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Abstract  The present study was aimed to investigate the effects of the application of pulsed electromagnetic 
fields on the blood components associated hyperlipidemia, antioxidant enzymes and reactive oxygen. The 
subjects were divided into three groups: General Diet, High fat Diet, High fat diet and pulsed electromagnetic 
fields. Pulsed electromagnetic field was applied with pulsed electromagnetic energy therapy equipment. The 
Glucose, free fatty acids, triglycerides, cholesterol and insulin was used to measure hyperlipidemia-related blood 
components, and the GSH, GRD, XO and MDA was used to measure antioxidant enzymes and reactive 
oxygen. The applied pulsed electromagnetic field has improved the concentrations of blood components and 
increasing GSH and GRD, that were decreased due to a high-fat diet and by reducing the increased MDA and 
XO to a level of general diet group. Therefore, the applied pulsed electromagnetic field can be the effective 
treatment for changes in the blood composition of hyperlipidemic rats, enhancement of antioxidative activity and 
the inhibition of reactive oxygen.
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요  약  본 연구는 맥동전자장이 고지혈증 관련 혈액 성분, 항산화 효소와 활성 산소에 어떠한 영향을 미치는 지를 
관찰하기 위하여 실시하였다. 실험군은 정상식이군, 고지방식이군과 고지방식이-맥동전자장 적용군의 3군으로 나누었
다. 맥동 전자장은 맥동 전자장 에너지 치료기를 이용하였다. 혈액 성분의 검사 항목은 혈당, 유리지방산, 중성지방 
및 콜레스테롤, 인슐린이고, 항산화 효소와 활성 산소의 검사는 글루타치온, 글루타치온 환원효소, 크산틴, 과산화지
질을 측정하였다. 그 결과 맥동전자장 적용은 혈액 구성성분과 GSH와 GRD를 고지장식이 수준에서 정상식이 수준
으로 상승시켰으며, XO와 MDA는 고지방식이 수준에서 정상 식이 수준으로 낮추어 주는 개선효과를 나타내었다. 그
러므로 맥동전자장의 적용은 고지혈증 흰쥐의 혈액성분의 변화, 항산화 효소의 증가, 활성 산화의 억제에 효과적인 
치료 방법이라 할 수 있다.

주제어 : 맥동전자장, 혈액 성분, 항상화 효소, 활성 산소, 고지혈증
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1. Introduction

Modern eating habits such as increased intake of 

animal lipids and lack of exercise due to the 

development of a variety of electronic media have been 

pointed out as the factors to increase the concentration 

of cholesterol in the blood, accordingly the 

hyperlipidemia population. Hyperlipidemia in one of the 

risk factors that cause atherosclerosis; the increase of 

blood cholesterol increases the incidence of coronary 

artery disease, resulting in the increased mortality rate 

from heart disease such as congestive heart failure 

[1-3]. Accordingly, various studies have been made and 

several ways are presented for the prevention of 

hyperlipidemia, among which some studies have 

reported that the application of exercise reduced blood 

lipid and increases skeletal muscle metabolism ability 

and mitochondrial counts, inducing muscle metabolism 

promotion and improving a variety of metabolic 

diseases effectively [3-5]. However, high-intensity 

exercise generates reactive oxygen, thus affects 

antioxidant mechanism for cell greatly; these changes 

cause long-term stress on the human body. 

Low-intensity endurance exercise such as walking has 

positive effects on the antioxidant capacity of the tissue 

but, in the case of overweight patients or patients with 

weakened leg muscle strength, these exercises also 

acts on the human body as high-intensity exercise, so 

the action of reactive oxygen is also reported to be 

increased induced by the increase of oxygen 

consumption [4,5].

Chemical and biological effects appear if electrical 

stimulation such as pulsed electromagnetic field is 

applied to the body. It has been reported that various 

effects occur such as in vivo chemical modification of 

the electrolyte, increased blood circulation, increased 

metabolism, phagocytosis and increased cell membrane 

permeability, which effects increase the skeletal muscle 

activity and performance, resulting in various effects 

generating from low-intensity endurance exercise 

occurs in skeletal muscles [6-8]. In addition, it has been 

reported that these effects increase the activity of 

antioxidant enzymes in skeletal muscles or protein 

expression, resulting in the improvement of and 

contribution to the antioxidant defense system [8-10].

