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ABSTRACT

Effects of high fat diet and/or endurance exercise training on hepatic total and phospholipid(PL) fatty acid compositions were
evaluated in rats fed one of the following diets for 31 days: control diet(CD, 5 wt% corn oil) or high fat diet(HED, 35 wt% corn oil).
Half of the rats in each group were exercise-trained regularly on a treadmill for 90 minutes/day during the entire feeding period.
Total and PL fatty acid compositions of hepatic lipid extracts were determined by a gas-liquid chromatography. Endurance exercise
training did not change the daily food intake, but significantly reduced body weight gain and feed efficiency ratio of rats, which
were most prominent in animals fed HFD. Exercise training did not significantly change the percentages of Zsaturated fatty acids
(SFA) and Epolyunsaturated fatty acids(PUFA), but decreased the percentage of Zmonounsaturated fatty acids(MUFA) in hepatic
total fatty acids, which might be associated with the decrease in A 9-desaturation index of hepatic total fatty acid metabolism.
Exercise training significantly lowered the percentages of 16 : 0 and 22 : 5®3, and increased the percentages of 20 : 1 and 20 : 33
in both total and PL fatty acid compositions in rat liver. Both total fatty acid and PL fatty acid compositions of rat liver responded
more sensitively to changes in dietary fat content than to endurance exercise training in this study. Feeding HED, which contains
high level of linoleic acid(LA, 18 : 2w06), significantly decreased the percentages of ISFA and IMUFA, and increased the
percentages of EPUFA and X6 fatty acids of hepatic total fatty acids. Hepatic total fatty acid composition was affected by dietary
fat content and dietary fatty acid composition more sensitively than those found in hepatic PL fatty acid composition. HFD
significantly decreased most of desaturation indices, while exercise training significantly decreased elongation index(20 : 503 =22 :
503) of hepatic total and PL fatty acid metabolism in rats. (Korean J Nutrition 33(1) : 13~22, 2000)
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Table 1. Composition of experimental diets

Ingredients Diet -
Control diet High fat diet
gkg diet

Casein 200.0 200.0
DL-Methionine 3.0 3.0
Corn starch 150.0 -
Sucrose 500.0 -
Dextrose - 333.0
Fiber 50.0 50.0
Corn oil 50.0 350.0
AIN-76 Mineral mix" 35.0 48.0
AIN-76 Vitamin mix” 10.0 14.0
Choline-bitartarate 2.0 2.0
Energy(kcal) 3850 5282
Fat energy(%) 1.7 59.6
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Fig. 1. Effects of high fat diet and/or exercise training on food in-
take, body weight gain and food efficiency ratio of rats.

Values are mean + SEM of 8 rats, CR = Control diet, rested: CE =
Control diet, exercised, HR = High fat diet, rested: HE = High fat
diet, exercised, Values with different superscripts are significantly
different at p < 0.05., Feed efficiency ratio was calculated as daily
weight gain/daily dietary intake.
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ANOVA #4127 9shd 3147ty #3AAHA $5&
HE Aol dH el fod]l HEls xesiA gkou} S
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CR) 79l AFF71E 2 Aol F9l38 xto]7} vpeht
2] ggkort HFDE d# sk FAd e &5 (high fat
diet-exercised, HE) 9] 537t 2 Alo]g&0] H|2F
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T, 2ol AFHFo| Aoy AMFEHUE F5FY o7
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Table 2. Effect of high fat diet and/or exercise training on hepatic total fatty acid composition in rats
CR" CE HR HE E? D ExD
%

