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[Purpose] In this study, the authors have intended to investigate the effects that the exercise training and the intake of the
water extract from propolis have on the activity of antioxidant enzymes. [Methods] For this purpose, the exercise training (70%
VO;max treadmill running exercise for 60min)of 5 times per week for six weeks and the intake (50mg/kg/day) of the water
extract from propolis were performed by separating the experimental animals (SD rats, n=32) into CON(n=8) group, CON-+Ex(n=8),
PA(n=8), and PA+Ex(n=8). [Results] As a result, the following conclusions were obtained: The concentration of the blood glucose
and insulin of the CON+Ex group and PA+Ex group which are the exercise parallel group were significantly decreased in comparison
with the control group, whereas if comparing the glycogen concentration in skeletal muscle and liver tissue between the exercise
parallel group and the CON group, the former showed significantly high value in comparison with the latter (p <.05). In the
case of the activity of the antioxidant enzyme in the skeletal muscle and the liver tissue, the activities of SOD, GPX and CAT
in the gastrocnemius muscle tissue of the experimental animals showed significantly high value in PA+Ex group in comparison
with other experimental groups (p <.05). In addition, the SOD activity in the liver tissue showed that only PA+Ex group was
significantly increased, whereas GDX activity showed significantly higher value in CON-+Ex group and PA group than CON group
(p <.05). However, the activity of CAT in the liver tissue showed that there is no difference between the experimental groups.
As a result that measured the concentration of MDA in order to evaluate the damage level of the tissue by oxygen free radicals,
the difference between the groups in the liver tissue was not shown, while it was shown that only PA+Ex group in the skeletal
muscle tissue was significantly decreased in comparison with other experimental groups (p <.05). [Conclusion] Taken together
the above findings, it is considered that the parallel treatment of the exercise training and the water extract from propolis can
not only increase the use of glycogen of the skeletal muscle and liver tissue, but also it can give the effect to suppress the
creation of active oxygen by inducing the activity of the antioxidant enzyme in the body, and in the future, the possibility as
the exercise supplements and the antioxidant of the water-soluble propolis are expected. [Keyword] Exercise, propolis, antioxidant

enzyme.

INTRODUCTION

Because the oxygen consumption and the electron transport
required to generate the energy in the pathological situation
such as acute exercise and chronic disease are greatly
increased in comparison with the rest condition, some of the
cells related to them are bound to be exposed to the metabolic
stress [1,2]. The tissues such as the liver or the skeletal muscle
that play a central role of energy metabolism in this process
generate the free radicals that are very unstable and have the
high reactivity due to the byproduct according to the oxidation

process [3,4]. It has been known that the free radicals
generated in the tissues like this reduce the fluidity of the
cell membrane by causing the damage of lipid peroxidation
or protein oxidation, and oxidative DNA, and they cause the
serious function damage by increasing the membrane perm-
eability [5].

In the free radicals generated in the unstable oxidation
process, there are various reactive oxygen species (ROS) and
peroxides such as superoxide anion (O,), hydrogen peroxide
radical (OOH), and hydroxyl radical (‘OH), but fortunately
the various antioxidant defense systems to quickly remove
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them have been well built in the human body. In other words,
various auxiliary substances containing the non-enzymatic
chemicals such as superoxide dismutase (SOD), glutathione
peroxidase (GPX), catalase (CAT), vitamine C and E,
betacarotene, and glutathione known as the antioxidant
enzyme materals exist in the body [6,7]. However, because
it can not completely cope with the peroxidative reaction of
continuous cells with only these antioxidants in the body, the
researchers are having an interest in the development of
various new materials which can supplement them.

Viewing recent trends in the related research, the studies
on human body -friendly natural products have been mainly
researched because the abuse and side effect for the chemical
should be considered. Because the propolis among them
contain the physiological control components of about 150
species including polyphenols (flavonoids, phenolic acid
conjugate), terepenes, octacosanol, etc., it has been received
attention as a multi-functional natural substance for the effects
of physiological control such as antibiotics, anti-inflammatory
drug, anti-microbial and anti-cancer effects, etc. [8-10].