There have been lots of previous studies on the 

changes in blood components in patients with 

hyperlipidemia and changes in antioxidant enzymes and 

reactive oxygen depending on various methods of 

exercise, but studies are very limited on the effects of 

electrical stimulation such as pulsating electromagnetic 

fields. Therefore, the present study was aimed to 

investigate the effects of the application of pulsed 

electromagnetic fields on the blood components 

associated hyperlipidemia, antioxidant enzymes and 

reactive oxygen, and to provide basic data on the 

effects of pulsating electromagnetic field on the 

improvement of hyperlipidemia.

2. Methods

2.1 Study subjects

The animals used in this experiment are three 

week-old, white male Spraque-Dawley rats weighing 

50g. For experiments, the subjects were divided into 

three groups: normal diet group consuming ordinary 

solid feed (General Diet; GD, n = 10); group consuming 

high fat diet which accounts for 51 percent of total 

calories (High fat Diet; HD, n = 10); and the group 

consuming high fat diet and applied with pulsed 

electromagnetic field (High fat diet + pulsed 

electromagnetic fields; HDP, n = 10). Each test group 

was fed with solid formulation feed for adaptation for 

one week before being fed with high fat feed for 8 

weeks. The standard kennel was kept at a temperature 

of 25 ± 2℃ and humidity of 65 ± 5% and was adjusted 

with constant illumination and photoperiod and dark 

period cycle at 12-hour intervals, in order to meet the 

life cycle of the rats.
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2.2 Application of pulsed electromagnetic 

field
Pulsed electromagnetic field was applied with pulsed 

electromagnetic energy therapy equipment, Diapulse 

(Diapulse Corp., America). The application of pulsed 

electromagnetic field was done using a 20 ㎝ diameter 

air space plate in a distance of 5 cm, at the frequency 

27.12 ㎒, ​​pulsation frequency of 300 times per second, 

pulsation width 65 ㎲ and duty cycle 1.95%. Rats were 

put in a plastic case during the application to minimize 

the movement, for 20 minutes a time, 5 times a day, 

and a total of 6 weeks.

2.3 Measurement and analysis of blood 

components, antioxidant enzymes 

and active oxygen
Following the 6 week application of pulsating 

electromagnetic field, the test rats were anesthetized 

with CO2 gas and under went the ventral midline 

laparotomy, and blood samples were taken from the 

abdominal aorta and immediately centrifuged at 

3,000rpm at 4℃ for 20 minutes before removing the 

plasma, followed by being store at -80℃ for before 

analysis.

Glucose, free fatty acids, triglycerides and 

cholesterol were measured with a kit (Sigma Chemical 

Co, MO, USA) using enzymatic analysis; insulin 

concentrations were measured with Enzyme 

immuno-assay ELISA analysis kit (Mercodia AB, 

Uppsala, Sweden).

The content of lipid peroxide was displayed by 

adding 1/12N H2SO4 and 10% phosphotungstic acid in 

the serum, pre-incubating the mixture at 20℃ for 5 

minutes, then centrifuging it and taking only serum 

proteins, the deposits, and displaying the content in 

malondialdehyde, The measurement of xanthine (XO) 

activity was done by adding 0.4 ㎖ of the enzyme 

solution to 3.0 ㎖ of 0.1M potassium phosphate buffer 

(pH 7.5), and adding 0.1 ㎖ of 60μM sodium xanthine 

substrate and reacting the mixture at 37℃, and 

calculating the activity according to the standard curve; 

the unit of the enzyme was displayed as the amount of 

uric acid in nmole produced by 1 ㎖ of protein in one 

minute. Glutathione reductase (GRD) activity was 

measured by adding 0.94 mM EDTA, 4.6 mM oxidized 

glutathione, 0.16 mM NADPH and the enzyme solution 

in 0.1 M potassium phosphate buffer (pH 7.5) among 

the reaction mixture, then reacting the mixture at 37℃ 

for 10 minutes, then measuring the absorbance of the 

reduced amount of NADPH at 34 nm and calculating it 

from the standard curve; the unit of enzyme activity 

was expressed as nmole of the amount of reduced 

glutathione produced by 1 mg protein per minute; 

hepatic glutathione (GSH) content in the liver tissue 

was measured by adding 0.5 ㎖ of 4% sulfosalicylic 

acid in 0.5 ㎖ of liver tissue homogenate, then 

centrifuging the mixture at 2500 rpm for 10 min, then 

sampling 0.3 ㎖ of the supernatant, then adding 2.7 ㎖ 

of disulfide reagent and leaving it for 20 minutes, then 

measuring absorbance at 412 nm and calculating in 

accordance with the standard curve [11].

