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A 1:1 exercise-to-rest period ratio needed by animals to restore
energy sources and replenish anti-oxidative status after exercise

Ma-Young Yeom and Youn-Ok Cho®

Department of Food and Nutrition, Duksung Women's University, 33 Samyangro 144, Dobong-Gu, Seoul, 01369, South Korea

BACKGROUND/OBIJECTIVES: Successful recovery of an animal from exercise is essential, especially prior to the next exercise
session. This study was conducted to find an effective exercise-to-rest period ratio for the restoration of energy sources and
replenishment of anti-oxidative status in tissue after exercise.

MATERIALS/METHODS: Thirty-two rats were assigned to either non-training or training exercise groups for 5 weeks. After that
period, the two groups were subdivided into four smaller groups: non-exercise (NE), exercise 0.5 hour and rest 1 hour (ER0.5:1),
exercise 1 hour and rest 1 hour (ER1:1), exercise 2 hours and rest 1 hour (ER2:1).

RESULTS: In the training group animals and compared to the NE group, the levels of plasma glucose after the rest period
were significantly high in all ER groups but highest in the ER2:1 group. Similarly, the liver glycogen level was highest in the
ER2:1 group. The plasma FFA level reached the highest level in the ER2:1 group but was similarly high in the ER0.5:1 group.
Liver TG level was unchanged in the ER2:1 and ER1:1 groups but was significantly high in the ER0.5:1 group. Muscle TG levels
were decreased in all three ER groups. Plasma protein levels were significantly high in the ER2:1 and ER0.5:1 groups. In both
training animal and non-training animals, the liver protein levels did not change significantly between the NE and ER groups,
irrespective of the exercise-to-rest ratio. In the training animal group, muscle protein level was significantly low in the ER2:1
and ERO0.5:1 groups. The activity levels of superoxide dismutase and catalase, as well as the malondialdehyde concentration,
were not significantly different between NE and ER groups, irrespective of the exercise-to-rest period ratio.
CONCLUSIONS: These results indicate that animals provided with a 0.5:1 to 1:1 exercise-to-rest period ratio can restore their

muscle energy sources and recover their anti-oxidative defense system.
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INTRODUCTION

Prior to the next exercise session, rapid recuperation of an
already exercised athlete is very important. A major component
of such recovery is the restoration of the body's energy store
during rest, but the duration of the rest period is a limiting
factor on the effectiveness of recuperation. Fat and carbohydrate
are the principal substrates that supply adenosine triphosphate,
an energy storage and transport chemical, to skeletal muscle.
If a body does not get sufficient rest after a period of
high-intensity exercise, the body will not have sufficient energy
available to adequately power the body, and the body will
become fatigued, reducing the effectiveness of the power
application. Previous research into exercise has focused on
exercise intensity and energy partitioning during exercise or on
dietary intervention to increase muscle glycogen levels [1-5].

Although indirect bio-indices for substrate utilization and
energy expenditure, such as substrate oxidation rate or substrate
plasma level, are available [6,7], the appropriate conditions for

recuperation and substrate recovery after exercise have not
been fully elucidated. It has been reported that physical training
leads to a metabolic adaptation of the exercising muscles to
ensure maintenance of an adequate energy supply as well as
an acceptable antioxidant defense system status [8,9]. Trained
muscles use less glucose and conserve carbohydrate storage;
in contrast, they use more fat, increase fat oxidation, and have
an upregulated antioxidant defense system [10,11]. Most
fat-source energy requirements of muscle cells during exercise
are met by the supply of free fatty acid in plasma and free
fatty acid derived from intramuscular triglyceride [12]. The effect
of an exercise period on energy substrate utilization may
continue for many hours into the subsequent rest period, and
during that period, resting lipid metabolism activity is altered
[13]. To obtain the best possible recuperation results, for both
beginners and advanced athletes, different rest periods between
exercise sessions may be needed.

This study investigated the effects of different exercise
period-to-rest period ratios on the restoration of stored energy

This research was supported by the 2017 research fund (3000002769) from Duksung Women'’s University.
§Corresponding Author: Youn-Ok Cho, Tel. 82-2-901-8376, Fax. 82-2-901-8372, Email. yunokcho@duksung.ac.kr

Received: May 11, 2018, Revised: July 4, 2018, Accepted: October 10, 2018

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



18 Exercise-to-rest period ratio to replenish fuel sources

sources in tissue and on oxidative system status in rats that
underwent previous exercise training and those that did not
receive exercise training. The analysis sought to determine the
minimum exercise-to-rest ratio for the restoration of stored
energy and recuperation of the oxidative system.