It has been known that the propolis can effectively block
various pathogenic bacteria such as mostly bacteria or viruses
invading from the outside of honeycomb as the material which
honeybees have made by mixing their own saliva, enzyme,
water and beeswax with the vegetable saps and resins
collected from trees, grasses and flowers [8]. However, it will
not be able to be excluded that the ingredient of medicinal
herbs and efficacy may be a little difference according to
various local characteristics and collection method or the
extraction form in the way that the propolis is a natural
substance obtained from the natural state. In fact, the extrac-
tion method of the propolis that are making the main part
until recently uses the ethanol, and because the extract (EEP)
itself contains the alcohol of high concentration as well as
the pollen or oil and fat component inducing the allergic
reactions, the controversy for the stability of the hyperthermia
or the heart rate acceleration in the body, even the hepa-
tocellular damage has been continued [11-13]. In addition,
the studies on the components of the propolis which is
produced from the domestic native honeybees despite of that
various bioactive effects of propolis has been suggested are
still insufficient, and particularly, in the case of the water
extracts from propolis, the studies that investigate the effect
of the biological activity of propolis in the kinematic aspect
have been conducted very limitedly in the clinical [4,14].

Therefore, in this study, the authors have intended to
investigate that the intake of the water extract from propolis
produced from the domestic native honey has what effect on
the activity of antioxidant enzyme in the liver and the skeletal

muscle after training of exercise using the experimental
animals. It is considered that this will be able to provide the
data needed to develop various antioxidant related to the
exercise adaptation as well as the verification of the efficacy
of propolis made in Korea.

RESEARCH METHOD

Experimental Objective and Group Classification

The experimental animals used in this study were applied
to the experimental environment for 6 weeks by classifying
into the control group (CON) and the control exercise group
(CON + Ex), the propolis administration group (PA) and the
propolis intake and exercise group (PA + Ex) targeting (n=
32) the Sprague-Dawley species of about 6-weeks-old. The
intake capacity of propolis was determined based on the
previous studies that if the intake capacity of the ethanol
extract from propolis was 50 mg/kg, the oxidative stress in
the liver tissue was lowest [15,16].

EXPERIMENTAL METHOD

Manufacture of Water Extract from Propolis

The samples used in this study were prepared by dissolving
the powder in DW at the ratio of 1:1,000 of the powder versus
water through the pulverization process in the solid state after
storing at 4°C for 24 hours of the propolis original lumps
provided by A honey company in Korea. The dissolved liquid
was extracted by stirring at 60rpm for 18 hours at 70-95C
using a shaking water bath. After this, the extract was
separated into the supernatant and the precipitate through
centrifugation, and the separated solution was filtered using
0.2 ym whatman filter, and then the filtrate was concentrated
by a rotary evaporator(EYELA, Tokyo, Japan) and manu-
factured to pure water extract from propolis. When the water
extract was administered to the experimental animals, the dose
needed was dissolved in DW and was orally administered
by 5 times per week by using a feeding needle by 2ml in
one time a day. The same condition giving the DW of same
amount was given to the control groups.

Exercise Loading Method

For the exercise loading applied for 6 weeks, the exercise
loading for 60 minutes per day was applied over 5 times per
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week using the treadmill for the experimental animals, and
for the exercise intensity applied, the initial 10 minutes were
loaded at the speed of 16 m/min and then the next 10 minutes,
at the speed of 22 m/min, and the remainder 40minutes, at
the speed of 25 m/min, and consequently, the running of total
60 minutes was conducted. It has been known that in the
case of the SD rat, the exercise intensity of 25 m/min is
corresponded about 70% of the maximal oxygen uptake [7].

Sampling

The experimental animals for experiments were fasted for
one night after last exercise of 40 hours, and then the
experiments were started at next 10 am, and they were
anesthetized by injecting the pentothal sodium (Daihan Pharm
Co., Korea) of 40mg/kg into the abdominal, and then have
taken blood through the abdominal aorta and were sacrificed.
The experimental animal’s blood was taken immediately after
being sacrificed, and the plasma was obtained immediately
by centrifuging, and was kept in a freezer at -80C until to
analyze the plasma. In addition, in order to measure the
glycogen concentration, the antioxidation enzyme activity and
MDA concentration in the liver and skeletal muscle tissue,
the gastroncnemius muscle of the right leg of the experimental
animal was separately removed and weighed, and then
analyzed.