2.4 Data Processing and Analysis Method

Statistical data analysis for this experiment was 

performed using the PASW statics windows (ver 18.0); 

the mean and standard deviation of the measured 

variables were calculated for each group. In addition, 

one-way ANOVA was conducted to verify the 

significance between each group, and Duncan's 

multiple range test was performed as a post-hoc 

comparison if proved significant between groups. The 

significance level α was .05.

3. Results of Research

3.1 Analysis of hyperlipidemia-related 

blood components
According to the result of hyperlipidemic blood 

components analysis, the plasma triglyceride level 
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Group
Triglyceride

(mg/dl)

Total cholesterol

(mg/dl)

Free fatty   acid 

(μEq/l)

Glucose

(mg/dl)

Insulin

(μU/ml)

GD
45.35

±3.17

69.38

±3.13

651.91

±68.61

91.11

±6.76

26.98

±7.78

HD
65.31

±3.26

103.49

±6.88

731.68

±45.36

141.41

±13.46

41.31

±6.38

HDP
43.58

±2.81

79.14

±5.12

655.93

±68.33

98.37

±21.29

34.26

±5.99

F 75.441* 98.831* 3.012 40.176* 12.011*

Duncan GD,HDP<HD GD<HDP<HD GD,HDP<HD GD<HDP<HD

The values are reported as the mean±SD. *p<.05

GD : General Diet group

HD : High fat Diet; group

HDP : High fat diet + pulsed electromagnetic fields group

Table 1. Effects of pulsed electromagnetic field on blood components.

showed higher in high fat diet group than in normal 

diet group, demonstrating the induction of 

hypertriglyceridemia (p <.05), and was improved to the 

level of normal diet group by applying pulsed 

electromagnetic field (p <.05)[Table 1].

The total plasma cholesterol concentration showed 

higher in high fat diet group than in normal diet group, 

demonstrating the induction of hypercholesterolemia 

(p<.05), and the hypercholesterolemia was improved to 

the level of normal diet group by applying pulsed 

electromagnetic field (p <.05). The plasma glucose 

concentration showed higher in high fat diet group than 

in normal diet group (p<.05), and was improved to the 

level of normal diet group by applying pulsed 

electromagnetic field (p <.05). The plasma insulin 

concentration showed higher in high fat diet group than 

in normal diet group (p<.05), and was improved to the 

level of normal diet group by applying pulsed 

electromagnetic field (p <.05).

3.2 Analysis of hyperlipidemia-related 

blood componentsAnalysis of 

antioxidant enzymes and reactive 

oxygen
According to the result of antioxidant enzymes and 

reactive oxygen analysis, in the change of GSH and 

GRD related with the reaction of antioxidant enzymes, 

GSH showed lower value in high fat diet group than in 

normal diet group (p <.05), and was improved to the 

level of normal diet group by applying pulsed 

electromagnetic field (p <.05). In addition, GRD showed 

lower value in high fat diet group than in normal diet 

group (p <.05), and was improved to the level of 

normal diet group by applying pulsed electromagnetic 

field (p <.05)[Table 2].

In the change in XO and MDA related with the 

reaction of lipid peroxidation and reactive oxygen, XO 

showed higher value in high fat diet group than in 

normal diet group (p <.05), and was improved to the 

level of normal diet group by applying pulsed 

electromagnetic field (p <.05). In addition, MDA 

showed higher value in high fat diet group than in 

normal diet group (p <.05), and was improved to the 

level of normal diet group by applying pulsed 

electromagnetic field (p <.05).

4. Discussion

The present study was aimed to determine the 

impact of the pulsed electromagnetic field on the 

changes in blood components, antioxidant enzymes and 

reactive oxygen by applying a pulsed electromagnetic 

field to high-fat diet induced hyperlipidemic rats.

In the study associated with blood components, the 

high-fat diet group showed higher serum triglyceride 

and total cholesterol concentrations than the normal 

diet group, which verified that hyperlipidemia was 
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Group
GSH

(μmole/g   tissue)

GRD

(glutathione   nmole/mg protein/min)

XO

(uric acid   nmole/mg 

protein/min)

MDA

(nmole/ml)

GD
23.46

±3.38

22.63

±3.08

3.63

±.31

29.63

±3.89

HD
13.82

±4.23

12.9

±3.32

4.04

±.29

46.78

±5.68

HDP
24.12

±3.46

22.89

±3.21

3.53

±.31

31.72

±3.92

F 48.134* 25.894* 11.991* 29.902*

Duncan HD<HDP,GD HD<GD,HDP HDP,GD<HD GD,HDP<HD

The values are reported as the mean±SD. *p<.05

GD : General Diet group

HD : High fat Diet; group

HDP : High fat diet + pulsed electromagnetic fields group

Table 2. Effects of pulsed electromagnetic field on GSH, GRD, XO and MDA

induced and is the similar result to the previous study 

of Kim [9] and Chen [12] that demonstrated the 

induction of hyperlipidemia by the long-term high-fat 

diet.

