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<Abstract>

연구목적 미세전류 자극이 아주반트로 류마티스 관절염을 유발한 실험동물의 염증반응과 통증에 미치는 효과：

를 알아보기 위하여 실험동물의 발허리발가락관절내 염증반응 정도를 나타내는 인터루킨 의 발-6(interleukin-6)

현과 핫플레이트 를 이용한 발도피지연시를 측정하여 미세전류의 효과에 대하여 알아보고자 하는데(hot plate)

목적이 있다.

연구방법 실험동물은 무작위로 대조군 과 미세전류를 적용한 실험군 으로 구분하였고 각 군당 마(n=18) (n=18) , 6：

리씩 일군 일군 일군으로 배정하였다 류마티스 관절염 유발후 일 일 일에 모든 실험동물의 열통각1 , 7 , 14 . 1 , 7 , 14

역치를 나타내는 발도피지연시와 발허리발가락관절내 인터루킨 의 발현정도를 측정하였다 각 집단 내의 기간-6 .

에 따른 발도피지연시와 인터루킨 의 면역반응성은 일원배치 분산분석을 실시하였고 사후분석으로는-6 , Duncan

의 다중범위검정을 실시하였다 실험군과 대조군을 비교하기 위하여 독립표본 를 실시하였다. t-test .

연구결과 실험결과는 다음과 같다 아주반트 주사 일후 실험군과 대조군에서 인터루킨 면역반응성과. 1) 1 , -6：
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Ⅰ. Introduction

Rheumatoid arthritis (RA), which inflicts morbidity

on approximately 1% of the population (Kannan et

al., 2005), is a progressive, systemic autoimmune

disease, causing synovial joint inflammation. This

inflammation causes irreversible joint destruction and

functional disability. Patients with RA experience

pain, swelling, deformity, and loss of physical function

right from the earliest stage of the disease(Vliet

Vlieland, 2003). Therefore, RA patients have difficulty

performing household chores, shopping, and enjoying

social and recreational activities, and 31% of patients

find it necessary to reduce their working hours or

stop working altogether(Scott et al., 2005).

RA treatment usually consists of disease-modifying

and symptomatic medication. Nonpharmacological

treatments, including exercise therapy, physical

modalities, joint protection, energy conservation

strategies, aids, and orthoses are also used (Vliet

Vlieland, 2003; Gossec et al., 2006). Physical

therapy reduces RA patients’ pain, and improves

range of motion and muscle strength. Physical

therapy consists of electrical therapy (ultrasound,

transcutaneous nerve stimulation: (TENS), low level

laser therapy), thermotherapy (heat or ice pack, paraffin

wax), manual therapy (massage, joint mobilization),

and exercise.

Electrical stimulation is one of several treatments

particularly recommended for RA patients. Electrical

stimulation reduces pain or facilitates joint motion

prior to exercise (Fransen, 2004). However, the

efficacy of this therapy is still controversial and has

limited evidence. Recently, Microcurrent Neuromuscular

Electrical Stimulation (MNES) has received attention

as an alternate type of electrical stimulation. MNES,

also known as Microcurrent Electrical Stimulation

(MES), is defined as a new form of electromedical

intervention using less than one milliampere of

current delivered in biocompatable waveforms (Frick

and McCauley, 2005). It has been used to enhance

soft tissue healing, for pain control, and to treat

fractures (Bonacci and Higibie, 1997; Frick and

McCauley, 2005). MNES intensity is below the

sensation threshold and also significantly lower than

other electrical stimulation, such as TENS (Allen et

al., 1999). For this reason, no adverse effects result

from MNES therapy.

Most MNES studies have been carried out on

damaged muscles, tendons, and ligaments (Zvaifler

et al, 1997; Allen et al., 1999; Chapman-Jones,

2002; El-Husseini et al., 2007; Rexing et al., 2010).

To date, there are few studies regarding RA

treatment with MNES. Thus, the objective of this

paper is to examine the effect of MNES using a

pro-inflammatory cytokine, such as interleukin-6

(IL-6), in an adjuvant induced RA rat model.

Analgesia was determined using hot plate assay

after induction.

