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ABSTRACT

The purpose of this study was to investigate that the effect of dietary faity acid composition on pro- and macro-glycogen
utilization and resynthesis. The analyses were further extended for different muscle fibers (type I, type 1, & type 1ib)
as well as tissues (i.e., liver & heart). Total one hundred sixty Sprague-Dawley rats were used, and rats were randomly
allocated into four experimental groups: animals fed standard chow diet (n = 40), animals fed saturated fatty acid diet
(n=40), animals fed monounsaturated fatty acid (n = 40), and animals fed polyunsaturated fatty acid (n = 40). Animals
in each groups were further divided into five subgroups: sacrificed at REST (n = 8), sacrificed at immediately after 3
hr swim exercise (P-OHR, n = 8), sacrificed at one hour after 3 hr swim exercise (P-1HR, n = 8), sacrificed at four hour
after 3 hr swim exercise (P-4HR, n = 8), and sacrificed at twenty-four hour after 3 hr swim exercise (P-24HR, n=8).
Soleus (type 1), red gastrocnemius {type 11a), white gastrocnemius (type 1Ib), liver, and heart were dissected out at
appropriated time point from all animals, and were used for analyses of pro- & macro-glycogen concentrations. After 8
weeks of dietary interventions, there was no significant difference in body mass in any of dietary conditions (p > .05). After
3 hr swim exercise, blood lactate level was higher compared to resting conditions in all groups, but it was returned to
resting value after 1 hrrest (p <.05) . Free fatty acid concentration was higher in all high fat fed groups (regardless of fatty
acid composition) than CHOW consumed group. At rest, pro- & macro-glycogen concentration was not different from any
of experimental groups {p> .05). Regardless of forms of glycogen, the highest level was observed in liver {p <.01), and
most cases of supercompensation after 3hr exercise observed in this study were occurred in CHOW fed tissues. Except
heart muscle, all tissues used in this study showed that pro- and macro-glycogen concentration was significantly decreased
after 3 hr exercise. Based on these results, two conclusions were made: first, there is no different level of glycogen content
in various tissues regardless of types of fatty acids consumed and second, the highest mobilization rate would be demon-
strated from CHOW fed animals compare to animals that consumed any kinds of fatty acid diet if prolonged exercise is
applied. (Korean J Nutr 2007; 40(3): 211~220)
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Table 1. Experimental diet composition
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. Amount (g - 100 g" of diet)
Ingredient

CHOW SAFA MUFA PUFA
Starch (from corn) 48.3 18.0 - -
Starch (fromrice) - 8.0 18.0 18.0
Sucrose - 5.1 8.0 8.0
Wheat bran 3.9 15.0 5.1 5.1
Lard 2.9 15.0 - -
Coconut oil - - - -
Olive oil - - 30.0 -
Safflower oil - - - 30.0
Vegetable oil 3.0 23.0 - -
Casein - - 23.0 23.0
Soybean meal 20.0 - - -
Fish meal 14.4 6.0 - -
Gelatin - 0.3 6.0 6.0
oi-Methionine 0.3 6.7 0.3 0.3
Mineral mixtures 59 1.3 6.7 6.7
Vitamin mixtures 1.3 1.3 1.3
Kcal -100g" &% kcal) 337.9 (100.0) 511.6 (100.0) 511.6 (100.0) 511.6 (100.0)
Carbohydrate 208.8 ( 61.8) 124.4 ( 24.3) 124.4 ( 24.3) 124.4 ( 24.3)
Fat 53.1 ( 15.7) 270.0 { 52.8) 270.0 ( 52.8) 270.0 ( 52.4)
Protein 76.0 ( 22.5) 117.2 ( 22.9) 117.2 ( 22.9) 117.2 ( 22.9)

CHOW: standard chow diet group, SAFA! saturated fatty acid diet group, MUFA: monounsaturated fatty acid diet group, PUFA:
polyunsaturated fatty acid diet group. Standard CHOW was purchased from SAMTAKO (Bio Korea, Kyoung-ki, Korea) . p-Methio-

nine, oi-2-Amino-4-methylthiobutanoic acid. All ingredients for high-fat diet were prepared from ICN Biomedicals, Inc.
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Table 2. Body mass differences at the end of 8 wk experimental
period
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CHOW SAFA MUFA PUFA

3858 £ 128 4078 =50 4119 £35 4192+ 47

CHOW: standard chow diet group, SAFA: saturated fatty acid
diet group, MUFA: monounsaturated fotty acid diet group, PUFA:
polyunsaturated fatty acid diet group. All values were expressed
by mean = SEM, and body mass was expressed in g