Analytical method

The kit (Sigma Chemical Co, MO, USA) using the enzymatic
method was used for the analysis of blood glucose, and the
concentration of insulin was measured using the kit for ELISA
analysis (Mercodia AB, Uppsala, Sweden).

The removed tissue was made to fragments, and the
grinding homogenate (20% W/V) was made by a glass teflon
homogenizer (Virtis, USA) by adding 0.25 M sucrose solution
of 4 times volume in them after weighing the certain amount
among the fragments, and the homogenate was used as a
sample for MDA content measurement. In addition, the
supernatant obtained by secondary centrifugation again the
first supernatant after centrifuging the homogenate (600 x g
for 10 min) was used as the sample of SOD and GPX activity
measurement, and the pellet was suspended in 0.25 M sucrose
solution, and then was used as the sample for CAT activity
measurement after freezing and thawing the suspension. For
SOD activity measurement, the enzyme activity was calculated
measuring at 560 nm the absorbance of the hematein generated
by being reacted at 25°C by adding 10 pM hematoxylin and
the enzyme solution in 50Mm phosphate buffer solution (pH

7.5) which 0.1 mM EDTA was contained according to the
method [18] that observed the degree of inhibition of the
hematoxylin and auto-oxidation. The unit of activity was
proposed so that the degree inhibiting 50% of the auto-
oxidation of hematoxylin of the liquid which is reacted
without putting the enzyme liquid is indicated as 1 unit. For
the activity measurement of GPX, glutathione substrate and
the coenzyme NADPH were reacted with a sample at 25C
for 5 minutes, and the absorbance variation of the reactant
was measured at 340 nm, and for the unit of activity, the
amount of NADPH oxidized for 1 minute from the protein
of 1 mg contained in the sample was indicated as nmole.
For CAT activity measurement, the degree of the reduction
of H,O, which was used as the substrate was indicated by
measuring the absorbance at 240 nm, and the activity was
calculated in pmol unit by using the molecular absorption
coefficient (0.041 mM'l-cm'l), and for MDA activity measure-
ment, the pyrognostics of the lipoperoxide in the sample with
thiobarbituric acid were performed under acidic conditions,
and the resulting material was indicated as nmol per g tissue
after measuring the absorbance at 532 nm. The protein
quantification was measured using the bovine serum albumin
[19], and the glycogen concentration was quantified by the
method that uses the anthrone reaction [20]. In short, the
removed tissue was cut into the fragments, and the fragments
were heated in 30% KOH solution of 5ml saturated with
Na,SO4 for 25 minutes, and then they were incubated at 4T
for 30 minutes by putting 95% ethylalcohol of 1ml, and the
incubated fragments were centrifuged at 2,000 rpm and the
remaining pellet of Sml was homogenized by DW, and 1 ml
of this solution was dissolved in sulfuric acid and then was
quantified by the colorimetry at 490 nm.

Data analysis

In the statistical processing for the experimental results of
data processing, the average and the standard deviation by
each variable were calculated using SPSS/PC +. To verify the
significance between each group, one-way ANOVA was
performed, and Tukey method was used as the post-hoc
comparison for the significant difference. At this time, all the
results were verified the significance at p <0.05 level.

RESULTS

In this study, the effect of the exercise loading and the
intake of water extract from propolis on the antioxidant
enzyme activity of the skeletal muscle and liver tissue were
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observed, and the blood glucose, insulin and glycogen
concentration in each experimental group were measured for
the quantitative evaluation for the exercise. As a result, the
following results were obtained:

Changes of glucose and insulin concentration in blood

Among the changes of the glucose and insulin concentration
in blood of the experimental animals, in the case of the blood
glucose, the control exercise group (CON +Ex) and the
propolis administration and exercise parallel group (PA + Ex)
showed the statistical difference by being reduced about 15%
and 16%, respectively in comparison with the control group
(CON) (p<.05), and also in the case of the insulin in blood,
CON + Ex group and PA +Ex group showed significantly
lower values by being reduced about 24% and 23% in
comparison with CON group (p <.05). On the other hand,
the propolis administration group (PA) alone was slightly
reduced compared to CON group without the statistical
difference but showed significantly higher numerical value
for only CON + Ex group (p <.05).