Ⅱ. Materials and Methods

1. Experimental animals

발도피지연시는 비슷한 양상을 보였다 인터루킨 면역반응성은 아주반트 주사 일 일 후 대조군이 실. 2) -6 7 , 14

험군보다 유의하게 증가되었다 발도피지연시는 아주반트 주사 일 일 후 실험군이 대조군보다(p<.05). 3) 7 , 14

유의하게 증가되었다(p<.05).

결론 이상의 결과로부터 미세전류 자극이 아주반트로 유발된 류마티스관절염 모델에서 활액 조직내 염증반,：

응을 감소시키고 열통각역치는 증가되는 것을 알 수 있었다.

Key Words 류마티스관절염 미세전류 인터루킨, , -6：
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The experimental animals used in this study

included 36 Sprague-Dawley rats, regardless of

gender, 8-10 weeks old, and reared under identical

conditions, with an average weight 250-330g. The

experimental animals were randomly divided into a

control group (n=18) and an experimental group

(n=18), each of which had three subgroups of

1-day, 7-day, and 14-day groups with six rats in

each subgroup. The experimental group received

microcurrent stimulus after rheumatoid arthritis

induction and was bred in a standard cage (290mm

×430mm×180mm). The control group was bred in a

standard cage after rheumatoid arthritis was induced

by the same method as in the experimental group.

During the experimental period, water and feed

were supplied ad libitum and the temperature and

humidity of the experimental lab were maintained at

25±2 and 65±5%, respectively. The dark cycle℃

was set to correnspond to the life cycle of the rats

so that they could maintain their daily routine.

2. Experiment method

1) Establishment of rheumatoid arthritis model

A rheumatoid arthritis model was built following

the study by Simões et al. (2005). A 0.1 adjuvant㎖

(Complete Freund Adjuvant, Sigma-Aldrich, U.S.A.)

was hypodermically injected to the right hind plantar.

The subjects without redness or edema after adjuvant

injection were excluded from the experiment.

2) Application of microcurrent treatment

The experimental group received microcurrent

treatment one day after the rheumatoid arthritis

induction. Using an Ag-AgCl electrode (Biopac,

U.S.A.) with a diameter of 1 cm, the negative

terminal was attached to the tarsal bone and the

positive terminal was attached to the metatarsal

bone in the animals in the experimental group

under general anesthesia. A microcurrent (Multi ,Ⅲ

Excel Tech Ltd., U.S.A.) was subsequently applied

(20 minutes, 20 , 0.3 ). The control group did㎂ ㎐

not receive any treatment after the general

anesthesia.

3. Measurement

1) Hot plate test

Paw withdrawal latency of the hind foot of the

affected side was measured using a hot plate ( TCⅡ

Model 39, Life Science Instruments, U.S.A) both in

the experimental group and the control group at 1

day, 7 days, and 14 days after rheumatoid arthritis

induction. After placing a rat on an unheated hot

plate for 30 minutes, the rat was placed on a hot

plate heated to a constant temperature (51.2 )℃

where the paw withdrawal latency of the damaged

side was measured. Detachment of paw from the

plate for the rat`s movement was excluded from the

measurement. Measurement was performed within 30

seconds to prevent tissue damage.

2) Immunohistochemistry

Rats were anesthetized with an intraperitoneal

injection of pentobarbital sodium (50 mg/kg), and

perfused via the left ventricle with about 20 ml of

physiological saline to flush out the blood. This

was immediately followed by 4% paraformaldehyde

(PFA, Merck, Germany). The feet of the subjects

were removed and decalcified with EDTA solution

for 3 weeks. The extracted and decalcified tissues

received the standard tissue section processing of

dehydration, clearing, and paraffin-embedment. The

paraffin-embedded tissues were cut into 10 m wideμ

transverse sections using a microcutter (Model

SM2000R, Leica, Germany) and mounted on slides.

Immunohistochemistry was conducted in order to

examine the immune response of IL-6.

A primary antibody of mouse anti-IL-6 IgG

(Chemicon International, U.S.A) was deposited on



대한물리의학회지 제 권 제 호5 4

－ 554－

the tissue sections at a concentration of 1:1,000.

