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Hyobin Seo, Nam-Ho Lee and Sungpil Ryu. Antioxidant and antiapoptotic effects of pine needle powder ingestion and endurance 
training in high cholesterol-fed rats. JENB., Vol. 18, No. 3, pp.301-309, 2014 [Purpose] Pine needle is a kind of medicinal plant 
ingested traditionally for a variety of purposes. Therefore, we examined the antioxidant and antiapoptotic capacities of pine needle 
ingestion in high cholesterol-fed and endurance exercise-trained rats. [Methods] Animals were divided into six groups as; CON: 
normal diet control group; EX: normal diet and exercise training group; HC: high cholesterol diet group; HCE: high cholesterol 
diet and exercise training group; HCP: high cholesterol and pine needle group; HCPE: high-cholesterol and pine needle diet with 
exercise training group, respectively. Each group consisted of seven Sprague-Dawley male rats. The swim-training groups, EX, 
HCE, and HCPE swam in the swim pool 60 min/d and 5 d/week for 5 weeks. During the rearing periods, freeze-dried pine 
needle powder mix with 5% of the high cholesterol diet was supplied to the HCP and HCPE groups. Gastrocnemius muscle 
was used as the skeletal muscle. Malondialdehyde (MDA), Mn-containing superoxide dismutase (Mn-SOD), Cu, Zn containing 
superoxide dismutase (Cu,Zn-SOD), and glutathione peroxidase (GPx) were analyzed for their antioxidant capacities. Finally, p53, 
Bcl-2 (B-cell lymphoma 2), caspase-3 protein expression was analyzed to determine antiapoptotic ability. [Results] MDA showed 
low content in HCPE compared to the HC. Mn-SOD, Cu,Zn-SOD, and GPx protein expression was significantly increased by 
pine needle ingestion and/or exercise training. In addition, suppression of p53 protein expression resulted in Bcl-2 increase followed 
by caspase-3 decrease with/without pine needle ingestion and exercise training. [Conclusion] When exercise training in addition 
to pine needle powder ingestion may be a helpful nutritional regimen to athletes and exercisers. [Key word] pine needle, antioxidant, 
antiapoptosis, endurance exercise, rat.

INTRODUCTION*

High fat and high cholesterol diets increase weight, blood 
lipid and cholesterol concentration [1]. It is known that the 
increased internal lipid damages proteins and cells as well 
as DNA by converting reactive oxygen species (ROS) such 
as superoxide anion, hydrogen peroxide, and hydroxyl radical 
into malondialdehyde (MDA) [2]. It is also known that the 
formation of adipocyte molecules inhibits the balance of 
pro-apoptotic and anti-apoptotic factors, and consequently 
leads to the increase of apoptosis resistance and causes 
diseases associated with obesity [3,4]. 

The appropriate exercise in conjunction with dietary 

treatment for obesity prevention is recommended as a very 
important method for preventing metabolic syndrome. However, 
oxygen consumption during exercise increases up to 10-15 
times, and the oxygen supply to muscle tissues is dramatically 
increased. Also, oxidation generation by the electron transport 
system increases [5,6]. The increase of ROS accelerates cell 
apoptosis by impairing oxidation in the mitochondrial membrane 
and reducing DNA damage of lymphocytes [7-9]. Superoxide 
dismutase (SOD), catalase (CAT), and glutathione peroxidase 
(GPX) are the endogenous antioxidant enzymes that remove 
such ROS, but because there are situations where their 
generation and action abilities are exceeded, exogenous antio-
xidants are required. Antioxidants significantly contribute to 
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Constituents Control diet High-Cholesterol 
diet

+ Pine Needle 
diet

Casein 200 200 200
Sucrose 200 200 200
Corn starch 400 380 380
Corn oil 60 60 60
Lard 40 30 30
Cholesterol - 30 10
Cellulose 50 50 50
Mineral mix:AIN-76 35 30 30
Vitamin mix:AIN-76 10 5 5
D,L-methionine 3.5 3.5 3.5
Choline 1.5 1.5 1.5
Pine needle - - 20

Mineral mix: AIN-76, Vitamin mix: AIN-76

Table 1. The composition of experimental diet (g/kg diet)the antioxidant defense, but because synthesis in the body 
is impossible, these antioxidants must be necessarily taken 
in as a food resources [10,11]. Therefore, for the improvement 
of chronic diseases and health maintenance, food selection 
is very important.