MATERIALS AND METHODS

Animals and experimental design

Thirty-two 4-week-old male Sprague-Dawley rats (Daehan-
biolink Co., South Korea) with an average weight of 100 =5
g were randomly assigned into two groups: non-training (n =
16) or training (n=16). The two groups were maintained for
5 weeks. The training group rats were required to run
moderately on a treadmill (Jungdo Bio & Plant, JD-A-09, South
Korea) with a 15° incline and moving at 0.5-0.8 km/h for 30
minutes every day for 5 weeks. The non-training group was
not subjected to any exercise protocol. All animals were fed
the AIN-93G diet. The study protocol was approved by The
Committee on Animal Welfare Regulations of Duksung Women'’s
University, South Korea (2011-108).

At the end of week 5, the training and non-training groups
were subdivided into four smaller groups (n=4 each): one
non-exercise (NE) group and three exercise and rest (ER) groups.
The ER groups received different amounts of required treadmill
exercise. The exercise period for the ER groups was performed
on a treadmill (15° incline, 0.5-0.8 km/h) for 0.5, 1, and 2 hours
followed by a 1 hour rest period, thereby forming the ER0.5:1,
ER1:1, and ERO0.5:1, respectively, exercise-to-rest period ratio
groups. Fig. 1 presents a schematic overview of the experimental
design.

Collection of samples

The NE group members were sacrificed without performing
exercise. The ER group members were sacrificed after a 1 hour
post-exercise rest period. Immediately following sacrifice of the
animals, plasma was obtained by centrifugation at 3,000 r/min
for 10 minutes at 4°C. Liver and skeletal muscle (gastrocnemius
muscle) were rapidly removed following sacrifice. All samples
were stored at -70°C until analysis.

Biochemical analysis

Energy substrate levels and anti-oxidative status were measured
as previously described [14]. Aliquots of the homogenates in
cold sodium phosphate buffer (2 mL, 0.02 M, pH 7.0) were
analyzed for protein and triglyceride (TG) levels by using a
commercial kit (Asan Pharmaceutical Co., Seoul, South Korea).
Plasma glucose, protein, TG, and free fatty acid (FFA) levels were
determined by using commercial kits (Youndong Pharmaceutical
Co., South Korea; NEFAZYME-S, Eiken Chemical Co., Tokyo,
Japan). Catalase activity was determined in plasma by using a
commercial kit (Bioxytech Catalase-520). Superoxide dismutase
(SOD) activity and malondialdehyde (MDA) level were determined
in liver cytosol by using a commercial kit (Bioxytech SOD-525;
Bioxytech MDA-586).

Statistical analysis

All data were analyzed by applying one-way ANOVA in both
the non-training and training animal groups. The rationale for
using one-way ANOVA was based on the hypothesis that the
physiological response to ER would be different between the
non-trained and trained groups. Moreover, the use of one-way
ANOVA avoided the possible interaction effects between training
and ER period when the analysis was done with a two-way
analysis. Significant differences between the NE and the
various ER groups were determined by using Duncan’s multiple
range test. Results were considered statistically significant at
P < 0.05.

RESULTS

Carbohydrate energy sources

The effects of the different exercise-to-rest period ratios on
the levels of carbohydrate energy sources are summarized in
Table 1. In the non-training animal group, the level of plasma
glucose after the rest period was not significantly changed
among the test groups. However, in trained animals, plasma
glucose levels were significantly high in the ER2:1, ER1:1, and
ER0.5:1 groups. The liver glycogen level was significantly
increased over that in the NE group only in the ER2:1 group
of training animals, whereas, in the non-training animal group
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Fig. 1. Schematic overview of experimental design
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Table 1. Effects of exercise-to-rest period ratio on the levels of carbohydrate

sources of energy in non-training and training animal groups

NE ER 2:1 ER 1:1 ER 0.5:1
Plasma glucose (mg/dL) Non-training 151.0 59" 177.7 £ 25.8* 145.8 + 593 169.2 + 23.4*
Training 1328 +249° 180.2+9.3° 173.5+29.2° 1845+56°
Liver glycogen (mg/g) Non-training 622+ 47" 764+ 127" 87.5+259" 86.3+39.1"
Training 379+55° 662+17.9° 586+ 19.5% 453 +56%
muscle glycogen (mg/g) Non-training 0.45 +0.04" 0.76 + 0.63" 0.46 +0.26" 0.46 +0.04"
Training 040 +0.01° 1.07+0.35° 0.72 +0.20® 0.85 + 045

YValues are Means=SD, All data were analyzed via one-way ANOVA for non-training and training animals, Values with different superscripts in a given row are significantly

different (P<0,05) based on the results of Duncan’s multiple range test.