They were treated for 24 hours at room temperature.

After the primary antibiotic treatment, biotinylated

anti-mouse IgG (Vector Lab, Inc., U.S.A.) was used

for a 90-minute treatment at a concentration of

1:25, after which, the slides were treated with a

teritiary antibody for one hour using Vectastatin

Elite ABC Reagent (Vetor Lab. Inc., U.S.A.). During

the antibody treatment procedures, the slides were

washed three times for 10 minutes each using 10

mM PB. Tissue samples undergoing the complete

antibiotic treatment received 0.3% DAB (3,

3‘-diaminobenzidine tetrahydrochloride) treatment to

induce color reaction. The samples were dried after

washing with distilled water three times for 10

minutes each time. The samples were subsequently

encapsulated for observation after a regular

dehydration process.

4. Treatment results and analysis

In order to examine the impact of microcurrent

treatments on the IL-6 immune response of

metatarsophalangeal tissue, the Aperio ImageScope

v9.1.19.1571 (Aperio Technologies, U.S.A.) program

was used by connecting ScanScope CS (Aperio

Technologies, U.S.A.) to a personal computer to

quantitatively analyze, by observation, the number

of cells manifested in the immune response. SPSS

12.0 for Windows was used for the statistical

analysis. One-way ANOVA was conducted to

examine the paw withdrawal latency and immune

reaction of IL-6, according to time, in each group.

Duncan’s multiple range test was performed for the

ex-post analysis. An independent sample t-test was

used for a comparison between the experimental

group and the control group (p<.05).

Ⅲ. Results

1. IL-6 immunohistochemistry

Immunoreactive cell bodies colored by the

immunohistochemistric method with IL-6 as the

antigen appeared as small brown-colored granular

structures, which were observed most frequently

surrounding the synovial membrane. Both the

experimental and control groups exhibited the least

cells 1 day after rheumatoid arthritis induction. The

control group showed a significant increase at 7

days and 14 days, indicating a persistent increase in

inflammatory response. The experimental group

showed a significant increase at 1 day and 7 days,

while the increase between 7 days and 14 days was

not statistically significant.

Fig 1. Expression of IL-6

Group 1 day 7 days 14 days

Control group 114.23±3.69
a

159.63±4.22
b

182.58±4.98
c

MNES group 117.28±4.15
a

135.82±5.24
b

155.58±4.28
b

Mean±SD. Values with different superscripts in the same column are significant (p<0.05) by Duncan`s multiple range test.

Table 1. IL-6 reactive cell ratio in each group
(unit : pixel)
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Expression of IL-6 in cells stained with IL-6

antibodies are shown in brown. Intense staining was

observed in the lining layer of the synovium(X40).

2. Paw withdrawal latency

Paw withdrawal latency, which indicates pain

threshold to thermal stimulus, showed an increasing

trend as time went on both in the control group

and in the experimental group. In the experimental

group, there were significant differences between the

groups at 1 day, 7 days, and 14 days, with an

increasing pattern of pain threshold. However, the

control group showed a significant increase only at

1 day and 7 days.

Ⅳ. Discussion

Rheumatoid arthritis is a chronic disease

characterized by progressive destruction of joints

and synovial proliferation. It is a well-known fact,

supported by several previous studies (Choy and

Panayi, 2001; Okamoto and Nishida, 2001), that

cytokines plays a central role in maintaining the

inflammatory reaction of the synovium in rheumatoid

arthritis. In particular, IL-6 leads the inflammatory

reaction by stimulating acute phase protein production

along with proinflammatory cytokines, such as TNF-

and IL-1 (Jazayeri et al., 2010). Moreover, IL-6α

indirectly participates in bone remodeling through

stimulation of cell formation by increasing RANK-L

released by and synovial cells in rheumatoid

arthritis. There is a recent report that shows direct

correlation between IL-6 activity in synovial fluid

and osteoclast severity among rheumatoid arthritis

patients, according to the activity of the disease.

IL-6 measurement is being used in diagnosis or

prognosis prediction (Milman et al., 2010). We

attempted to evaluate the clinical validity of this

practice by using the IL-6 manifestations in the

joint tissue of rheumatoid arthritis induced rats.

