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EM), A3y Al (Exercised Phellinus linteus supplemented group; ES), < AH
At (Exercised Garnoderma lucidem supplemented group; EY), QA A
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SUMMARY

I. Title

Development of Functional Foods for Enhanced athletic Performance

II. Purpose and Significance of the Study

People generally have a much interest in health promotion. Regular
exercise and balanced diet may be the most effective strategy to maintain or
promote health status. Because of busyness, fatigue, and/or laziness, however,
a number of people tend to take tonics as an alternative. Tonics are widely
used by many people, especially in Asian countries, for centuries, but their
effects have not been scientifically supported except in a few instances. Thus,
it is necessary to explore functional ingredients with tonic effects based on
competent and reliable scientific evidence.

In the orient, several plants have a long history of use as herbal medicine
and are now being validated by scientific approach for their remarkable
healing potential. Panax ginseng C.A. Meyer(the Araliaceae family), with
more than a 4000-year history, occupies a particularly important place among
the tonic remedies of oriental medicine. Among the several kinds of Panax
ginseng, Korea red ginseng has been the most famous one whose biological
effects are being gradually disclosed. In addition, several mushrooms have
recently become attractive as functional foods, and a source of physiologically
beneficial remedy. The fruiting body of Tochukaso is attracting a new
interest in Korea and other Asian countries as a tonic and restorative remedy.

Recently, some of nutritional supplements are taken as ergogenic aids, a
term used for substances that enhance athletic performance and increase
stamina and capability to exercise. Ergogenic aids are believed to increase

athletic performance either by renewing or increasing energy stores in the
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body, facilitating the biochemical reactions contributing to fatigue or
maintaining  optimal body  weight. Medium-chain triglyceride(MCT),
octacosanol, squalene, etc belong to this category. Some claims of them,
however, have yet to be proven in an appropriate and controlled animal model
and human study. The present study was, therefore, undertaken to evaluate
the tonic effects of plant extracts and functional ingredients. Some
biochemical parameters in blood and tissues were analyzed to understand its
mechanism.

Since ergogenic agents are recognized as one of the important components
for exercise performance, needs for the development of functional foods
enhancing endurance exercise performance are increased rapidly in the field of
food science, and sports nutrition. Traditionally, wide range of healthy foods
have been recommended and used for ergogenic agents for professional and
amateur athletes. Among those include functional foods such as ginseng, red
ginseng, Orgapi, vitamins, and amino acids, and invigorating foods originated
from animals such as dog, snake, and turtle soups, which are more
preferably used in Korean society. Studies testing the efficacies of these food
substances have been conducted scarcely, and scientific evidence supporting
the positive effects of these substances on exercise performance are limited.
In this study, diverse herb extracts and animal origin dietary supplements
were evaluated for their effects on endurance exercise performance in exercise
trained rats. The final goal of this project includes the development of
nutraceuticals or medicinal food products composed of ingredients, which had
been proved effective in our studies, exerting synergistic effects in enhancing

endurance exercise performance.
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III. Contents and Scope of the Study

From literature survey, 12 medicinal plants, 3 functional ingredients, and 2
traditional health foods were selected for this study. Evaluation of their
effects was double—checked by forced-swimming capacity in a pool and
running endurance in a treadmill of mice. Fatigue factors such as lactate,
ammonium, glycogen, triglycerides, etc were analyzed to describe beneficial
mechanism. Some materials that showed an enhanced athletic performance
were used to develop health foods. Effects of two tonic formulations were
confirmed by swimming and running endurance tests.

The subjects of human study were 12 male students who are students of
physical education at Y university. They were randomly divided into two
groups composed of 6 men each. One was a control taking placebo and the
other was a treatment taking tonic formulation. The exercise test was
performed until all-out. The intensity was set 4% gradient and 7 mph(188
m/min) speed in two experiments, and the subjects took a recovery for 30
min after exercise. Blood was collected during the resting period, at the end
of exercise and the period of 30 min-recovery. It was executed six times
during two experiment. Blood was used for the analyses of lactate, ammonia,

phosphate, pH, 5-HT.

IV. Results and Recommendation

Adaptogenic activity of medicinal plant extracts was studied based on the
forced-swimming time of mice administered each extract. Mice were regularly
trained and administered ethanolic extract(500 mg/kg body weight) of Rubus
coreanus Miquel, Cyperus rotundus Linn., Acanthopanax sessiliflorus,
Saururus chinensis Baili, Epimedium koreanum Nakai, Houttuynia cordata

Thunb. for 4 weeks, and then their swimming time and fatigue factors were
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measured. Forced-swimming time until exhaustion was significantly
longer(p<0.05) in R. coreanus group, but shorter(p<0.05) in S. chinensis group
than that of control. Lactate levels of plasma did not significantly differ
between a control and each treatment group. Plasma lactate level tended to
be lower in R. coreanus group, but not significant. Plasma ammonia levels of
R. coreanus and A. sessiliflorus groups were significantly lower as compared
to a control group(p<0.05). Glycogen contents in liver and muscle did not
show significant differences between a control and each treatment. It could be
concluded that extracts of R. coreanus and A. sessiliflorus which endowed
mice with longer swimming time and less accumulation of fatigue factors
contributed to the improvement of athletic activity of an experimental animal.

The tonic effect of Cordyceps militaris(CM), Paecilomyces japonia(P]),
Phellinus linteus(PL), Ganoderma lucidum(GL), Grifola frondosa(GF) and
Panax ginseng(PG) was examined based on the forced-swimming capacity
and the change of biochemical parameters in ICR mice. The treatment groups
were orally administered medicinal plant extracts(500 mg/kg/day), while the
control group received distilled water for 4 weeks. The swimming times to
exhaustion were longer in the CM, PJ and GF groups than in the control
group(p<0.05). Plasma TG levels were lower in the treatment groups than in
the control group. Plasma glucose levels were not significantly different
between a control and each treatment group except the PG group. Plasma
lactate and ammonia levels of the PJ and GF groups were lower than those
of the control group(p<0.05). There were no significant differences in the
content of liver and gastrocnemius muscle glycogen between a control and
each treatment group. In conclusion, P] and GF extracts enhanced the forced
swimming capacity of mice by increasing fat utilization and by delaying the
accumulation of plasma lactate and ammonia.

This study was performed to evaluate effects of squalene, octacosanol and

midium-chain triglyceride(MMCT) on the forced-swimming capacity and the
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related biochemical parameters in SD rats. Treatment groups fed the diet
supplemented with squalene or octacosanol of 0.75%, or substituted 60% of
soybean oil by MCT respectively for 4 weeks. All groups were trained 2
times per week regularly to be accustomed to swim. After 4 weeks, each
group was divided into two subgroups; one swam for 90 min(90-min
subgroup) and the other swam until exhaustion(all-out subgroup). Plasma
was collected and liver and gastrocnemius muscle were dissected out after
swimming. Among the 90-min subgroups, plasma glucose and ammonia levels
of octacosanol and MCT groups were significantly lower than those of other
two groups(p<0.05), but FFA level was not different. Meanwhile, after
swimming until exhaustion, plasma glucose and ammonia levels of octacosanol
and MCT groups were not different from those of other two groups, but
plasma FFA level of octacosanol and MCT groups was significantly lower
than that of control group(p<0.05). Swimming time until exhaustion was
significantly longer in the octacosanol and MCT groups compared to other
two groups(p<0.05). There were no significant differences in the glycogen
content of liver and gastrocnemius muscle among other groups except
squalene group. In conclusion, octacosanol and MCT groups enhanced the
forced swimming capacity of rats by sparing the glycogen with increase of
fat wutilization and by delaying the accumulation of plasma lactate and
ammonia during prolonged exercise.

Next study was performed to evaluate effects of extract of terrapin and
snake on the forced—swimming capacity and the related biochemical
parameters in SD rats. Treatment groups fed the diet supplemented with
terrapin extract of 5% or snake extract of 1% respectively for 4 weeks. All
groups were trained 2 times per week regularly to be accustomed to
swimming. After 4 weeks, each group was divided into two subgroups; one
swam for 90 min(90-min subgroup) and the other swam until

exhaustion(all-out subgroup). Plasma was collected and liver and
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gastrocnemius muscle were dissected out after swimming. No significant
difference was observed in the swimming time until exhaustion among the
groups. After swimming for 90 min, the fatigue factors of plasma were not
significantly different among the groups, but citrate synthase activity of
gastrocnemius muscle were significantly higher in the snake—supplemented
group than in the control group(p<0.05). After swimming until exhaustion,
plasma glucose level was significantly lower(p<0.001) but plasma lactate and
ammonia levels were significantly higher(p<0.05) in the snake-supplemented
group than in the control group. Glycogen content of gastrocnemius muscle
was also significantly higher in the snake-supplemented group than in the
control group(p<0.05). In conclusion, extracts of terrapin and snake did not
enhance the forced swimming capacity of rats. Rather, snake extract might
reduce the endurance excercise performance by accumulating fatigue factor.
Final study was performed to evaluate effects of two types of formulas
designed for commercial product on the forced-swimming capacity and the
related biochemical parameters in SD rats. Ingredients used for the formulas
were selected based on our previous experiments. Treatment groups fed the
diet supplemented with formula A(EFA group) or B(EFB group) of 4.56%
respectively for 4 weeks. All groups were trained 2 times per week regularly
to be accustomed to swim. After 4 weeks, each group was divided into two
subgroups; one swam for 90 min(90-min subgroup) and the other swam until
exhaustion(all-out subgroup). Plasma was collected and liver and skeletal
muscle were dissected out after swimming. Forced-swimming time until
exhaustion was significantly longer(p<0.05) in EFA and EFB groups than that
of exercised control group. Skeletal muscle weight of the EFB group was
significantly higher than that of the exercised control group(p<0.05). Among
the 90-min subgroups, plasma ammonia level of EFB group was significantly
lower than that of exercise control group(p<0.05). Meanwhile, among the

all-out subgroups, plasma lactate levels were not significantly different
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between a exercised control and each treatment group, but plasma free fatty
acid level of EFA and EFB group was significantly lower than that of
exercised control group(p<0.05). In conclusion, EFA and EFB groups
enhanced the forced swimming capacity of rats by increasing fat utilization
and by delaying the accumulation of plasma fatigue factor, and the effects
tended to be better in EFB group than in the EFA group.

The following results were based on running endurance of rats in a
treadmill. The first study was attempted to examine effects of dietary
supplementation of Sambaekcho, Orgapi, or Hyangbuja on endurance exercise
performance in rats. Male Sprague-Dawley rats were randomly assigned to
one of eight groups(n=6); sedentary control group(SC), exercise-trained
control group(EC), exercised Bokbunja supplemented group(EB), exercised
Sambaekcho supplemented group(ES), exercised FEursungcho supplemented
group(EE), exercised Orgapi supplemented group(EO), exercised Umyangkak
supplemented group(EU), and exercised Hyangbuja supplemented group(EH).
Rats were fed experimental diets supplemented with ethanol extracts of
various plants at the level of 30 g/kg. Rats of exercised group performed
exercise training for 4 weeks in a rodent treadmill. EC rats ran 2309 longer
on a treadmill until exhaustion than SC rats(76+2 vs 23+1 min, p<0.01), while
ES, EO, or EH rats ran 190%, 57%, or 61% longer than the value for EC
rats (p<0.01, p<0.05, or p<0.05, respectively). EE, EB, EO, or EH rats
exhibited significantly elevated the creatine kinase activity compared to that
for EC rats(p<0.01, p<0.05, p<0.05, p<0.05, respectively) under rested state.
Serum ammonia concentration was not significantly different among groups.
Serum lactate concentration was significantly increased in supplemented group
except EH group compared to the value for EC group(p<0.01). Serum glucose
concentration was significantly higher in ES rats compared to the value for
EC group(p<0.05), and inorganic phosphate concentration was not significantly

affected by dieting supplemented with the exception of EU rats. Muscle
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glycogen concentration was lowered in EC groups compared to the value for
SC group(5.39£0.75 vs 8.31+x1.60 mg/g tissue). Although ES, EO, or EH rats
ran significantly longer until exhausted, their gastrocnemius muscle glycogen
concentration under rested state was not significantly different from that of
EC rat(in EO, or EH rats) but significantly higher than that of EC rats(in the
ES rats, p<0.05). Muscle lactate dehydrogenase activity were not
significantly different among groups. Dietary supplementation of Hyangbuja
significantly  elevated citrate synthase activity in the muscle of
exercise—trained rats. These results indicate that the ergogenic properties of
Sambaekcho, Orgapi, or Hyangbuja are exerted by sparing muscle glycogen
stores in the muscle of trained rats during an endurance running.

Next study was attempted to examine effects of dietary supplementation of
red ginseng or medicinal mushrooms on endurance exercise performance in
rats. Male Sprague-Dawley rats were randomly assigned to one of eight
groups (n=6); sedentary control group(SC), exercise-trained control group(EC),
Exercised Cordyceps militaris supplemented group(EM), Exercised Phellinus
linteus supplemented group(ES), Exercised Garnoderma lucidem supplemented
group(EY), Exercised Grifola frondosa supplemented group(EI), Exercised
Paecilomyces japonica supplemented group(EJ) and Exercised Panax red
ginseng supplemented group(EH). Rats were fed experimental diets
supplemented with ethanol extracts of red ginseng or medicinal mushrooms
at the level of 30 g/kg for 4 weeks. Rats of exercised group performed
exercise training for 4 weeks in a rodent treadmill. EC rats(83+7 min) ran
longer than SC rats(27£12 min, p<0.01) until exhausted, while EH rats ran
124% longer than the value for EC rats(p<0.0l). Serum ammonia
concentration was significantly increased in supplemented groups compared to
the value for EC group with the exception of EY group. Serum lactate
concentration was significantly increased in supplemented groups with the

exception of EH group compared to the value for EC group(p<0.01). Muscle
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glycogen concentration was significantly lowered in EC groups compared to
the value for SC group(p<0.01). Probably due to the loss of glycogen storage
during the endurance exercising performance until all-out. However, muscle
glycogen concentration was significantly increased in EH groups compared to
the value for EC group(p<0.05). Activity of muscle citrate synthase and
lactate dehydrogenase were not significantly different among groups. In
conclusion, these results indicate that dietary supplementation of Panax red
ginseng is effective in enhancing endurance exercising performance of trained
rats.

The third study was performed to evaluate effects of octacosanol,
squalene, or MCT on the running performance and related biochemical
parameters of exercise-trained rats under exhaustion. Male Sprague-Dawley
rats were randomly assigned to one of the five groups; sedentary control
group(SC),  exercise—trained control  group(EC), exercise-trained and
octacosanol  supplemented group(EO), exercise trained and squalene
supplemented group(ES), and exercise-trained and MCT supplemented
group(EM). Five groups were raised on control, octacosanol(0.75%5)
supplemented  diet, squalene(0.75%)-supplemented  diet, or MCT(6%)
supplemented diet with(or without for SC rats) exercise training for 4 weeks.
EC rats run 184% longer on the treadmill until exhausted than the SC rats
(p<0.01), while EO, ES, or EM rats run 46%, 181%, or 187% longer than the
value of that for EC rats(p<0.05, p<0.01, or p<0.01, respectively). Under the
exhausted state which immediately followed the running performance test, EO
rats exhibited significantly elevated plasma ammonia and lactate
concentrations, ES rats exhibited significantly elevated plasma inorganic
phosphorous concentration, and EM rats exhibited significantly elevated
plasma ammonia and inorganic phosphorous concentrations compared to the
values for EC rats(p<0.05). Although EO, ES, and EM rats run significantly

longer until exhausted, their gastrocnemius muscle glycogen concentration
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under exhausted state was not significantly different from that of EC rats (in
the EO and ES rats) but significantly higher than that of EC rats(in the EM
rats, p<0.05). Dietary supplementation of octacosanol, squalene, or MCT
significantly elevated the creatine kinase activity in plasma, citrate synthase
activity in muscle, and lactate dehydrogenase activity(not significant in EO
group) in muscle of exercise-trained rats. These results suggest the
ergogenic properties of octacosanol, squalene, or MCT sparing muscle
glycogen stores and increasing oxidative capacity in the muscle of
exercise—trained rats.

The forth study was attempted to examine effects of well-known
invigorant foods such as snake soup or Trionyx sinesis soup on endurance
exercise performance in rats. Male Sprague-Dawley rats were randomly
assigned to one of eight groups(n=8); sedentary control group(SC), exercised
control group(EC), exercised snake soup supplemented group(ES), and
exercised Trionyx sinesis soup supplemented group(ET). Rats were fed
experimental diets supplemented with snake soup or Trionyx sinesis soup at
the level of 10 g/kg or 50 g/kg, respectively. Rats of exercised group
performed exercise training for 4 weeks in a rodent treadmill. EC rats(164+31
min) ran longer than SC rats(33¢6 min, p<0.01) until exhausted. ES
rats(159£23 min) and ET rats(125+11 min) ran 4% and 24% shorter than the
value for EC rats. Serum ammonia and lactate levels were not significantly
different among groups. Serum creatine kinase activity was significantly
lower in ES and ET rats compared to the value for EC rats(p<0.01). Muscle
glycogen concentration was significantly lower in EC rats compared to the
value for SC rats(4.8+0.8 vs 6.9+0.9 mg/g tissue, p<0.01). Muscle citrate
synthase activity was significantly higher in ES rats compared to the value
for EC rats. These results indicate that traditionally used invigorating foods
such as snake and Trionyx sinesis were not effective in enhancing endurance

exercise performance of trained rats.
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Final study was performed to evaluate effects of formulations designed for
a commercial product on endurance performance exercise. Ingredients used for
these formulas were selected among most effective dietary supplements
originated from plants and animals tested previous years. Male Sprague-
Dawley rats were randomly assigned to one of eight groups(n=16); sedentary
control group(SC), exercised control group(EC), exercised formula A
supplemented group(EA), and exercised formula B supplemented group(EB).
Rats were fed experimental diets supplemented with formula A or B at the
level of 465 g/kg. Rats of exercised group performed exercise training for 4
weeks in a rodent treadmill. Rats raised on each experimental diet for 4
weeks had been randomly divided into two groups, and underwent exercise
loading test until exhausted(Part I)(n=8) or exercise loading test for 1 h(Part
ID(n=8) on a treadmill. EC rats(108+8 min) ran significantly longer than the
SC rats(3945 min) until exhausted(p<0.01), and EA or EB rats ran 19% or
20% longer than EC rats, respectively. Serum ammonia and lactate
concentrations measured immediately following the exercise loading test until
exhaustion were not significantly different among groups. Serum creatine
kinase activity was significantly higher in EA rats(p<0.05) than in EC rats.
Muscle lactate dehydrogenase activity was significantly higher in formula A
or B rats compared to EC rats(p<0.01). Following the 1 h running
workout(Part II), serum ammonia concentration was significantly higher in EA
rats compared to EC rats(p<0.05). Muscle glycogen concentration following a
1 h running test was not significantly different among groups. Muscle citrate
synthase activity was significantly higher in EA rats(p<0.05) than in EC rats.
These results indicate that both formula A and B appear to be effective in
enhancing endurance exercise performance of trained rats.

This is the result of the first human study. There was no significant
difference in the exercise performance whether taking Gaesoju or not(p>0.05).

In case of Gaesoju supplementation group, there was no significant difference
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in exercise performance time before and after the complex ergogenic aids
supplementation(p>0.05), but the time with supplementation showed an
increase of 83 seconds in comparison with pre-supplementation. In case of
control group, the exercise performance time was similar regardless of
supplementation, there was no significant difference in that(p>0.05). In blood
fatigue factors, only Ammonia concentration showed significant difference
between the resting period and the end of exercise, the end of exercise and
the period of 30 minutes recovery(p<0.05), there was no significant difference
in lactate, ammonia, phosphate, pH, and 5-HT(p>0.05). Consequently, taking
Gaesoju has little effect on exercise performance and fatigue factors.

