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ABSTRACT

The effects of exercise and selenium added high fat diet on endurance and serum lipid components
were studied in rats. A total of 72 male Sprague—Dawley (150+35g, body weight} were divided into trained
group and untrained group and were bred for 7 weeks. Each group had 6 different dietary subgroups;
namely, basal diet, 20% shortening and 20% soybean oil diet subgroup and selenium (0.01mg%) added
each subgroups. Exercises of 8—min treadmill running and 10—min swimming were given to the trained
group every other day during the experimental period while only treadmill running was given to the untrained
group during the last week. The amounts of food intake, changes in body weight and endurance were
determined once a week and serum lipid components were measured before and after the experimental period.

Following are the results obtained :

1)} The untrained group took a slightly larger amount of food than that in the trained group. The food
efficiency is, however, higher in the trained group. Body weight increased more in untrained group,
while high fat diet resulted in greater increment in body weight than that in normal diet groups.

2) The trained group showed remarkably tonger endurance than the untrained group and selenium added
high fat diet enhanced the effect.

3) The trained group showed lower blood level of T-chol.,, TG and TG/PL than the untrained group. All

-39~



2 F99-ASA - 2AHE - o] 8Y

MBI LB

the other blood values of HDL-chol., PL, HDL-chol./T-chol., HDL/LDL and A/G ratio were higher

in trained group.

4) Soybean oil added dietary groups exibited lower blood levels of T-chol., TG, TG/PL and A/G than
those in shortening added dietary groubs. On the contrary, the former groups showed higher blood
HDL-chol., PL., HDL, HDL-chol. and HDL/LDL ratio than those of soybean oil added dietary groups.

5) LDHs was the most abundant one among serum LDH isozymes. The electrophoretic pattern of
serum LDH isozymes was not changed by exercise training and selenium added high fat diet.

6) Exercise training lowered blood GOT and TBA. These effects were enhanced by soybean oil added

diets.

From the above results it was concluded that a regular and long term exercise training as well as a small
amount of selenium added high fat diet result in reduction of body weight and TBA and improve dietary

efficiency and physical endurance in rats.
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Table 1.  The composition of experimental diets given to each group male rats.
Content - P \
Control A B C D E
Basal diet (gm) 100 100 80 80 80 80
Shortening oil {gm) 20 20
Soybean oil {(gm) 20 20
Selenium (mg) 0.01 0.01 0.01

3 DBasal diet =4 AL R
Shortning = A 24 &
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Table 2. The amount of food taken in by male rats
i (g)
Content Group
Control A B C D E
1 K U 16.2 16.7 14. 2 14.8 14. 3 15.9
St wee T 12. 4 12. 4 9.9 14.2 121 9.6
ond week U 19.4 18.9 12.7 18.0 14.8 15.7
T 15.8 11.4 10. 1 13.7 4.1 11.7
U 18.3 19.6 14,2 17.7 15.9 16.9
3rd week
T 16.0 15.2 11.4 14. 4 16.9 11.9
ath week 19.3 21.4 15.9 19.3 19.5 17.0
T 17.7 16.6 11.5 15.7 17.1 14.1
5th week U 22.9 21.1 17.2 19.8 19.5 19. 1
T 19.6 19.3 13.5 18. 1 16.4 18. 1
6th week U 21.0 22.0 15.9 18.9 17.6 16.5
T 20.8 20.9 13.4 17.4 16.3 17.8
7th week U 20.5 21.2 14.8 18.3 16.2 16.3
T 20.7 20.3 13.3 17.3 15.8 16.9
Food Intake/day U 19.7 20.1 15. ] 18. 1 16.8 16.8
T 17.6 16.6 1.9 15.8 15.5 14.3
FE.R U 0.21 0.19 0.22 0.26 0.27 0.25
T 0.20 0.22 0. 24 0.22 0.24 0.27

U: Untraining groups
F.E.R.:

control; the 100gm% basal diet group

T: Training groups

Food Effenciency Ratio (body weight gain/food intake)

A: the diet group of blending 80gm% basal diet and 0.01mg% selenium.

B: the diet group of blending 80gm% basal diet and 20mg% shortening.