Recently, the availability of suitable foods that provide 
antioxidants has increased. Among the available options, 
medicinal plants are generally considered to be safe substitutes 
[12,13]. Proven functions of medicinal plants include 
anti-cancer [14], anti-obesity [15], cholesterol reduction and 
antidiabetic effects [16]. In particular, it has been reported 
that the needles of a pine tree which accounts for about 40% 
of the mountainous area in Korea contain essential oil 
components such as α-oinene, β-pinene and camphene, and 
flavonoids, pinitol and chlorophyll, vitamin A, vitamin C, 
protein, fat, phosphorous, iron, enzymes and minerals which 
are typical for medicinal plants [17,18]. These pine needles 
have been reported to demonstrate serum lipid lowering [19], 
anti-obesity [20], anti-oxidation [21], and anti-inflammation 
activities [22]. The additional intake of 5% pine needle 
powder of the total recommended dietary values lowered 
triglyceride and high density lipoprotein (HDL-C) concen-
trations. The amount of fatty liver and fatty cells caused by 
high cholesterol or a high-fat diet were also reduced, and the 
expression of PPAR-γ. mRNA in adipocytes cell was 
inhibited. A lower pine needle intake of 2-4% reduced the 
abdominal fat [18-20]. It has also been reported that in in 
vivo experiments, pine needles influence the concentration of 
Cu,Zn-SOD, and have anti-tumor, anti-mutant, anti-cancer, 
anti-inflammation, anti-atherosclerosis effects [22-25].

In recent years, due to the increased interest in cholesterol 
intake and the reduction of cholesterol, it was determined that 
studies on the effects of pine needle powder and exercise on 
anti-oxidative enzymes and cell death when combined with 
high-cholesterol diets are required. Therefore, in this study, 
the authors intended to investigate the mechanism of mutual 
action for the antioxidant enzyme system and cell death by 
using pine needle powder which is relatively easy and cheap 
to obtain and serves as a functional food.

METHODS

Animal care

In this study, 42 four-weeks-old male SD rats received from 
Hyochang Science in Daegu were used. The rats were bred 
individually, and the internal environment of the breeding 
room was 23-25℃. The relative humidity was maintained at 

around 60% and the light and dark period was maintained 
at 12 hour intervals from 08:00 to 20:00. The groups were 
divided into the control diet (CON) group, control diet +
exercise (EX) group, high-cholesterol diet + exercise (HCE) 
group, high-cholesterol diet + pine needle (HCP) group, and 
high-cholesterol diet + pine needle + exercise (HCPE) group.

Dietary composition

The pine needles were prepared based on AIN-76 dietary 
composition, by processing pine needles collected in Korea 
to powder after freeze-drying. The pine needle powder was 
prepared by adding 5% of the designated diet [18]. The rats 
took in the food in 10 g amounts supplied at 8:00 AM and 
8:00 PM for an hour, and they could freely drink water.

Exercise training

Exercise was performed for 5 weeks when the rats turned 
6-weeks-old after pre-breeding. The swimming exercise was 
performed 5 times a week with the water temperature 
maintained at 35.0 ± 1.0℃ in a water tank (30 cm width ×
30 cm length × 80 cm depth) and space secured to enable 
each rat sufficient space to swim. At first, the exercise lasted 
for 10 minutes, and was gradually increased every day. By 
the third week, swimming exercise lasted for 60 minutes after 
adaptation training.

Sampling

The samples were quantified by extracting and separating 
the gastrocnemius after anesthetizing using a small animal 
portable anesthesia system. The samples were extracted after 
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fasting for 12 hours, and were stored in the freezer at -80℃ 

until analysis after stopping muscle activity in liquid nitrogen. 