Analysis exercise performance and blood fatigue factors before and after
the complex ergogenic aids supplementation showed following result. First,
there was significant difference in the exercise performance time(p<0.05).
After taking the complex ergogenic aids, the time was increased 10.7%.
Second, there was no significant difference in the level of fatigue
factors(lactate, ammonia, phosphate, pH, 5-HT) in blood. These result are
saying that Although the period time was increased 10.7%, the level of
fatigue factors in blood has no significant decrease in two test. These result
show that the complex ergogenic aids supplementation may decrease
accumulation of blood fatigue factors in sub—maximal intensity. Therefore, this
study showed that the complex ergogenic aids supplementation created by
Korea Food Research Institute have an effect on enhancing endurance

exercise performance and delaying fatigue in sub—maximal intensity.
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Table 1. Body weight, weight gain and FER of mice orally administered

medicinal plant extracts

Body weight(g)

Group Weight gain(g) FER
Initial Final

Control 28.31+1.80 33.32+2.04 5.03+1.03 0.48+0.18
RC 27.04+3.02 33.41+1.23 6.43+0.98 0.53+0.55
CR 26.62+1.50 32.24+1.92 5.59+1.29 0.48+0.15
AS 29.33+1.90 28.88+2.41 -0.53+1.09" -0.04+0.41"
SC 28.42+2.51 28.42+1.54 0.00+1.65" 0.00+0.78
EK 28.04£1.54 33.34+3.03 5.27+2.02 0.48+0.19
HC 26.44+1.93 31.41£3.10 5.03+1.04 0.45+0.19

Values are expressed as mean+SD. RC, Rubus coreanus Miq.; CR, Cyperus
rotundus Linn.; AS, Acanthopanax sessiliflorus, SC, Saururus chinensis Ball,;
EK, Epemedium koreanum Nakai, HC, Houttuynia cordata Thunb., Value
with asterisk is significantly different from that of the control group by
Student t-test at p<0.05.
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Table 2. Swimming time to exhaustion of mice orally administered medicinal

plant extracts

Group Swimming time(min)
Control 192.30£29.10
RC 239.90+39.70°
CR 210.00+26.60
AS 226.5+16.19
SC 116.90+23.30
EK 221.70+31.58
HC 209.80+54.00

Data are expressed as mean+SD. Value with asterisk is significantly different
from that of the control group by Student t¢-test at p<0.05. RC, Rubus
coreanus Miq.; CR, Cyperus rotundus Linn.; AS, Acanthopanax sessiliflorus;
SC, Saururus chinensis Ball; EK, Epemedium koreanum Nakai, HC,

Houttuynia cordata Thunb.
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Fig. 1. Effect of medicinal plant extracts on the swimming time until

exhaustion of mice. Value with asterisk is significantly different from that of

the control group by Student t-test at p<0.05. RC, Rubus coreanus Miq.; CR,

Cyperus

rotundus

Linn.;

AS, Acanthopanax sessiliflorus;

SC, Saururus

chinensis Ball.; EK, Epemedium koreanum Nakai, HC, Houttuynia cordata

Thunb.
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Table 3. Effect of medicinal plant extracts on plasma biochemical parameters

Group Triglyceride Glucose Lactate Ammonia
(mg/dL) (mg/dL) (mg/dL) (g/mL)
Control 164.9+£32.5 53.9+22.7 51.8£14.7 13.3£15
RC 136.6+17.3 41.0£18.0 45.7+8.7 8.2+4.2%
CR 186.1£62.7 51.9+14.1 63.9+5.5 14.3+35
AS 71.6+24.4" 73.3£13.8 57.1£12.0 7.8+2.3%
SC 150.0£33.5 112.0+11.2° 73.5£11.6 14.4+35
EK 143.6+49.1 41.9£9.0 63.4£5.0 14.5+2.6
HC 197.8429.6 55.5£23.8 48.8+5.3 13.1£7.1

Data are expressed as mean=SD. Values with asterisk are significantly
different from that of the control group by Student t-test at p < 0.05. RC,
Rubus coreanus Miquel, CR, Cyperus rotundus Linn; AS, Acanthopanax
sessiliflorus; SC, Saururus chinensis Ball; EK, Epemedium koreanum Nakai,

HC, Houttuynia cordata Thunb
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Table 4. Effect of medicinal plant extracts on the glycogen contents of liver

and gastrocnemius muscle

Group Liver(mg/g) Muscle(mg/g)

Control 0.61+0.39 0.30+0.06
RC 0.38+0.27 0.23+0.10
CR 0.32+0.22 0.20+0.12
AS 0.45+0.51 0.27+0.10
SC 0.19+0.18 0.36+0.09
EK 0.33£0.22 0.250.05
HC 0.45+0.44 0.24+0.08

Data are expressed as mean+SD. There are no significant differences between

the control group and each treatment group by Student t-test. For group

names, see Table 1.
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Table 1. Body weight, weight gain and FER in mice which was orally

administered several medicinal plant extracts

Body weight(g)

Group Weight gain(g) FER
Initial Final
Control 30.4+1.4 33.7+4.1 3.3+3.0 0.2+0.2
CM 29.5+2.2 31.5+3.0 2.0£35 0.1+0.2
PJ 30.5+2.7 33.1+£4.2 2.6x4.3 0.1£0.2
PL 28.8+3.5 32.6+2.5 3.8+2.7 0.2+0.1
GL 29.2£2.1 32.9£4.0 3.7+3.1 0.2+0.2
GF 28.1+3.1 31.3£3.5 3.2+0.8 0.2+0.0
PG 29.8+2.2 32.6+3.2 2.812.8 0.2+0.2

Data are expressed as mean+tS.D. There are no significant differences
between the control group and each treatment group by Student ¢—test. CM,
Cordyceps militaris, PJ, Paecilomyces japonia; PL, Phellinus linteus; GL,

Ganoderma lucidum; GF, Grifola frondosa; PG, Panax ginseng
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Table 2. Swimming time until exhaustion in mice which was orally

administered several medicinal plant extracts

Group Swimming time(min)
Control 1185+17.0
CM 142.6+9.9"
PJ 140.9+27.0°
PL 95.3+13.9"
GL 90.6+11.3"
GF 150.4+18.7"
PG 76.6+12.2

Values are mean=SD. Values with asterisk are significantly different from

that of the control group by Student ¢-test at p< 0.05.
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Fig. 1. Effect of medicinal plant extracts on the swimming time to exhaustion

of mice. CM, Cordyceps militaris, PJ, Paecilomyces japonia; PL, Phellinus

linteus; GL, Ganoderma lucidum; GF, Grifola frondosa, PG, Panax ginseng;

Values with asterisk are significantly different from that of the control group

by Student t-test at p<0.05.
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Table 3. Efect of medicinal plant extracts on plasma biochemical parameters

Group Triglyceride Glucose Lactate Ammonia
(mg/dL) (mg/dL) (mg/dL) (1g/mL)

Control 173.30+15.77 58.00£15.80  68.31+2.57 9.37£1.17
CM 131.92+1356°  52.60+12.35  67.54+2.91 9.25+0.66
PJ 133.87+19.88"  61.17+17.81  50.34+6.20  7.49+0.40"
PL 128.60+10.68"  48.04+21.09  64.34+6.03 7.80+0.86
GL 131.17+28.05°  54.48+24.63  60.12+8.37 8.38+2.36
GF 163.04£13.79 45.03+14.70  55.99+3.22"  7.61+0.83"
PG 108.08+21.65°  89.49+22.95  67.38+9.58 8.58+1.41

Data are expressed as mean+S.D. Values with asterisk are significantly
different from that of the control group by Student t-test at p<0.05. For

group names, see Table 1.
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Table 4. Effect of medicinal plant extracts on the contents of liver and

gastrocnemius muscle glycogen

Group Liver (mg/g) Muscle (mg/g)
Control 029 + 0.11 2.16 = 0.66
CM 023 + 0.11 2.16 + 0.83
PJ 023 + 0.11 2.00 + 0.69
PL 0.31 + 0.16 1.98 + 0.72
GL 0.36 £ 0.07 291 + 1.26
GF 0.21 £ 0.08 2.15 + 053
PG 0.36 £ 0.10 211 + 097

Data are expressed as mean+S.D. There are no significant differences
between the control group and each treatment group by Student t-test. For

group names, see Table 1.
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Aol o] &® Aol BF AAM ol dixAol= AIN-93% 7IEo® 54l
o A WA ARl AFERS SEEAbE B Aol i olek Tty
274 SeIARES 47 75 g/kg diet (F Aol T 0.75%) H7HaHA
3, FAAEE F Aol 60%E U= AU Aol F T

Aol dold =Astlom 7le dd4ole] AT 242 Table 1 A|As}

Table 1. Composition of experimental diets(g/kg diet)

Group

Control Squalene Octacosanol MCT
Ingredient
Corn starch 368 360 360 368
Casein 200 200 200 200
Dextrinized cornstarch 132 132 132 132
Sucrose 100 100 100 100
Corn oil 100 100 100 40
Cellulose 50 50 50 50
Mineral mixture 35 35 35 35
Vitamin mixture 10 10 10 10
L-cystein 3 3 3 3
Choline bitartrate 2.5 2.5 2.5 2.5
Tert-butylhydroquinon 0.014 0.014 0.014 0.014
Functional ingredient - 75 75 60
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pool)oll (&) 1 Aol 10%, 25 Ao+ 156, 3F A= 208, 28 45+ A

ol 308 FAFAL WA AELEFAYS A

473ke] Aol For7t #d * 7F 8 A 79 FHEdl wgk oAl 7 e
ST (subgroup) &2 73t 3 T 90E7F A F9A7 F FEEA
(90-min swimming groups), TFE 3 & €@ uj7tx] ZA FAIA7]

uj 5

(all-out swimming groups) 3ll§-ste] Z}2F A st Huleg s> 23 o

7HA Fgste oA FAZEAAL, rat7b FHECAA vy 2
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rpme A 10 min ¢ YA T TS FHst] A A7FA -T0TlA
BHstgrt. g9 ) AR = triglyceride 5% (Sigma 336-10), glucose F%
(Sigma 510-DA), free fatty acids %%, inorganic phosphate %X, creatine
kinase &4, lactate &=(Sigma 735-10), lactate dehydrogenase &4 (Sigma

228-10), ammonia %= (Sigma 171-B)E A& kitE o] &3] EA &}
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A7 st 4 2 AT Wstel AT S-S Fig. 1% Table 20 vHeL
donkel 2o AE A Al AFe 7 Egkel §9% Zelz) gtk e, A
717t ot AT S/ S Ul il §2% Zolzt 9l Holdl L3 3%
el AlF F7beFo]l Zh7b 11750+16.74 g/4 weeks9b 113.73+13.76 g/4 weeks
2 dzxa 9 SeaAEd 2y f98 7 AATHp<0.05). et 2 F8A
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Fig. 1. Changes of body weight of rats during the experimental period.
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Table 2. Changes of body weight and weight gain of rats

Body weight(g) Weight gain

(g/4 weeks)

Initial Final
Control 205.85+3.77 337.11£10.71° 131.25+9.27"
Squalene 206.03+6.18 323.53+19.91* 117.50+16.74
Octacosanol 206.02+8.28 333.94£16.58" 127.92+12.07"
MCT 205.9445.43 319.67+15.38" 113.73+13.76"

Values are meantSD. Values with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.
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Table 3. Comparison of diet intake, weight gain, and food efficiency ratio of

rats

Group Diet intake(g/day)  Weight gain(g/day) FER
Control 19.54+0.61 4.69+0.33" 0.26+0.05"
Squalene 19.31+0.83 4.20+0.60" 0.22+0.02°
Octacosanol 19.99+0.78 457+0.43 0.23+0.01"
MCT 19.06+0.82 4.06£0.49" 0.22+0.06"

Values are mean+SD. Values with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test. FER, food

efficiency ratio = diet intake (g/day)/weight gain (g/day)

L)

3. FATd T

Ad Fg3A g2 u7bA] =93 T(all-out subgroups)olA HAFdTHS

Zrell #o gk zkol7b AN (p<0.05), FEFILAMET o] 260.3+32.6%%, T A
26781234 0 % thxurd AFdaA B oF 507 A DAt

Table 4. Swimming time to exhaustion in the all-out subgroups

Group Swimming time(min)
Control 213.80+39.56
Squalene 202.16+32.57"
Octacosanol 260.32+38.05"
MCT 267.77+23.43"

Values are mean+SD. Values with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 2. Swimming time to exhaustion of all-out subgroup rats.
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Table 5. Comparison of plasma level of glucose, free fatty acids, and

triglyceride in the 90-min swimming subgroup rats

Group Glucose(mg/dL) Free fatty acids(uEq/L) Triglyceride(mg/dL)
Control 180.25+12.23" 613.33£117.14 21.67+6.22°
Squalene 119.25+15.61° 683.67+107.31 45.20£8.70
Octacosanol  110.17+7.25" 683.57+97.10 18.00+4.12°
MCT 116.57+13.21° 743.60£129.39 21.00+7.23%

Values are mean+SD. Values with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.

Table 6. Comparison of plasma level of lactate, creatine kinase, and inorganic

phosphate in the 90-min swimming subgroup rats

G Lactate Inorganic Creatine kinase  Ammonia
Tuop

(mg/dL)  phosphate(mg/dL) (U/L) (ng/dL)
Control 38.26+7.67  142.00+2551°  142.00+2551*  117.83+39.09
Squalene 35.20+4.45  177.33+14.98" 177.33+14.98"  133.43+60.07"

Octacosanol  38.40£9.09 149.33+15.29" 149.33+15.29"  61.29+14.45"

MCT 39.34+10.89  154.80+26.10"  154.80+26.10° 91.00+38.26™

Values are meantSD. Values with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.

B W 7kA] =93k all-out subgroups®] YA R H4ZAI}= Table 73} 89
AABFI T 4 F glucose T2+ Ul 3ol F23 Zol7F gld wbA &
, free fatty acids T%+v tl&wol H|&] AFLdT, SEFIALET, T AW

BRI fF95A SR (p<0.05). 90EZF =93 subgroups?] Y FEA Ay}



s, P4 triglyceride =% SEFIARET A thE Al
2 TH(p<0.05).

g w7tx] =93 & A lactate §%, creatine kinase A, 3%
ammonia &%= Ul witol] Fo& Zpolrt Ak SErAAbET I T AT
A5 Gzl wizhA o] A Al zke] tjzate] vlE] frestA AAFAE =8
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Table 7. Comparison of plasma level of glucose, free fatty acids, and

triglyceride in the all-out swimming subgroup rats

Group Glucose(mg/dL) Free fatty acids(uEg/L) Triglyceride(mg/dL)
Control 70.20+24.44 1468.25+240.13" 20.25+7 507
Squalene 51.33+22.72 780.33+390.92" 28.60+12.82"
Octacosanol 66.67+17.76 1000.00+96.60" 13.17+4.96"
MCT 70.00£16.96 1024.00+325.13" 19.33+5.28%

Values are meantSD. Values with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.
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Table 8. Comparison of plasma level of lactate, creatine kinase, and inorganic

phosphate in the all-out swimming subgroup rats

Group Lactate Inorganic Creatine kinase Ammonia
(mg/dL) phosphate(mg/dL) (U/L) (pg/dL)
Control 24.00+11.73 13.82+2.91 378.60+92.58  246.20+246.14
Squalene 43.32+29.32 15.75+2.81 404.83+131.63  473.00+282.82
Octacosanol  31.52+27.97 13.10£1.85 394.67+107.13  216.50+176.40
MCT 2554+12.11 12.81+2.10 3287148243  229.00+208.60

Values are meantSD.

5.t <59 ¢ =4

903 93 subgroupsel H¥ thE] 59 FA 2 ZFEzA S
Table 99} 1001 A|AsFATE 2+ FAE o] ++3kell folg &ol7h AAg L, SHA
el F FAZE g2 Al ol HlEl felskAl A ATHp<0.05). 7hA 3 v
<o FAlE gt Y% Aol #FET & Uk FH, o] == T
< dl agrel freolgh Afelrh o, sAw 2] Sl e SEEA
ol Atz HlE] frolshAl = ATHP<0.05). =A< 2
of frelgh zkol 7k gldtt
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Table 9. Comparison of the weights of liver, soleus, and gastrocnemius

muscle in the 90-min swimming subgroup rats

Muscle(g)
Group Liver(g)
Soleus Gastrocnemius
Control 10.02+0.45" 0.11£0.02 2.10+£0.22
Squalene 10.36+1.16" 0.11£0.02 2.00+0.33
Octacosanol 9.78+0.55" 0.10+£0.01 2.08+0.26
MCT 8.96+0.40° 0.09+0.01 1.92+0.24

Values are meantSD. Values with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.

Table 10. Comparison of glycogen amounts of liver, soleus, and gastrocnemius

muscle in the 90-min swimming subgroup rats

Muscle(g)
Group Liver(g)
Soleus Gastrocnemius
Control 0.61£0.11 0.27+0.08" 0.17+0.04
Squalene 0.63+0.06 0.25+0.10% 0.32+0.28
Octacosanol 0.57+£0.04 0.43+0.19" 0.19+0.04
MCT 0.54+0.05 0.29+0.07% 0.19+0.04

Values are meantSD. Values with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.
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Table 11. Comparison of the weights of liver, soleus, and gastrocnemius

muscle in the 90-min swimming subgroup rats

Muscle(g)
Group Liver(g)
Soleus Gastrocnemius
Control 9.96+£2.22 0.11+0.01 1.88+0.35
Squalene 9.48+1.02 0.11+0.01 1.84+0.16
Octacosanol 9.70£1.92 0.11+0.02 2.00+0.17
MCT 8.49+0.66 0.11+0.02 1.77+0.33

Values are meantSD. Values with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.

Table 12. Comparison of glycogen amounts of liver, soleus, and gastrocnemius

muscle in the 90-min swimming subgroup rats

Muscle(g)
Group Liver(g)
Soleus Gastrocnemius
Control 0.50+0.04* 0.29£0.05 0.20+0.10
Squalene 0.61+0.08" 0.33+£0.08 0.26+0.08
Octacosanol 0.52+0.05 0.36+0.10 0.22+0.08
MCT 0.51+0.06 0.29+0.11 0.22+0.08

Values are mean+SD. Values with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.
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A2 As g U

L &89, QA MaF(QAAFE) A=W

ARAL 20 vHE (FA 1.9 kg)ok fElke 60 vhel (Al 4.8 kg)oll &8 7.3 L
kg)E H7beta 4 AIZE #FolA FEEAT FEE2 288 kgol FEE %S

W FEEke] A= 1.89 kgol Atk

gol= 3T} YAYT ALgHAT AhFE AAA G At
pAgE | AxF | 889 | Aag A

T (g/100g) 85.6 84.5 9131 =HAFTH)

A% (g/100g) 0.2 0.2 0.5[Soxhlet™ (] #-& %)

= (g/100g) 50 3.4 5.7|Kjeldahl™] (2] %3 4)

e85 (g/100g) 8.3 10.0 1.9/ A1 44

34 (g/100g) 0.9 0.9 0.6/ 2] s} (A F-&84)

U E F(mg/100g) 61.7 50.4 101.3|ICPH (A &3 4)

2 2 (Kcal/100g) 550 554 A9ANWAEEH)
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g o] &¥ 2oli= AIN-93S 7|Foz sigov, §5uy AAY B
2ol diz Aelgt Uty &¥BY AR FEE AxETs 47 50 g/kg
diet (F 2ol %9 5%)3 10 g/kg diet (F o] FHF2] 1%) A7tetact 4
olo] F FTHE Aol dolA Ao A olo] AAF F4E Table 1

o Al A,

o

Table 1. Experimental diet composition by AIN-93

Ingredient AIN-93(g/kg) EC" ET ES
Corn starch 367.486 3,674.86 329486  3,639.00
Dextrinized cornstarch 132 1,320.00 1,320.00 1,320.00
Sucrose 100 1,000.00 1,000.00  1,000.00
Casein 200 2,000.00 1,880.00  1,935.00
L-Cystine 3 30.00 30.00 30.00
Corn oil 100 1,000.00 1,000.00  1,000.00
Mineral Mix 35 350.00 350.00 350.00
Vitamin Mix 10 100.00 100.00 100.00
Cellulose powder 50 500.00 500.00 500.00
Choline bitartrate 2.5 25.00 25.00 25.00
Tert-butylhydroquinone 0.014 0.14 0.14 0.14
Terrapin extract * 500.00 -
Snake extract - 100.00
Total 1,000.00 10,000.00  10,000.00  10,000.00

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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4. Ad 5= AbS
55389 A Sprague-Dawley(SD) ratZ 1547 2 -&A1717] & dHAMS
s o 18 v FALE 3 o+ Z, EC(exercise-trained control group),

ET(exercise-trained and terrapin extract supplemented group), ES

S
5 2 AFEE AFEA AFAES FEsAt s' AMSAY A2 &% 23+
1T, &% 5045, 12-hour light-dark cycleg S5t om, 2o A=y AT

S7hES 157d0l 13 dAF A 3dell SA A

S Fx A7) 90x45x45 cm, E=°] 50 cm, =

(swimming pool)ol| A4 (8) 1Fatol+= 108, 25 Aol = 1565, 3520 &= 208, 19
AL AFAe = 2613 9 FES AAGte ASEETetE S AR e it
453k Aol g7 2 & 4 &

- (subgroup) 2.2 EFEITE g > 90 A

P
B
swimming subgroups) 3l%#3t¥ o, & 3 F& 23 urtA] A A7

uf Hob

(all-out swimming subgroups) 3i%3te] Z+z} AQdsct A =9 8L
A w72 G A2 T (all-out subgroups)ol A =438+, rat7t &
tk 2oz 7iglgkol 10% o]d thA] o2 e 24 FEi+= WS ‘all-out’

o BT 1 WA Ake A 29 FHoR J S

6. Alm AH 2 T FJRarho F

i e Ao st o EDTAS #H7istel S8 ®Ag T 3000
rpmel A 10 min &< ¥4 EEg Fol S FHse] &4 AZAA 70Tl A
E#AsIgh g ) 52 249 A4S 93] triglyceride &%= (Sigma 336-10),
glucose &% (Sigma 510-DA), free fatty acid %%, inorganic phosphate &%=,

creatine kinase &4, lactate & %=(Sigma 735-10), ammonia % %= (Sigma 171-B)

= A8 kitE ol&ste] &4 st
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7. 743 &5 U glycogen T ¥4

Hliver)¥ kA9 FAL & M| E-I(gastrocnemius muscle)3}  ZFAbH] 2

2L

A

A

(soleus muscle)& &3] HA D42 F45 54X $ glycogen 5%

S|
AZA L T0CAA RESATh Glycogend @ Anthrone® (9)& ol &3k
spectrophotometer& AF-§-3le] 4] 3} S o},

A +5S FAste] 30% KOH &l go] &3s)A]7]a, 100C] B=&
Gol A 2027t T F, AeelA 2027 BAS AT of7]o] 95% B W7}

&g,

A\

8 o5 Ul 54 &4 =4

<59 LDH(lactate dehydrogenase) 42 Pesce(10)2] WH S 475l H]
E*(gestrocnemius muscle)oll Al &7 39 th =, 100 mM KHPO,4 bufferol] H] =
& 73], polytron homogenizers ©]&3lo] w&A3} stk 100 mM KHPO4

0.84 mL, 3.3 mM Na - pyruvate 0.1 mL, &5 &2 002 mLS Y& F9 36

il

mM DPNH 0.04 mLE 4Yo] wr& A7), 30CE FA38t= spectrophotometerel]
A 340 nme FHE HIE JEBslgoew, &4 FAHLE umol/g tissue/minE
LERA AT

=59 CS(citrate synthase) 4L Srere(11)2] WHE A3l 7pxpn| &
(soleus muscle)ol ] =A3lth =, 0.175 M KCl bufferol] 7}A4w =& 7Fs)a,
polytron homogenizerS ©| &3} ¥ 23} 3 & mitochondria W& 33 3}7] ¢
sto] AT §AlE 33 W& As= AMESHT 24 2SS A5 9
3ol 100 mM Tris-base buffer 0.33 mL, 1 mM DTNB 0.05 mL, 3 mM acetyl
CoA 008 mL, &% &4 001 mLE #H7}3k Fo] 10 mM oxaloacetate 0.03
mLE 7}ete] ¥$-A]7]aL, 30CTE FA3tE spectrophotometerol A 412 nme &

A5 WIE V) E59goH &2 pmol/g tissue/minZ LERY ST},

fo

A

Lo

’
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9. A

2E dolH+= SPSS/PC 100 Z213S o] &3}

k. LEzre] o<l

One-way ANOVA test&

sto] PFLREAAE
FAAE A8 918k p<0.059] o F
A A3 & Duncan’s multiple range testE ©]