CE the diet group of blending 80gm% basal diet, 20gm% shortening and 0.01mg Selenium
D: the diet group of blending 80gm% basal diet and 20gm% soybean oil.

E; the diet group of blending 80gm% basal diet 20gm% soybean oil and 0.01mg selenium.
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Table 3. The effect of diet composition and training on body weight (a)
S Group
Content
Control A 8 C D E
initial U 147.84+10.3* 148.2+13.2 181.01+14.3 133.6% 4.0 140,64 3.2 149.4+ 4.8
T 146.11+153 17244118 142.1£12.8 166.1% 8.7 146.2+ 54 120.2+ 7.1
1st week U 1826157 166.2-:19.4 214.0416.7 168.6+14,3 171.44157 188.4+10.3
T 183.3+24.3 191L0+£17.6 140.2+18.1 292.3+12.9 164, 11+11.4 162.0+18.1
2nd week U 218.0412.8 169.6+16.9 242,1+12.9 196.8+ 1.0 208.0+14.9 221.6+14.3
T 202.8+428.9 2054+27.1 14544221 1920X157 174.4+16.4 186.6+128
3rd week U 253.4%21.4 190.31+26.9 264.2+18.4 229.0ii7.5 228.6+13.0 240.2+113
T 224.6+26.4 240.6+27.9 156.04+28.3 238.2+14.4 196 6+12.2 211.0X+13.7
4th week U 281.4427.9 210.51+2582 289.0+19.4 247.24+26.2 263.0+11.6 270.2419.4
T 237.84£25.6 270.81+27.9 187.0+20.3 262.6+17.8 207.61+24.3 232,4+19.4
Eth week U 286.0420.7 249.6+15.5 296.2+19.3 2850+26,9 282 1+16.3 2820420.9
T 25284258 296.1+1581 204.6+23.6 274.0+£20.0 229.2+16.4 252.0115.7
6th week U 30204164 259.2424.1 310.0:+24.5 307.4421.9 314.0+16.7 306.1:4221
T 269.01+28.4 308+22.5 220.0+24.5 284.61+26.1 253.0+149 267.01+15.4
7th week U 320.0%14.3 313.0415.7 320.0422.6 332.5425.6 330.1+£18.9 326.14+18.8
T 294.24+28.5 326.1+28.8 265.41+258 310.01+24.5 299.8+154 284.8+19.2
Find-Initial U 172.24 4.0 164.84 2.5 139.0-+18.3% 198.9+21.6 189.5+15.7 176.7+14.0
T 148.14£13.2 153.7417.0 123.34+23.0 143.91+15.8" 153.6+10.0° 164.6+12. 1
Weight Gain U 4.1+ 0.1 3.9+ 0.1 3.3 0.4 4.7+ 0.5 4,5+ 0.4 4,2+ 0.3
/day T 1.5+ 0.3 3.6+ 0.4 294+ 0.5 3.4+ 0.4 3.74 0.2 3.9+ 0.3
a) : MeanzS.D,
b} : P < 0.01 {between untraining and training groups)
c) ¢ P < 0.01 {between contro! and experimental diet groups)
Table 4. The effect of training on the endurance of rats with various kinds of food. (sec)
Group
Content
Control A B C E D
2nd week 970.44-10.67 1006.6+13.7 950.6+18.1 854.4+ 8.2 928.0+10.6 838X 6.6
3rd week 873.2+ 6.1 968.2+12.6 9354+ 6.1 950.8%+ 58 921.8+ 9.7 763.6+52
4th week 954.04 7.1 8358+ 9.7 8652+ 9.6 9248+ 7.8 956.8+ 54 953.4+8.3
bth week 253.81+ 4.9 949.84-8.0 830.8+-9.6 1055.048.9 959.04+13.6 952.414+7.2
bth week 973.6+10.1 1051.6+5.5 972.8+6.6 1024.6+16.1 1033.4+13.5 1050.8+7.5
6th week 1039.2+10.7 1097.449.4" 1016.2+13.1 1213.0+9. 6"’ 1071.6+6.8" 1110.8+47. 3"’
7th week 504.2:+6.2°° 627.24:9.7° 531.248.5% 700, 8+I3 6 790.248.9%¢? 760.04-10., 7 ©
a}) : MeantS.D
b) : P <0.01 (between control and experimental diet groups)
¢ ¢ P <0.01 (between untraining and training groups)
53] selenium 7} fFolM = dFFAA fo o] 0.32~0.632c 45~100% % ¥< &€& X
Al & @& veldt, HDL -0 &/ &= o]z it}