Table 1. Comparisons of blood glucose and insulin concentration.

Glucose (mg/dl)

insulin (pu/ml)

CON 107.3+8.66 2524291
CON + Ex 91.7+8.61° 19.1 +3.54°
PA 101.1+8.52 23.1£2.11°
PA +Ex 89.8 + 8.68" 1944293
F 7.305 8.196
p .001 .001

CON: control group; CON + Ex: CON and exercise group; PA: propolis
administration group; PA +Ex: PA and exercise group

Values are Mean + SD.

p<.05 vs CON, "p<.05 vs CON +Ex

Changes of glycogen concentration in skeletal muscle and

liver

Table 2. The glycogen concentration of muscle and liver.

Glycogen concentration, mg/100g wet. wt.

Muscle Liver
CON 22+036 192+2.77
CON +Ex 3.2+033 27.8£2.38"
PA 24+046° 18.7 £4.54°
PA +Ex 3.0+ 025 28.9+2.77*
F 13.204 20.771
p .001 001

Values are Mean =+ SD.

< .05 vs CON, ®p<.05 vs CON+Ex, , p<.05 vs PA

In this study, the authors have measured the glycogen
concentration in the skeletal muscle and liver tissue for the
quantitative evaluation in these tissue for the exercise load
applied to the experimental animals. As a result, comparing
the change of glycogen concentration in the skeletal muscle
and liver tissue, CON + Ex group and PA + Ex group which
are the exercise parallel groups showed significantly higher
value in comparison with CON and PA which did not run
parallel with the exercise (p<.05), and there was no
difference between the exercise parallel groups.

Changes of antioxidant enzyme in skeletal muscle and liver

As a result to analyze the antioxidant enzyme in the skeletal
muscle and liver tissue according to the exercise loading and
the intake of propolis, in the case of the activity of SOD
(unit/mg protein) in both tissues, PA + Ex group was signi-
ficantly increased in comparison with the remainder group
(p<.05), and in the case of GPX activity (nmol/min/mg
protein) in the skeletal muscle tissue, also PA + Ex group was
significantly increased in comparison with the remainder
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Fig. 1. The activityes of andtioxidant enzymes of muscle and liver in rat.
SOD, GPX and CAT mean superoxidase, glutathione peroxidase and
catalase. Ex means exercise. Values are Mean + SD. “p <.05 vs CON, bp
<.05 vs CON+Ex, , p<.05 vs PA
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Fig. 2. The concentration of malondialdchyde(MDA) of muscle and liver
in rat. Values are Mean=+SD. “p <.05 vs CON

group, while all the experiment groups (CON + Ex, PA, PA
+Ex) in the liver tissue were significantly increased in
comparison with the control (CON) group (p<.05). In
addition, in the case of the CAT activity (umol/min/mg
protein), the PA +Ex group was significantly increased in
comparison with the CON group and CON + Ex group in only
the skeletal muscle tissue, and there was no statistical
difference between groups in the liver tissue (p <.05).

Changes of MDA concentration in skeletal muscle and liver

In this study, the concentration (nmol/g) of MDA in the
skeletal muscle and liver tissues was measured in order to
evaluate the degree of damage in each tissue due to the oxygen
free radical. As a result, in only the skeletal muscle, the PA
+ EX group showed significantly lower value in comparison
with the CON group (p <.05), and the difference between
groups in the liver was not shown.

DISCUSSION

The cells generated the minimum oxygen free radicals with
strong reactivity in the pathological situation such as acute
exercise or disease, and the free radicals thus generated are
associated with various pathological condition ranging from
the vascular diseases and cancer as well as various metabolic
diseases [21-23]. Fortunately, in the human body, various
defense mechanisms that are able to cope with such oxygen
free radicals exist, and in particular, much attention has been
given to the role by the antioxidant enzyme. It is considered
that this defense mechanisms result from that the antioxidant
enzyme may be not only synthesized in the body, but also
can be sufficiently complemented from the outside.