_91_

i
o
=

oo
o
o
s



7b Alewst 2 Ale S
AN For 74 o AT WEket S S-S Fig. 13 Table 29 e}
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Fig. 1. Body weight gain of rats fed experimental diets for 4 weeks.
EC, Exercise—trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Table 2. Initial body weight, final body weight and body weight gain of rats fed

experimental diets for 4 weeks

Body weight (g) Body weight gain
Groupl)
Initial Final (g/day)
EC 210.06£13.68 273.23+28.67 2.34+1.11
ET 208.22£12.37 262.64+29.89 2.02£1.07
ES 207.80+ 9.93 259.80+29.24 1.93+1.08

Values are mean*SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group

1.13 g/day, ETo] 1457+1.08 g/day 18]a, ESv©o] 13.94+1.20 g/day® -9
Al 2ol 7F AN (p<0.05), ol+= EC¥ ETwel H|&| ESwe] AT S7H%
o] Yrolxl= AFNE Y3 Aow ArmHEch 2y, AP gl A HEe &

o] X1 Zpoli= YERFA] SdTE Aol && Al fFeolAQl o]zt glAer, o]
= ES3ol Hl&] 2ol HAFHHo] Fof ATT7MEo] =3 ECH ETT0] 4 F
kel S TdS F3 ATt o] gade Ayl #AH Aoz BT
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Table 3. Diet intake, body weight gain and food efficiency ratio of rats fed

experimental diets for 4 weeks

Group” Diet intake(g/day) Body weight gain(g/day) FER?
EC 15.20+1.13 © 2.34+1.11 0.15+0.07
ET 1457+1.08 2.02+1.07 0.13+0.07
ES 13.94£1.20 * 1.93+1.08 0.14+0.07

Values are Mean+SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.
1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin

extract supplemented group;, ES, Exercise-trained and snake extract

supplemented group

Body weight gain for experimental period
FER(Food efficiency ratio) =

Diet intake for experimental period

Table 4. Food efficiency ratio of rats fed experimental diets for 4 weeks

Food Efficiency Ratio”

Groupl)
1st week 2nd week 3rd week 4th week Total
EC 0.30+0.17 0.28+0.08 0.05£0.27 -0.07£0.29  0.15%0.07
ET 0.33+0.04 0.28+0.06  -0.02+0.19 -0.16+0.35  0.13+0.07
ES 0.26£0.25 0.23£0.19 0.03£0.20 -0.03+0.24  0.14+0.07

Values are mean+SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.
1)EC, Exercise-trained control group, ET, Exercise-trained and terrapin

extract supplemented group; ES, Exercise-trained and snake extract

supplemented group

Body weight gain for experimental period

YFER(Food efficiency ratio) = . . .
Diet intake for experimental period

_94_



>,
o
o\

A g3 w71z =9 AZ Fall-out subgroups)ol A A 9
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Table 5. Swimming time of rats fed control, terrapin extract or snake extract

supplemented diets

Group” Swimming time(hour)
EC 9.76+0.86
ET 9.24+0.91
ES 9.04+1.24

Values are mean*SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Swimming time (hour)
Fig. 2. Swimming time of rats control, terrapin extract or snake extract

supplemented diets.
EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract

supplemented group; ES, Exercise-trained and snake extract supplemented

group
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3. 2+e] A 2 glycogen = W]
+7kel 78 A 9 glycogen S Table 63 7 ¥ Fig. 33 4] A1 3t

2 FAE Al 23l el A el Aol zE glolth 3Fe] glycogen $HEFE 90%
B

=

—

93t subgroup® B2 w7}x] =93 all-out subgroupolA ETTe It

glycogen ¥iFo] =2 ol oy FolHl Aol= oyt F, 887
%’

&

’

g2 glom, 5 U glycogen =4 9

t

Table 6. Liver weight of rats fed control, terrapin extract or snake extract

supplemented diets

Group” Liver weight(g/100 g BW)
EC 2.29+0.12
ET 2.24+0.19
ES 2.30£0.21

Values are mean+SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Table 7. Liver glycogen concentration of rats fed control, terrapin extract or

snake extract supplemented diets

Liver glycogen concentration(g/g tissue)

Groupl)
90-min subgroup all-out subgroup
EC 0.58+0.16 0.41+0.13
ET 0.71£0.20 0.55+0.20
ES 0.57+0.16 0.47+0.14

Values are mean+SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Fig. 3. Liver glycogen concentration of rats fed control, terrapin extract or
snake extract supplemented diets(90-min subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 4. Liver glycogen concentration of rats fed control, terrapin extract or
snake extract supplemented diets(all-out subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Table 8 Muscle weight of rats fed control, terrapin extract or snake extract-

supplemented diets

Muscle weight(g/100 g BW)

Groupl)
Gastrocnemius Soleus
EC 0.66+0.03 0.03+0.01
ET 0.66+0.04 0.03+0.00
ES 0.66+0.04 0.03+0.00

Values are mean+SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Table 9. Muscle glycogen concentration of rats fed control, terrapin extract or

snake extract supplemented diets(90-min swimming subgroups)

Muscle glycogen concentration(g/g tissue)

Groupl)
Gastrocnemius Soleus
EC 0.17+£0.04 0.59+0.13
ET 0.15+0.06 0.59+0.15
ES 0.15+0.05 0.66+0.13

Values are mean*tSD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Fig. 5. Skeletal muscle(gastrocnemius) glycogen concentration of rats fed
control, terrapin extract or snake extract supplemented diets(90-min
swimming subgroups).
EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 6. Skeletal muscle(soleus) glycogen concentration of rats fed control,
terrapin extract or snake extract supplemented diets(90-min swimming
subgroups)

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Table 10. Muscle glycogen concentration rats fed control, terrapin extract or snake

extract supplemented diets(all-out subgroups)

Muscle glycogen concentration

Group” (g/g tissue)
Gastrocnemius Soleus
EC 0.12+0.02 * 0.63+0.08
ET 0.14+£0.05 # 0.63+0.13
ES 0.20+0.08 * 0.60+0.16

Values are mean*SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group

- 105 -



0.30 A

o

0.25 A

W)

0.20 A

0.15

_|m

0.10

0.05 A

Muscle glycogen concentration (g / g tissue)

0.00 T T T
EC ET ES

Group

Fig. 7. Skeletal muscle(gastrocnemius) glycogen concentration of rats fed control,
terrapin extract or snake extract supplemented diets(all-out subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 8. Skeletal muscle(soleus) glycogen concentration of rats fed control,
terrapin extract or snake extract supplemented diets(all-out subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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o7 4#A Adrh19). B dFolE ECH Y inorganic phosphate %7} 7.38+
1.42 mg/dL, ETve] 7.68+0.47 mg/dL, ~1¥]il ESv'o] 7.09+1.04 mg/dL= ETw
9] inorganic phosphate %7} ECi+¥ ES<tol] M8 ko) o3¢l xpol+=
e etk FAl: % T SESAXEe A ATP AFAE dadh

= 2l &4 creatine kinase®] €4 -2(20)
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4863 U/LZ ESwto]l th& F ol Hla| =kon}, Fo43 Aol= Holx &k
th. ¥, ammonia FE+= ECao] 13563+38.00 pg/dL, ET o] 111.86%35.08
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Table 11. Serum fatigue factors of rats fed control, terrapin extract or snake

extract supplemented diets(90-min swimming subgroups)

Group” Glucose(mg/dL)  Free fatty acid(meg/L) Triglyceride(mg/dL)

EC 108.89+33.52 636.38+210.98 28.44+ 9.82
ET 99.86+10.33 696.71+£148.03 30.13£11.51
ES 105.44+25.60 615.88+123.33 33.78+14.20

Values are mean*SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Table 12. Serum fatigue factors of rats fed control, terrapin extract or snake

extract supplemented diets(90-min swimming subgroups)

b Inorganic Creatine )
Group’ Lactate(mg/dL) _ Ammonia(ug/dL)
phosphate(mg/dlL)  kinase(U/L)
EC 31.10+£4.49 7.38+1.42 140.63+46.99 135.63+38.00
ET 30.88+4.27 7.68+0.47 139.71+30.11 111.86+35.08
ES 35.19+8.78 7.09+1.04 145.38£48.63 124.78+32.67

Values are mean*SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Fig. 9. Serum glucose concentration of rats fed control, terrapin extract or
snake extract supplemented diets(90-min swimming subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 10. Serum free fatty acid concentration of rats fed control, terrapin
extract or snake extract supplemented diets(90-min swimming subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 11. Serum triglyceride concentration of rats fed control, terrapin extract
or snake extract supplemented diets(90-min swimming subgroups).
EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract

supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 12. Serum lactate concentration of rats fed control, terrapin extract or
snake extract supplemented diets(90-min swimming subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 13. Serum inorganic phosphate concentration of rats fed control, terrapin
extract or snake extract supplemented diets(90-min swimming subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 14. Activity of serum creatine kinase of rats fed control, terrapin extract
or snake extract supplemented diets(90-min swimming subgroups).
EC, Exercise—trained control group; ET, Exercise-trained and terrapin extract

supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 15. Serum ammonia concentration of rats fed control , terrapin extract or
snake extract supplemented diets(90-min swimming subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Table 13. Serum fatigue factors of rats fed control, terrapin extract or snake

extract supplemented diets(all-out subgroups)

Group” Glucose(mg/dL) Free fatty acid(meq/L) Triglyceride(mg/dL)
EC 64.43+32.06 755.43+198.75 7.751£3.41
ET 59.89+20.84 792.57+£368.30 511+1.83
ES 45.44+11.17 687.63+195.44 5.50+3.63

Values are mean*SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Table 14. Serum fatigue factors of rats fed control, terrapin extract or snake

extract supplemented diets(all-out subgroups)

Inorganic Creatine

Group” Lactate(mg/dL) Ammonia(ug/dL)
phosphate(mg/dL)  kinase(U/L)
EC 39.71+18.17° 9.75+2.33 506.57+175.63  434.38+287.53
ET 28.45+£18.00% 9.10£1.88 358.38£161.19  366.50+251.95
ES 61.93+22.52" 11.21+£2.69 425.14+153.65  652.25+122.64

Values are mean+SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Fig. 16. Serum glucose concentration of rats fed control, terrapin extract or
snake extract supplemented diets(all-out subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 17. Serum free fatty acid concentration of rats fed control, terrapin
extract or snake extract supplemented diets(all-out subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 18. Serum triglyceride concentration of rats fed control, terrapin extract
or snake extract supplemented diets(all-out subgroups).
EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract

supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 19. Serum lactate concentration of rats fed control, terrapin extract or
snake extract supplemented diets(all-out subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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20. Serum inorganic phosphate concentration of rats fed control, terrapin
extract or snake extract supplemented diets(all-out subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 21. Activity of serum creatine kinase of rats fed control, terrapin extract
or snake extract supplemented diets(all-out subgroups).
EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract

supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 22. Serum ammonia concentration of rats fed control, terrapin extract or
snake extract supplemented diets(all-out subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group

- 127 -



a)

o

D
r
Ho
=
1:0[A
2]

S

N

3 =

90E7F 93 subgroups® <% &4 A =AHE Table 159 Figs. 233
240 A A8 wie} 2ok, LDH(Lactate dehydrogenase)™= FAHa  AFejol A
pyruvateZ25-E lactate?] PSS Fulste TAEA, IFE A 1 A
S7HEH, 25 g2 oA Fag AR dHA Jdr10). 44 LS T

4% o] pyruvate’t A gl wel kel HAo] X EH A pyruvateE 3

cbo g AZA 7= HA A LDHO &4 %7 F7kshAl |oh2h). =3, 5
LDH &4°] S7b= b e, ol o 22 o8 7hx ¥l ane
A#Eo] = Ao g A vk T3 Citrate synthases= TCA 3|29 A w7

o8] Frtete Aow LA UThl).
90E7F 493 subgroups® LDHEA =4 Z3¥, ECY 17.15+1.77 pmol/g
tissue/min, ETT 17.9242.12 pmol/g tissue/min 183, EST 18.04+1.78
mol/g tissue/min®.2 ECw ol ®&] ETw3 ESw*9] LDH &4o] Egkon,
oj& el zpol= Holx &k} dH  CS(citrate synthase)d &4 =4 ZA3} EC
T 25.85+3.81 umol/g tissue/min, ET+ 27.75+4.87 pmol/g tissue/min L]
. ESw* 33.28+4.21 pmol/g tissue/min® ES+ 9] CS &Ao] FoHo=wm =gk

al
. ol $Fo= <

ok

e 25 W glycogen 23, 83 lactate o] =

= ESwo] B840 GHEE EolH, 2xre vE FAS HaATHE V1A

o

- 128 -



Table 15. Activity of skeletal muscle enzyme in the 90-min swimming subgroups

Activity of skeletal muscle enzyme

Group” (umol/g tissue/min)
LDH Citrate synthase
EC 17.15+1.77 25.85+3.81%
ET 17.92+2.12 27.75+4 87%
ES 18.04+1.78 33.28+4.21°

Values are mean*SD. Means with the different letter within a column are
significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Fig. 23. Activity of skeletal muscle lactate dehydrogenase of rats(90-min
swimming subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 24. Activity of skeletal muscle citrate synthase of rats(90-min
subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Table 16. Activity of skeletal muscle enzyme in the all-out subgroups

Activity of skeletal muscle enzyme

Group” (umol/g tissue/min)
LDH Citrate synthase
EC 15.76+3.12 27.28+5.08
ET 17.85+4.21 28.54+6.42
ES 15.44+3.69 26.60+4.44

Values are mean*SD. Means with the different letter within a column are

significantly different at p<0.05 by Duncan’s multiple range test.

1)EC, Exercise-trained control group; ET, Exercise-trained and terrapin
extract supplemented group; ES, Exercise-trained and snake extract

supplemented group
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Fig. 25. Activity of skeletal muscle lactate dehydrogenase of rats(all-out
subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Fig. 26. Activity of skeletal muscle citrate synthase of rats(all-out
subgroups).

EC, Exercise-trained control group; ET, Exercise-trained and terrapin extract
supplemented group; ES, Exercise-trained and snake extract supplemented

group
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Table 1. Experimental diet composition by AIN-93

AIN-93 Group"

nggredient (g/kg) SC EC EFA EFB
Corn starch 367486 367486 367486 361.006 383.852
Dextrinized cornstarch 132 132 132 132 132
Sucrose 100 100 100 100 100
Casein 200 200 200 200 200
L-Cystine 3 3 3 3 3
Soybean oil 100 100 100 60.88 38.034
Mineral Mix 35 35 35 35 35
Vitamin Mix 10 10 10 10 10
Cellulose powder 50 50 50 50 50
Choline bitartate 2.5 2.5 2.5 2.5 2.5
Tert-butylhydroquinone  0.014 0.014 0.014 0.014 0.014
Formula A - - - 45.6 -
Formula B - - - - 45.6
Total 1,000.00  1,000.00  1,000.00  1,000.00 1,000.00

1)SC, Sedentary control group; EC. Exercised control group; EFA, Exercised

formula A group; EFB, Exercised formula B group
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Table 2. Diet composition for exercised formula A group

Sample Composition(%) Amount(g/kg)

Squalene 20 9.12
Saururus chinensis Baili extract 15 6.84
Eleutherococcus senticosus extract 15 6.84
Tochukaso extract 15 6.84
Kotu kola 10 4.56
Taurine 10 4.56
Phosphatidylcholine 2 0.91
Glutamine 4 1.82
L-Arginine 4 1.82
L-Carnitine 5 2.28

A 100 45.6

Table 3. Diet composition for exercised formula B group

Sample Composition(%) Amount(g/kg)

MCT 69.44 31.67
Octacosanol 0.69 0.32
Red ginseng extract 10.42 475
Rubus coreanus extract 3.47 1.58
Eleutherococcus senticosus extract 3.47 1.58
Kotu kola 3.47 1.58
Taurine 3.47 1.58
Phosphatidylcholine 0.35 0.16
Glutamine 1.74 0.79
L-Arginine 1.74 0.79
L-Carnitine 1.74 0.79

G 100 45.6
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2. 48 59 AMS
5 9] &7l Sprague-Dawley (SD) ratZ 15U3F dH] AlS 3 3 20 vl
A FARIE 4

X
ol

7l
i

AN

. SC(Sedentary control group), EC(exercised control group), EFA
(exercised formula A group), EFB(exercised formula B group)® &35t}

1PAE H A AaEA A RS FEeAT = AFSAY S &
= 23£1TC, &% 50+5%, 12-hour light-dark cycles G333 om, 2o] X

gt AF FhEe F9 18 AT Al SHFA

Z A7) 90x45%45 cm, Z=o] 50 cm, & 2% 33~35C9 FF(swimming

pool) el A (8) 1F2tell = 103, 25 2ol = 158, 3FAboll = 2042, L8] 452} =

457ke] Ao] g7t 2d & 74 s AA 9 ™l wg g F ek

i(subgroups) .2 EHatdch 3 2 907 FAAl FAAZ F(90-min

subgroups) 33t on, & 3 & =@ w7ztA A F9AZ F(all-out

subgroups) 35kl ztzh At Aol 9 9 23 whA FFskes

(all-out sub-group)ollA] ZA3FA} 1L, rat7} FHA nlgto g JlEekol 10%

ojle] thAl FH o R WMo 2 REE WE ‘all-out’ & #AA T 1 wfrhA] <
o]

Aze Asgseon 75

4. A8 AF B EF drmase] 7Y

gaole Ao A APsPgen, EDTAS H7bske SaEs 4Ag F 3,000
rpmeoll Al 10 min &<k AR g Fol FES Hslol 4] AZEA 70Tl A
BasAc A g AR OF triglyceride ¥F%(Sigma 336-10), glucose %
(Sigma 510-DA), free fatty acids %X, inorganic phosphate %X, creatine
kinase &4, lactate &%(Sigma 735-10), lactate dehydrogenase &4 (Sigma

228-10), ammonia & =(Sigma 171-B)E& & kitE o] &3lo] A5t
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5. 7 &5 ) 293 v 4

ZHliver)® 31X ZTAZ = HEZ(gastrocnemius muscle)¥} 7}RFH] 2
(soleus muscle)s A&Fate] A A4 G554 A7 F glycogen =& &
A 7R =70TC oA BEB3A T} Glycogen & #HL glucose oxidase method(9)el
upebA g AR AT aoketd, dAFY] I 255 30% KOH=
100 CollA 30%7 7tEas & 1.5 mLY anhydrous ethanols 3718t
4,000xgell Al 1568 Ft dAReste] AFAS Hea, 05 mLe SRS
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59 LDH(lactate dehydrogenase) €/ Pesce(10)8] WS FA3to] H]
& (gestrocnemius muscle)dll Al FA A TE =, 100 mM KHPO,4 bufferell 1] &
ted &3t skdvh 100 mM KHPO,
0.84 mL, 3.3 mM Na - pyruvate 0.1 mL, <% 02 mLS ¥ %9 36

0C
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mM DPNH 0.04 mLE ¥o] WwgA|7]2, 3
A 340 nme FHE WIS 7239 o,
LFEF AT

=59 CS(citrate synthase) &4 Srere(11)®] WS F43t] 7HAn 2

(soleus muscle)dl A A3 Th =, 0175 M KCI bufferoll 7FAv & 7}l

0[4
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2 f#A 3= spectrophotometerol]

fo
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polytron homogenizer& ©]&3}¢] 723} 3 F mitochondria =S 3357 ¢
sto] A% §gIE 33 HtEste] AR A&t a4 48 FH4s5] 4
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mL< 7hste] WhgA17]aL, 30CE
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7. EAAY
TE go]EE SPSS/PC 90 TRa:E o]L3le] HF+TFAAFZ e
Ak 2FZFe FoHd SAAE B457] Y8k p<0.059] ol gol A
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A3d Ay 3 a

1. AlsHst 51 Holad

oAl AEE AFEEEC] 457 AT Ws 4 Ao] 38&& Fig. 1%
Table 4l A& npel 2o A3 A2 Al AlS3 49 T8 A AT SCa
EC 7kl fel Al ato]l= Hol# gokov, ECw# EFBw il Ad FaAl9
A Fo] 376.21+25.96 g3} 348.71+40.64 g= o2 ZolE HATH(p<0.05). ©]
+ product®] ZAE T As #F &4E Y= MCTel|l 71913 3oz ®el

tH(12). 23 T8 Al Holae wxtel Zol7F IATH

400

380

360 -

340

320 A

300 -

280 -

Body weight (g)

260 -

240 ~

220 A

200 -

180 T T T T T
Start 1st 2nd 3rd 4th

Weeks
Fig. 1. Body weight gain of rats fed experimental diets for 4 weeks.
* Significantly different compared to the value for EC by independent samples
t-test at p<0.05
SC, Sedentary control group; EC. Exercised control group;, EFA, Exercised

formula A group; EFB, Exercised formula B group
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Table 4. Initial body weight, final body weight, body weight gain and food

efficiency ratio of rats fed experimental diets for 4 weeks

Body weight(g) Body weight gain

Group” (g/4 weeks) FER”
Initial Final
SC 198.51+8.71 377.61+£24.98 179.11+23.51 0.28+0.03
EC 196.30+6.37 376.21£25.96 179.93+25.08 0.26+0.08
EFA 197.20+8.24 365.87+27.54 168.69+24.89 0.25+0.03
EFB 198.39+6.93 348.71+40.64° 150.34+43.19" 0.24+0.06

Values are mean+SD.

* Significantly different compared to the value for EC by independent samples
t-test at p<0.05

1)SC, Sedentary control group; EC. Exercised control group; EFA, Exercised

formula A group; EFB, Exercised formula B group

Body weight gain for experimental period

FER(Food efficiency ratio = - - -
Food intake for experimental period

Ad T8 A g3 w7tx =93 T(all-out subgroups)oll A A +9 &
3 A3}+= Table 5.9} Fig. 20| A Attt 2 Ao = SC3 EC
o] 154.29+19.21% 3 1927144873802 F 79 fFYat= HolA] «&gkor}

o
A\
ox
)

SX

EC ¥ EFAw o] 1927144873+ 273.71+76.31%%, EC* ¥ EFBaro] 19271+
4873F 3 26757+4846F 0.2 ZHZF i ib mlale Al oAl AolE H AT
(p<0.05). °]+= formula A®} B7l &5 3 T8HS FgA7)= 2947 A2
Ju@tin @ 4 AT W o]5e AARFE JSANELR WS 59

@ el AlEeleta Az
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Table 5. Swimming time to exhaustion in rats fed control, EFA or EFB

supplemented diets

Group” Swimming time(min)
SC 154.29+19.21
EC 192.71+48.73
EFA 273.71+76.31"
EFB 267.57+48.46"

Values are mean+SD.