H e E VE ¥y
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-43-

2) B A <114 (phospholipid, PL)



6 9444 -2HE 289 REM{L2gk
Table 5. The effect of experimental diets and training on serum lipid
{ma/ 100ml)
Group
Content
Control A B C D E
U 155.816.1 158.1+7.6 185.3+7.3> 162.247.6® 90.44-8.2 94.4+7.89
TG T 85.6+6.39 85943.39 98.44+4.9% 92.9455% £0,44-3.1%¢7 62,9784
U 45,412, 4 47.913.1 75.04+5.49 69.61+7.29 59,24-53"  60.6-+10Y
T-Chol {A) 7 47.044.8  45.4+3.2  49.1+3.89 5094509 44.8+1.19 4584457
U 97407  10.0+0.7 12.842.2  8.7+21  66%2.3  9.9+3.3
F-Chol T 7.3422  9.4%3.1 811,49 8.6+1.4 63408 634119
HDL-Chol (B) U 25.3+1.6 28.31+4.5 23.84+1.3 24.3+4.5 36.843. 1 38.1+3.0Y
T 38,41+2.6°° 39.1+0.8¢ 37.54+5% 38.3+5.4°° 40,116.7 49.5+5 9%
B/A U 0. 56 0.59 0.32 0. 35 0.62 0.63
T 0.86 0.86 0.76 0.75 0.90 0.04
a) : MeantS.D.
b) : P < 0.01 {between control and experimental diet groups)
c) : P < 0.01 {(between untraining and training groups)
Table 6. The effect of experimental diets and training on serum PL and its components.
(mg/ 100ml)
Content Group
Control A B C D E
PL (mg/mi) U 68.5+4,.32 78.0£6.3 64.44+7.3 69.4+3.1Y  80.9+55P 102.6+8.4
T 91.54+7.59 96.8+47.6% 87.6+6.4° 79.7 +6.2% 109.94+4.35? 126,9+13,2b:?
LLe (%) U 12.6 2.5 10.442.5 10.84+0.9 12.6+1.5 9.043.9 11.6+1.6
T 6.41+0,2% 76 0,41 6.0+2,29 11.6+ 10V — —
Sph (%) U 12.8+3.3 14.042.6 13.3+6.4 12.342.3 20.2+-4.6Y 15.54+2.9
T 10.6+0.9 12.4+3.7 8.7+0.3° 13.6+0.7 0.540.04% —
Le (%) U 40.3+8.2 42.93+6.2 47.9+1.7 40.8+2.0 30.74+6.2" 350+1.9
T 17.5+4,6% 16.4+4.29 49,5+5.29 29.0+0.1% 13.840.29 13.9+0.2°
Ce (%) U 34.3+4.3 32.7%x4.1 28.0+46.1 34.312.5 40.14-7.1Y  37.943.4
T  65.5+4.59 63.6+8.59 35.84+6.2° 45.8+1.3» 85740.2%¢ 85 140,2%
TG/PL U 2. 27 2. 03 2. 88 2. 34 1. 12 0. 92
T 0.94 0. 89 1. 12 1. 17 0. 55 0. 50
a) : MeanzS.D.
b) : P < 0.01 (between control and experimental diet groups)
¢} ¢ p < 0.01 {between untraining and training groups)