12:0 0.11 £ 0.02 0.18 + 0.01 0.10 £ 0.01 0.12 + 0.02 b * -
14:0 0.30 £ 0.03 0.25 + 0.02 0.21 + 0.02 0.17 £ 0.01 - bl -
16:0 184 + 0.71 17.3 £ 043 14.7 £ 0.65 13.0 £ 025 * bt -
18:0 16.2 + 0.36 18.0 + 0.67 148 + 0.85 16.2 £ 0.66 o * -
20:0 0.07 + 0.01 0.08 + 0.004 0.10 + 0.003 0.11 £ 0.01 - xhx -
22:0 0.27 + 0.02 0.30 + 0.02 0.29 £ 0.02 0.33 £ 0.01 * - -
24:0 0.96 + 0.09 14 + 037 0.71 £ 0.03 0.89 = 0.09 * b -
ISFA 364 + 0.56 375 £ 0.38 309 + 1.37 308 + 0.76 - ek -
16 1{w9) 14 £ 017 1.08 + 0.14 0.27 £ 0.03 0.20 = 0.01 - b -
18 : 1{w9) 8.7 £ 040 6.7 £ 044 80 £ 053 76 + 039 * - -
18 : 1{w7) 30 £ 0.16 32 £ 0.10 1.7 £ 023 1.6 = 005 - e -
20:1 0.12 + 0.02 0.20 + 0.02 0.14 £ 0.01 0.16 = 0.01 b - -
24 : 1 0.21 £ 0.01 0.34 = 0.07 0.09 £ 0.02 0.09 £ 0.01 - i -
IMUFA 134 + 0.68 116 + 057 10.2 * 0.56 9.7 + 039 * hass -
18 : 2(w6) 187 + 1.1 16.7 + 0.43 294 + 24 298 + 1.0 - b -
20 : 3(wb) 0.26 + 0.01 0.31 + 0.02 0.29 + 0.02 0.31 £ 0.02 - - -
20 : 4(mwb) 206 =+ 038 © 229 £ 042 175 = 1.2 18.2 + 0.71 * i -
22 : 4wb) 0.34 = 0.01 0.31 £ 0.01 0.34 £ 0.02 0.34 = 0.02 - - -
22 : 5(wb) 0.22 + 0.03 0.23 + 0.02 0.10 £ 0.02 0.12 + 0.02 - X -
Zwb 40.1 £ 095 406 + 049 476 = 14 48.8 + 0.37 - b -
18 : 3(®3) 0.56 + 0.08 0.34 + 0.03 1.5 +0.23 1.4 =+ 0.09 - b -
20 : 3{®3) 0.03 + 0.004 0.04 £ 0.002 0.03 £ 0.002 0.03 £ 0.002 * - -
20 : 5(w3) 0.23 + 0.03 0.36 + 0.07 0.42 + 0.04 0.46 + 0.02 * *x -
22 : 5(w3) 0.65 £ 0.04 i 0.57 £ 0.02 0.98 £ 0.06 0.85 £ 0.04 * hiid -
22 : 6(®3) 59 + 0.18 _“' 57 + 0.20 49 + 039 46 =+ 0.16 - bl -
Zm3 73 018 . 70 + 0.24 78 £ 0.18 74 + 0.18 * ~ -
ZPUFA 474 + 10 476 =+ 0.36 554 + 14 56.1 + 042 - b -
Others 29 + 043 3.4 £ 020 34 £ 020 34 £ 0.14 - - -
P/S 1.3 + 0.05 1.3 =+ 0.02 1.8 + 0.11 1.8 + 0.06 - Ex -
M/S 1037 + 0.02 0.31 + 0.02 0.34 + 0.03 0.32 + 0.02 - - -
06/03 55 £ 015 59 £ 0.25 6.1 + 0.24 6.6 =+ 0.16 * ** -

Values are mean £ SEM of 8 rats
HR = High fat diet, rested: HE = High fat diet, exercised

"CR = Control diet, rested: CE = Control diet, exercised
2E:

Exercise effect, D: Diet effect, Ex D: exercise and diet interaction

* xx %0 Gignificantly different by 2 X 2 factorial ANOVA test at *p < 0.05, **p < 0.01 and ***p < 0.001
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Table 3. Effect of high fat diet and/or exercise training on levels of hepatic total and phospholipid fatty acids in rats

CR" CE HR HE E” D ExD
mg/g liver
Total 461 + 38.0 399 + 27.4 488 + 41.0 529 + 37.0 - * -
Phospholipid 177 + 26.6 184 + 14.5 193 +11.8 190 + 18.3 - - -

Values are mean + SEM of 8 rats
HR = High fat diet, rested: HE = High fat diet, exercised
*: Significantly different by 2 x 2 factorial ANOVA test at *p < 0.05

"'CR = Contro! diet, rested: CE = Control diet, exercised
%E: Exercise effect, D: Diet effect, E X D: exercise and diet interaction
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Table 4. Effect of high fat diet and/or exercise training on hepatic phospholipid fatty acid composition in rats