Analysis 

Muscle MDA
0.5 g of muscle was homogenized with 5 ml HEPES buffer 

(0.25 M sucrose, 0.5 mM EDTA, 5 mM HEPES) by 
measuring the MDA concentration of muscle. The above 
sample was used for analysis after separating 2 ml of the 
supernatant liquid by centrifugation at 6,500 rpm for 20 
minutes. After mixing 500 µl of the sample separated for the 
MDA concentration analysis with 2.5 ml of 10% TCA buffer, 
the mixture was left at room temperature for 10 minutes. The 
mixture was then separated at 3,500 rpm for 10 minutes using 
a centrifugal separator. The supernatant was discarded and 
the lower layer was mixed with 2.5 ml of 0.05 M H2SO4 
and 3 ml of TBA buffer. This mixture was boiled in a water 
bath for 30 minutes at 95℃ and cooled by removing it from 
the water bath and leaving it at room temperature. Then 3 
ml of the buffer mixed in a ratio of n-butanol:pyridine (15:1) 
was added, and the mixture was separated by centrifugation 
at 3,000 rpm after mixing for 90 minutes. MDA was measured 
at the wavelength of 530 nm by UV-Spectrometer (Optizen 
POP, Korea) using the supernatant of the sample. 

Western blotting 
The protein quantification was measured at the absorbance 

of 595 nm by placing each 200 µl sample in an ELISA plate 
(TECAN, Austria) after completely mixing 1 µl of the upper 
layer with 1 ml brad-ford of the sample homogenized in the 
HEPES buffer. For the treatment of muscle tissue for SOD 
analysis, the homogenization was carried out by adding RIPA 
buffer to the sample. The sample was separated by a centrifuge 
at 1200 g for 10 minutes, after which the homogenization 
was finished. The supernatant liquid was then separated, and 
the absorbance at 595 nm was measured by placing 200 µl 
of each sample in an ELISA (TECAN, Austria) plate after 
completely mixing 1 µl of the supernatant with 1 ml brad-ford 
of the samples from the supernatants separated for protein 
quantification. The samples were quantified by mixing with 
Laemmli sample buffer. In order to analyze the expression 
level of protein, the protein was separated by electrophoresis 
for 1 hour at 100 V after loading 20 µl of each protein sample 
in 10% sodium dodecyl sulphate (SDS)-polyacrylamide gel. 
The separated protein was then transferred to polyvinylidene 
difluoride membranes. Blocking buffer (TBST buffer; 50 mM 
Tris-HCl, 150 mM NaCl, 0.05%, Tween 20) containing 5% 

BAS was applied for 1 1/2 hours after the transition was 
complete. Mn-SOD (Santa cruz, sc-18504, USA), p53 (abcam, 
ab26, UK), Bcl-2 (abcam, ab18210, UK), and caspase-3 (Cell 
Signaling, #9665, Swiss), which are the primary antibodies, 
were diluted according to the manufacturers’ instructions. The 
above primary antibodies were added over-night, after which 
they were washed 5 times for 10 minutes with TBST (5% 
tween-20). Secondary antibodies were diluted according to 
the manufacturers’ instructions and were added for 1 hour 
before washing 5 times for 10 minutes with TBST (5% 
tween-20). Identification of the resulting band was developed 
on X-ray film after illuminating a membrane using an 
enhanced chemiluminescene (ECL) kit. The density of the 
developed band was calculated by band/β-actin using the 
image j software.

Immunoprecipitation (IP) 
For immunoprecipitation pre-treatment using the sample 

with protein quantification, homogenization was performed 
after adding 0.5 M EDTA (Duksan, Korea), lysis buffer 
(Gendepot, R4200-100, USA), and phosphatase inhibitor 100
× (Gendepot, P3200-001, USA) to the sample. After adding 
200 µg/ml each of Cu-Zn-SOD and GPx, which are the 
primary antibodies, into the homogenized sample of 1ml, the 
mixture was left over-night (12 hours) at 4℃. After inserting 
30 µl of Beads (Dynabeads, Protein A) and 1 × PBS of 500 
µl in the sample left over-night and incubating at 4℃ for 
1 hour, the incubated sample was washed 3 times for 5 
minutes with 1 × PBS using a magnetic particle concentrator. 
1 × PBS of 50 µl was added to the washed sample, and the 
samples were quantified by mixing with Laemmli sample 
buffer. Western blotting for the Cu,Zn-SOD (Santa cruz, 
sc-11407, USA) and GPx (Santa cruz, sc-22145, USA), which 
are primary antibodies, and their secondary antibodies were 
performed according to the manufacturers’ instructions. 
Identification of the band was developed on X-ray film after 
illuminating a membrane using an enhanced chemilu-
minescene (ECL) kit. The density of the developed band was 
calculated by band/β-actin using image j software. 