PL : Phospholipid LLe : Lysclecithin Sph : Sphingomyelin Le : Lecithin Ce : Cephalin
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Table 7. The effect of experimental diets and training on serum lipoprotein
(%)
i “Group
Content
Control A B C D E
HDL (@) U 37.246.32 38.140.9 25.943.0" 26.5+4.7Y 37.5+4.2 40.2+7.1
T 49.244.2%° 52.241.69 43,126.7% 43.4+5.99 52.7+6.197 52,944,999
VLDL U 33.14+7.1 22.44+1.,8Y 30.64+5.9 31.04+3.0 23.7 £2.99 24 845 2V
T 23.7+5.2°° 19.244.7 27.343.0 22.7+2.5° 20.54+1.2 20.6%+3.8
LDL (8) U 29.74+6.7 39.54+1.0® 43.54+6.3P 42.34+2.9Y .38.8+6.2Y 35,0+6.7
T 27.14+2.2 28.6+3.1¢ 29.6+5.3° 33. 943,226, 84+4.8° 26.510.5°
a/B U 1.25 0.96 0. 60 0.63 0.97 1.15
T 1.82 1.83 1.46 1.26 1.97 1.99
a) : MeanzS.D.
b) : P < 0.01 {between control and experimental groups)
c} : P < 0.01 (between untraining and training groups)

=45
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Table 8. The effect of experimental diets and training on serum albumin and globulin
%)
Group
Content
Control A B C D E
a: -alobulin U 9.3+1.3% 5.7i0.6"’ 12.84-2.6 13.7+1.1 16.5+0.9» 15.54+3.4
19 T 16.7+0.4° 11.1+4.9 21.8+5.4% 22.6+2.0 20.7+2.6 21.0+4.7
) U 13.9+3.2 17.446.2 11.0+1.3 2.8+ 1.8 12.8+2.8 13.3+2.5
a -globulin
T 6.6 +2.5%9 6.6+2.89 6.9_i1.8°’ 6.11+0.999 4,.3+0.49 6.1+1.49
B-globulin U 10.1+0.9 8.8+0.8 9.9+0.4 12.2+1V.7 11.24+2.9 11.6 2.1
T 2.7x1.6 5.3+1.09° 9.24+1.7 ?.54+1.8 5.2+1.9 6.9+0.6
y-globulin U 16.3x+1.7 14.8+2.4 11.941.3» 13,.2+1.2 12.44+0.79Y 12.9+8.2
T 12.6+1.9 20.54+3.9 7.8%+1.5 7.5:!:1_.6"’ 19.24+2.39 16.2+2.5
+ + - - + - . i - - i - . i - ’
Total globulin (G) U 49.6+1.3 46.7+3.1 45.6+3.8 48.9+3.9 52.945.3 53.3+4.2
T 45.64+2.7 43.5+1.6 45.73+4.3 45.7+4.3 49.4+ 4.1 50.2+3.8
albumin (A) U 50.44+2.9 53.34+3.0 54.4+4+2.9 S51.1+2.1 47. 1+ 6.1 46.7 +7.0
T 54.543.8 56.5+3.7 54.34+4.2 54,.34+1.0 50.6+2.9 49.8+3.5
A/G U 1.02 1.14 1.19 1.04 0.89 0.88
T 1.12 1.30 1. 19 1.19 1.02 0.99

a) : Mean £ S.D.

c) : P< 0.01(between Untraining and training groups)

b) : P < 0.0t {between control and experimental diet groups_)

Table 9. The effect of experimental diet and training on LDH isozymes (%)
Group
Content
Control A B C D E
LDH U 8.4+0.12 5.240.8Y 4.54+1.6Y 5.440.6Y 3.9+0.3Y 4,9+0.8?
' T 3.4+1.59 3.5+0.2 3.41+0.8 1.74£0.19  1.440.29 3.6%0.5
LDH U 7.5+1.7 5.7+ 1.2 S.7x1.1 5.5+1.3 5.8+0.4 5.7x1.5
2
T 7.3%+1.9 6.7+0.9 8.84+1.8 5.24+£1.5 5.1+1.2 7.8+ 1.4
LDH, U 15.4%0.6 9.9+ 1.1 9.34£1.9¥Y 7.14+2.9¥ 10.2+1.2 5.8+ 1.5Y
T 8.9+1.6% 8.7+1.7 10.54+2.1 7.3+0.5 14.7+3.79 7.541.4
LDH, U 4.1+1.4 13.942.79 17.3+3.6Y 14.0+1.72 11.0+2.4Y 8§ 6+2, 6P
T 12.8+1.9% 10.3+2.4 14.9+4.5 15.8+3.4 14,.94+2.9 12.2%+3.5
LDH, U 64.64+9. 1Y 65.34+7.8 63.2+4.7 68.0+8.9 69.1 6.7 75.0%5.7
T 67.6x4.5 70.3+6.2 62.44+5.3 70.05.3 63.94+7.2 68.949.4
a) : Meant S.D. ¢) : P <0.01 (between untraining and training groups)
b) : P < 0.01 (between control and experimental groups)
2 e LDH; = 583 A& EF AAh