The reported benefits of microcurrent treatment

include creation of adenosine triphosphate in tissue

and increased protein synthesis and membrane

transport (Cheng et al., 1982). Microcurrent treatment

repairs and recovers damaged tissue using the

biocurrent that flows in cells of the body (Park, 2003).

It also restores homeostasis by enabling smooth

flow in damaged sites, as it reduces resistance. As

such, microcurrent is known to play the role of a

catalyst that forms chemical and electronic responses

in the recovery procedure (Aaron et al., 2004).

Hence, the application of microcurrent increases the

intrinsic current flow in the damaged area, which

enables easy flow of biocurrent to stimulate homeostasis

of the recovery area by reducing the resistance of

damaged tissue and restoring normal cell capacity

(Frick and McCauley 2005). The benefits of

microcurrent treatment can be summarized as tissue

repair and pain relief. As for tissue repair, treatment

effects are reported regarding inflammatory tissues

in wounds (Oh et al., 2008), damaged muscles

(Zuim et al., 2006) and tendons (Chan et al, 2007),

and lateral epicondylitis (Ho et al, 2007). In an

experiment with a sample of cervical spine trauma

patients, McMakin et al. (2005) confirmed the

anti-inflammatory effect of microcurrent application

through a decrease in the transmission of the

Group 1 day 7 days 14 days

Control group 4.48±.68
a

4.93±1.02
a

5.87±.79
b

MNES group 4.58±.58
a

6.18±1.24
b

7.64±.1.93
c

Mean±SD. Values with different superscripts in the same column are significant (p<.05) by Duncan`s multiple range test.

Table 2. Paw withdraw latency in each group
(unit : second)
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inflammatory substances of IL-1, IL-6, and TNF- α

in blood plasma, and confirmed the pain relief

effect through a decrease in substance p and an

increase in -endorphin. Similar to previous studies,β

this study showed minimum immune response of

the proinflammatory cytokine IL-6 one day after

adjuvant induced rheumatoid arthritis after which the

reaction gradually increased. Moreover, the experimental

group receiving microcurrent treatment showed

inflammatory reaction relief when compared to the

control group. This is consistent with the study by

Lee and Chae (2009), where the application of

microcurrent to tissue decreased IL-1, which is a

proinflammatory cytokine, along with the edema

index.

In their clinical studies, Allen et al. (1999),

Rockstroh et al. (2010) reported that microcurrent

treatment is highly effective for pain relief in a

variety of pain models. Kim et al. (2004) reported

that microcurrent suppresses pain transmission by

oppressing the manifestation of a pain substance,

c-fos, in the dorsal horn in a pain model using rats.

Kim et al. (2007) confirmed the pain suppression

function of electroacupuncture and microcurrent

stimulus by proving an increase in the mechanical

and thermal pain thresholds in a pain-induced rat

model. The present study showed results that are

consistent with previous studies through the increase

in paw withdrawal latency, which indicates an

increased pain threshold to thermal stimulus. Hence,

it is speculated that microcurrent application

contributed to the increase of the pain threshold by

suppressing the inflammatory activation in peripheral

neuropathy.

The results above indicate that microcurrent

stimulus on rats with adjuvant induced rheumatoid

arthritis is effective in preventing inflammatory

reaction and relieving pain. Even though rapid

progress was seen in the experimental animals

within a few weeks, it is difficult to generalize the

positive results for humans considering the

differences in rat and human pathology. Moreover,

we were unable to verify the functional effect of

microcurrent treatment using behavioral tests as we

focused on inflammatory reaction and pain threshold.

More research is needed to clarify optimal treatment

regimes and the effectiveness of microcurrent therapy

compared to conventional physical modalities.

Ⅴ. Conclusion

The results of this study imply that microcurrent

treatment can contribute to the prevention of

inflammatory reaction and pain relief in rheumatoid

arthritis. Moreover, this therapy can delay the

limiting of range of motion or deformation due to

the progression of disease. We believe that more

studies are required suggesting microcurrent stimulation

as a preservative treatment method for rheumatoid

arthritis.
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