CR" CE HR HE E? D ExD
% ,
12:0 0.12 £ 0.01 0.08 + 0.01 0.05 + 0.01 0.06 + 0.01 - i *
14:0 0.16 £ 0.01 0.19 + 0.02 0.10 + 0.01 0.10 + 0.01 - Hrk -
16:0 185 =+ 0.81 177 + 0.84 169 + 0.64 146 + 0.17 * *rx -
18:0 228 + 0.44 225 + 1.1 238 + 17 272 + 035 - * *
20: 0 0.09 + 0.01 0.09 + 0.01 0.12 £ 0.01 0.13 + 0.01 - orx -
22:0 0.39 + 0.03 0.39 + 0.01 0.55 + 0.03 0.55 = 0.02 - ok -
24:0 25 + 042 28 + 032 38 + 075 3.0 + 067 - - -
TSFA 446 + 0.63 437 + 16 453 + 14 456 + 0.68 - - -
16 : 1(09) 0.69 + 0.07 0.68 + 0.05 0.23 + 0.08 0.14 + 0.01 - b -
18 : 1(09) 3.0 + 0.06 33 £ 0.10 20 + 033 25 =+ 0.06 * ex -
18 : 1(w?) 2.7 + 013 3.0 +0.15 1.5 + 030 1.8 + 0.10 - -
20: 1 0.12 £ 0.01 0.19 + 0.02 0.10 + 0.01 0.15 % 0.01 * -
241 0.32 + 0.02 0.37 + 0.02 0.19 + 0.02 0.21 £ 0.03 - -
EMUFA 68 + 0.26 76 + 023 40 =+ 067 47 + 0.11 * ok -
18 : 2(w6) 120 + 050 129 + 042 13.6 + 0.65 142 + 0.26 - ** -
20 : 3(w6) 0.27 + 0.02 0.33 + 0.02 0.22 + 0.03 0.20 + 0.03 - ** -
20 : 4(w6) 254 + 0.74 252 + 1.1 27.1 + 0.84 268 + 032 - * -
22 4{w6) 0.32 + 0.01 0.31 = 0.01 0.27 + 0.02 0.22 £ 0.02 * -
22 5(wb) 0.66 + 0.11 0.53 + 0.06 0.30 = 0.04 0.19 + 0.04 - *rx -
Zwb 386 =+ 0.96 392 +£13 415 +15 415 + 038 - ** -
18 : 3(®3) 0.08 + 0.02 0.10 + 0.02 0.16 + 0.02 0.17 % 0.01 - wox -
20 : 3(w3) 0.07 + 0.01 0.08 + 0.0 0.06 + 0.005 0.08 + 0.004 * - -
20 : 5(w3) 0.15 + 0.02 0.13 = 0.004 0.15 + 0.004 0.16 = 0.01 - - -
22 : 5(@3) 0.70 + 0.02 0.61 + 0.02 1.02 + 0.09 0.83 + 0.05 * ek -
22 6(@3) 59 + 030 51 + 042 49 + 071 46 + 046 - - -
Zm3 69 + 0.31 6.0 + 0.54 6.3 + 0.70 59 + 046 - - -
ZPUFA 455 + 0.99 452 +1.7 478 + 19 474 + 0.62 - - -
Others 32 + 036 56 * 27 29 +0.10 23 * 012 - - -
P/S 1.0 % 0.03 1.0 + 0.02 1.07 + 0.08 1.04 + 0.03 - - -
M/S 0.15 + 0.0 0.17 + 0.003 0.09 £ 0.01 0.10 £ 0.003 * -
06/03 57 + 0.34 6.7 + 047 7.2 + 096 7.4 =+ 0.65 - - -

Values are mean + SEM of 8 rats
HR = High fat diet, rested: HE = High fat diet, exercised

"CR = Control diet, rested: CE = Control diet, exercised
2>E :

Exercise effect, D: Diet effect, E X D: exercise and diet interaction

*, **, *** Significantly different by 2 x 2 factorial ANOVA test at *p < 0.05, **p < 0.01 and ***p < 0.001



20/ A Ale] o 5-EA 5 A Y AR

Table 5. Effect of high fat diet and/or exercise training on desaturation and elongation indices of hepatic total and phospholipid fatty acids

in rats

CR" Ct HR HE £ D ExD
Total fatty acids
Desaturation index
16 1@9/16 : 0 0.08 £ 0.01 0.06 + 0.01 0.02 £ 0.0002 0.02 £ 0.001 - e -
18: 109/18: 0 0.54 + 0.03 0.38 £ 0.04 0.56 + 0.07 0.48 + 0.04 * - -
20 : 4w6/20 : 3wb 79.1 + 34 767 £ 4.6 63.1 + 8.0 59.6 + 4.3 - * -
22 : 506/22 : 406 0.65 £ 0.06 0.74 + 0.08 0.29 + 0.06 0.35 £ 0.07 - ** -
22 613/22 : 503 9.2 £ 0.50 100 £ 049 52 + 0.79 55 + 0.30 - b -
Elongation index
22 : 4m6/20 : 406 0.02 + 0.001 0.01 = 0.0004 0.02 + 0.002 0.02 + 0.002 - - -
22 1 503/20 : 503 34 + 0.68 1.9 =+ 0.24 24 £ 030 1.9 + 0.06 * - -
Phospholipid fatty acids
Desaturation index
16 109/16 : 0 0.01 + 0.003 0.04 + 0.002 0.01 + 0.004 0.01 + 0.001 - b -
18: 1w9/18: 0 0.13 + 0.005 0.15 £+ 0.004 0.08 = 0.01 0.09 + 0.003 * ax -
20 : 406/20 : 306 104 117 79 £55 144 31 167 374 - * -
22 : 5w6/22 : 4wb 21 £ 036 1.7 £ 014 1.1 £ on 10 + 035 - b -
22 : 603/22 : 503 8.5 £ 047 86 = 090 5.1 + 0.94 58 + 0.81 - s -
Elongation index
22 : 406/20 : 406 0.01 + 0.001 0.01 + 0.001 0.01 + 0.0005 0.01 £+ 0.001 - - -
22 : 513/20 : 53 52 + 0.52 46 £ 0.6 6.7 + 0.48 51 £ 035 ** * -

Values are mean = SEM of 8 rats
HR = High fat diet, rested: HE = High fat diet, exercised

WCR = Control diet, rested: CE = Control diet, exercised
2g: Exercise effect, D: Diet effect, Ex D: exercise and diet interaction

*, #* #xx Gignificantly different by 2 x 2 factorial ANOVA test'at *p < 0.05, **p < 0.01 and ***p < 0.001
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