5) 83 A gd4iFi4s ol&A (lactic acid
dehydrogehase (LDH) isozyme)
LDH isozyme & 7|9 F £33 100552 7
AH3F 32 Table 9o} AT

LDH: 3 LDHs

o

i

L I

oo vEETEH

2T~67%, 12~42%<] w2 @&

HENAR o™

2

Bl selenium &

A7} £EFNA T selenium
6

< H7EIA ge FRY 22} 36%, 24 %, 44%
o] ye AYS Yeplo 53] g TR selen-
ium< #7113 o] 7 3A e e dERdTh

LDH, £ t2FNE &57o] HlgETuTt 3
dfe) Fe e veillou He)FeME I ATHF
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Table 10. The effect of experimental diet and training on serum level of GOT, GPT and TBA

Group
Control A B Cc D E

U 183.6+7% 158.8+ 5.2% 182.549.6- 169.2:+5.5" 184,6+7.2  172,0+43.2V
T 1628456 145.2410.997 162.5+5.7° 160.54+8.7 157.81+6.9¢> 156.0+8.1¢
U 67.0+8.3 50, 44+ 6.0Y 655+6.6 57.3456  63.848.1 54,8+7.8Y
T 47.345.69 41,84 8.6 454+2.59 36.243.9%% 41,6+4.49  41,4+6,59

Content

GDT (karmen)

GPT (karmen)

U 0.030 0.025 0.035 0.031 0.026 0.021
TBA (absorbency) =~
T 0.027 0.016 0.020 0.016 0.013 0.010
a) : MeantS.D,
b) : P <0.01 {between controf and experimental diet groups)
c) ¢ P <0.01 (between untraining and training groups)

254 Esith. LDHs & LDH.Y A% $ART. o™ selenium e ¥7Hs A9 94 £E5Fo)
9¥ selenium@7F HolZAME £FT] WG  HEEF v Ho¥ ¥ e UYL =

T RO 34 =& e vl 3] 56 FAEdAME o Agke] 3A eERdT)
6) GOT, GPT @ TBAX ) AT g3x|Ade] daaA
Table 109lx] e} o] GOT, GPTE £357A Table 11 & X783 AR @ T} Alo]of} &

145.2~162.83 36.2~47.3Karmen Qld] 8|3} ¥ 37 8l A oE ATEA 7 Q=TtE E_}\]

&FTL 158.8~184.6 % 50.4~67.0 Karmen & 3 Aot}

2 47t $%5F° 5~ 15%% 17~37%2] ue & AFH34 FAAAZGe] Alojdle FA4TAA

AL RAch £33 seleniumIF 7} Ho]FAAM T (P<0.05) & e XF8a 1ds Aok o

£5T9 GOT, GDT7F 42t T~14%%9 13~25 ZHl 28 E Aleldle wif W2 #HolAw Fo 4

%2 & FFE Yeilt AA/AAE JERAT. SHH XFE G FEA2HE,
TBAA &= +5T0] Hl+&T B8 seleniumF 121", GOT, GPT ¥ TBAR &te] AMololM= 5

7F 5o #Ae we g JeEY F,%F Aot 4TFAE YEPA fudT

?1"01_ 0.013~0.027 131 ¥j&Fw°] 0.021~0.035

24 HAA 10%olA Az 52%9 we g UE 5. =

FHE DAY E 6753 tread milldld F
Table 11. Correlation coefficients between endurance:  HAIHTY £E5T0] ¥H&5T Bl 4 w2 Aol

and various serum lipid values HAE Y= Y1 (Applegate)® & B<447]
N=3 . -
. N30 2 gz Asw AAIM 28lE wEsRol
Variable Correlatlpn coefficient oexzun AojdaTol wet t}-- 21 (Lau et al)”
Untraining Training % Atk = Hanson?® $2 A&d Ax4E 53 2
TG — 0. 397%* —0.324%* Ag & gquvta s,
T-chol. — 0. 052 —0.042 B AgAME A e x4 oldA FFT-
HDL:chol. 0.2857 0.338™ . o] megFuT NolgAFel AUk aeirt ol
oL 0.021 0.035 S AFFAANE B HAel REAe $FER
GOT —0.171 —0.227* ol 51 Aol 5 20! wold el = o1610] o1 Tk =
TBA —0.010 —0. 131 6 M =
* P <O A s
** P < 0.05 Miller ¥ & A %ol (&FFHo] gldthel