NE, non-exercise group; ER, exercise and rest group. The groups were sacrificed after a 1 hour rest following exercising for O (NE), 0.5 (ER0.5:1), 1 (ER1;1), and 2 (ER2:1)

hours,

Table 2. Effects of exercise-to-rest period ratio on the levels of fat sources of energy in non-training and training animals

NE ER 2:1 ER 1:1 ER 0.5:1
Plasma FFA (WEq/dL) Non-training 3554+ 116.0"" 480.1+ 115.0* 4082 +157.1% 369.8 +98.3"
Training 229.8 +39.8° 4705 +197.5° 325.2+103.1%° 457.1£139.7°
Liver TG (mg/g) Non-training 311.0+489" 305.5 +34.2" 3478+ 743" 292.0 + 46.6"
Training 240.6 + 36.8° 2789 +51.7° 2453 +42.0° 32224273
Muscle TG (mg/g) Non-training 738+ 261" 420+194" 477 +136" 50.0 + 265"
Training 61.4+268° 334+57° 400 +3.6% 414+27"

Y Values are Means+SD, All data were analyzed via one-way ANOVA for non-training and training animals, The values with different superscripts in a given row are significantly

different (P<0.05) based on Duncan’s multiple range test resuts,

NE, non-exercise group; ER, exercise and rest group; FFA, free fatty acid; TG, triglyceride. The groups were sacrificed after a 1 hour rest following exercising for O (NE),

05 (ER05:1), 1 (ERT;1), and 2 (ER2:1) hours,

Table 3. Effects of exercise-to-rest period ratio on the levels of protein sources of energy in non-training and training animals

NE ER 2:1 ER 1:1 ER 0.5:1
Plasma Protein (mg/dL) Non-training 9.53+1.88"" 899 +2.23" 8.56+2.97" 10.52 + 1.70*
Training 7.47 £0.35° 9.35+0.26° 868 + 1.06 930+ 1.36°
Liver Protein (mg/g) Non-training 3.87+093" 3.95+1.01" 485+161" 389+ 144"
Training 2.98 +0.38° 3.05+0.65° 2.60 +0.26° 3.26+0.73°

Muscle Protein (mg/g) Non-training 0.65 + 0.04" 0.57 +0.07" 0.81+0.31 0.60+0.01
Training 0.87 + 0.29° 0.63 +0.04° 0.65 + 0.08 0.60 + 0.05"

Y Values are Means+SD, All data were analyzed via one-way ANOVA for non-training and training animals, The values with different superscripts in a given row are significantly

different (P<0,05) based on Duncan’s multiple range test results,

NE, non-exercise group; ER, exercise and rest group. The groups were sacrificed after a 1 hour rest following exercising for O (NE), 0.5 (ER0.5:1), 1 (ER1;1), and 2 (ER2:1)

hours,

the liver glycogen levels increased, but those changes were not
statistically significant due to large standard deviations. Muscle
glycogen level showed no differences between NE and ER
groups of non-training animals. However, the training group
animals showed a significantly increased muscle glycogen level
in the ER2:1 group.

Fat energy sources

Table 2 summarizes the levels of three fat energy sources
under different exercise-to-rest period ratios in the training and
non-training groups. Among the training group animals, plasma
FFA level reached the highest level in the ER2:1 group and was
similarly high in the ER0.5:1 group. In the non-training group
animals, there was no difference between the NE and ER groups.
However, in the training group, liver TG level increased
significantly in the ER0.5:1 group. In the non-training animal
group, there were no significant differences in liver TG level
between NE and ER groups, irrespective of the exercise-to-rest
period ratio. Muscle TG level only decreased significantly from

the NE level in the ER2:1 group of animals from the training
group. The non-training group animals showed decreases in
muscle TG, but the changes were not statistically significant due
to large standard deviations.