Data processing

The statistical program SPSS/PC + 21.0 for Windows was 
used as the data analysis program for research results. All 
experimental results were represented as the mean and 
standard deviation, and one-way analysis of variance 
(ANOVA) was performed in order to verify the significance 
of each group. For the items where significant differences 
were indicated, post-hoc comparison was performed using the 
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Fig. 1. Difference of gastrocnemius muscle MDA concentrations. CON: 
normal diet control group; EX: normal diet and exercise training group; 
HC: high-cholesterol diet group; HCE: high-cholesterol diet and exercise 
training group; HCP: high-cholesterol and Pine Needle group; HCPE: 
high-cholesterol and pine needle diet and exercise training group; different 
letter means significance at p < 0.05, respectively.

(A) (B) (C)

Fig. 2. Difference of antioxidant activity protein expressions. A: Mn-SOD expression in gastrocnemius muscle, B: Cu, Zn-SOD expression in gastrocnemius 
muscle, C: GPx expression in gastrocnemius muscle. CON: normal diet control group; EX: normal diet and exercise training group; HC: high-cholesterol 
diet group; HCE: high-cholesterol diet and exercise training group; HCP: high-cholesterol and Pine Needle group; HCPE: high-cholesterol and pine needle 
diet and exercise training group; different letter means significance at p < 0.05, respectively.

least significant difference (LSD) method. Statistically 
significant difference was set at p < 0.05.

RESULTS

Change of MDA (mmol/mg) content

The change of muscle MDA content is the same as shown 
in Fig. 1. HCPE showed a statistically significantly low value 
at 7.55 ± 0.21 in comparison with CON 8.57 ± 1.45, EX 8.75
± 0.25, HCE 9.55 ± 0.20, and HCP 9.30 ± 0.31. HC showed 
a statistically significantly high content compared to each 
group at 12.17 ± 0.23 (p < 0.05).

Expression of antioxidant protein (arbitrary unit)

Expression of the Mn-SOD protein in the muscle was 
significantly lower for HCPE at 7.55 ± 0.21 in comparison 
with CON 8.57 ± 1.45, EX 8.75 ± 0.25, HCE 9.55 ± 0.20, and 
HCP 9.30 ± 0.31. HC displayed significantly high expression 
compared to the other groups at 12.17 ± 0.23 (p < 0.05; Fig. 
2A). For expression of the Cu,Zn-SOD protein within muscle 
cells, HC 0.79 ± 0.10, HCE 1.01 ± 0.02, HCP 0.93 ± 0.05, and 
HCPE 1.25 ± 0.15 groups were significantly higher compared 
to CON 0.37 ± 0.19, and EX 0.71 ± 0.13 (p < 0.05). HCPE 
showed significantly higher results in comparison with EX 
and HC. In particular, the combination of pine needle powder 
intake with exercise showed an increase in muscle 
Cu,Zn-SOD activity (p < 0.05; Fig. 2B). In the expression of 
muscle GPx protein, HCE 0.90 ± 0.01, HCP 0.87 ± 0.00, and 
HCPE 1.14 ± 0.00 were significantly higher than CON 0.66
± 0.00, EX 0.50 ± 0.00, while HC 0.51 ± 0.01 (p < 0.05), and 
EX and HC were significantly lower than each group (p <
0.05). In addition, the HCPE group showed significantly high 
results for both tests. The combination of pine needle powder 
intake with exercise showed a particularly high increase in 
muscle GPx activity (p < 0.05; Fig. 2C).