In this study, the authors have intended to investigate the
activity of the antioxidant enzymes through the effectiveness
verification of the natural antioxidant that can minimize the

side effects in the body, and the exercise adaptation, as part
of this effort. For this purpose, the intake of the propolis
which has been known to have the effects of various
physiological activities, and the exercise training were applied
to the experimental animals (SD rats) for six weeks. The
propolis used in this study is the natural propolis produced
in Korea, and the pure water extraction method rather than
existing ethanol extraction method was applied as a component
extraction method, and consequently the samples were
differentiated from other samples.

In this study, first the concentration of glucose and insulin
in blood and the concentration of glycogen in the skeletal
muscle and liver were analyzed for the quantitative evaluation
for the exercise training given to the experimental animals.
As a result, the concentration of the glucose and insulin in
blood of the CON + Ex group and PA + Ex group which are
the exercise parallel group were significantly decreased in
comparison with the control group, whereas it was confirmed
that in the case of the concentration of glycogen in the skeletal
muscle and liver tissue, the exercise parallel groups showed
significantly high value in comparison with CON group. It
is considered that this resulted from the enhancement effect
of insulin sensitivity of exercise training [24], and conse-
quently the insulin sensitivity is improved and the glyco-
genosis of the skeletal muscle and liver was induced [25,26].
These results are also the indicator to mean that the exercise
program applied to the experimental animals in this study was
appropriately made in conjunction with the glycogen metabo-
lism. However, the effect of the propolis intake could not
be confirmed in this study, unlike in some previous studies
that recently have argued the insulin sensitivity improvement
[27] and blood glucose dropping effect related to the glucose
metabolism [28,29] among the effects of physiological activity
of propolis. In addition, it is considered that it should be taken
account of the previous studies [32] that there may be the
metabolic difference [30,31] according to the form of muscular
fiber, or the difference of glycogen use according to fasting
and the analysis timing after exercise loading for the fact that
the rate of accumulation of glycogen in the tissue was
relatively very high in the liver tissue in comparison with
the skeletal muscle in this study.

On the other hand, normally a very strong acute exercise
or long-term severe endurance exercise accompanies the creation
of the oxygen free radicals of small amount (ROS), and it
is known that the intracellular activity of antioxidant enzymes
is increased due to the operation of the defense mechanism
about this [2,4,7]. However, because various reactive oxygen
species (ROS) generated in the exercise or various patholo-
gical situations are too hard to effectively remove by only
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the antioxidant enzyme existed in the body, the cells in the
body will be received damage. Therefore, many physiologists
have sought the various measures to increase the activity and
expression the antioxidant enzyme in the body. Reportedly
identified up to date, the regular exercise of appropriate
intensity can increase the activity of the antioxidant enzyme
in the blood and a part of muscle tissue [33,34], and the
expression of these enzymes has been known to be capable
of inducing by the intake or administration various non-
enzymatic antioxidants [35,36]. In this study, two aspects for
the acceleration of the antioxidant system in the body, namely,
the access for the exercise training and the intake of non-
enzymatic antioxidant were attempted. The non-enzymatic
antioxidant proposed in this study is pure water extract from
propolis which the effects of various biological activity have
been known as a human-friendly natural medicinal product
which has few side effects.

As the result of a study on the activity of the antioxidant
enzymes in the skeletal muscle and liver tissue, SOD, GPX
and CAT activity in the gastrocnemius tissue of the experi-
mental animals showed significantly higher value than other
experimental group in the treatment group (PA + Ex) that
simultaneously runs parallel with exercise and propolis. In
addition, the SOD activity in the liver tissue showed that only
PA + Ex group was significantly increased, whereas GDX
activity showed significantly higher value in CON + Ex group
which are the control exercise group and also PA group
showed significantly high activity in comparison with the
CON group which is a control group (p <.05). However, the
activity of CAT in the liver tissue showed that there is no
difference between the experimental groups. On the other
hand, this aspect showed the similar result in also the results
that measure the concentration of MDA well known as the
scale [37,38] of lipid peroxidation in order to evaluate the
extent of tissue damage by the oxygen free radicals. In other
words, the difference between the groups in the liver tissue
did not appear, whereas only PA +Ex group in skeletal
muscle tissue was significantly decreased in comparison with
other experimental groups. These results can be assumed that
the activity of antioxidant enzyme and the damage degree
of tissue were appeared the synergy effect according to the
concurrent application of the exercise training and non-
enzymatic antioxidant. The previous studies arguing that the
number and size of mitochondria in skeletal muscle through
exercise training can be increased [39,40], and the expression
leading of the antioxidant enzyme existing in the mitochondria
through the increase of intracellular mitochondria biosynthesis
and the damage by oxidative stress can be suppressed support
the theoretical background of above results [40,41]. Moreover,