* Significantly different compared to the value for EC by independent samples

t-test at "'p<0.05.
1)SC, Sedentary control group, EC. Exercised control group, EFA, Exercised

formula A group, EFB, Exercised formula B group
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Fig. 2. Swimming time to exhaustion in rats fed control, EFA or EFB
supplemented diets.
" Significantly different compared to the value for EC by independent samples
t-test at p<0.05.
SC, Sedentary control group; EC. Exercised control group;, EFA, Exercised

formula A group; EFB, Exercised formula B group
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diet formula®] &% % div]7} AP 5= A 548 s &
3 TEUS PHASR AAbgitia A3 ZbE o
2 AEFE glucose glycogen FE|Z 7H &Ko A =4
(13), 90E7+ 493 90-min subgroupsolAl ECtto] 18.64+1.07 mg/g tissue,
-

EFB+o] 20.97+2.98 mg/g tissue® EC-ol| H|3] EFBT 9 glycogen 527} &=

e AFe ugoy EA4ow felaAt S,

Table 6. Liver weight of rats fed control, EFA or EFB supplemented diets

Group” Liver weight(g/100 g BW)
SC 2.73+£0.50
EC 2.62+0.18
EFA 2.63£0.25
EFB 2.54+0.17

Values are mean£SD.

1)SC, Sedentary control group, EC. Exercised control group, EFA, Exercised

formula A group; EFB, Exercised formula B group
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Table 7. Liver glycogen

supplemented diets

concentration of rats fed control, EFA or EFB

Liver glycogen concentration(mg/g tissue)

Group“
90-min subgroup all-out subgroup
SC 19.43+1.43 16.73+0.84
EC 18.64+1.07 16.91+0.99
EFA 19.64+1.33 17.73£1.55
EFB 20.97+2.98 19.37£3.08

Values are meantSD.

1)SC, Sedentary control group, EC. Exercised control group, EFA, Exercised

formula A group, EFB, Exercised formula B group

30

25

I 90-min subgroups
[ all-out subgroups

20

15 4

10 +

Liver glycogen concentration (mg/g tissue)

SC

EC

EFA

Group

EFB

Fig. 3. Liver glycogen concentration of rats fed control, EFA or EFB

supplemented diets.

SC, Sedentary control group; EC, Exercised control group; EFA, Exercised

formula A group; EFB, Exercised formula B group
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Table 8 Muscle weight of rats fed control, EFA or EFB supplemented diets

Muscle weight (g/100 g BW)

Groupl)
Gastrocnemius muscle Soleus muscle
SC 0.61+0.05 0.04+0.01
EC 0.60+0.04 0.05+0.01"
EFA 0.61+£0.04 0.04+0.01
EFB 0.63+0.04" 0.05+0.01

Values are mean+SD.

+ Significantly different compared to the value for SC by independent samples
t—test at p<0.05.

* Significantly different compared to the value for EC by independent samples

t-test at "'p<0.05.
1)SC, Sedentary control group, EC. Exercised control group, EFA, Exercised

formula A group, EFB, Exercised formula B group
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Table 9. Skeletal muscle glycogen concentration of rats fed control, EFA or EFB

supplemented diets

Skeletal muscle glycogen concentration

Group” (mg/g tissue)
90-min subgroup all-out subgroup
SC 0.32+0.04 0.30+0.05
EC 0.32+0.02 0.31+0.04
EFA 0.35£0.04 0.34+0.03
EFB 0.34+0.04 0.29+0.06

Values are mean£SD.

1)SC, Sedentary control group, EC. Exercised control group;, EFA, Exercised

formula A group, EFB, Exercised formula B group
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Fig. 4. Skeletal muscle glycogen concentration of rats fed control, EFA or
EFB supplemented diets
SC, Sedentary control group; EC, Exercised control group; EFA, Exercised

formula A group; EFB, Exercised formula B group
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g mpel ol Ae A 22l triglyceride FEIZ FH EAH7) oA Zn]o
o]l free fatty acid BEIZ Fol FHHM(15) E, EF glucoses =2 free
fatty acid®] F=£ olUA 2HE ¥ A ©h(16,17). =3 59| free fatty
acide AEE] 28-S S8 IFRI Aitste] dos wet sosie A X
of FaEe o]&HT(18). ¥ AFolA 90zt Fggt SCa a3ke]
glucose, free fatty acid 18] il triglyceride & %=ol tj

U eketon EC 3 EFA, EFBi9] glucose F=°] tidk feol&el aol= B
oA &oktt. 12y, EC# 3 EFATY free fatty acid &% Mo ECo]
1249.71£193.02 meqg/L, EFAT©°] 991.00£106.70 meq/LZ TAHSZ {242l
ZFol & HATH(p<0.05). °l= EFATY triglycerides =7} ECaoll H]&] w2
o2 Hol EFAvo] 903t 795 A Al 44 triglycerides WEA &
sl oURYPor T Aom  HAXW(19), 90-min subgroups?
triglyceride &% "l A3} ECo] 159.86+14.83 mg/dL, EFB©] 126.49+14.10
mg/dLZ EFBi©e] ECioll Hla] feldoz v AFE H v (p<0.05).

33 all-out subgroupstie]l ZF 9] glucoses = A A} SCio] 41.71+
16.54 mg/dL, ECw*o]l 40.43+11.15 mg/dL, EFAw*©] 46.71+#19.11 mg/dL, 1¥]il
EFBwo] 36.57+10.10 mg/dL= 3be] o2l Apeol= Holx] gFgkom, the

5

A9 FEo@ vFojuol 7 el A

iih)

o
o

P

i

o] duA Lo ZM e glucose’t 117
H Ao =g At ET All-out subgroups® SCi¥ ECi 9] free fatty acid 5%
800.86+86.64 meq/Le} 844.29+179.08 meq/LZ A ZE oAl 2o]E HolX
kokot ECTel H3] EFAY 546.86+71.63 meq/L, EFBT 599.14+62.81
meq/LE 47+ ECTo #HE HYgFer 3o HuZ 1 AtHp<0.05).
Triglyceride7} ol A Yo = o] &= 2H ALdol| free fatty acid® k= ofoF 3}

e

+=dl(20), EFAT ¥ EFBw°] EC<ol] #Hls| Y& triglycerides =+ EFAw %
EFBsto] Al<&3k x| u-&s)] 2188 Z3) triglycerideol A W& free fatty acid® <
HA3S =7, free fatty acid”’} glycogen sparing actionol #ojste] SC3 EC

2ol Wal He 584 oA FFE cbrlalel £EAT] felHow Aol
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A= A2 oky)s Aoz A FTh

i

Lactate= &% Tol o5 AEH ZAHE= J2=doH @) 5o o5
lactic acid 2o dojupA HW AW AAFsE ob7letA ¥a, stz <
g AW pHO A stk olyA tirtel] #ojsts &40 @0 FFES Fol S
g5k JHE ob7Ieth22). R dHE v ete 5 lactate T WA A
3} 90-min subgroupsol A= SCio] 53.07£26.30 mg/dL, EC°e] 57.67+17.71 mg
/dL, EFAT°] 553042248 mg/dL, 18]31 EFB¥°] 61.90+23.15 mg/dLE Z}
7Fe] o)Al Aol HolA ekkom all-out subgroups 7Fe] lactate TEE
SCio] 87.83%+3824 mg/dL, ECa©] 81.20+20.50 mg/dL, EFA°] 82.00+24.55
mg/dL, 18]31 EFBwro] 94.76+27.77 mg/dL= 7} «+ Fe] frelatel= HolA| &
skoh. ECrell s felxom el A3 £9E& ¥ EFAY, EFBwo] ECI %

lactate ol o7t flubes AL EFAT ¥ EFB#S AT AdF5Eo] &
e FAg o TAHAHYN dFS AT A A,

+E T A EHE I5FF 98 myosindt actin®] X3S Fol=
Ao ATP7F 7FEelE WA €% inorganic phosphate(IP)2] F%=7 &2 3]

&1

S7 e Al He=d dutd o ® &% ol ¥ inorganic phosphate &%7F 5473
Z7 el 29 cross-bridge?t oFalE A 3] Al o] AEIE A HTH23).
T9< 3 90-min subgroups® A-$ SC°] 10.71+2.61 mg/dL, EC©]
8 mg/dL=E H]&F dharo] Hjs] e AEgs BEAou fFolFHQl Aol
= Holx @gton] EFAT] 889+0.75 mg/dl EFBwo] 817+052 mg/dL= EC
o] B8] EFAT, EFBE E5 5979l ol nolx ¢kl &7 w7 4=
& 3k all-out subgroups &A] SCio] 13.67+1.56 mg/dL, EC+o] 12.54+1.14
ng/dLE SCitoll Hla] ECro]l w& Aads RAou TAHSRE {Fo4<l #ho]
= RolX &srom EFAT] 11.64+1.56 mg/dL, EFBie] 12.86+£1.42 mg/dL=
EColl Hls) EFAw¥ EFBw RE5F 94 Aol& Holx| okrh. Creatine
kinaset™= &% + oHAEANA Fabh AH Al ATP A3l #elsie=
mfj 5} = 2 dEA Arh24,25). E ATl A
90-min subgroups®] creatine kinase A4S SC ] 140.30+40.06 U/L, EC©]
108.69+38.07 U/LZE FAQl AolE RHo|x gkom  EFATol 9011+

ol
fol
B

The

creatine phosphate?] 4&

o,
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952U/L, EFBito] 112.24+19.64U/L2 23l Zpo]& Holx| ¢k} o= 90

wike] &5 Aol 7 ol Slo] FolHdd Aol Y= aaddS dElta

o]

o] 326.00+84.13 U/L, ECito] 179.54+31.47 U/LE ECwtoll 4 SCitell Hlal
ofFo g vre &8 BATHp<0.05). °]& SCio]l 90 A ‘all-out’o] =
T A& oyA FFe] AHYA HFF ATPE AURE Fastels 715e
2 AtaEt EFAT2 22671410793 U/LZ ECHd F24<Q0 AolE HolA
29kal, EFBwS 236.43+22.45 U/LE ECwtol Hl& folzog =& a4 g4
5 YEHATHp<0.05). ©] GAl ECatell &l fFoHo® il AF &5
EFBw9] ATPe &% o35 93 A B 712 o 2 BZhEoh26).

$= Al opu| Al BEiE <ld] YA H ammonia’t I ELAE QAAFNE R

=
THAE el 4% ammonia’t 259 A #HHAe] Sl F44E A
S A=3ka, TCA cycle 2 FAAZES A3 lactic acid S T2
24 e d2E 2T Aotk (2728). 9027 F9& @ 90-min
subgroups©l Al SCato] 159.56+32.23 pg/dL, ECao] 160.51+26.30 pg/dL=E A=
F938k Apol= HolA] &kttt EFAT S 16247852 pg/dLE ECT I+ B4
o % fFolg AolE vEhA kot EFBw 2 1127142645 pg/dLO = ECT
of Bls] FoFoE FE ammonia FEE EAH(p<0.05). o= EFBto] EC
of wla} Al&g AAW Ea2 ds] A& uA FFoE ofw =4k vt
A Lot Aoz AlgEH, e 8F ammonia 53 7F &5l o] &
2 ZIdE JHAR AoeE AZAREC(29-31). €xl wWrkA F£9g all-out
subgroups®] ammonia FTE=%E SCo] 360.26+59.71 pg/dL, ECo] 287.24+
4469 pg/dLZE SCito]l ECol Hld] ammonia ¥ %=7F F2atAl = %th(p<0.05).
StH EFAT 2 252.11+39.09 wg/dL, EFBv2 302.19%47.90 pg/dLZ ECaol| 1

& Ztzt o)Al ol wolx| ekgku)

_IZi

rlo

a2
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Table 10. Serum fatigue factors of rats fed control, EFA or EFB supplemented

diets (90-min subgroups)

G " Glucose Free fatty acid Triglyceride
roup
(mg/dL) (meq/L) (mg/dL)
SC 87.14+12.28 1241.43£111.88 156.96+20.89
EC 76.00+10.44 1249.71£193.02 159.86+14.83
EFA 81.86+10.46 991.00+106.70" 147.01£17.99
EFB 83.57+20.33 1110.86+273.30 126.49+14.10"

Values are mean=SD.

" Significantly different compared to the value for EC by independent samples
t-test at “p<0.05.

1)SC, Sedentary control group, EC. Exercised control group;, EFA, Exercised
formula A group; EFB, Exercised formula B group

Table 11. and EFB

Serum fatigue factors of rats fed control, EFA,

supplemented diets (90-min subgroups)

Group” Lactate Inorganic Creatine kinase =~ Ammonia
(mg/dL)  phosphate(mg/dL) (U/L) (ng/dL)
SC 53.07+26.30 10.71+2.61 140.30+40.06  159.56+32.23
EC 57.67+17.71 8.69+2.28 108.69+38.07  160.51+26.30
EFA 56.30+22.48 8.89£0.75 90.11+ 952 16247+ 852
EFB 61.90+23.15 8.17+0.52 112.24+19.64  112.71+26.45"

Values are mean+SD.

* Significantly different compared to the value for EC by independent samples
t-test at "p<0.05.
1)SC, Sedentary control group, EC. Exercised control group, EFA, Exercised

formula A group, EFB, Exercised formula B group
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Table 12. Serum fatigue factors of rats fed control, EFA or EFB supplemented

diets (all-out subgroups)

G " Glucose Free fatty acid Triglyceride
roup
(mg/dL) (meq/L) (mg/dL)
SC 41.71+£16.54 800.86+ 86.64 137.10+£31.02
EC 40.43+11.15 844.29+179.08 100.03+ 9.83"
EFA 46.71+19.11 546.86+ 71.63" 89.68+ .11
EFB 36.57+10.10 599.14+ 62.81 93.79+17.62

Values are meantSD.

+ Significantly different compared to the value for SC by independent samples

t-test at 'p<0.05.

" Significantly different compared to the value for EC by independent samples

t-test at “p<0.05.

1)SC, Sedentary control group; EC. Exercised control group; EFA, Exercised

formula A group; EFB, Exercised formula B group
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Table 13. Serum fatigue factors

supplemented diets (all-out subgroups)

of rats fed control,

EFA or EFB

Group” Lactate Inorganic Creatine kinase =~ Ammonia
(mg/dL)  phosphate(mg/dL) (U/L) (ng/dL)
SC 87.83+38.24 13.67+1.56 326.00+ 84.13  360.26+59.71
EC 81.20£20.50 12.54+1.14 17954+ 31.47°  287.24+44.69
EFA  82.00+24.55 11.64+1.56 226.71£107.93  252.11+£39.09
EFB  94.76+27.77 12.86+1.42 23643+ 2245 302.19+47.90

Values are mean+SD.

+ Significantly different compared to the value for SC by independent samples

t-test at 'p<0.05.

" Significantly different compared to the value for EC by independent samples

t-test at “p<0.05.

1)SC, Sedentary control group, EC. Exercised control group;, EFA, Exercised

formula A group; EFB, Exercised formula B group
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Fig. 5. Serum glucose concentration of rats fed control, EFA or EFB
supplemented diets
SC, Sedentary control group; EC. Exercised control group; EFA, Exercised

formula A group; EFB, Exercised formula B group
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Fig. 6. Serum free fatty acid concentration of rats fed control, EFA or EFB
supplemented diets

* Significantly different compared to the value for EC by independent samples
t-test at "p<0.05.

SC, Sedentary control group; EC. Exercised control group;, EFA, Exercised

formula A group; EFB, Exercised formula B group
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Fig. 7. Serum triglyceride concentration of rats fed control, EFA or EFB

supplemented diets

+ Significantly different compared to the value for SC by independent samples
t-test at p<0.05.

" Significantly different compared to the value for EC by independent samples

t-test at “p<0.05.

SC, Sedentary control group; EC. Exercised control group; EFA, Exercised

formula A group, EFB, Exercised formula B group
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Fig. 8 Serum lactate concentration of rats fed control, EFA or EFB
supplemented diets
SC, Sedentary control group; EC. Exercised control group;, EFA, Exercised

formula A group; EFB, Exercised formula B group
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Fig. 9. Serum inorganic phosphate concentration of rats fed control, EFA or

EFB supplemented diets

SC: Sedentary control group, EC: Exercised control group, EFA: Exercised

formula A group; EFB, Exercised formula B group
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Fig. 10. Serum creatine kinase concentration of rats fed control, EFA or EFB
supplemented diets

+ Significantly different compared to the value for SC by independent samples

t-test at p<0.05.

" Significantly different compared to the value for EC by independent samples
t-test at p<0.05.

SC, Sedentary control group; EC. Exercised control group; EFA, Exercised

formula A group; EFB, Exercised formula B group
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Fig. 11. Serum ammonia concentration of rats fed control, EFA or EFB
supplemented diets

+ Significantly different compared to the value for SC by independent samples
t-test at 'p<0.05.

" Significantly different compared to the value for EC by independent samples
t-test at "p<0.05.

SC, Sedentary control group; EC. Exercised control group; EFA, Exercised

formula A group, EFB, Exercised formula B group
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90%7F 4993 90-min subgroupsd =5 &4 FAF} GA wrtx FF 3
all-out subgroups® <% &4 &4 =AHL Table 149 15 ¥ Figs. 12-1591 A
A3ttt Lactate dehydrogenase(LDH)E FAtA AFejolA  pyruvate 25 H
lactate®] FAS Fuldts SAEM(2), 1A= FA 1 Ao FUtEM, 25
gz oA Fagk AR deiA drhH10,32). #HA LE& T Bg HF
pyruvate’} 84 g ol wa} lactic acid ¢ ¥4 o] X L pyruvateE lactic acid
2 AZA7= HAHolA LDHe &Aool FrkskAl ®vk(33). E3H  citrate
synthase(CS)+= TCA 3]2°] 3 @A oA citrate®] FAdS Fujste EiolH,
dntA o g fFAA ol oal Frhske Ao g ATH34).

90-min subgroups® LDH &4 =+ SC+o] 16.72+0.83 umol/g tissue/min,
ECo] 1566£0.90 umol/g tissue/min®. 2 SCito] EC#ol H|&] Fojxo =
=2 @RS HAHP<0.05). o)== SCato] &3t oA =55 #3t9 lactic
acid® pyruvate® W3} glucoseE AASHE 7|Hoz oAAZY. A,
EFATS 1350+1.19 pmol/g tissue/min, EFB¥< 14.1520.92 pmol/g
tissue/minZ Z}7F EColl vla) ooz v #59 LDH 4TS HE
ATHpP<0.05). ©]:= ECxel "8l EFAw ¥ EFB R5F U] a5 3o ¢
Zsto], LDH &4 S T7HAA oduA s a8 <s A SHF A

Hoz BEHodS oz xAadth

oz
ot
£
o
tl
lo
e

90-min subgroups? CS¢] A== SCto] 21.27+1.65 pmol/g tissue/min,
ECi#o] 1791+1.40 pmol/g tissue/min® SCite] A =7} ECHol wla =74
Aoz  fFst HolE HYPYow(p<0.05), EFATS 1640+1.51 pmol/g
tissue/min®.2 EC o] H|a] FoA0 zte]E& Holx kil EFBw 13.92+
2.58 wmol/g tissue/minZ ECw ol HF] 942 Hol& R AT (p<0.05). 5L
g 0o FETFPde Esta CSe &A= Aol SCel A9 ECael

e FiAew edol B2 Jor A7HM, EFBT e 4% w3 22 Az
&k ECtel vs] &gt olyA AR ] 58S tl AA @ A e =

HE HQ FHoZ AgHr
@1 w7bA] 9L 3 all-out subgroups® LDH A& SCito] 13.00+0.84
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pmol/g tissue/min, EC+©] 13.23+1.25 pmol/g tissue/min® 2 SC*ol| H]3j
ECiol Fejdeor w2 YRS UEhHATGHP<0.05). EFAT2 12674148
umol/g tissue/min, EFBi& 13.63+1.21 pmol/g tissue/mino. 2 EC-o] H] 3]
Zy oA el el Aol= Holx gkttt All-out subgroups?] CS 4%+ SC
0] 28.02+2.62 umol/g tissue/min, ECt©] 22.77+252 pmol/g tissue/min
2 SCate] ECaol Hlsl fro]#el ApolE yeh)ler (p<0.05), EFAwe] 21.32
+144 pmol/g tissue/min, EFBw*¢] 23.81+1.04 pmol/g tissue/min® EC ol
Al zb el A el A ]l Abeli= vEhuA] ek stvh EFA ¥ EFBo] 2H2} EC
woll HlE) felHor 31 FAATHS YERel® B8t LDHSE CS9 €4 %=
of tigk f2A9l o)z} gltks A2 EFAT Y EFB-9 diet formulaZ} A+

2% Fg gdol FAH P Tk APAT] FFATtL A

Table 14. Activity of skeletal muscle enzyme in the 90-min subgroups

Activity of skeletal muscle enzyme

Group" (umol/g tissue/min)
Lactate dehydrogenase Citrate synthase
SC 16.72+0.83 21.27+£1.65
EC 15.66+0.90" 17.91£1.40"
EFA 13.50+1.19" 16.40+1.51
EFB 14.15+0.92 13.92+2.58"

Values are mean+SD.

+ Significantly different compared to the value for SC by independent samples
t—test at p<0.05.

* Significantly different compared to the value for EC by independent samples
t-test at p<0.05.

1)SC, Sedentary control group, EC. Exercised control group, EFA, Exercised

formula A group, EFB, Exercised formula B group
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Table 15. Activity of skeletal muscle enzyme in the all-out subgroups

Activity of skeletal muscle enzyme

Group" (umol/g tissue/min)
Lactate dehydrogenase Citrate synthase
SC 13.00+0.84 28.02+2.62
EC 13.23£1.25" 22.77+2.52"
EFA 14.67+1.48 21.32+1.44
EFB 13.63+1.21 23.81+1.04

Values are mean+SD.

+ Significantly different compared to the value for SC by independent samples
t—test at p<0.05.