Expression of antiapoptotic protein (arbitrary unit) 

The expression level of p53 protein, a cell death factor, 
showed significant difference in each group, with CON 1.28
± 0.00, EX 0.89 ± 0.00, HC 0.86 ± 0.03, HCE 1.33 ± 0.01, 
HCP 1.50 ± 0.01, and HCPE 0.95 ± 0.00 (p < 0.05). In 
particular, HCPE showed significantly lower results, so it was 
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(A) (B) (C)

Fig. 3. Difference of apoptosis protein expressions. A: P53 expression in gastrocnemius muscle, B: Bcl-2 expression in gastrocnemius muscle, C: Caspase-3 
expression in gastrocnemius muscle. CON: normal diet control group; EX: normal diet and exercise training group; HC: high-cholesterol diet group; HCE: 
high-cholesterol diet and exercise training group; HCP: high-cholesterol and Pine Needle group; HCPE: high-cholesterol and pine needle diet and exercise 
training group; different letter means significance at p < 0.05, respectively.

shown that the combination of pine needles powder intake 
with exercise inhibits the activity of p53 within muscle (p
< 0.05; Fig. 3A). The expression level of Bcl-2, an 
antiapoptotic marker that inhibits the activity of p53, was 
significantly higher than CON 0.33 ± 0.07, with EX group 
0.87 ± 0.14, HC 0.87 ± 0.13, HCE 1.04 ± 0.07, HCP 0.84 ±
0.08, and HCPE 0.95 ± 0.08 (p < 0.05; Fig. 3B). The 
expression level of caspase-3 protein did not show significant 
difference, with CON 0.88 ± 0.33, EX 0.93 ± 0.29, HC 0.62
± 0.24 HCE 0.48 ± 0.12, HCP 0.92 ± 0.36, and HCPE 0.47
± 0.22. However, HCE and HCPE showed a tendency to 
decrease in comparison with other groups (Fig. 3C).

DISCUSSION

Recently, several studies have reported on the antioxidant 
effect, anti-diabetic effect, and antiapoptotic effect of the 
combination treatment of exercise with functional foods 
[26,27]. In this study intended to investigate the effects of 
this treatment on antioxidant activities in muscle as well as 
cell death when consuming high-cholesterol diets, pine needle 
powder was added to the diet of rats and combined with 5 
weeks of exercise.

ROS is generated in the environment surrounding cells and 
are also locally generated in muscular fibers. The continuous 
interaction between ROS generation and the cellular environ-
ment is the main factor that determines the state of equilibrium 
in cellular oxidation and reduction. It is known that a high 
cholesterol diet intake causes the increase of cell death, 
infection and oxidative stress by inducing mitogen-activated 

protein kinase (MAPK) activity [28,29]. In fact, research 
using hypercholesterolemia mice showed that the hydrolysis 
activities of MAPK and p38 is increased in hematopoietic 
stem cells, while oxidative stress is induced. Consequently, 
hindrance to differentiation due to aging and hematopoietic 
stem cell damage has an influence on the immune and 
inflammatory response [30]. Also, it has been reported that 
30-40 minutes of aerobic exercise in healthy men increased 
the concentration of thiobarbituric acid reactive substances 
(TBARS) in thiobarbituric acid reactive substances plasma 
(TBARSpl), and thiobarbituric acid reactive substances 
erythrocytes (TBARSer) [31]. Other studies report that the 
formation of superoxide is increased in high intensity exercise. 
As a result, the overexpression of ICAM-1(Ig Cellular 
Adhesion Molecule-1) in the soleus muscle is induced, which 
reduces maintenance of aging, disease-exposure, muscle 
quantity, and muscle function [31-33]. In this study, analyzing 
the concentration of MDA, which is the index of lipid 
peroxidation in skeletal muscle, showed that during complex 
treatment with high cholesterol diets, pine needle powder 
intake and exercise, the HC group had significantly higher 
levels in comparison with other groups. On the contrary, the 
HCPE group demonstrated results that corresponded with 
previous studies by showing significantly lower values than 
other groups. These results suggest that the combination of 
pine needle powder intake and exercise may inhibit lipid 
peroxidation. The increase of MDA by high cholesterol diets 
is thought to be a result of the high content of saturated fatty 
acids increasing oxidative damage by promoting lipid 
peroxidation of bio membranes [35]. When rats consumed 
high cholesterol diets with added natural substances, antioxidant 
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enzymes and antioxidant activity increased, whereas the 
peroxidation of lipid decreased. When fermented pine needle 
extract was added, oxidative damage in vivo was inhibited 
[36,37]. The above report also suggested that in in vivo 
experiments, the intake of pine needle influenced the 
concentration of Cu,Zn-SOD, and that glutathione played an 
important role [23]. In addition, it has been reported that 
administering the pine needle extract after inducing oxidative 
stress by tert-butyl hydroperoxide (t-BOOH) in HepG2 cells 
caused an increase in catalase (CAT) activity. When 
administering a high fat diet and pine needle extract for 5 
weeks to ICR mice, their livers and kidneys showed lower 
lipid peroxide content due to the increase of CAT and 
glutathione activity [38]. It is known that the accumulation 
of lipid peroxides due to the damage of oxidative stress occurs 
during the lipid metabolism process, and causes all kinds of 
diseases by destroying cell membranes. However, it has been 
reported that the increased activity of GSH-Px, SOD and 
CAT, which are the antioxidant enzymes in the human body, 
play an important role in the removal of oxides by converting 
the oxygen anion generated by NADPH oxidase into H2O2 