Table 3. Comparison of blood glucose concentration following experimental interventions

REST P-OHR P-THR P-4HR P-24HR TIME DIET TIME X DIET
CHOW  723+28 540 +29° 580+ 3.2° 56.4 + 3.8° 77.6 £ 3.7
SAFA 866+ 2.3 71625  604%£15° 584=x29" 113.4+38 .
. N - p<.01 p = .463 p=.340
MUFA 773+ 1.8 663+ 30° 491 %17 526 2.6 81.0 = 3.3
PUFA 8346+ 27 724 £ 1.7° 608 %47 509 21 80.6 £ 1.9

CHOW: standard chow diet group, SAFA: saturated fatty acid diet group, MUFA: monounsaturated fatty acid diet group, PUFA:
polyunsaturated fatty acid diet group. P-OHR: animals that were sacrificed at immediately after 3 hr swim exercise, P-THR: animals that
were sacrificed at one hour after 3 hr swim exercise, P-4HR: animals that were sacrificed at four hour after 3 hr swim exercise, P-24HR:
animals that were sacrificed at twenty-four hour after 3 hr swim exercise. °p<.05 from REST and P-24HR, "p<.05 from P-OHR, “p<.05 from
P-THR. All values were expressed by mean = SEM. Glucose concentration was expressed in mg - dL-1
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Table 4. Comparison of blood lactate concentration following experimental interventions

REST P-OHR P-1HR P-4HR P-24HR TIME DIET TIME X DIET
CHOW 1.14 £ .07 2.89 + .23° 1.54 - .08 0.67 = .05 1.00 = .11
SAFA 0.87 + .08 2.55 + 22° 1.34 = 07 0.77 = .07 0.96 + .04
p<.05 p<.05 p = 583
MUFA 117 £ .06 2.83 + .25° 1.50 = .11 117 £ .09 1.38 + .12
PUFA 1.03 £ .07 2.50 + .09° 1.20 = .07 1.08 + .08 0.91 £ .10

CHOW: standard chow diet group, SAFA: saturated fatty acid diet group, MUFA: monounsaturated fatty acid diet group, PUFA:
polyunsaturated fatty acid diet group. P-OHR: animals that were sacrificed at immediately after 3 hr swim exercise, P-THR: animais that
were sacrificed at one hour after 3 hr swim exercise, P-4HR: animals that were sacrificed at four hour after 3 hr swim exercise, P-24HR:
animals that were sacrificed at twenty-four hour after 3 hr swim exercise. o <.05 from REST and P-24HR. All values were expressed by
mean * SEM. Lactate conceniration was expressed in mmol - L-1

Table 5. Comparison of blood free fatty acid concentration following experimental interventions

REST P-OHR P-THR P-4HR P-24HR TIME DIET TIME X DIET
CHOW 0.35 = .08 1.12 £ .35° 0.74 = 16° 0.87 + 22° 0.44 + 11
SAFA 0.46 = .07 0.50 + .05 0.66 £ .17 0.66 £ .19 0.45 + 13
R p = 143 p<.05 p = .256
MUFA 0.47 = 13 0.87 + .27 0.63 = .18 0.81 + .23° 0.43 + .11
PUFA 0.45 = .07 0.72 = .18° 0.48 = .18 0.43 £ .09 0.31 £ .07

CHOW: standard chow diet group, SAFA: saturated fatty acid diet group, MUFA: monounsaturated fatty acid diet group, PUFA: po-
lyunsaturated fatty acid diet group. P-OHR: animals that were sacrificed at immediately after 3 hr swim exercise, P-THR: animals that
were sacrificed at one hour after 3 hr swim exercise, P-4HR: animals that were sacrificed at four hour after 3 hr swim exercise, P-24HR:
animals that were sacrificed at twenty-four hour after 3 hr swim exercise. °p <.05 from REST and P-24HR. All values were expressed by
mean + SEM. FFA concentration was expressed in mmol - L-1
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Fig. 1. The changes of proglycogen content in solues. CHOW:
standard chow diet group, SAFA: saturated fatty acid diet group,
MUFA: monounsaturated fatty acid diet group, PUFA: polyunsa-
turated fatty acid diet group. P-OHR: animals that were sactrificed
at immediately after 3 hr swim exercise, P-1HR: animals that were
sacrificed at one hour after 3 hr swim exercise, P-4HR: animals that
were sactificed at four hour after 3 hr swim exercise, P-24HR:
animals that were sacrificed at twenty-four hour after 3 hr swim
exercise. °p <.05 between CHOW and SAFA, °p <.05 between
CHOW and MUFA, %p < .05 between SAFA and MUFA, °p < .05 bet-
ween SAFA and PUFA, 'p <.05 between MUFA and PUFA. All va-
lues were expressed by mean = SEM.