1)SC, Sedentary control group, EC. Exercised control group;, EFA, Exercised

formula A group; EFB, Exercised formula B group
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Fig. 12. Activity of Lactate dehydrogenase in gastrocnemius muscle (90-min
subgroups)

+ Significantly different compared to the value for SC by independent samples
t-test at "p<0.05.

* Significantly different compared to the value for EC by independent samples
t-test at p<0.05.

SC, Sedentary control group; EC. Exercised control group;, EFA, Exercised

formula A group; EFB, Exercised formula B group
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Fig. 13. Activity of citrate synthase in soleus muscle (90-min subgroups)
+ Significantly different compared to the value for SC by independent samples
t—test at p<0.05.
* Significantly different compared to the value for EC by independent samples
t-test at p<0.05.
SC, Sedentary control group; EC. Exercised control group;, EFA, Exercised

formula A group, EFB, Exercised formula B group
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Fig. 14. Activity of Lactate dehydrogenase in gastrocnemius muscle (all-out
subgroups)
+ Significantly different compared to the value for SC by independent samples
t-test at p<0.05.
SC, Sedentary control group; EC. Exercised control group;, EFA, Exercised

formula A group, EFB, Exercised formula B group
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Fig. 15. Activity of citrate synthase in soleus muscle(all-out subgroups)

+ Significantly different compared to the value for SC by independent samples
t-test at "p<0.05.

SC, Sedentary control group; EC. Exercised control group; EFA, Exercised

formula A group; EFB, Exercised formula B group

- 174 -



A44d e

1) Don B. Winner drinks. IFI. 3: 20-23, 1996.
2) W, AT, AHA, LFN AUBE £5 A 2F vzase] W

o dzr1de] B A, e Al593<] 36(1): 281-233, 1998,

3) MacLaren DPM, Gibson H, Parry-Billings M, Edward RHT. Exercise and
sport science review: A review of metabolism and physiological factors in
fatigue. Vol. 7: 29-66, 1989.

4) Banister EW, Cameron BJC. Exercise-induced hyperammonemia: peripheral
and central effects. Int J Sports Med 11(Suppl 2): S129-S142, 1990.

5 Iles JF, Jack JJB. Ammonia: assessment of its action on postsynaptic
inhibition as a cause of convulsion. Brain 103: 555-578, 1980.

6) Mitchell JH. Neural control of the circulation during exercise. Med Sci
Sports Exerc 22: 141-154, 1990.

7) Koyuncuoclu H, Keyer M, Simsek S, Sagduyu H. Ammonia intoxication:
changes of brain levels of putative neurotransmitter and related compounds
and its relevance to hepatic coma. Pharmacol Res Commun 10: 787-807, 1978.
8) Matsumoto K, Ishihara K, Tanaka K, Inoue K & Fushiki T. An
adjustable-current swimming pool for the evaluation of endurance capacity of
mice. J Appl Physiol 81(4), 1843-1849, 1996.

9) Chun Y, Yin ZD. Glycogen assay for diagnosis of female genital chlamydia
trachomatis infection. J Clin Microbiol 36: 1981-1082, 1998.

10) Pesce A, Mckay R.H, Stolzenbach F, Ccahn RD, Kaplan NO. Comparative
enzymology of LDH. J. Biol. Chem. 239: 1753-1761, 1964.

11) Srere PA. Citrate synthase. Method Enzymol 13: 3-11, 19609.

12) Crozier G, Bois—joyeux B, Chanez M, Girad J, Peret J. Metabolic effects
induced by long-term feeding of medium-chain triglycerides in the rat.
Metabolism. Aug 36(8), 807-814, 1987.

13) Nuttall FQ, Mary CG. An improved assay for hepatic glycogen synthase

in liver extracts with emphasis on synthase R. Anal Biochem 178: 311-319,

- 175 -



1989.

14) Kato S, Karino K, Hasegawa S, Nagasawa ], Nagasaki A, Eguchi M,
Ichinose T, Tago K, Okumori H, Hamatani K. Octacosanol affects lipid
metabolism in rats fed on a hight-fat diet. Br J Nurt Mar; 73(3), 433-441,
1995.

15) Jones NL, Havel R]J. Metabolism of free fatty acids and chylomicron
triglycerides during exercise in rats. Am J Physiol 213(4), 824-828, 1967.

16) Hickson RC, Rennie M], Conlee RK, Winder WW, Holloszy JO. Effects of
increased plasma fatty acids on glycogen utilization and endurance. J Appl
Physiol 43, R829-R833, 1977.

17) Rennie MJ, Winder WW, Holloszy JO. A sparing effect of increased
plasma fatty acids on muscle and liver glycogen content in the exercising rat.
Biochem J 156, 647-655, 1976.

18) Essig DA, Costill DL, Van handel P]J. Effects of caffeine ingestion on
utilization of muscle glycogen and lipid during leg ergometer cycling, Int J
Sports Med 1, 86-90, 1980.

19) Jones NL, Havel R]J. Metabolism of free fatty acids and chylomicron
triglycerides during exercise in rats. Am J Physiol 213(4), 824-828, 1967.

20) Costill DL, Coyle E, Dalsky G, Evans W, Fink W, Hoopes D. Effects of
elevated plasma FFA and insulin on muscle glycogen usage during exercise.
J Appl Physiol 43 @ 695-699, 1977.

21) Jones NL. Muscle performance and fatigue: overview. Hypoxia, Exercise,
and Altitude: Proceedings of the third Banff International hypoxia symposium,
pp. 237-242, 1983.

22) Mosso A. Fatigue. Charles C. Thomas Publishers, Rome, Italy, 1997.

23) MacLaren DPM, Gibson H, Parry-Billings M, Edward RHT. Exercise and
sport science review: A review of metabolism and physiological factors in
fatigue. Vol. 7: 29-66, 1989.

24) Christie GS, Judah JD. Intracellular distribution of enzymes. Proc Royal

- 176 -



Soc B141: 420-433, 1953.

25) Jung K, Pergrande M, Rej R, Schreiber G, Schimmelpfenniig W.
Mitochondrial enzymes in human serum: comparative determinations of
glutamate dehydrogenase and mitochondrial aspartate aminotransferase in
healthy persons and patients with chronic liver disease. Clin Chem 31:
239-243, 1985.

26) Mitchell JH. Neural control of the circulation during exercise. Med Sci
Sports Exerc 22: 141-154, 1990.

27) Buono M]J, Clancy TR, Cook JR. Blood lactate and ammonium ion
accumulation during graded exercise in humans. J Appl Physiol 57(1),
135-139, 1984.

28) Eriksson LS, Broberg S, Bjorkman O, Wahren J. Ammonia metabolism
during exercise in man. Clin Physiol 5, 325-336, 1985.

29) Cureton TK. The physialogical effects of wheat germ oil on human in
exercise, Charles C. Thomas Phblisher, 1972.

30) Sansei H, Hidehiro K, Hidekatsu T, Goroh O. Phenolic compounds from
stem bark of Acanthopanax senticosus and their pharmacological effect in
chronic swimming stresses rats. Chem Pharm Bull(in Japanese) 38:
1763-1765, 1990.

31) Avakian EV, Evonuk E. Effect of Panax ginseng extract on tissue
glycogen and adrenal cholesterol depletion during prolonged exercise. J Med
Plant Res 36, 43-48, 1979.

32) Medina R, Aragon JJ, Sols A. Effect of polyethylene glycol on the kinetic
behaviour of pyruvate kinase and other potentially regulatory liver enzymes.
FEBS 180(1): 77-80, 1985.

33) Guynn RW, Veech RL. Enzymatic determination of acetate. In: Methods in
Enzymology vol. 35(Loenstein JM, ed. pp. 302-7, Academic Press, New York,
NY, 1975.

34) Mellandy ] and Williamson D. Acetate In: Methods of enzymatic analysis

- 177 -



(Bergmeyer HU ed.) Vol. 4, pp. 1840-1843, Verlag Chemie Intl Deerfild
Beach, FL, 1974.

- 178 -



._._.
O

[ -

Kl

00

[ -

Kl
ok

=
__o"_
%0
100

fill
Jlo

=
o

&

LHo
OH

ml

A1d HE

E X %5 (ergogenic aids)E°] 7)dtE]

ANROA ATHLE Sl

==

o =
= [e)

g

A &= glycogen®]

Z

Qe =

H,

Fed AA =] el A

S

=)

e

oj

il

=
;QL

d = 97}y o)

N
N

™
o
M
0

il
nze)

|

%

j
o
)

(Panax ginseng)< <% <

e

of
K
=

o]
T

Bo] we v w3

=
N

Ny

280 it Ao FeA 9

3

~
;OO

7K

HEe HAA
e7te HA &

1% Martinez %3} Hikino

el

™~

S

A

A
)

ofpy

il

9]

A}

Al

MR T4 Z[Epimedium  koreanum] N.(Berberidaceae)2]

R
R

Z}el] A}

|

—

o
)

g

el

X

459

e
=

H31¥  Epimedium

227

=i}
=

|

ionone

phenylethanoid glycoside,

alkaloid, lignan,

flavonoid,

oA

o] X1l

=N
[e)

sesquiterpene glycoside

oj

- 179 -



K

2 orelA et

Ao

)

H % 3t}

A} 1
j=0 |

Z[Saururus chinesis (Lour.) Bailil&=

A} vl
=S|

=
._OL
|

file)
m

—_—

N
ol

mK

|

el

o

2 el A

o

al

A

N

oF
|

quercetin<

1

] o
“

=

d=

A

L Ay

2 A Adg,

Ao

0

wK

Njo
Jjo
B
)

o

o
W

oo
N

™
;OT._

op

—_—

0
N
W

< ol

treadmill

L
fu

- 180 -



A2d Ag L vy

1. 432 o] A&

6F% ¢ Sprague-Dawleyd 3F 48 nlg]E& FYste] 1577 dnkag 2oz
ARIALE A7 F ZF el 6 mbelH A ste] thE ] oY dow ERFstlth
H] &% o) %% (Sedentary control group; SC), &% tZxv*(Exercised control

group; EC), % BB 0|7 (EB), &% Abul x4 o] (ES),

8 $E gzl
(EB), £% 27434 0li([B0), £5 $FL4lEEY), &5 FHA4 ol (EH).

g Z4o]&= AIN-93L 7]Fo =2 3]_%13&]’ 7} A& Aol A

Table 1. Composition of experimental diets (g/kg diet)

CD BD SD ED OD UD HD

Carbohydrate 650 | 620 | 620 | 620 | 620 | 620 | 620
Casein 180 180 180 180 180 180 180
Corn oil 100 100 100 100 100 100 100
Mineral mix 40 40 40 40 40 40 40
Vitamin mix 10 10 10 10 10 10 10

Carboxymethyl cellulose| 20 20 20 20 20 20 20
Plant extract - 30 30 30 30 30 30

CD: Control diet, BD: Bobbunja supplemented diet, SD: Sambaekcho
supplemented diet, ED: Eursungcho supplemented diet, OD: Orgapi

supplemented diet, UD: Umyangkak supplemented diet, HD: Hyangbuja

supplemented diet
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4, A2 AFH € 8F F
28 7ke] o] FoJr) F

A10E3E AR F EHES EZHstel 80T Bt EF  creatine
kinase(BSC Auto CPK kit, Bio Clinical System Corporation, Korea) &4, o=
Yo} F%(Ammonia test, Wako, Japan), &4} & %=(Sigma Chemical Co.), ¥7]
olAted = (BSC inorganic phosphate kit, Bio Clinical System Corporation,

Korea) @ &9 X (BCS glucose kit, Bio Clinical System Corporation, Korea)+

4 Litg ol g3l EA s

I &H3e 25 ¥ vl EE(gastrocnemius muscle)S Zt7] A& o

HAHDLE ol &dto] H5 FAAN F YA s 24 FA B A7A

5. %9 ¥ zA 5%
2o ZFE A FEE B8 o] 83te] Anthrone BV olel =43}
Bk

Atk 30% KOH &l 255 o] &a|A17]aL 100T 9] #BeE FolA 20
s Ak o 7)ol 95% ol eSS H7Fsle] 2,000xg

, =799 anthrone

AokE Wa MERA 208 WEARG EEEETENS o] 5te] 620 nm
oA MRS ANGL, Felad FEE HEHA

6. =59 lactate dehydrogenase(LDH) &4

59 LDH 4% 24"87] 98] 100 mM KHPO, $h5§ ol H]#Htg
Y 3 polytron homogenizerg ©]-&3te] &3} d13ch 100 mM KHPO, 0.84 m,
3.3 mM Na - pyruvate 0.1 m¢, <5&4N 002 ME 4& Fo 36 mM DPNH
0.04 mE Hol ¥&A71a1, 30T, 340 nme] FFo|A FFEE FHI o, &

2 A& umol/mg/min® YER At
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7. 259 citrate synthase(CS) &4
& CSEAL JhA 2 olgstel S gt 100 mM KHPO, $%
<5< %1 polytron homogenizerE o]&3dle] #4d3}3 & mEZ=
otuhg st 3ly] 9ste] T4 FHE 33 WHET F AR o] &t 4 &
Ae =A3s7] Yel 01 M KHPO, 06 m, 3 mM acetyl CoA 0.1 m¢, 1 mM
1 F 229 01 e 27 £ F 30T, 340 nme] g A A
ODE 7|=3t9 o, o37]9] thA] 5 mM oxaloacetate 0.1 mE WA A 3%

g S48tk 249 FA4L pmol - mg ' - min '® UER AT

8. FAIAY
B dolE= SAS RIS o] &89 meantSEMO & YERHRIT. B
THEL(SCO)H} EEWEF(EC), £ ECH 24 AEAFEE Folot 79 3
7ol Z}o]l:= unpaired Student’s t-testE ©]&3to] p<0.05 T p<0.01 FFo

- 184 -



A3d A3 2 uF

A o] AFEV|ZF Fob 72 7+ AT el W3l Fig. 19 AA" wle} 2o}

FEWHET(EC)Y] AF HFsEzL (SO vl &&5&d 15 F5H AT +

stol 13 FRE AF F4Fel @A wgom, 4F F F AF /3ol

155+11.0 g& EC(96.9+10.6 g)X .t} o4 oz tvf A Ychp<0.01)(Table 1).
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0 1 2 3 4
Weeks

Fig. 1. Changes in cumulative body weight gain.

Values are mean*SEM of 6 rats.

*x Significantly different compared to the value for EC rats at p<0.01.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised
Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented
group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi
supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group
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Table 1. Cumulative body weight gain of rats fed experimental diets

Group Body weight gain(g/4 weeks)
SC 118+11.3
EC 96.9+10.6
EB 96.3+13.2
ES 15.5+11.0%x*
EE 94.1+14.4
EO 74.2+13.8
EU 104+13.9
EH 69.8£12.9

Values are meantSEM of 6 rats.

xx Significantly different compared to the value for EC rats at p<0.01.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised
Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented
group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi
supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group
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HAT Aol #ARA 2t SEFNXEECT FAF ZREDN AT
e% FAL HAT AR EES) T 275 e E[BO)S Ag B Aol
AHA L ZH7F 21.22051 g/deb 2264022 g/d= &2 (EC, 24.2+0.20 g/d)ll
Hls frelshl J S ehp<0.01),
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2}a] Aol & go] 0.03+0.032 2 EC(0.14+0.04)¢] B3] Sold o=z o
G oHp<0.01). &, AWM ExFEEo 3¢ 7% =Y
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Table 2. Food efficiency ratio of rats fed experimental diets and on

exercise training protocol

Food intake Body weight gain

Group (g/day) (g/day) FER”
SC 24.4+0.74 4.20+0.85 0.17+£0.02
EC 24.2+0.20 3.46+0.38 0.14+£0.04
EB 24.9+0.22 3.44+0.47 0.14+0.02
ES 21.2£0.51 0.55%0.39x: 0.03+0.03%:
EE 22.2+0.15 3.36+0.51 0.15+£0.02
EO 22.6%0.22%: 2.65+0.49 0.12+0.02
EU 24.5+0.47 3.70+0.50 0.15+0.03
EH 24.8+0.20 2.49%0.46 0.10+£0.02

Values are mean+*SEM of 6 rats.

YFER = Body weight gain(g/day)/Food intake(g/day)

w% Significantly different compared to the value for EC rats at p<0.01.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised
Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented
group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi
supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group
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Fig. 3. Resting levels of serum lactate concentration of rats fed
experimental diets.

Values are mean+*SEM of 6 rats.

*x Significantly different compared to the value for EC rats at p<0.01.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised
Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented
group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi
supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group
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Table 3. Relative weights of skeletal muscles from rats fed

experimental diets and on exercise training protocol

Group Soleus muscle Gastrocnemius muscle

(mg /100 g body weight)

SC 30 + 25 702 + 25.7
EC 36 + 2.2 649 + 28.9
EB 38 + 25 668 + 29.4
ES 40 + 2.3 696 + 26.9
EE 37 + 1.2 698 + 31.7
EO 39 + 0.9 675 + 317
EU 43 + 2.1 798 + 234
EH 34+ 1.3 697 + 11.2

Values are meantSEM of 6 rats.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised
Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented
group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi
supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja diet group

- 191 -



AEeERshyel os) BH AAA FHAS 24T AFig. 4), o 4F
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Values are meantSEM of 6 rats.
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value for EC rats at p<0.01.
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=

w% Significantly different compa

SC: Sedentary control group, EC: Exercised control group, EB: Exercised

Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented

group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi

supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group

- 193 -



7. 8% gRYel 5=

£ AstaL, o #A

AYAA 5ol oA

KN
=

s $ol ATPE

o

|
—_

2 A dg®.

ol ol %7} Fig. 50 A|A=o] ¢l

B2

el
o

ﬁo
gl

N

_ZT

ol
00
w
ol
Hel

il 2]

9]

ute} ECarel] H]

shuglon, wehd &E

Frola Aol

AN EAH o=

ot

o2 Az "L

- 194 -



200 r

150
100
50

(1p/6r) BlUOWWY

EC EB ES EE EO EU EH

SC

Fig. 5. Serum ammonia concentration of rats fed experimental diets

measured 48 h post endurance exercise loading test.

Values are mean+tSEM of 6 rats.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised

Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented

group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi

supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group

- 195 -



A creatine kinase(CK) &4

8. &

creatine

fros
o
Y

A g el

ATP

17l 914

e
R

ot &

)
—~
o
=3
M-
o

0

;oﬂ

phosphate 9]

Fol7b §ll o (Fig. 6), ol ¢ 22 2

e

i3

o
go] fitad FALEoIY] EOE ARHL £F

o
T

B

RIS

) Z(SC)3 H]

T
T
o
e
of
To°

‘mno

il

job

| o1 x4 o] (EE)°l

YEFAAL(p<0.01), 1 9] HEAA o] TH(EB), 2719 2] o]

o)

o =

9]

o A} ECatell H]

EEEEE

i CK €70

H] 3]

T(EO), 183 FH-A2A o] H(EH) A= ECol

o]

NF

A

ojet o] AEAF=

Y = th(p<0.05).

CK Z4o]

h=iye]
=

& 0, o5 A=A

o)

=4 Ued A3z v

oHo= Y

o
T

- 196 -



**

* %///////////////////////////%

* %//////////////////////////%
]

-

5

5

§ 8§ 8 8 8 °

(1/N1) 8seury aulieain

EH

EU

EO

EE

ES

EB

EC

SC

Fig. 6. Serum creatine kinase activity of rats fed experimental diets

measured 48 h post endurance exercise loading test.

Values are meantSEM of 6 rats.

* Significantly different compared to the value for EC rats at p<0.05.

w% Significantly different compared to the value for EC rats at p<0.01.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised

Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented

group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi

supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group
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Fig. 7. Serum inorganic phosphate concentration of rats fed

experimental diets measured 48 h post endurance exercise loading rest

Values are meantSEM of 6 rats.

* Significantly different compared to the value for EC rats at p<0.05.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised

Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented

group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi

supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group
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Fig. 8. Serum glucose concentration of rats fed experimental diets

measured 48 h post endurance exercise loading test.

Values are mean+tSEM of 6 rats.

* Significantly different compared to the value for EC rats at p<0.05.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised

Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented

group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi

supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group
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Fig. 9. Muscle glycogen concentration of rats fed experimental diets

measured 48 h post endurance exercise loading test.

Values are mean+tSEM of 6 rats.

* Significantly different compared to the value for EC rats at p<0.05.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised

Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented

group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi

supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group

12. &% lactate dehydrogenase &4
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Fig. 10. Muscle lactate dehydrogenase activity of rats fed experimental

diets measured 48 h post endurance exercise loading test.

Values are mean+tSEM of 6 rats.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised

Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented

group, EE: Exercised Eursungcho supplemented group, EO: Exercised Orgapi

supplemented group, EU: Exercised Umyangkak supplemented group, EH:

Exercised Hyangbuja supplemented group
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13. &% citrate synthase &4
Citrate synthase (CS)¥= TCA(Tricarboxylic acid) 3Z<2 A A lA
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03

Citrate synthase (umol/mg/min)

SC EC EB ES EE EO EU EH

Fig. 11. Muscle citrate synthase activity of rats fed experimental diets
measured 48 h post endurance exercise loading test.

Values are mean+*SEM of 6 rats.

+  Significantly different compared to the value for SC rats at p<0.01.

w% Significantly different compared to the value for EC rats at p<0.01.

SC: Sedentary control group, EC: Exercised control group, EB: Exercised
Bokbunja supplemented group, ES: Exercised Sambaekcho supplemented
group, EU: Exercised Umyangkak supplemented group, EH: Exercised

Hyangbuja supplemented group
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A2Ad Ag L 9y

2 A95 s8 AF 65739 Sprague-Dawley 7l 71 2 (Havto] 2=
FA 3 ) 48 vhE] & AFESRIT Al AT 258~285 gollaL, ARt AL FAL
S8 1790 AMSA 840 ASA T vuFe oy Lor 9] A st
(n=6): HEEFHZE7(Sedentary control group; SC), T ZT(Exercised
control group; EC), ¥ eld] 2~ (Exercised Cordyceps militaris supplemented
group; EM), A Al (Exercised Phellinus linteus supplemented group; ES),
o A W Al 7 (Exercised Garnoderma lucidem supplemented group; EY), 2Aj8] A
T (Exercised Grifola frondosa supplemented group; EI), A}F3X U7} (Exercised
Paecilomyces japonica supplemented group; EJ), €4t (Exercised Panax red
ginseng supplemented group; EH).