it is considered that the phenomenon that the activity of
antioxidant enzyme and the concentration of MDA in skeletal
muscle tissue were significantly decreased than liver tissue
was the result that the ability of adapt of the antioxidant
enzyme system by the oxidative stress was composed more
effectively in skeletal muscle in comparison with other organs
[34,43]. In addition, in PA +Ex group which is the single
propolis intake group in this study, the concentration of GPX
in liver tissue was increased to significantly high value, and
statistically significant difference was not appear but the
antioxidant enzyme activity in skeletal muscle and liver tissue
showed general increase aspect. It is considered that since
even the concentration of MDA in skeletal muscle showed
the tendency to somewhat decrease in comparison with the
CON + EX group which is the control and exercise group,
it is the result that indirectly demonstrates the antioxidant
effect for propolis. This is the results that somewhat coincide
with the research contents to reveal that CAPE(caffeic acid
phenethyl ester) including water-soluble flavonoids of propolis
components have a positive effect to the product inhibition
of the lipid peroxidation through hydroxyl radical removal
and the inhibition of lipoxy-genase [44-46]. In other words,
because the flavonoids such as Artepillin C(3,5-diprenyl-
4-hydroxyci-namic acid) which propolis is containing and the
caffeate ingredients such as benzyl caffeate and cinnamic acid
are water-soluble properties of the high permeability of the
cell membrane in it, the possibility that the blocking of
electron transfer to the incomplete oxygen species would be
act more effectively is suggested [47,48]. This is supported
the theoretical background in the point that the propolis used
in this study is pure water extract from propolis.

CONCLUSION

In this study, the authors have intended to investigate the
effects that the exercise training and the intake of the water
extract from propolis have on the activity of antioxidant
enzymes. For this purpose, the experimental animals (SD rats)
used in this experiment were applied to the experimental
environment for 6 weeks. As a result, the following concl-
usions were obtained:

1. The concentration of the glucose and insulin in blood
of the CON + Ex group and PA +Ex group which are the
exercise parallel group were significantly decreased in
comparison with the CON group which is a control group,
whereas it was confirmed that in the case of the concentration
of glycogen in the skeletal muscle and liver tissue, the
exercise parallel groups showed significantly high value in
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comparison with CON group.

2. In the case of the activity of the antioxidant enzyme
in the skeletal muscle and the liver tissue, the activities of
SOD, GPX and CAT in the gastrocnemius muscle tissue of
PA + Ex group showed significantly high value in comparison
with other experimental groups. In addition, the SOD activity
in the liver tissue showed that only PA +Ex group was
significantly increased, whereas GDX activity showed signi-
ficantly higher value in CON + Ex group and PA group than
CON group. However, the activity of CAT in the liver tissue
showed that there is no difference between the experimental
groups.

3. As a result that measured the concentration of MDA in
order to evaluate the damage level of the tissue by oxygen
free radicals, the difference between the groups in the liver
tissue was not shown, while it was shown that only PA +
Ex group in the skeletal muscle tissue was significantly
decreased in comparison with other experimental groups.

Taken together the above findings, it is considered that the
combination treatment of the exercise training and the water
extract from propolis can not only increase the use of
glycogen of the skeletal muscle and liver tissue, but also it
can give the effect to suppress the activity of the antioxidant
enzyme in the body, and in the future, the possibility as the
exercise supplements and the antioxidant of the water-soluble
propolis are expected.
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