— 47



10 34« A$AH « 2H& o] 8

B8R @ ol uE 16 %ol £9% ANEFF
7+ B3icka Atk Applegate® 5% ol FAb
g A7E#AE Hustn vk 22} Watt et al'®
Kral et al**’, Gaesser et al®® Pels [ et al® 5
< SRS AE A AFSW 28R g &
o 583 AFF7He] e AL ¥y B
A i =

2 A9 nARYo o] £5F, MesTe
&t AFF57Heel 4 JEld AL Milleryt
Applegate 59 B a1} e Aao)o)

7. X+
AT TEHEANAN E5FEL A7le AL v
F3o vsl £EATHe| A FAHEUGE B
+ B (Hickson et al®, Miller et al ®, Leon
et al*®). £ AN E &5To] HEFTRG B
= Aol M F AT F77t 7 3HA e
ok

LG selenium@ 7L do]lFolA oleidt F&ol 2
A Jeld AL st 40 B35l 23 A=A
AL RelA 2 AFEta B

o
E1ay
al

8.
) 22y 2HE

HHME

TEANA HADT FFEEE A2 Aolo] #
Alglo]l 423 A= 5 ZHl=EEX7F Holr

O d7R 1 2th(Zems et al”’,:-_Papadopoullos
et al ®, Danner et al®®). 28y Tan et al*®,
Lithell et al®** 5o 2538y dF S 2HE
Aote wde A7 don 9.

T 2 AFME nxXgyolFe 3

o

&

[}

T g
Aol Fost dE FH 2HEX 9] AEANSE
T A} Y. ol= Zems Y Papadopoulos 52 H1
St B2 AToinh olel ATL A £EFHEY o

gt A AjAlel oA & Adetn Alg"h
2) AR triglyceride, TG) |
389 AP TFERC @AY FS
oA tE Bias oAkl 2% A7k A

Holl A d&R 9t} (Holloszy et al®*®, Tan et al®,

Lopez et al*®, Danner et al ®, Savard et al*,

Hickson et al®®, Eems et al®®). 28]} Leon

—48-

BRbLBGE

et al® 2 53 FHZTAXLFARY Aloldl& 4
o] githn s A7l B3 g 73S uie givt

3 & AP = 4ojFEodl= ARl =2E
AolZe] 5Tl Hl&FTl vld VA FHA L
A4S AARNEH ole AT +FFHC A
A B aL 48 F7RAA ALY AL o]
|82 =39 leow =% dagd AS aded o
ge] Aoz AEE FolE BHE U AL R A}
9. gy X7 v FAA Y] Alo]
oF felg 4BEAE Veld AE I ol 79 sty
E B A0

3) ndE Ag¥ Z# 26 &(HDL - chol.)
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A Eo AL AP, F FFER] F chol.
Ze ZAA7IHA Y2 HDL - chol. A& &7
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4) 1A A (phospholipid, LP)

Papadopoulos et al® & 53 QIR A Alo]o =
F#3ltta 5 Garlson et al*®e &FF  QUA
2 o] HojRoar fArh gy B A M 2e]
24 oz Fole Jou AwAoz gEFM 9
A 49 F7HE EF AUk

w2t TG/LP S w7t &FTA 60% A5
AP AL VeEbd AL Garlson et al®*®e] By}
Zon ol %o g% XA 49 M=
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7} 229 vto 2 Alg®r}

5) X|&¥ ( lipoprotein, Lp)

BAFANG AEH gy He] Aejd= 2 4
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et al®”, Gofrnan et al ®, Miller et al® 5ol &2
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