0.04
MCT ~ 26.60+0.59 33.64+2.99"" 7.10+3.02" 1.45%0.13  1.05+0.50"” 3.24 =1.25" 1.50 +0.06""
26.63£0.62 34.24+2.40'" 7.61 +2.24"Y 1.3420.121'? 1.25+0.48") 3.86+1.41 1.51+0.04"
26.61 £0.61  34.20+2.20'" 7.59 +2.63'" 1.42 +0.08 1.40 £0.44"  3.64 +1.34"1.51 20.03""
26.61 £0.60 34.03 £2.23" 7.52+2.08'"Y 1.42£0.13 1.39+0.51"  3.55+1.57"V 1.51 0. 03""
P >0. 05 0.032 0. 045 0.021 0. 009 0. 046 0.027
ANOVA (1) P<0.05;(2) MCT P <0.05
2.2 5 C57BL/6J
5 MCT. N
. Table 5 Effects of oils on diet intake in C57BL/6J
) mice fed high fat diet (n =15 x +5)
/ / /
2.3 (g/d) (kJ/d) (kl/g)
6 MCT TG, 4.30 £0.97 80.83 +18.23 600. 05 +38.59
TC.LDL-C (P <0.05) o MCT  4.92+1.83 92.53+34.49 868.77 + 140. 19
TG (P <0.05) 4.34+1.65 81.66 £30.95 616.01 +102. 50
5.52£3.01 103.92 £56.68 672.08 +152. 80
4.56+1.35 85.83 £25.36 767.47 £188.62
6 C57BL/6]
Table 6 Effects of oils on blood lipids in C57BL/6J mice fed high fat diet (rn =15 x +5) mmol/L
TG TC HDL-C LDL-C
0.79 0. 11 3.70 +0. 39 2.96 £0. 54 0.86 £0.24
MCT 0.65 +0. 10" 3.21 +0.27" 2.84 +0.42 0.65 +0. 12"
0.76 +0. 11 3.62 £0.38 2.88 £0.40 0.75 0. 10
0.78 £0. 15 3.38 +0.34 2.65 £0.38 0.70 £0. 16
0.66 +0. 09" 3.55 +0.26 2.76 0. 35 0.70 £0. 11
P 0. 003 0.024 >0. 05 0.028
ANOVA (1) P <0.05
2.4 TC (P <0.05)
7 MCT TG+ o
7 C57BL/6J
Table 7 Effects of oils on liver lipids in C57BL/6J mice fed high fat diet (n =15 x +s) pmol/g pro
TG TC HDL-C LDL-C PL
25.24 £3.91 2.92 +0. 30 0.33 +0.03 0.37 +0.19 6.59 +0. 68
MCT 20.34 +5.911" 2.60 £0.25" 0.37 0. 10 0.25 +0.09 6.30 £0. 46
26.54 2.6 2.75 £0. 63 0.40 £0. 10 0.28 £0.13 6.04 £0. 68
24.32 +4.75 2.84 £0.40 0.35 0. 04 0.29 0. 10 6. 60 £0. 61
26.0 £5. 86 3.06 +0. 53 0.38 £0.05 0.29 0. 10 6.69 £0.76
P 0. 043 0.017 >0. 05 >0. 05 >0.05
ANOVA (1) P <0.05
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2.5 (P <0.05),
8 MCT PKA (P <0.05) .
cAMP.PKA.HSL  ATGL
8 C57BL/6J

Table 8 Effects of oils on enzyme activity of lipid mobilization in C57BL/6J mice fed high fat diet(n =15 x +5)

ATGL/( ng/mg pro)

HSL/( ng/mg pro) PKA/( ng/mg pro) c¢AMP/( pg/mg pro)

0.47 £0.12 0.36 £0. 17 14.30 4. 63 31.28 +6.35
MCT 0.62 £0. 14" 0.92 £0. 530" 19.99 +4. 131V 47.14 +11. 52"
0.54 £0.13 0.48 £0.13 18.53 +3.77\1 40. 09 +25. 68
0.49 0. 14 0.28 £0.07 13.00 +2. 80 36.85 +10. 12
0.54 £0.17 0.38 £0.16 18.06 +7. 65 36.02 +20. 24
P 0. 040 0.019 0. 000 0. 026
ANOVA (1) P <0.05
2.6 . (P<0.05) .
1 MCT. N
A B - -L B l C L 4 ‘
< i ‘ . 3 r .\‘ \ 1\ f/ b
x o e X 4 !
S - I - =
A: MCT; B: K& C: f64h: D: MM E: &
1 C57BL/6J ( x400)

Figure 1 Effects of oils on size of adipocytes in C51BL/6J mice fed high fat diet ( x400)

9 C57BL/6])
Table 9 Effects of oils on size of adipocytes in C51BL/6J 2.7 ATGL HSL mRNA
mice fed high fat diet (n =15 x +5) pm 10 MCT
ATGL mRNA  HSL mRNA
130. 80 = 13. 88 79.23 +12.28
MCT 62.04 +8. 83" 46.06 £9. 25" (P <0.05)
93.12 £11.77"'? 71.06 £9.86!' ? o
62.81 £5.10'" 43.76 +3. 341
63.77 £9. 06" ? 52.30 +8.28" 3
P 0. 000 0. 000
ANOVA (1) P <0.05;
(2)  MCT P <0.05
2 MCT.

4 50 um

A sv5ig

AMCT; B:KEmh:; CAEduh: DAg#ih: B2

2 C57BL/6J

( x400)
Figure 2 Effects of oils on fatty infiltration in the livers in C51BL/6J mice fed high fat diet ( x400)
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10 C57BL/6J 7e
ATGL HSL
Table 10 Effects of oils on expressions of ATGL and 3
HSL mRNA in adipocytes in C51BL/6J mice MCT. .
fed high fat diet (n =15 x £5)
ATGL HSL ’
1.48 +0.28 0.85+0.47 ( X )
MCT 4.92+0.13"" 6.62+0.77'" 4 °
2.06+1.75 2.55£2.30 MCT TG
3.50 +2. 89 4.08 £3.41 MCT
2.34 +2.05° 3.62 £3.00 MCT TC . LDL-C
P — 0. 0441 0. 03; — 0 MCT
(2)  MCT P <0. oé ) o cAMP,
PKA.HSL.  ATGL
N N MCFA cAMP PKA
N HSL o MCT
° ATGL.  HSL. mRNA
- COSTA ° MCT ATGL.
SD 60  HSL .
d ° MCT N
0 MCT
o o MCT
MCT
+BMI, .
MCT. N
1/10 % &
( MUFA) MCT TG.TC.LDL-C
TC HDL .
S MCT
¢ SD .
TG.TC HDL-C
o MCT
o 1 NISHINA P M LOWE S VERSTUYFT J et al.
C57BL/6] Effects of dietary fats from animal and plant sources
R AOYAMA on diet-induced fatty streak lesions in C57BL/6] mice
6 XUE 10 J . J Lipid Res 1993 34:14134422.
25 ~30 g 2 WARDHANA SURACHMANTO E E DATAU E
3.25 ~3.9 ¢ MCFA A. The Role of omega-3 fatty acids contained in olive
oil on chronic inflammation J . Acta Med Indones—
35¢ 2% o
Indones J Int Med 2011 43:138-443.
4~3 3 KRISEETHERTON P M PEARSON T A WAN Y
4 et al. High-monounsaturated fatty acid diets lower both
10% plasma cholesterol and triacylglycerol concentrations
g J . AmJ Clin Nutr 1999 70: 1009-4015.
15 5 ( 914 )
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