[39-42]. Due to previous studies showing that the strong 
antioxidant activities of such medicinal plants play an 
important role in the elimination and inhibition of free 
radicals, it was expected that in this study, the vitamin A, 
vitamin C and flavonoids contained in the pine needle would 
be instrumental in reducing the MDA content, and increasing 
the antioxidant activity [17,18,43]. It was concluded that at 
this time, continuous swimming exercise would have a 
synergy effect.

Apoptosis is cell death that is planned by the cells 
themselves. The death of these cells are influenced by various 
and complex phenomena in vivo [44]. Apoptosis is induced 
by the increase of oxidative stress due to external stimulus. 
Cell death can also be increased by the reduction of 
antioxidant capacity during heavy exercise [45,46]. In 
addition, it has been reported that a high cholesterol diet for 
6 weeks induces apoptosis by increasing oxidative stress. High 
cholesterol diet intake for 3 months using C57BL/6 mice 
caused not only inflammatory activity and insulin resistance, 
but the increase of endoplasmic reticulum and apoptosis in 
endothelial blood vessel cells were also observed [47,48]. It 
is known that p53 selectively controls cell cycle block, DNA 
recovery, ageing and cell death, and reacts to endogenous 
stress [49]. Heavy exercises induce apoptosis by increasing 
the concentration of p53 which is the apoptosis marker of 
skeletal muscle [50,51]. Long-term exercise reduces the 
apoptosis in soleus muscles [52]. From this study, p53 which 
can be called the beginning marker for apoptosis, showed a 

significant difference between each group, with EX, HC and 
HCPE showing significantly lower results. Bcl-2, known as 
the antiapoptotic marker, showed significantly high value in 
all groups, with the exception of CON. HCE and HCPE 
showed especially high tendency for Bcl-2. Caspase-3, which 
is the final factor of apoptosis, did not show statistically 
significant difference, but the expression level in HCE and 
HCPE showed a tendency to decrease. Recent research results 
[53] show that the administration of pine needle extract in 
the cells that induce DNA damage reduce the expression of 
Bax protein by removing ROS in the cell, and inhibit the 
damage of cells by increasing the expression of the 
antiapoptotic factor Bcl-2. The report [54] also stated that 
the flavonoids contained in the pine needle extract inhibit the 
cell death factors by a medicinal function, the similarity will 
be able to be found. Thus, it is considered that the results 
of this study can be attributed to the influence of essential 
oil components, such as α-oinene, β-pinene and camphene 
which are the bioactive substances in pine needles, as well 
as the flavonoids and pinitol. This is in agreement with 
previous reports [56] suggesting that the chemical biological 
activities demonstrated by natural medicinal plants protects 
against apoptosis factors [55,56], and the antioxidation action 
of medicinal plants inhibit apoptosis [18,52]. 

CONCLUSION

The results of this study showed that the pine needle powder 
added diet as well as the low content of lipid peroxide increase 
the antioxidant defense capability of Mn-SOD, Cu,Zn-SOD. 
These are the elements inhibiting the activity of oxidation 
stress in the exercise group and may therefore effectively 
inhibit apoptosis. These results are attributed to the regular 
exercise and the action of the unique medicinal components 
contained in pine needles. In addition, it is considered that 
the availability of pine needles which can be more easily 
obtained from the surrounding environment will be increased 
due to the positive implications for the functionality of pine 
needle in this study. It is considered that pine needles will 
have beneficial effects as a functional food. We suggest that 
further research is needed on the bioactive substances 
contained in the pine needle.
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