Macroglycogen (soleus)
Concentration (zmol.g-)

REST P-OHR

P-THR P-4HR P-24HR
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|

Fig. 2. The changes of macroglycogen content in solues. CHOW:
standard chow diet group, SAFA! saturated fatty acid diet group,
MUFA: monounsaturated fatty acid diet group, PUFA: polyunsatu-
rated fatty acid diet group. P-OHR: animals that were sacrificed at
immediately after 3 hr swim exercise, P-1HR: animals that were
sacrificed at one hour after 3 hr swim exercise, P-4HR: animals that
were sacrificed at four hour after 3 hr swim exercise, P-24HR: ani-
mals that were sacrificed at twenty-four hour after 3 hr swim exer-
cise. °p <.05 between CHOW and SAFA, °p <.05 between CHOW
and MUFA, p <.05 between CHOW and PUFA, “p < .05 between
SAFA and MUFA, °p < .05 between SAFA and PUFA, p < .05 bet-
ween MUFA and PUFA. All values were expressed by mean * SEM.
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Proglycogen (red gastrocnemius)
Concentration (zmol.g-)

REST P-OHR P-THR P-4HR P-24HR

|7E| CHOW SAFA MUFA [ PUFA i

Proglycogen (white gastrocnemius)
Concentration (zmol.g")

REST P-OHR P-THR P-4HR P-24HR

[J CHOW SAFA

MUFA PUFA |

Fig. 3. The changes of proglycogen content in red gastrocnemius.
CHOW: standard chow diet group, SAFA! saturated fatty acid
diet group, MUFA: monounsaturated fatty acid diet group, PUFA:
polyunsaturated fatty acid diet group. P-OHR: animals that were
sacrificed at immediately after 3 hr swim exercise, P-THR: animals
that were sacrificed at one hour after 3 hr swim exercise, P-4HR:
animals that were sacrificed at four hour after 3 hr swim exercise,
P-24HR: animals that were sacrificed at twenty-four hour after 3 hr
swim exercise. °p < .05 between CHOW and SAFA, °p < .05
between CHOW and MUFA, “p < .05 between CHOW and PUFA,
“p < .05 between SAFA and MUFA, °p <.05 between SAFA and
PUFA. All values were expressed by mean 1 SEM.

Macroglycogen (red gastrocnemius)
Concentration ( zmol.g)

REST P-OHR

P-1HR P-4HR P-24HR

[ cHOwW SAFA MUFA EY PUFA

Fig. 4. The changes of macroglycogen content in red gastroc-
nemius. CHOW: standard chow diet group, SAFA: saturated fatty
acid diet group, MUFA: monounsaturated fatty acid diet group.
PUFA: polyunsaturated fatty acid diet group. P-OHR: animals that
were sacrificed at immediately after 3 hr swim exercise, P-1HR:
animals that were sacrificed at one hour after 3 hr swim exercise,
P-4HR: animals that were sacrificed at four hour after 3 hr swim
exercise, P-24HR: animails that were sacrificed at twenty-four hour
after 3 hr swim exercise. °p <.05 between CHOW and SAFA, °p< 05
between CHOW and MUFA, °p < .05 between CHOW and PUFA.
All values were expressed by mean £ SEM.

Fig. 5. The changes of proglycogen content in white gastrocne-
mius. CHOW: standard chow diet group, SAFA: saturated fatty
acid diet group, MUFA: monounsaturated fatty acid diet group,
PUFA: polyunsaturated fatty acid diet group. P-OHR: animals that
were sacrificed at immediately after 3 hr swim exercise, P-1HR:
animails that were sacrificed at one hour after 3 hr swim exercise,
P-4HR: animals that were sacrificed at four hour after 3 hr swim
exercise, P-24HR: animals that were sacrificed at twenty-four hour
after 3 hr swim exercise. °p < .05 between CHOW and SAFA. All
values were expressed by mean = SEM.
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Macroglycogen (white gastrocnemius)
Concentration ( g mol.g™h