In addition, hypertriglyceridemia and 

hypercholesterolemia thus induced by long-term 

high-fat diet were improved to the level of the normal 

diet group by applying a pulsed electromagnetic field, 

which is the similar result to the study of Ko [11] who 

reported that regular exercise such as swimming was 

effective in improving hyperlipidemia, and which 

verified that the application pulsed electromagnetic field 

had positive effect on the improvement of blood 

components of the hyperlipidemic rats.

Further, hyperglycemia and hyperinsulinemia were 

also improved close to the normal diet group through 

the application of pulsed electromagnetic field, which is 

believed to be from the reduced insulin resistance in 

peripheral tissues, hyperactivity of glycogen synthase, 

and the increased expression of sugar transporter [13].

As seen from the outcomes of the study related to 

antioxidant enzymes, GSH and GRD showed lower 

levels in high-fat diet group than in normal diet group, 

but were improved to the level of normal diet group 

through the application of pulsed electromagnetic field, 

which is the similar result to the study of Netreva [14], 

who reported that regular physical exercise caused an 

increase in the antioxidant capacity and reduced the 

adverse reactions of reactive oxygen; this study also 

showed that antioxidant enzymes in the body of the 

high-fat diet-induced hyperlipidemic rats, but that 

pulsed electromagnetic field has significantly increased 

the reaction of antioxidant enzymes, thus reducing 

reactive oxygen.

The lipid peroxidation generated in the cell 

membrane by reactive oxygen nonspecifically attacks 

the cell membrane and cause accumulation of the aging 

pigment that ultimately leads to cell death, and there is 

a report that the amount of lipid peroxidation cab be 

recognized by the measure of MDA [15]. It was found 

in this study that the adverse effects caused by 

reactive oxygen was higher in hyperlipidemia induced 

rats compared with normal rats because the high-fat 

diet group showed high levels of MDA than the normal 

diet group. However, as the results of applying pulsed 

electromagnetic field, it was found that the high MDA 

levels in the high-fat diet group were improved to the 

level of the normal diet group, which means the 

application of pulsed electromagnetic field has a 

positive effect on the inhibition of adverse effects 

caused by reactive oxygen.

In the case of XO, Alessio and other authors [16-20] 

reported that oxidative stress is associated with the 

free radical activity and that the resistance to XO has 

increases in the subjects who had regular training by 

the exercise of medium strength; this report is similar 
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to the outcome of this study that demonstrated the 

reduction of XO in the high-fat diet induced- 

hyperlipidemic rats, by applying pulsed electromagnetic 

field for six weeks. In other words, the six-week's 

applied pulsed electromagnetic field was an effective 

exercise to the reduction of XO in hyperlipidemic rats 

induced by a high-fat diet.

5. Conclusion

High-fat diet has increased plasma triglycerides, 

total cholesterol, glucose and insulin concentration, but 

the applied pulsed electromagnetic field has improved 

the concentrations of triglyceride, total cholesterol, 

glucose and insulin; the results imply the positive effect 

of pulsed electromagnetic field on the improvement of 

blood components in plasma. In addition, high-fat diet 

has reduced GSH and GRD associated with antioxidant 

enzymes and increased XO and MDA associated with 

the reaction of reactive oxygen, compared to a normal 

diet; but the application of pulsed electromagnetic field 

has showed improvement effect by increasing GSH and 

GRD, that were decreased due to a high-fat diet, to the 

level of the normal diet group, and by reducing the 

increased MDA and XO to a level of normal diet group. 

Furthermore, these results implies the positive effects 

of pulsed electromagnetic field on the promotion of the 

activation of antioxidant enzymes and inhibition of the 

reaction of reactive oxygen.

Therefore, the applied pulsed electromagnetic field 

can be the effective treatment for changes in the blood 

composition of hyperlipidemic rats, enhancement of 

antioxidative activity and the inhibition of reactive 

oxygen.
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