Ay Aol 4L Table 1o #AAIE npel om F 659 7lsAHAFLA
A7bAel= 7 A EAY daeFEES 30 gkg FTo2 dnk ol H7tsto
z Ao FellA At Aol Afw
o s wid dAS AIZE 2 104 ~114] Akelol =3 34 Fw3tson, 2
ol AAFH AT Hols ¥ writt SAHAY. = AFAY $AHS 2

T 23+1C, 5% 50456% = =43t aL, 12413 WEF71E FA 8

L

Az, Holo F FF

rlo

-
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Table 1. Composition of experimental diets(g/kg diet)

Experimental diets”

SC EC EM ES EY EI EJ EH

Ingredients

Carbohydrate 650 650 620 620 620 620 620 620
Casein 180 180 180 180 180 180 180 180
Corn oil 100 100 100 100 100 100 100 100
Mineral mix 40 40 40 40 40 40 40 40
Vitamin mix 10 10 10 10 10 10 10 10
CM?cellulose 20 20 20 20 20 20 20 20

Plant extract - - 30 30 30 30 30 30

Vsc: Sedentary control group, EC: Exercised control group, EM: Exercised
Cordyceps militaris supplemented group, ES: Exercised Phellinus [linteus
supplemented group, EY: Exercised Garnoderma lucidem supplemented group,
EIl:  Exercised Grifola frondosa supplemented group, EJ: Exercised
Paecilomyces japonica supplemented group, EH: Exercised Panax red ginseng
supplemented group.

DCM: carboxyl methyl

ot A% 54 E = (Dual-treadmill, tHF7]17])S 9]

Fue Agsgon, 4A% L5 &5

b

25 m/min® FEEHE= HUALGHAGF] 0% #dPete TAE T
RAcaEl

T}

(moderate exercise intensity)el 3
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Table 2. Exercise protocol for rats

Duration(week) Intensity (m/min) Time(min)
1 15 20
2 20 30
3 25 40
4 25 60

$EFA A BAA HW & AFHLE FABAS Greo] st
m/minol A 387 $E5& AL @ F, vl 38w 3 m/min®] SRR $EG

8 247 WhEA A%F 30 m/ming] SEAA B AZA Y £F A%

4. ANEY AH £ EF J224L9 &4

-80TCe| R#AIFTE A AL FAA Aol sEEHT=  7HAH E(soleus

muscle), 281 A< £2E BF E3E= H|EZ(gastrocnemius muscle) S

N
N
ax
i
ol
ol
8
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2
—_>‘4—1‘4
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o
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o
ol
I
of

ANz F 292 =9 &

F A creatine kinase(BSC Auto CPK kit, Bio Clinical System Corporation,
Korea) &4, &4 X Yol(Ammonia test wako, Wako, Japan), & 4HSigma
Chemical Co.) % F7]245=(BCS inorganic phosphate kit, Bio Clinical

System Corporation, Korea)= A& kitE o]-&3to] #2313t}

- 213 -



@)
ry
Ho
Lo
it
i)
K
R,
off
i
Iy
ox

o,
ofs

!
|3 A171aL 100TC 2] BeE HollA 20&3T
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£5°] LDH #4& Pesce 579 MWL F4ato] Z4aksih 100 mM

KHPO, &+&g& o] uEZ& Y1 polytron homogenizerE o] -&3to] 4 3}s1]
t}. 100 mM KHPO, 0.834 m¢, 3.3 mM Na : pyruvate 0.1 ml, <&4 % 0.02 ml

£ 4L Fo 36 mM DPNH 004 mE o] wks-A]7]a31, 30C, 340 nme] I+
A FFEE Ao, &4 XL umol/g tissue/min®E YEFW T

59 CS 842 Srere”e] MRS FAste] shxbultel A Akt 100

mM KHPO, ¢&&9Nd <8-S Y polytron homogenizerE ©o]-&3fe] 43}
g > mEZ=gotuts dsty] flste] 4 §IlE 33 WHESte] A|RE o]

01 m{, 1 mM DTNE 01 m¢, &5 22 01 mE Z7] £33 3 30T, 340
71e] Al 5 mM oxaloacetate 0.1 mé

o
E WSAA FREe WEE Z24eth. A4 4L pmol - g tissue ' - min '

g4 FZd2HE(9d%5 BC 108-E), HDL-ZFe~HE(9% A 308-HDL)
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8. BAAY
ZE do]E & SPSS 11.0 T2 S o] &3] MeantSEMo 2 e ST,

H &5 Z27(SC)H 5 WETH(EQC), = ECH Z HEAFE=E Fo 7+
B zke] x}o]= independent samples t-testE o] &3}o] p<0.05 T p<0.01
oA FedS AT
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A Hp>0.05)
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Table 3. Food intake, body weight gain and food efficiency ratio of rats

fed experimental diets for 4 weeks

Food intake Body weight gain FER?
Groupl)
(g/day) (g/4 weeks)

SC 24.7+0.4 97.8+3.6 0.14+0.01
EC 20.8+0.1°" 64.146.0" 0.11+0.01"
EM 1950.3" 55.90.5 0.10+0.01
ES 21.8+0.0™ 76.8+0.9 0.13+0.01
EY 28.7+0.6™ 68.6=0.9 0.09+0.01
EI 19.8+0.1" 73.2+7.3 0.13+0.01
EJ 18.3+0.7" 45.1+1.1 0.09+0.02
EH 21.9+0.4 63.1+1.1 0.10+0.01

Values are Mean+*SEM of 6 rats.

+, ++ Significantly different compared to the value for SC by independent
samples t-test at p<0.05 and ''p<0.01, respectively.

w%  Significantly different compared to the value for EC by independent
samples t-test at “p<0.01.

Vgc: Sedentary control group, EC: Exercised control group, EM: Exercised
Cordyceps militaris supplemented group, ES: Exercised Phellinus [linteus
supplemented group, EY: Exercised Garnoderma lucidem supplemented group,
EI: Exercised Grifola frondosa supplemented group, EJ: Exercised
Paecilomyces japonica supplemented group, EH: Exercised Panax red ginseng
supplemented group.

FER(Food efficiency ratio)=Body weight gain for experimental period (g/day)

/ Food intake for experimental period (g/day)

- 217 -



Sl A BFH ] ¥ E(gastrocnemius) - 7FA}F

A= Table 40 AAE vl 2o} A

"] Z(soleus) S

o) =
< A NA el H&] v ES

1o

(EC)oll A 1]

o

)

2 o %o (p<0.01), ©

A 9]

KeX
=

2t (EH)

e ol &

Q) %5

a9 s

L.
o

3
T

7} 3k}

71eF 715284
(EC)el HlafiA F998 oz A3 tHp<0.01). ECiel Hj&E FA7F SCtol

=
[}

o) w7}

ki3

N

A A

o] mET FAZF BCTel ME FAG wel i

N

e}
Lt

al

)

= =T

A 7FA o] F=e Al Zko] ECell Bl EA o Aol

B35 vz
A7t ECl ]

;9_
)
_EOT._

o

3

=
T

)

o5 Sl &40 AA yehd A3 (Table 59t ¥ o]

J

A

-]

1

Ao 7}

)

ow AZkAY. Bu, A% T AN e T

A (p>0.05).

- 218 -



Table 4. Gastrocnemius and soleus muscle weights of rats

G D Gastrocnemius Soleus
roup
g/kg BW
SC 6.53 £ 0.15 0.38 £ 0.02
EC 736 + 012" 0.38 £ 0.01
EM 6.72 + 0.11" 0.38 + 0.02
ES 6.73 £ 0.18" 0.38 + 0.01
EY 6.69 + 0.12" 0.39 £ 0.01
El 6.78 + 0.10™ 0.40 £ 0.01
EJ 6.83 + 0.08" 0.39 + 0.01
EH 7.06 £ 0.13 0.39 + 0.02

Values are Mean+*SEM of 6 rats.

++ Significantly different compared to the value for SC by independent
samples t-test at p<0.01.

* & Significantly different compared to the value for EC by independent
samples t-test at ‘p<0.05 and “p<0.01, respectively.

Vsc: Sedentary control group, EC: Exercised control group, EM: Exercised
Cordyceps militaris supplemented group, ES: Exercised Phellinus linteus
supplemented group, EY: Exercised Garnoderma lucidem supplemented group,
EI: Exercised Grifola frondosa supplemented group, EJ: Exercised
Paecilomyces japonica supplemented group, EH: Exercised Panax red ginseng

supplemented group.
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Fig. 1. Running time of rats fed control or red ginseng or some

medicinal mushrooms supplemented diets.

++ Significantly different compared to the value for SC by independent

samples t-test at 'p<0.01.

* & Significantly different compared to the value for EC by independent

test at "p<0.05 and “p<0.01, respectively.

samples t-

SC: Sedentary control group, EC: Exercised control group, EM: Exercised

supplemented group, ES: Exercised Phellinus linteus

Cordyceps Militaris

EY: Exercised Garnoderma lucidem supplemented group,

supplemented group,

ET:

Exercised

EJ:

Exercised Grifola frondosa supplemented group,

Paecilomyces japonica supplemented group, EH: Exercised Panax red ginseng

supplemented group
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Fig. 2. Activity of serum creatine kinase of rats fed control or red

ome medicinal mushrooms supplemented diets.
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Fig. 3. Serum ammonia concentration of rats fed control or red ginseng

or some medicinal mushrooms supplemented diets.

* % Significantly different compared to the value for EC by independent

samples t-test at p<0.05 and “p<0.01, respectively.

SC: Sedentary control group, EC: Exercised control group, EM: Exercised

Cordyceps Militaris  supplemented group, ES: Exercised Phellinus linteus

supplemented group, EY: Exercised Garnoderma lucidem supplemented group,

Exercised

Exercised Grifola frondosa supplemented group, EJ:

ET:

Paecilomyces japonica supplemented group, EH: Exercised Panax red ginseng

supplemented group.
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Fig. 6. Serum lactate concentration of rats fed control or red ginseng

or some medicinal mushrooms supplemented diets.
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Table 5. Glycogen concentration and activities of citrate synthase and

lactate dehydrogenase in the skeletal muscle of rat

Groupl) Glycogen CS LDH
(mg/g tissue) umol/g tissue/min
SC 30.2+4.0 14.7+1.1 18.4+1.2
EC 145+1.9" 17.1+1.6 18.1+1.3
EM 11.5+0.7 16.0+1.5 17.8+2.3
ES 14.7+1.4 185+1.2 17.4+1.7
EY 12.7£0.9 17.1+1.1 18.2+1.5
EI 12.1+0.4 21.4%15 16.7£1.6
EJ 16.2+2.2 16.6+1.4 17.6%1.2
EH 22.4+25 17.8+1.1 17.6+1.5

Values are Mean=SEM of 6 rats.

++ Significantly different compared to the value for SC by independent
samples t-test at ' p<0.01.

* Significantly different compared to the value for EC by independent samples
t-test at "p<0.05.

Vst Sedentary control group, EC: Exercised control group, EM: Exercised
Cordyceps militaris supplemented group, ES: Exercised Phellinus [inteus
supplemented group, EY: Exercised Garnoderma lucidem supplemented group,
EI: Exercised Grifola frondosa supplemented group, EJ: Exercised
Paecilomyces japonica supplemented group, EH: Exercised Panax red ginseng

supplemented group.
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Table 6. Serum lipid concentrations of rats

TG Total-C HDL-C (LDL+VLDL)-C
Groupl)
mg/dL
SC 126.5%7.3 147249 55.7£4.9 91.545.2
EC 88.7+10.4" 122.9+3.2" 53.9+3.8 69.0£3.5"
EM 108.2+10.6 129.5+2.3 51.8+2.6 77.7+3.5
ES 119.8+11.9 125564 69.0£6.4 56.4+7.7
EY 93.9+6.3 125.1£7.9 66.4+7.4 58.7+11.1
EI 116.8+9.9 101.1£5.6™ 55.6£1.8 454464
EJ 79.2+9.7 107585 54.3£1.5 53.2+7.7
EH 108.7+£5.9 1185+6.9 59.9+4.9 58.6+5.3

Values are Mean=SEM of 6 rats.

+, ++ Significantly different compared to the value for SC by independent
samples t-test at 'p<0.05 and 'p<0.01, respectively.

% Significantly different compared to the value for EC by independent
samples t-test at “p<0.01.

Vst Sedentary control group, EC: Exercised control group, EM: Exercised
Cordyceps militaris supplemented group, ES: Exercised Phellinus [inteus
supplemented group, EY: Exercised Garnoderma lucidem supplemented group,
EI: Exercised Grifola frondosa supplemented group, EJ: Exercised
Paecilomyces japonica supplemented group, EH: Exercised Panax red ginseng

supplemented group.
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(n=8): H]EEHZE7(Sedentary control group; SC), T ZT(Exercised
control group; EC), SE}FZAF=ET (Exercised octacosanol supplemented group;
EO), =F <@+ (Exercised squalene supplemented group; ES), S Aw+
(Exercised medium—chain triglyceride supplemented group; EM).
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Table 1. Composition of experimental diets(g/kg diet)

Experimental diets”

Ingredients

SC EC EO ES EM
Corn starch 367.486 367486 359.986 359.986  367.486
Casein 200 200 200 200 200
Dextrinized cornstarch 132 132 132 132 132
Sucrose 100 100 100 100 100
Corn oil 100 100 100 100 40
Cellulose 50 50 50 50 50
Mineral mix 35 35 35 35 35
Vitamin mix 10 10 10 10 10
L-Cystine 3 3 3 3 3
Choline bitartate 2.5 2.5 2.5 2.5 2.5
Tert-butylhydroquinon 0.014 0.014 0.014 0.014 0.014
Octacosanol - - 75 - -
Squalene - - - 75 -
MCT - - - - 60

Vgc: Sedentary control group, EC: Exercised control group, EO: Exercised

octacosanol supplemented group, ES: Exercised squalene supplemented group,

EM: Exercised MCT supplemented group.

Table 2. Exercise protocol for rats

Duration(week) Intensity (m/min) Time(min)
1 15 20
2 20 30
3 25 40
4 25 60
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H 527 (SO)F F5dE2T(EC), & ECo¥3 24 AEAFEE 397 1HY

Hir kel 2Fo] = independent samples t-testES ©]-&3}l¢] p<0.05 =+ p<0.01 F
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A3d A3 2 uF

= Table 3o A|AE vie} 2rh LEHE(EC)Y Aol dFAHL vsulzd
(SOl mlal ooz ¥ wekth(p<0.01). SEaAlE AFHFH(E0)F AL
AHATES)Y A5 Aol dF Fo] zh2t 158437 g/day E 15.7+4.0 g/day= }E}
U ECtell vls) foAdoz o %%om(p<0.01), MCT A3 (EM)] 2 o]
& EHELECT o)Al Zel7t gtk FAAFT S ECatol SC
ol mlste]l o uEkout, fro Al ApolE ofyflth. EOw, ESw HE EM9

ot

AATS7hES ECTat vl Al o3k 2ko]& YeElA] Stk Holad o

4

BE AdTelM Fo Al 2ol rh BEE A skt

>

-241 -



Table 3. Food intake, body weight gain and food efficiency ratio of rats

fed experimental diets for 4 weeks

Food intake Body weight gain FER?
Group"
(g/day) (g/4 weeks)
SC 16.9+4.6 125.3£5.5 0.27£0.01
EC 15.0#4.0"" 107.7+7.1 0.27+0.02
EO 15.8+3.77 100.1£3.7 0.23+0.01
ES 15.7+4.0™ 108.0£2.4 0.26+0.00
EM 15.3+3.8 99.9+3.1 0.24+0.01

Values are Mean*SEM of 8 rats.

++ Significantly different compared to the value for SC by independent
samples t-test at 'p<0.01, respectively.

*#x  Significantly different compared to the value for EC by independent
samples t-test at “p<0.01.

Vgc: Sedentary control group, EC: Exercised control group, EO: Exercised
octacosanol supplemented group, ES: Exercised squalene supplemented group,
EM: Exercised MCT supplemented group.

YFER (Food efficiency ratio)=Body weight gain for experimental period

(g/day) / Food intake for experimental period (g/day)
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2. 23 AR S FPAzE

AELERR o FAAAAY FYNRE FYT ARFig. 1), 477
¥ FUL AN ECTO A% $EALAT0] 84462 02 vhEbLt SC (3343

ol wla) o8 o AAE AT p<0.01). A, AP 2o HFH o < A4
2 FHENE Fris Ay, EST B EMT o A 2XA74A ¢
Fa) A 7o) 265+28% W= 239+33R- 0 e}, Tt BT ECHRTE Sl
o AFHATHP<0.0D). SEIARE AFHHEO)S] B2 AIZEA] FAAZE A
110+22F 0. & EC+ofl vlal] oF 262 © ZA e THp<0.05). °]& SEFIALE,
2~FdA 9 MCT A57F 25573 58S FHAN7E 2347 d5S AAss

Afol ).

B

gmo H
. N

Fig. 1. Running time of rats fed control or octacosanol, squalene, or
MCT supplemented diets.

++ Significantly different compared to the value for SC by independent
samples t-test at ' p<0.01.

w% Significantly different compared to the value for EC by independent
samples t-test at p<0.05 and “p<0.01, respectively.
Vgc: Sedentary control group, EC: Exercised control group, EO: Exercised
octacosanol supplemented group, ES: Exercised squalene supplemented group,

EM: Exercised MCT supplemented group.
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3. 25 FA
AT8EE Fh5Y
muscle) % 7FAFA] Z(soleus muscle)s A &3kl FAE 543 23 (Table 4), H
Bto] FEe SCwel Hla]l EColA froo® o Ekth(p<0.05). EC 7 W]
WA EMa o] vl &t A= fref sl g W (p<o.0l), EOT = ES 9
H & FAE #oAQl wsts detli A etk olef o] ECael Hls] ES
2 EMrol A Bl Eto] FAZE 7hAagh 21 ES 9 EMatoll A &3 Al7hA] 9]
A zke]l o AW AR} #Ho] ds Howr AAEH. 7AW E(soleus

muscle)d] %S SCa# vHlwste] ECTolA © A Yehgoy folzel 4

o

7} AZ g FFH e W EZ(gasrocnemius

T2 ofyglen, 7t Aol AFwd ECEtol®= #o4Ql Aol 7h #E A
okt

Table 4. Gastrocnemius and soleus muscle weights of rats

G n Gastrocnemius Soleus
rou
P g/kg BW
SC 6.46+0.11 0.36+0.01
EC 6.75+0.08" 0.38+0.01
EO 6.77£0.10 0.39+0.02
ES 6.57+0.07 0.39+0.01
EM 6.36+0.08™ 0.38+0.01

Values are Mean+*SEM of 8 rats.

+ Significantly different compared to the value for SC by independent samples
t-test at 'p<0.05.

w%  Significantly different compared to the value for EC by independent
samples t-test at “p<0.01, respectively.

Vsc: Sedentary control group, EC: Exercised control group, EO: Exercised
octacosanol supplemented group, ES: Exercised squalene supplemented group,

EM: Exercised MCT supplemented group.
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7. 84 glucose &

AgE e AP AT F EA glucose FEE 43 A3H(Fig. 5),
ECT9 8% glucoses =& SCiwol H|&le] folxoz 7H4sAt. EOv3 EM
79 87 glucosesE= ECI WA F94920 HEE Holx ¢ WA ES

9 &% glucoses = ECTol vla] fodow 7H438k3th(p<0.01). EOw 3}
EM< ¢ &&A&A 7ol EColl Hla| #oAoz F718k

A glucoses =7F ECatoll vlaste] fold o=z 7hAshA & 5

I MCT7F A+8 L5 &3 A H glucoseE Aost= 2945 7HA7] w2l

Ao Z AtgHET}

“.4

280
_l_
200 r
3 ++
O
S 150
E
3
@) 100 [
(&)
=
O]
50
0
SC EC EO ES EM

Fig. 5. Plasma glucose concentration of rats fed control or
octacosanol, squalene, or MCT supplemented diets.

Values are mean=SEM of 8 rats.

++ Significantly different compared to the value for SC rats at ' p<0.01.

* Significantly different compared to the value for EC by independent samples
t-test at “p<0.05.

Vgc: Sedentary control group, EC: Exercised control group, EO: Exercised
octacosanol supplemented group, ES: Exercised squalene supplemented group,

EM: Exercised MCT supplemented group.
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9. @A creatine kinase(CK) &4

O
~
rr
0.1.4

AR o gE= ZSAE Yo EAeE 401, i 3 CK &4

]-ﬂ

A2 AGAT?. g1 A e $ERAHS A F d
d CK 845 34 A3%(Fig. 7), &+ sW2T(EC) A v &t Z7(SC)ol
fro)dom =on(p<0.01), EO, ESw, EMa 2%

gdo] freAor =UHp<0.01). of¢t 2 A

i EO+#, ES+, EMa& ECol Hl&] &% A &A1 7
e}

]
A ECell ws) 93 C
ECito] SCaell Hl&,
o] oA o m A7

HDSHW

Ao 2 Atz E}

500 r

+

400 r

300 r

200

Creatine kinase (IU/L)

100 r

EM

Fig. 7. Serum creatine Kkinase activity of rats fed control or
octacosanol, squalene, or MCT supplemented diets.
Values are mean+SEM of 8 rats.

++ Significantly different compared to the value for SC rats at ' p<0.01.

% Significantly different compared to the wvalue for EC by independent
samples t-test at “p<0.01.