Protein energy sources

The levels of three protein energy sources under different
exercise-to-rest period ratios are summarized in Table 3. Among
the training animals, the plasma protein level increased
significantly over that in the NE group in the ER2:1 and ER0.5:1
groups. However, the non-training animals showed no significant
differences between the NE and ER groups, irrespective of the
exercise-to-rest period ratio. In both the training and non-
training animal groups, liver protein levels did not change
significantly among the NE and ER groups, irrespective of the
exercise-to-rest period ratio. However, among the training
animals, muscle protein level was significantly decreased from
the NE level in the ER2:1 and ER0.5:1 groups. The non-training
group animals showed no differences in muscle protein level
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Table 4. Effects of exercise-to-rest period ratio on superoxide dismutase (SOD) and catalase activity levels and malondialdehyde (MDA) concentrations in non-training

and training animals

NE ER 2:1 ER 1:1 ER 0.5:1
SOD (U/mg protein) Non-training 88.2+3.0" 95.7+76" 774+3.0° 882+9.1"
Training 92.5 +33.5% 602+0.1° 978+15° 742+10.6°
Catalase (U/mg protein) Non-training 100+ 04" 10.4+04" 9.8+04" 104+ 04"
Training 99+0.2° 104+04° 10.1£0.3° 9.8+06°
MDA (n mol/mg protein) Non-training 0.44 +0.06° 0.63 +0.15"° 0.85+0.14" 0.65+0.31"
Training 0.71£0.22° 0.59 +0.32° 0.82 £0.20° 0.52+0.14°

Values are Means=+SD, All data were analyzed via one-way ANOVA for non-training and training animals, The values with different superscripts in a given row are significantly

different (P<0.05) based on Duncan’s multiple range test results,

NE, non-exercise group; ER, exercise and rest group. The groups were sacrificed after a 1 hour rest following exercise for O (NE), 0.5 (ER0.5:1), 1 (ER1;1), and 2 (ER2:1)

hours,

among NE and ER groups, irrespective of the exercise-to-rest
period ratio.

Anti-oxidative status

Table 4 shows SOD and catalase activity levels and the MDA
concentrations of animals subjected to different exercise-to-rest
period ratios. The animals in the training group showed
significantly decreased SOD activity in the ER2:1 and ERO0.5:1
groups. In contrast, catalase activity and MDA concentration
showed no differences among NE and ER groups, irrespective
of the exercise-to-rest period ratio. In non-training animals, SOD
activity levels changed, but the ER group differences from the
NE group were not significant. The MDA level in non-training
group animals was significantly higher than the NE level in the
ER1:1 group.

DISCUSSION

The results of this study show that animals can benefit from
a 0.5:1 to 1:1 exercise-to-rest period ratio to restore muscle
energy stores and allow their oxidative defense system to
recuperate. Moreover, the results show that a previous
moderate exercise training period is helpful for replenishing
energy stores but is not effective in the recovery of anti-
oxidative status.

Although energy is provided by carbohydrates, lipids, and
proteins, only carbohydrates and lipids provide the major
portion of the total energy supply during exercise. During
exercise, carbohydrate sources include blood glucose, muscular,
and hepatic glycogen. Lipid sources include plasma FFA,
intramuscular TG, and adipocyte TG [15]. The restoration of
these energy stores after exercise is critical prior to the next
exercise session. In particular, depletion of carbohydrate stores
in liver and muscle is related to fatigue in animals. In this study,
in the training group animals, plasma glucose levels were
increased significantly in the ER2:1 group and were similarly
and significantly high in the ER1:1 and ER0.5:1 groups. In
contrast, the liver and muscle glycogen levels were high in the
ER2:1 group, decreasing to levels similar to the NE groups in
the ER1:1 and ER0.5:1 groups. In the non-training animal groups,
these carbohydrate energy sources tended to show similar
patterns, but the changes were not statistically significant due
to the groups’ large standard deviations.

Over time, training does increase the body’s physiological

capacity for both work and recovery. Exercise training helps
maintain good blood flow to and from the muscles. However,
without the adaptation on optimizing carbohydrate energy
balance by exercise training, glycogen re-synthesis might be
delayed by slowing the delivery of glucose into tissue due to
the failed integrity of the glucose transport process in some
animals [16], and glycogen re-synthesis might show large
individual variation in non-training animals. Restoration of
muscle glycogen stores supports the recovery of endurance
capacity for exercise. It has also been reported that the presence
and action of carbohydrate metabolism regulators other than
insulin can initiate metabolic adaptations [17]. Thus, moderate
exercise training, as used in this study, can increase the
physiological capacity for restoration of carbohydrate stores
during a rest period, and a 2:1 exercise-to-rest period ratio
might be sufficient for the replenishment of carbohydrate
energy sources for a subsequent exercise session.