REST P-OHR P-THR P-4HR P-24HR

! ] CHOW [ SAFA

MUFA PUFA ‘

Fig. 6. The changes of macroglycogen content in white gastroc-
nemius. CHOW: standard chow diet group, SAFA: safurated fatty
acid diet group, MUFA: monounsaturated fatty acid diet group,
PUFA: polyunsoturated fatty acid diet group. P-OHR: animals that
were sacrificed at immediately after 3 hr swim exercise, P-1HR:
animals that were sacrificed at one hour after 3 hr swim exercise,
P-4HR: animals that were sacrificed at four hour after 3 hr swim
exercise, P-24HR: animals that were sacrificed at twenty-four hour
after 3 hr swim exercise. °o < .05 between CHOW and SAFA, °p <.05
between CHOW and MUFA, “p <.05 between SAFA and MUFA,
°o < .05 between SAFA and PUFA, 'p <.05 between MUFA and
PUFA. All values were expressed by mean + SEM.
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Fig. 7. The changes of proglycogen content in liver. CHOW: stan-
dard chow diet group, SAFA: saturated fatty acid diet group,
MUFA: monounsaturated fatty acid diet group, PUFA: polyunsa-
turated fatty acid diet group. P-OHR: animails that were sacrificed
at immediately after 3 hr swim exercise, P-1HR: animals that were
sacrificed at one hour after 3 hr swim exercise, P-4HR: animals that
were sacrificed at four hour after 3 hr swim exercise, P-24HR:
animals that were sacrificed at twenty-four hour after 3 hr swim
exercise. “p <.05 between CHOW and SAFA, “p <.05 between
CHOW and PUFA. All values were expressed by mean = SEM.

MBS E B e 2007:403) 1 211~220/217
SUFALE, AR &Fol wWE 1 AAE FosHA vE
UA] kot &5 Al Fdo] PR 958 B3} (Fig. 9).

22222 sxe] M3l §24 A heart 22 W uf
A=FE I FE= IF T A A BolX] Ytttk
SIARE % 1A17F ¥ CHOW 4 SAFAYXE &% AT

40—

Proglycogen (heart)
Concentration ( zmol.g")

Rest P-OHR P-THR P-4HR P-24HR

lE CHOwW SAFA MUFA PUFA—’

Fig. 9. The changes of proglycogen content in heart. CHOW:
standard chow diet group, SAFA! saturated fatty acid diet group,
MUFA: monounsaturated fatty acid diet group, PUFA: polyunsa-
turated fatty acid diet group. P-OHR: animals that were sacrifi-
ced at immediately after 3 hr swim exercise, P-1HR: animals that
were sacrificed at one hour after 3 hr swim exercise, P-4HR: ani-
mals that were sacrificed at four hour after 3 hr swim exercise, P-
24HR: animals that were sacrificed at twenty-four hour after 3 hr
swim exercise. All values were expressed by mean = SEM.
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Fig. 8. The changes of macroglycogen content in fiver. CHOW:
standard chow diet group, SAFA: saturated fatty acid diet group,
MUFA: monounsaturated fatty acid diet group, PUFA: polyunsa-
turated fatty acid diet group. P-OHR: animals that were sacrificed
at immediately after 3 hr swim exercise, P-THR: animals that were
sacrificed at one hour after 3 hr swim exercise, P-4HR: animals that
were sacrificed atf four hour after 3 hr swim exercise, P-24HR:
animails that were sacrificed at twenty-four hour after 3 hr swim
exercise. °p < .05 between CHOW and SAFA, "p <.05 between
CHOW and MUFA, “p < .05 between CHOW and PUFA, “p < 05 bet-
ween SAFA and MUFA, 'p< .05 between MUFA and PUFA. All values
were expressed by mean + SEM.

Fig. 10. The changes of macroglycogen content in heart. CHOW:
standard chow diet group, SAFA: saturated fatty acid diet group,
MUFA: monounsaturated fatty acid diet group, PUFA! polyunsa-
turated fatty acid diet group. P-OHR: animals that were sacrificed
atimmediately after 3 hr swim exercise, P-1HR: animals that were
sacrificed at one hour after 3 hr swim exercise, P-4HR: animals
that were sacrificed at four hour after 3 hr swim exercise, P-24HR:
animals that were sacrificed at twenty-four hour after 3 hr swim
exercise. °p <.05 between CHOW and SAFA, °p <.05 between
CHOW and MUFA, °p<.05 between CHOW and PUFA, p<.05 bet-
ween SAFA and MUFA, “p<.05 between SAFA and PUFA. All va-
lues were expressed by mean = SEM.
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