Vgc: Sedentary control group, EC: Exercised control group, EO: Exercised
octacosanol supplemented group, ES: Exercised squalene supplemented group,

EM: Exercised MCT supplemented group.
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11. &% lactate dehydrogenase &4l
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A2Ad Ag L 9y

1. 2340 2 FEY A5
& o] Sprague-Dawley Al 7 31F 32vt8]E F+Yske] duk 13 ALE (rat
chow)2 1543t Abs4 S4ol ASA2 5, 5o 4 o= JoujAs it
(n=8): ¥]EZ )X (Sedentary control group; SC), <*%uZx(Exercised
control group; EC), A& (Exercised powdered snake supplemented group;
ES) ¥ &3 8(Exercised powdered Trionyx sinesis supplemented group;
ET).
x4 ol= AIN-935 7IEo= dtlen, 724 daddel= H7MEe] 423 <l
AdHFES st YA (10 g/kg) B8 8% B0 g/kg)s Lutalolo] 1
Fato] AxsdTh HUES $AMNZS ] BEFHE dukAole] H7bste] A
Z89 3, Aole F THL casein? corn starch®] FolA ZA3ALE 2 o] 9
AHAIRE 2732 Table 1 webd wiol v, Aol AFHEAggoez mjd
AAZ AIZE (A 10A] ~11A4] AkeDoll &3 97 & skl en,
ol THE wnitt SAHFAL, AT 1FLvtt AU

A)
S
FAL 2% 2311TC, % 5015% = ZATE L, 1247 HAdF=715 X3
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Table 1. Composition of experimental diets(g/kg diet)

Experimental diets”

Ingredients

SC EC ES ET
Corn starch 367486 367486  363.986 329.486
Casein 200 200 1935 188
Dextrinized cornstarch 132 132 132 132
Sucrose 100 100 100 100
Soybean oil 100 100 100 100
Cellulose 50 50 50 50
Mineral mix 35 35 35 35
Vitamin mix 10 10 10 10
L-Cystine 3 3 3 3
Choline bitartate 2.5 2.5 2.5 2.5
Tert-butylhydroquinon 0.014 0.014 0.014 0.014
powdered snake soup. - - 10 -
powdered Trionyx sinesis soup - - - 50

Vgc: Sedentary control group, EC: Exercised control group, ES: Exercised
powdered snake soup supplemented group, ET: Exercised powdered Trionyx

sinesis soup supplemented group.

T2 EFZL Table 2] AAlE nvFe} 7t} Sprague Dawley Al 3l FH o] oA £
4 25 m/min® EEHET FHUEaAFAZFY 0% dEste A= &%

(moderate exercise intensity)oll @2 ch?,
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Table 2. Exercise protocol for rats

Duration(week) Intensity (m/min) Time(min)
1 15 20
2 20 30
3 25 40
4 25 60

3. 82X A7HA Y AFHLEF %Y
FETHE AA 28YA HE & AFHEF Fd5EHS HUrer] st 12
m/minol| A 383t &5& A ¢ & v 380 3 m/ming] £E2 5%

55 S7HAA WrbEA HF 30 m/mine] HEoA B3 Al7EA S fF A EHA
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d A creatine kinase(BSC Auto CPK kit, Bio Clinical System Corporation,
Korea) &4, &3 dXyYol(Ammonia test wako, Wako, Japan), Z4HSigma
Chemical Co.) % F7]¢14F F=(BCS inorganic phosphate kit, Bio Clinical

System Corporation, Korea)©= 48 kit o] &3l F23%
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AIZIIL 100TCT Y BEE oA 2083t

25 LDH @42 Pesce 579 ¥ FAste] 248k 100 mM

KHPO, &+&g& o] uEZ& Y1 polytron homogenizerE o] -&3to] 4 3}s1]
t}. 100 mM KHPO, 0.834 m¢, 3.3 mM Na : pyruvate 0.1 ml, <&4 % 0.02 ml

& 4 %o 36 mM DPNH 0.04 meE Hol ¥-&A17]5, 30C, 340 nme| o+%
oA FFEE =A3Fgom, &4 FAL umol/mg tissue/min®E YEFU LT
25 CS B Srere”e] WS FAF ApA 2o A ZAET 175
mMe] KCl# 2 mMe EDTAS &3 @&l <5& ¥l polytron
homogenizerE ©|-&3to] T Aslst ¢ wEIZ=goluks 3y 3st7] fJste] T4
gllE 33 WkEsto] AlR=® o] &3ttt
Tris base buffer 0.33 m¢, 1 mM DTNB 0.05 m¢, 3 mM acetyl CoA 0.08 ml, <
ol 7)o thA] 10 mM oxaloacetate 0.03 mé
A

FYEE FAson, axd BYL

S 5249 001 mE 27 £ 5,
E HESAA 37T, 412 nme| 3HE
nmol/mg tissue/min® WEFW AT}

T AA
ZE do]EiE SPSS 110 Z2aS o] &3te] MeantSEMO. 2 UERY AT
H 527 (SC)Y S5 WEF(EC), & ECHy Zt AdEd FoF+ 7o H
T #e] 2ol = independent samples t-test® ©] &3l p<0.05 L+ p<0.0l

oM Folds ASeA
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3l frelAow o wgkom (p<0.05), HAFR(ES) e &8 FET)TY 2elAd
HAF2 FEET(EC) Bl o4 o= =3kt (p<0.01).

sHET(EC] 74 ATT/HES Hles U E= (SOl Hl& FojHo=
o St (p<0.05). ESS F4 AFT7FES EColl vl folAor =& g9
(p<0.05), ETw 8] FHAFTSHES FeHz=(EC) vl o2 2ol& o
B A et st (EC)e] Holas HlstlEa (SO HsiA v
AR BAoH FoA Atol= obylal, Aol AL F =T (EC)
kel Aolggol= frolHl Aozt BEE A & A tHp>0.05).
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Table 3. Food intake, body weight gain and food efficiency ratio of rats

fed experimental diets along with exercise training for 4

weeks
b Food intake Body weight gain FER?
Group
(g/day) (g/4 weeks)
SC 175 = 0.73 141 + 135 0.28 + 0.02
EC 15.1 + 0.35 90.1 + 154" 0.21 + 0.03
ES 17.0 + 0.45™ 137 + 897" 0.28 + 0.02
ET 17.8 + 0.19" 122 + 11.1 0.24 + 0.02

Values are Mean+SEM of 8 rats.

+ Significantly different compared to the value for SC by independent samples

t-test at +p<0.05.

* % Significantly different compared to the value for EC by independent

samples t-test at p<0.05 and “p<0.01, respectively.

YSC: Sedentary control group, EC: Exercised control group, ES: Exercised

powdered snake soup supplemented group, ET: Exercised powdered Trionyx

sinesis soup supplemented group.

YFER(Food efficiency ratio)=Body weight gain for experimental period (g/day)

/ Food intake for experimental period (g/day)
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Table 4. Gastrocnemius and soleus muscle weights of rats along with

exercise training

Gastrocnemius Soleus
Group
g/kg BW
SC 570 £ 0.25 0.39 + 0.01
EC 565 + 0.22 045 + 0.02"
ES 6.14 * 0.18 0.42 + 0.01
ET 569 £ 0.14 045 + 0.02

Values are Mean*SEM of 8 rats.

% Significantly different compared to the wvalue for EC by independent
samples t-test at “p<0.01.

SC: Sedentary control group, EC: Exercised control group, ES: Exercised
powdered snake soup supplemented group, ET: Exercised powdered Trionyx

sinesis soup supplemented group.
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Fig. 1. Running time until 'all-out’ state of rats fed experimental diets
along with exercise training.

Values are meant*SEM of 8 rats.

++ Significantly different compared to the value for SC by independent

samples t-test at " p<0.01.

SC: Sedentary control group, EC: Exercised control group, ES: Exercised
powdered snake soup supplemented group, ET: Exercised powdered Trionyx

sinesis soup supplemented group.
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Fig. 2. Serum inorganic phosphate concentration of rats fed
experimental diets along with exercise training.

Values are Mean+SEM of 8 rats.

SC: Sedentary control group, EC: Exercised control group, ES: Exercised

powdered snake soup supplemented group, ET: Exercised powdered Trionyx

sinesis soup supplemented group.
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4. A glucose &
dF glucose =7t 7ASH JZ7AS 27A Ha, AT+EHEE FdsEHS

ﬂﬂﬂ%zﬁw}zwgq@éag%iiiﬁﬂ{%@4%&5@?ﬂ@1%ia
=

A3} (Fig. 3), SEWEHEC)Y A (770+11.7 mg/dL) H&5hET(SC,
128+9.62 mg/°])el Hl&] Fo Aoz YAl e =d(p<0.01), o] X Al7EA
T

o FaAlzre] SEUELAN

>
ot
=
by

AAAY. @d, wda

2
glucose ¥+ TsHExTI Fo40 Aol 7F yERFA] 2 ATHp>0.05).

140 I
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§ 100 4+
=)
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&
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G 40 r

20
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Fig. 3. Serum glucose concentration of rats fed experimental diets
along with exercise training.

Values are mean=SEM of 8 rats.

++ Significantly different compared to the value for SC rats at ' p<0.01.

SC: Sedentary control group, EC: Exercised control group, ES: Exercised

powdered snake soup supplemented group, ET: Exercised powdered Trionyx

sinesis soup supplemented group.
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5. 8% creatine kinase &4

Creatine kinasev= &% << k& AHe] IKAxEelA  ADP¢
phosphocreatine & 2 58] ATPE @A st w88 s gholg®?

AN AAE dgdoR AR ARl FARAY ATE EEEs AS5S
A, EEUHEH(ECS A CK &Aoo 7734606 IU/LE Hlg& =T (SC;
451+67.3 TU/L)ell Hlal frej#ez v =tk (p<0.01). BART(ES) Ee 85
FT(ET)S] CK &AL FHELEO Hs frefdom  Fasiidtt
(p<0.01)(Fig 4).

-
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(]
100
0 %
sc EC ES ET

Fig. 4. Serum creatine kinase activity of rats fed experimental diets
along with exercise training.

Values are mean+SEM of 8 rats.

++ Significantly different compared to the value for SC rats at "'p<0.01.

* Significantly different compared to the value for EC by independent samples

t-test at “p<0.05.

Vgc: Sedentary control group, EC: Exercised control group, ES: Exercised

powdered snake soup supplemented group, ET: Exercised powdered 7Trionyx

sinesis soup supplemented group.
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A5 = Ao dFoly. o=

o] 5 T FEUYA] TstE

phosphorylase &4 o] A E 3, Aoz FAAL Aeodia] 5ol g
)

o] = glucose Aol oA w

B A% oA ECie] Ay 5644531 mg/dLZ SC#(55.4+8.8 mg/©])d
Hld A o8¢l ol elAthp>0.05) (Fig. 6). AR T(ES)¥ &%+ (ET)
o RAAEE Al Z2F 588+3.62 mg/dL, 63.4+5.63 mg/dLE &EthET(EC)I

el oAl AolZ e @grdl ol % AHAZEelA o Hel 3
o molx gkl WMEFoE AWM, webd, AAE E: SRTS 25 v

284 F42 odAst: Bk gl Ao 239

w
N

SC EC E ET

Fig. 6. Serum lactate concentration of rats fed experimental diets along
with exercise training.

Values are Mean*SEM of 8 rats.

SC: Sedentary control group, EC: Exercised control group, ES: Exercised

powdered snake soup supplemented group, ET: Exercised powdered Trionyx

sinesis soup supplemented group.
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A e A A= Table 5o AAE wpe}
ot S8 374 5% 2 lactate dehydrogenase(LDH) &A1& v]EZoA, 181
citrate synthase(CS) &A-8 7tapn|ZolA zt7] A&tk EC+e 25 =g
FA FE=E 48+0.8 mg/g tissue®Z SC(6.9+0.9 mg/g tissue)ol H]8l Lo}
T Aol oYU (p>0.05). ECe] A5 FHAIZe] F7t= Qa5

2 FEUETEC)TH FAH8A #olE YEMA %o (p>0.05), §FET

ET) 94 £FR2TEOA da #9490 Fol7t AATHARLS mg/g,
p>0.05). ol e An 4GP @ BANFOR e 4G EE S8
of $EFYel ME TYRA 1L ARE Dol AT AMEE Aolth

eEFAEY Wk FouR Aueld GFE veld ZHF citrate

synthase A& EC9 2% 385+24 pmol/g tissue/mine. & e} SCH+
(40.4+3.0)0 Hla] Fe]H2l 2tolE YERAl B UTHP>0.05). WAMET(ES)S]
& citrate synthase @42 453+1.9 umol/g tissue/minle.& <F ) Z(ES)al
H 3] o] om =A YR THP<0.05). &8 B(ET)S 45 &5dlE2(ES)H
e 28 AF%S 2oy, #4952 oyl
A A &3] o] Fo] X | Jactate dehydrogenase A |
F27F FalEo] ATPE At 24
AN ME el FEe ZFo AFnTE FEEHA K, FARRAG UA At
AgPE o] FHAEH ko] FHE 3 LDH &40l F7istA )l 2 A g A
v 58 LDH &4 S S48 23, ZF L3bel
towebA 3 FHol A EE 25 m, F 53] WERE 457 AAE ATEes E
goldS <5 LDH &4 @A Fo3 d3Fs vAA ¥ Aox U
thooked ALY T 88T FHUbel wE LDH 24 9Al #olgk Aelrh #

ZE A o %eH(p>0.05).
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Table 5. Muscle glycogen concentration and enzyme activities in the
skeletal muscle of rats fed experimental diets along with

exercise training

Glycogen CS LDH
Group
(mg/g tissue) umol/mg/min
SC 6.95 £ 0.88 40.4 + 3.02 260 = 0.29
EC 483 £ 0.82 385 + 0.82 254 + 0.36
ES 522 + 057 453 £ 1.85" 277 + 0.23
ET 481 + 147 419 + 294 3.28 + 0.60

Values are Mean+tSEM of 8 rats.

* Significantly different compared to the value for EC by independent samples
t-test at “p<0.05.

SC: Sedentary control group, EC: Exercised control group, ES: Exercised
powdered snake soup supplemented group, ET: Exercised powdered 7Trionyx

sinesis soup supplemented group.
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A2Ad Ag L 9y

1. 2320 & FE AS
6579 9] Sprague-DawleyZl +# 27 64 ntej& st 4y nFALR
(rat chow)® 157U7F AbS4 Sl A&A2 & 5o 4 oz 9] wjx|st
AHn=16): B thFv(Sedentary control group; SC), % thZv*(Exercised
control group; EC), &%%& A+ (Exercised formula A supplemented group;
EA), B3%E B (Exercised formula B supplemented group; EB).
2 AL 1, 2ad e AT A RN Y el e E3E UEEY
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=) = S [e] =)
AEd 2 seA d8E AAsSe FHA SR H¥ES =46k,
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I

=

3 g FESRPoM, ol HABE HolE FRY wrh), Yy AFe 1F
z=

dvitt A Y. Tw AASAe] #4825 2341T, §5 50+5% %
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Table 1. Composition of experimental materials

Formula A Formula B
Ingredients % Ingredients %
Squalene 20 MCT 69.4
Saururus Chinesis 15 Octacosanol 0.7
Ogapi 15 feaé1 ag)inseng 109
sk 15 Bokbunja 35
Kotu Kola 10 Ogapi 35
Taurine 10 Kotu Kola 3.5
Choline 2 Taurine 3.5
Glutamine 4 Choline 0.4
L-Arginine 4 Glutamine 1.7
L-Cartinine 5 L-Arginine 1.7
L-Cartinine 1.7
100 100
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Table 2. Composition of experimental diets(g/kg diet)

Experimental diets”

Ingredients

SC EC EA EB
Corn starch 397.486 397.486 361.006 383.852
Casein 200 200 200 200
Dextrinized cornstarch 132 132 132 132
Sucrose 100 100 100 100
Soybean oil 70 70 60.88 38.034
Cellulose 50 50 50 50
Mineral mix 35 35 35 35
Vitamin mix 10 10 10 10
L-Cystine 3 3 3 3
Choline bitartate 2.5 2.5 2.5 2.5
Tert-butylhydroquinon 0.014 0.014 0.014 0.014
Formula A - - 45.6 -
Formula B - - - 45.6

Vst Sedentary control group, EC: Exercised control group, EA: Exercised
formula supplemented A group, EB: Exercised formula B supplemented

group.
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SERHAFS £ 0% A ARES ASFNA AARGOM, £5
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<& BYF 38l B E Z(gastrocnemius muscle)S ZH7] A Ed g ow, A A
&

ol B4 FAAN ¥ 2o FEG LB BAS 98 80T

37 creatine kinase(BSC Auto CPK kit, Bio Clinical System Corporation,
Korea) &4, &3 X Yol(Ammonia test wako, Wako, Japan), Z4HSigma
Chemical Co.) % F7]¢lAF & %Z(BCS inorganic phosphate kit, Bio Clinical

System Corporation, Korea)= 98 kitE o]&3st Z7] 43130

5. 249 YA FE 573
289 Feail FEE MBEE ol gskel Anthrone @l olskel %43l
H golo]l 288 dol 23477 10008 BEE ZolA 2087
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FE dolEE SPSS 110 Z2a#E& o] &3ke] MeantSEMO 2 e Qi)
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Table 4. Food intake, body weight gain and food efficiency ratio of rats

fed experimental diets along with exercise training for 4

weeks
Food intake Body weight gain FERY
Group

(g/day) (g/4 weeks)
SC 224 + 0.14 185 + 6.91 0.28 + 0.01
EC 20.8 + 0.12" 154 + 578" 0.25 + 0.01

219 + 027 168 + 8.26 0.27 + 0.01
B 21.3 + 0.05" 161 £ 559 0.26 £ 0.01

Values are Mean+*SEM of 8 rats.

Significantly different compared to the value for SC by independent
samples t-test at 'p<0.01.
*#x  Significantly different compared to the value for EC by independent
samples t-test at ~p<0.01.
Vsc: Sedentary control group, EC: Exercised control group, EA: Exercised
formula A supplemented group, EB: Exercised formula B supplemented group.
YFER(Food efficiency ratio)=Body weight gain for experimental period

(g/day) / Food intake for experimental period (g/day)
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TErdey W7 A% G #F ] H] 2 (gastrocnemius) 3 7k
(soleus) S A ZE3te] FAIE F743g A3 Table 50 AAIE vRe} 2}, A
T T HEZ FAE s dETol 597+0.10 g/kg BWe=Z H| TR
(5.81+0.16 g/kg BW)ell vla] #2& o7k gigich s A7an Vo] ojanl
FEs pe AR gzt ve B8] FAVE Sk A de] vk e

Aol = HA Aol 9xl AA A FALES AAFAIL, webA
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ry

4N L
e

FA 2ol 7h YA e Aoz Al ¥l EAY i EBTe A
4 FAE BECTH §98 zpo]E el A &okEd], o]E ECol b

Table 5. Gastrocnemius and soleus muscle weights of rats fed

experimental diets along with exercise training

G H Gastrocnemius Soleus
rou
P g/kg BW
SC 597 £ 0.10 055 £ 0.16
EC 581 + 0.16 041 + 0.32
EA 590 + 0.14 0.37 £ 0.14
EB 550 £ 0.35 0.39 £ 0.35

Values are Mean=SEM of 8 rats.
Vst Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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g 2A YEE e (p<0.01). 3, Aol AF e FHANS HdE ATl
129483, 1¥]al H3HE Baro] 1301522 e, ECor Rt 7] 1% 2 12

& 2

150

120 F i
=
E 90 ©
(]
£
5 60 |
= -
S 30 |
o

0

sc EC EA EB

Fig 1. Running time of rats fed experimental diets along with exercise

training.

" Significantly different compared to the value for SC by independent

samples t-test at ' p<0.01.
SC: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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3. 8% F/1A89 FE
84 ol A7 $ERe AP et Y TANAFES 4D
A3 (Fig. 2), LEozT 4 %

of Hla} frejAow o wkth(p<0.05). EEEE T AHAE o R HF=A

o

8
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o)
3 5
2
© 4
£
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3 3
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8 2
5
1
<)
[
= 0

SC EC

Fig. 2. Serum inorganic phosphate concentration of rats fed
experimental diets along with exercise training.

Values are Mean+*SEM of 8 rats.

+ Significantly different compared to the value for SC by independent samples

t-test at 'p<0.05.

SC: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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4. A glucose &
5 glucose =7 AstEW 23S =7A Ha, AFEHEE TP 5=

AdEe A3 zgad®, = &5 Fube =g FgmA Fgo] sy

il

A3 (Fig. 3), wedxzae] 74

mg/dL)oll W& fejFH oz
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=
VAN
=
o
=
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= 2R A R
FRAZEE] Zole] 7]AF Aom FHEH, I, 3= AT EE 5= BT

o] &H glucose 55+ TNz Fot AolE YERNA LA THP>0.05).

off

.

200 r
180 r
160 r
140 r
120
100 | +
80
60 r
40 r

Glucose (mg/dL)

SC EC EA EB

Fig. 3. Serum glucose concentration of rats fed experimental diets
along with exercise training.

Values are meant*SEM of 8 rats.

++ Significantly different compared to the value for SC rats at ' p<0.01.

SC: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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3. @A creatine kinase &4

Creatine kinaset®= & % T2k AdHe  IFAMEelA  ADP¢
phosphocreatine© 258 ATPE FAsE wes Zujatis ghogp™® =
Ao FHE gz FHHQ0 FAARAG AFY FEEds A5 A

SENETLY A creatine kinase AL v EFEHNERTIH F93 ZolE e

of wla frolhAl B ERI(p<005), WA BEE AL ATHLE £
=

S IR oyt FAZY] IR E EolA AIEES FATIE 29U S
RNo g 7lhAr}
m) -
Em |
g
S 400 -
2 [
& 30 -
£
x
g 20 r
g
S 100
0
sC EC EA EB

Fig. 4. Serum creatine kinase activity of rats fed experimental diets
along with exercise training.

*#x  Significantly different compared to the value for EC by independent

samples t-test at “p<0.01.

SC: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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Table 6. Glycogen concentration and enzyme activities in the skeletal

muscle of rats fed experimental diets along with exercise

training
D Glycogen CS LDH
Group
(mg/g tissue) pmol/g tissue/min
SC 3.25 £ 052 50.2 + 242 3.95 + 0.46
EC 3.80 £ 0.70 52.3 + 153 429 + 0.52
EA 3.11 + 0.71 55.9 + 341 914 + 127
EB 3.93 + 0.66 53.3 + 3.13 958 + 0.82"

Values are Mean+*SEM of 8§ rats.

*#x  Significantly different compared to the value for EC by independent
samples t-test at ~p<0.01.

Vsc: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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Table 7. Food intake, body weight gain and food efficiency ratio of rats

fed experimental diets along with exercise training for 4

weeks
Food intake Body weight gain FER
Group
(g/day) (g/4 weeks)

SC 24.0 + 0.09 215 = 11.7 0.31 = 0.02
EC 21.0 + 0.09" 153 + 952" 0.25 £ 0.02"
EA 21.2 + 0.01 161 + 5.80 0.26 £ 0.01
EB 21.2 + 0.25 156 + 7.15 0.25 = 0.01

Values are Mean*SEM of 8 rats.