In this study, the plasma FFA level was highest in the ER2:1
group but was also high in the ER0.5:1 group. Liver TG level
was unchanged in the ER1:1 group but did increase in the
ER0.5:1 group of training animals. However, there were no
significant differences among NE and ER groups, regardless of
exercise-to-rest period ratio, in the non-training animals.
Endogenous triacylglycerol is an important energy source for
exercise, and fat oxidation is increased during moderate intensity
exercise. The training-induced increase in fat oxidation is
primarily a product of intramuscular triacylglycerol stores [18].
Exercise training enhances mobilization of FFA from fat depots
and increases fat use as a consequence of the increased activity
of peripheral tissue enzymes, which are in charge of fat
oxidation [19]. For the regulation of the plasma FFA supply to
peripheral tissues, the flow of FFA from adipose tissue is
predominant and this FFA supply may be extended if the rate
of mobilization exceeds the rate of lipolysis in the post-exercise
recovery period [20,21]. It is also reported that 24-hour fat
oxidation is increased, even under energy-balanced conditions,
if the exercise-induced transient energy deficit is significant [22].
However, there is a report indicating that the lipid oxidation
rate in the post-exercise period rate is not accompanied by an
increase in plasma FFA [23]. Thus, the post-exercise lipid
oxidation rate may be regulated both by the FFA supply and
by energy source selection in tissues, and a higher plasma FFA
level after resting in an animal in training may favor fat
oxidation by increasing substrate availability.
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Although there is some disagreement on the actual contribu-
tion of muscle TG as an energy source during exercise [24],
it is generally accepted that the main fat energy sources are
plasma FFA and FFA derived from intramuscular TG during
exercise [12]. Although there is a report that the muscle TG
pool functions as an important energy source during submaximal
exercise [25], and there is some change in intramuscular TG
pool size even after a single exercise session [26], it has been
suggested that a concurrent increase in lipid oxidation,
intramuscular TG utilization, and FFA storage associated with
training could enable the use of intramuscular TG as an
alternative energy source to glycogen as it is quickly available
within the tissues [27]. The observation that muscle TG level
decreased in the ER2:1 group and slightly increased in the ER1:1
group (although not to that of the NE group in training animals)
suggests that the body starts to catabolize muscular TG during
exercise and replenishes it during rest. Thus, a lower muscle
TG level after rest in a training animal might be the result of
an increased utilization of muscle fat in order to conserve
carbohydrate storage after rest following exercise training.
Protein also contributes as an energy source when endogenous
carbohydrate stores start to be depleted. Thus, the level of
protein in training animals in this study was expected to be
increased in plasma and decreased in muscle during rest.
However, the muscle TG levels of the ER groups were not
different from that of the NE group, and the protein content
after rest in non-training animals was similar at all exercise-
to-rest period ratios. This unexpected result might be due to
metabolic adaptation designed to achieve sufficient energy
substrate levels that may not be fully achieved in the absence
of exercise training.

Exercise training enables an animal to adapt to stress during
exercise and induces a homeostasis that is associated with the
increased aerobic metabolism [28,29]. SOD activity of the
non-training (training) animals in this study was increased
(decreased) in the ER2:1 group, decreased (increased) in the
ER1:1 group, and increased (decreased) again in the ER0.5:1 group,
but the differences were not significant. Catalase activities in
the ER groups of both training and non-training animals were
not different from those in the NE group at all exercise-to-rest
period ratios. The altered SOD levels in the ER1:1 group could
be attributed to the substantial increase in MDA level among
the non-training animals in the ER1:1 group. This suggests that
an ER0.5:1 ratio may be considered a minimum exercise-to-rest
period ratio to allow animals to recuperate their anti-oxidative
status for the next exercise session in non-training animals. In
the training animal group, catalase activity levels and MDA
concentrations of the three ER groups were not different from
those of NE group at all exercise-to-rest period ratios. These
results are consistent with other reports showing that catalase
activity was unaffected by exercise-induced oxidative stress in
animals in training groups [11,14]. Thus, the effectiveness of
the anti-oxidative defense system might be enhanced by
training. As a consequence, exercise-induced oxidative stress
could be offset during exercise in training animals and might
have resulted in the absence of significant differences in
catalase activity levels and MDA concentrations among the NE
and ER groups.

The results of this study suggest that animals need an
exercise-to-rest period ratio of 0.5:1 to 1:1 in order to restore
muscle energy sources and allow the anti-oxidative defense
system to recover. Therefore, for athletes that are beginning
exercise training, a proper rest period after exercise or between
workouts is needed to restore energy source capacity and
recover anti-oxidative system capability. However, for the already
exercise-trained athlete, an appropriate rest period between
workouts is helpful for replenishing energy stores but is
ineffective in the recuperation of anti-oxidative status. As this
study was designed to assess changes over the short term, the
results of this study cannot be used to elucidate the chronic
effects of different exercise-to-rest period ratios on the
restoration of energy sources following exercise.
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