""" Significantly different compared to the value for SC by independent
samples t-test at p<0.05 and ''p<0.01, respectively.

*#x  Significantly different compared to the value for EC by independent
samples t-test at “p<0.01.

Vgc: Sedentary control group, EC: Exercised control group, EA: Exercised
formula A supplemented group, EB: Exercised formula B supplemented group.

YFER(Food efficiency ratio)=Body weight gain for experimental period (g/day)

/ Food intake for experimental period (g/day)
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Table 8. Gastrocnemius and soleus muscle weights of rats fed

experimental diets along with exercise training

Group! Gastrocnemius Soleus
P a/kg BW
SC 541 = 0.09 0.37 £ 0.13
EC 560 £ 0.15 0.39 + 0.01
EA 5.74 £ 0.06 0.38 = 0.01
EB 577 £ 0.10 041 = 0.01

Values are Mean+SEM of 8 rats.
YSC: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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T T8 EFNAE R EHE 25550 9d myosin?t actin®] 3 S
Fol= @A ATP7F 7hpital = o, ol 2 Qs & 5 F7IIbs%7t w439
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Inorganic phosphate (mg/dL)
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Fig. 7. Serum inorganic phosphate concentration of rats fed
experimental diets along with exercise training.

Values are Mean=SEM of 8 rats.

+ Significantly different compared to the value for SC by independent samples

t-test at ‘p<0.05.

SC: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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3. 84 glucose &
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W d3F glucose’t 2Ho2 FUE = ol St & T glucose’t 1A ar
H27re =74 Do 1Az 522 T 3 glucose TEE =49

A3 (Fig. 8), + U272 131+819 mg/dLZ H]&-& U Z 7" (168+5.63 mg/dL)el
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Fig. 8. Serum glucose concentration of rats fed experimental diets
along with exercise training.

Values are mean*SEM of 8 rats.

++ Significantly different compared to the value for SC rats at ' p<0.01.

SC: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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Fig. 9. Serum creatine kinase activity of rats fed experimental diets
along with exercise training.
SC: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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Fig. 11. Serum lactate concentration of rats fed experimental diets
along with exercise training.
SC: Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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Table 9. Glycogen concentration and enzyme activities in the skeletal

muscle of rats fed experimental diets along with exercise

training
D Glycogen CS LDH
Group
(mg/g tissue) umol/g tissue/min

SC 3.87 + 0.70 422 + 2.09 2.32 + 0.39
EC 3.15 + 048 46.7 + 2.17 453 + 0.87
EA 3.02 + 0.64 53.2 + 244" 3.49 + 3.74
EB 3.96 + 0.66 498 + 2.14 5.25 + 0.34

Values are Mean*SEM of 8 rats.

* Significantly different compared to the value for EC by independent samples
t-test at "p<0.05 .

Vst Sedentary control group, EC: Exercised control group, EA: Exercised

formula A supplemented group, EB: Exercised formula B supplemented group.
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ow Hid FFAAE AFESIAa, AHAGHAAR ), 2F0ONEFE 919D
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ok flof AFel me esdHe] WM <& 1> dEd glen,
o

F(p>005), AA] Hlal HHFol $EATe] 18 22 Ak
Aokire] A9, HAAN HAT Ao FAR £F AS /1 Fsgon, fo

gk abol= yERA] e 9k (p>0.05).

o

¥ 1. 5417 ¥ 3} (min)

SB 3222 + 10.13"
PB 28.04 + 8.54
SA 33.44 + 10.24
PA 28.68 + 9.26

* (Mean*SD)
SB, /M&F AFA;, PB, 1% AAM, SA, MaFa A PA, 919+
PEEE-

= T

2. Ax Fxo W3}

T8 A, IE 30NN Zz
6.42+4.42 pmol/L, 55.96£28.32 umol/L, 15.76+7.45 umol/LE FAIHo =2 9
g A7F dEb A ko (p>0.05), HAFlE b Alek 5 TE A, E
30N 72 8.22+3.60 pmol/L, 59.22+3856 upmol/L, 18.12+13.18 pmol/LZ
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GEht BAF R fold A7k et 2 eeHp>0.05),

sekel A%, AAA g A £F Fr A, 8% 0RAA 47
5.30%2.13 pmol/L, 5877+18.34 umol/L, 15584623 pmol/LZ TAA O ZE {9
& A vhehbd grem(p>0.05), HATIE og Alsh £ FR A, 9%
30l A 72 7.25+0.82 pmol/L, 46.18+23.75 pmol/L, 25.05+21.01 pmol/L=
Geht BAHCR fo9 A7h vhehbA e rhp>0.05).

AxFo sloF A he 45 24 TR Wi, Aot 4AF ¥ T

£ 2. 34 =9 ¥3(mg/dL)

ek A T = 3] & 30+
SB 6.42 + 442 55.96 + 28.32 1576 + 7.45
PB 5.30 + 2.13 58.77 + 18.34 1558 £ 6.23
SA 8.22 £ 3.60 59.22 £ 38.56 1812 + 13.18
PA 725 £ 0.82 46.18 £ 2375 25.05 £ 21.01

" (Mean+SD)
SB, MaF AFHA; PB, Aokt AHA; SA, MaFo AT PA, 9ok

<Lk

3. gEyo} ¥E W3
AxFsh doF A mE WF GEo} HEo WMkt <E 3ol et

MaFae] 49, AHAA oA A &5 T8 A 47 2760+4.22 pmol/L,

101.20£13.29 pmol/L, 18]al &% 8 A ¢ 38 30&dA Z+7F 101.20£13.29
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umol/L, 42.40+10.78 umo/L® YEY SAX SR Fo3t A& KoM
(p<0.05), AFAFE= <k Al % FTHE Al 27 2040+750 pmol/L,
98.00£17.07 wmol/L, 1#il & FT&H Aok 3& 30 ZHzF 98.00+£17.07 u
mol/L, 32.00+7.87 umol/LZ e} Ao {93 271 YeEtHp<0.05).
gy, AR JHS AE el A s fele A7F YA ek th(p>0.05).

ekrel Ag, AAA A Alet % T8 Al ZF7ZF 2817+12.86 pmol/L,
96.83+11.91 pumol/L, 183l && FT& Al¢t 3% 30%lA ZH7t 96.83+11.91 n
mol/L, 37.83+857 umo/LE EAZ o2 9% 27} eSO M (p<0.05), 43
FolEs 4 A9 &% FH A Z7F 2950+11.57 pmol/L, 97.00£22.69 pmol/L
& Ho] FAHoR folg A7F YERTHp<0.05).

Mot 91k d3o e 5 drYol vxe W= Mas
T5 A NaFare] okt e FAE ROy, FAAOR
7F A3 (p>0.05), 3E 308 Folx MiaFato] 9ofTEru wre

o, EAALE FoF Aol YERYA & %HH(p>0.05).

il
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o
Ho
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B
I
5

E 3. dx Yo} Fxo W3 (umol/L)

S+ A T =5 3] & 30%
SB 2760 + 4.22% 101.20 + 13.29" 42.40 + 10.78™
PB 28.17 £ 12.86 96.83 + 11.91° 37.83 + 857
SA 29.40 = 7.50 93.00 + 17.07" 32.00 + 7.87"
PA 29.50 £ 11.57 97.00 + 22.69" 64.00 £ 37.27

A1 (Mean+SD)

SB, Masw AFHA PB, sk AHA SA /MaFw AFAF PA, 9ok
CERS

TN SEFRAY FF Aol

T eBEEAS H830%] Fo% Aol
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4.98+1.12 mg/dL, 5.66+1.66 mg/dL, 450+0.82 mg/dLE A
= U ghom (p005), A3 FolE A, £EFL A, 35 308
7y7} 4.82+0.24 mg/dL, 6.24+0.70 mg/dL, 4.98+0.40 mg/dL= e} SA A O =2
Fo® Aol LhEhbA Bkehp>005).

Slokrel A%, WA PAA, £EFE A, HE 08N 247 495068
mg/dL, 5.75+0.78mg/dL, 4.87£1.01 mg/dLZ FAHo=Z fFgt ztol&= YERYA
FLOM(p>005), HHA FolE AN, SEFR A, AW 0N 27
4.92+0.80 mg/dL, 552+0.34 mg/dL, 4.78+0.88 mg/dL= e} FAH = {9
& Aol hehbA] 2THp>0.05).

AzFsh ek HAel ME FF R/ Fre] Wt 2EFR A 3
B 308 F AAM Wal AAF we FAE JEou, FAdom fod

Aol YERGA THp>005),

Iy
o
t
Ho
1o
)
)
o

d

=i

E 4. B7)04F Fx9] M3k (mg/dL)

F A * 8 3] & 30%
SB 498 + 1.12° 566 + 1.66 450 + 0.82
PB 495 + 068 5.75 + 0.78 487 + 1.01
SA 5.82 + 0.24 6.98 £ 0.40 824 + 0.70
PA 5.10 + 0.79 6.78 + 0.83 752 + 0.34

* (Mean=SD)
SB, AT AFHA,; PB, 1o AFA;, SA MaF: AFHF PA, o

<Lk
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= o2 {Fog Aot ot
(p>0.05), w&ol @l wep S7tE o, 35 30274 AEFH R Frtst

N
off
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oft
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X

MaFae As, AHAA H4A, S5F8A, 35 30&0A ZH2E 7.20+3.00
mg/dL, 7.44%2.30 mg/dL, 8.02+1.62 mg/dLE FAIHo = ot Aol YERY
AR omH (p>0.05), HFH Fole HHA, LEFEA, FE 30&ANA z7
5.22+0.74 mg/dL, 5.82+0.67 mg/dL, 6.42£0.79 mg/dL=Z eI} FAH o= F9
g Apol= A2 (p>0.05), AFAHMETY B2 FAE HEFYATH

lekate] A, AHA A, FFTEA, 3E 30=NA 77 537+2.30
mg/dL, 5.96+2.39 mg/dL, 6.80+250 mg/dLZ FAIF o2 fF93st Zol= e
H(p>0.05), AF FolZ= HAA, FEFEA, F&E 30FAM Zz 430£1.18
mg/dL, 4.70+0.97 mg/dL, 6.42+0.79 mg/dLZ YEl} EAH R fo3t ol
LA THp>0.05).

MaFot 9k 4Hol W dF 84 vxo Wit MaFay gt BF
AAARTG AHHF e A2 dehdloy SAFHoR {93 ol gldx
(p>0.05), MaFate] Aokttt o & AL S Yedoy, BAH0R fod
ZFel = Yl tHp>0.05).

¥ 5 8 v59 ¥3sHmg/dL)

ok A T = 3 5 30%

SB 720 + 3.00° 744 + 230 802 + 162

PB 5.37 + 1.98 597 + 2.39 6.80 + 2.50

SA 5.22 + 0.74 5.82 + 0.67 6.42 + 0.79

PA 430 + 1.18 470 + 097 488 + 1.30

" (Mean=SD)
SB, MaFw A3 PB, 919k AFH; SA MaFw 435 PA S
AAF
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6. pH 559 W3
259 glok AR wE WEF pH WaE <® 6>o et . wE z
H FAASEE Fog Aol7t fl S (p>0.05),
5ol Aol W FrHYow, LEFR F 8% 08l W dHA FF

o)}

T, AFAA AAA, EFTEA, FE 3024 77 7.6640.15,
1 e (p>0.05), HF Folx=
A, FEFRA, 35 308ANM 22t 7.66+0.21, 7.46+0.24, 7.57+0.37%2 }ERL}
SARCRE fod Aol flATHP>0.05).

Aepate] A, ARAA A, EEFEA, BE 302004 A4 753011,

1

7.60£0.12, 7.74=0.

o
(@))
fr
ot
X
ax
]
frt
Ho
Lo,
rot
_>|J_|‘
(o]

7.46+0.16, 753+0.11% EAF o2 93 Aol o (p>0.05), A3 Fol=
SFAA], 5T 8A], & 3024 T2 7.64+0.15, 7.52+0.21, 7.54+0.14% E}}
= AT (p>0.05).

of
)
a2
o
frt
Ho
1o
%
)
o

S+ A £ = 3] & 304
SB 766 + 0.15° 760 £ 0.12 774 £ 0.06
PB 753 £ 0.11 746 £ 0.16 753 £ 0.11
SA 766 + 0.21 746 + 0.24 757 + 0.37
PA 764 £ 0.15 752 + 021 754 £ 0.14

* (Mean+SD)
SB, MAaFT A3HA,; PB, AT AFAA;, SA MaF+ A, PA, 99T
G
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MCT(medium chain triglycerides, McArdle et al., 1999; Hill et al, 1990;
Massicotte et al., 1992; Van Zyl et al., 1996; Jeukendrup et al., 1996; Fushiki
T, et al, 1995), SAIIZALE (LA A 5, 1999; Cureton, 1972, Kabir, et al., 1994;
Kato et al., 1995), &4 (Fulder & 1980; Kaku, 1975; Saito, 1974; Takagi, 1974),
7¥A1 @ 23] (Talbert, 1991; Gaffney et al,. 2001; Asano et al, 1986; Nishibe S et
al., 1990)52 +&Fdg o Sxlo] a7t e FHoE BHuFH
MCT+= 6-12719 &A2FZAS 7Fxar e LCT(ong chain triglycerides)ell
Hlel Zake] A7)7F 27] wjEel Azl § A Atskd o glow, dres
AANE AH o B2 S YIHill et al, 1990), &rstEHT o B2 9
2kl whes AA dogin AbstE7] uie
ergogenic aids®2X sl AENA Fd ARG F &5 £ A d=
FAY oo]l=2 A MCTO - Qledd =289 HHE AA A &3t
5 Rt ¢ Be duyxE AAsta, LCTel vl&| Awatste] 23 g4 7}
Z ¥ (carnitine) 1= @A o2 nlo]|EZEglolo| A AbslE 7] i o] (Wolfram,
1989), © 7 AlUAE AT F o] Tl 7 B2 Aow B
1t} Fushiki T, Matsumoto K, Inoue K, Kawada T, Sugimoto D(1995)= %
717ve] MCT A&7 28~ 3] Z(krebs cycle)d &4284312 doA +£9%59
= T AT Baski

Ame U] A Fha

UAs Adsds ded 32
=

Al

ps

&
AR AIZEE SEAA R E s FdA171H (Cureton, 1972), 52 A
o] £E55 =7IAZItH(Kabir, et. al., 1994; Kato, et. al., 1995). @A, m]=oj} &
B SACdA SEIAbES dEow ¢ oy AFEo]l e vk Kabir &
(1994)2 Ay F4 2 92 35 ZHo a7t lorn, Kato 5(1995)% <E
Foll =0 ®thal B sttt

A2 Eetell wE vz oAl B 3R glo] Hojd aavt = A
o2 Hu¥AcHKoku, 1975 ; Saito, 1974; Takagi, 1974). H&2k= A&, &

%o Fow olgyu, WAL Y, ek A, 39, Fw Fol AR

) ’

3
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22 2uA7
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HU—%
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A AT 2% A 247 %

o

ol ol g% Sth(elm A %, 2003). B JPAPonE TIA 3}
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© 1 phenol 33FEEZE aempferol, quercetin, sanguiin H-5, ellagic acid, 3-O-
[i-D-glucuronides ©] X 1% 1 t}t(ee, 1995).
7MA QAT = AATARES Vss AT A FI104 Ryt =
Ae 38402 AAAZI Y (Talbert, 1991). Gaffney 5 (2001)2 7MAl o2y A
Z A 2EFE A Yel CP(creatine phosphate)ES w24 A A A7)
i, € CP7F ATP u@H&& S7HA AW 258 =2 A =as
FoEM A AT FHo Egs Fuhal st th(Rossiter et al, 1996).
Tallbert(1991)¢} Asano 5(1986)% 7FA ez o] AHA7} A9 F4o 37t
Row FEo AAdow AT ¥ A T FHEHY FHES =R F Uk
a2 3F9ith. EE3 Nishibe S, Kinoshita H, Takeda H Okano G.(1990)& 7HA &

43 22E2 AAA AR T FALES AT 23 GFEAAe £
al

gt

AHAE AAS A A9 AT AT 55 $9S AL
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5 FolA 53 AFAANA &3 Al AA FES HAAG AP FH EHelA
T A o] o] FUtE L 2 FElFzle] Hopgomy HFH o] FATET

TAEGAIe] it 40% 8% S/ AT Bastth o= ZhEURe] %
Al A AR ststs HREtE AS ouEi, A o] FFEU"S acetyl
CoAcl 98] o}A| e sty i (Friedman, 1995) AWAake] A3tS %2 (Fritz, 1955)38}
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g BHES Bste] MR NedREA HAV eEsAEY q2ed
of A= Bes A5 53 7158 EA

HAZ AFH SEFA

<E 1> AFYIAEY AAH &A
Mean (SD)

@2 el (yr) A& (em) AE(kg) AR (o) VOmax  85%VO.max
(ml/kg/min) (ml/kg/min)

20.0 176.1 69.3 12.4 55.9 474
(1.2) (5.4) (6.2) (2.9) (3.2) (2.8)

10

—

+& HZEE EYEES ol&ddon, sdEE F 239 Ay BT 7
) FGAF] th3k VOsmaxe 85% = AAsAct 59 A2 Bruce protocol<

ojgstsler 3Evttt AAtmel Av|ETt Ao w SFEIY. &5 ARt

o|\

7hElo] 7+ P AEe] AAHFH ol HlE A F2 8%V02max o =Y
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StAA At A Fe] FAHANHE FAANALH, o]F HAEE 6%=E i14stil
E£5=5 243 all out A1AZMA HIAEE AASAY. &5 HAEE 3§+ &
¢t 5% 1Ao7 Aur¢ Borg? 20 RPE scaleg Z#3 Y. HEE £8 3

4. A8
g AFE F A AIRARH A, AFH A A A, +5FE T
38 30+l AAlEtdar, 239 AE Fob F 635 HAAFIL AL 7+ A7)

utth 21 gage needles ©]-&3to] ek W (actecubital vein)ell A 2] & &FS T
phosphate, pH, 5-HT #4412 98] 5 ml plain vacuumtube® A}&3}% L,
Lactate &5 98] Lactate A& tubeE A}8319 2™, ammonia ¥4 ¢35}t

o] FDTA tubeZ A}-&3}53t).

5 S EH
AHT dHNoZ Jactate, ammonia, phosphate, pH, 5-HT TEZ X33l
Lactate?} pH T %+ Yulguw 2aAgddddA FA3992™, ammonia,

phosphate, 5-HT FZt& =A At 2 st #2438t

6. A A=t
Al B B |
H A H 3 FH(VOmax)2 Quintoniit(38)2] QE5E# =" o A Bruce protocol

< ol&3te] FAsAY FHA 7M. MedGraphicsiil (56)9] CPX system
(cardio pulmonary exercise test system)2 ©]83}% 2™, breath by breath W

Hom AsAY. 24 EAUL 13 Bo)%, ARRAY, ol EEL wWE Y,
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THuHSRER), 9 &5 59 7t 243 o8 5 3 tiAb Aol
He ARnES AsowE F45A
H2~E Ft ) 3wttt AH2F Borge] 20 RPE scales o] &3to] 9 dA&E
o A4 EE =AU, AlvtE Polarit (B & =)9] heart check system<
o] &3ttt
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e CEREEL
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A3d A4+ A3 € uF

B3 7le R EA AT Esdgd nAs a3%E ASs] Sk, 53
e REA AH A F 8%VOmax HFEoA EFEY 9] &E5Td A
1>

of LhERYE wheh 2,

=4 A7] SE5FY A7)
AH A 30.03+4.25%
AH 3 33.25+5.84°

Values are given as mean and standard deviation(SD).

b: A= 2 Ex78 Zo|7F H(p<0.05)

<E 1A B owpeh o] @Fd Azhe 4F 1 3003:425%, 4 F
332545848 0% e} BAR 02 fel@ Aol 7k Lhehath(p<0.05). Wk, B
F lsgnEd 47 Fo $ErA Aol 43 Ao Wl 107% Fhgow
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A1 vwEte] 107% 2718 $EFHLS AL E HpFn 9% Ea A9}
32 3084 HH AT SE4
S e A, 27 s ARzA HA7 Ajet &5 el

of A< A wH7 A7) Wl

<E 3> AHH A -F €F ammonia(umol/L) T2 H3}

=347 = A T TR F 35 30%
A A 77.71+36.04 188.00+57.00 95.85+20.78
CEIES 74.57+30.27 205.42+62.41 108.42+26.63

Values are given as mean and standard deviation(SD).

t}. Phosphate

B3 Vs ARZA A dF FU)Ax FH nXE a9E AF5eE7] 9§
sto], B3t 7leAREA AHH AT AFA 5 g2 dF FU)st
% W3kE 249 Ase <F 450l vehd vieh g
<E 4> AF A - 3% % phosphate ¥ X (mg/dL)¢ W3}

=4 A7 +5 A *E TE ¥ 35 3048
A3 A 3.42+0.56 491+0.63 3.48+0.58
AH & 3.50+0.41 5.02+0.81 3.77+0.52

Values are given as mean and standard deviation(SD).
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<E A>OA BE wpeh o] EF R v A A
of HAAE HEtden, &5 T8
of 79 b Al From FEHE 4TS 1l

A A A 5 vlednzA A Ao 2 B vREe Be
A 71Ol A SAA SR ek xol7b YERYA] eokth oA HFH o EEF
& Algko]l F7hatg ] Wil vERd Abeta Az e

olglgh AWE = w, 53 Vv BHEA HF F % 7 Agtel 43 A
I owjaste] 10.7% S7be TS SASdE Boeta, &% TR A g
B O30RAA AR H -5 &5 A T FUIAL FHol FoF zolvt

A YE AL, B AsAnzA 437 Ade &% dEeA dF 1l

A A4S AeA 7 E A J7] wEol
Z}. pH

5 7l BREA AFH7E €% pHel vA= ZaE AT67] dste], 5§
e REA AH A 5o AT FErdel wE €5 pH ¥MIE SA4T 4

W= <3 5>l YERd npel 2

<¥ 5> A3 A -F ¥F pHe W3

=74 A7 5 A $E F85 5 3|8 308
G| 7.31+0.12 7.04+0.23 7.26+0.18
qAH 5 7.34+0.21 7.07+0.31 7.30+0.27

Values are given as mean and standard deviation(SD)
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