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ABSTRACT 

Rats suffering from adjuvant arthritis (AA) were 
used to examine the effect of a static magnetic field 
(SMF) upon pain relief. Rats were divided into SMF- 
treated AA rats, non-SMF treated AA rats and con- 
trol rats. Following SMF stimulation, we measured 
blood flow volume in the paw and then reactive speed 
response to thermal stimulation. The AA groups ex- 
hibited significantly lower blood volume and reacti- 
vity to thermal stimulation compared to the control 
group. Compared to non-SMF, SMF exhibited in- 
creased blood flow volume in both the tail and paw, 
along with an increased reactive speed response to 
thermal stimulation. Our findings suggest that an im- 
proved of blood flow and reactive speed response, in- 
duced by SMF, appears to be effective for the relief of 
pain induced by chronic inflammation. 
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1. INTRODUCTION 

Over recent years, the biological response of exposure to 
static magnetic fields (SMF) has become the focus of 
much debate, particularly in terms of clinical relevance 
and the potential for adverse effects. Previous experi- 
ments have shown that local SMF stimulation can be be- 
neficial for pain for the treatment of pain and nerve rege- 
neration [1], imflammation [2], blood flow [3], cutane-
ous microcirculation [4], blood pressure [5-7] and united 
fractures [8-10]. 

SMF, generated by small cylindrical Neodymium-iron- 
boron rare earth magnets and ferrite magnets, have al- 
ready been used to provide pain relief for low back pain 
and knee pain arising from ischemic conditions of the 
blood microcirculation [11-13]. In Japan, SMF generated 
by small, cylindrical Ferrite magnets have been used to 
provide pain relief from neck, shoulder and lower back 
pain [14-16]. These magnetotherapies have been shown 

to be clinically effective. 
Adjuvant arthritis (AA) in the rat is an excellent model 

of acute periarticular proliferative synovitis and is in- 
duced by a single intradermal injection of tubercle bacil- 
lus to the hind paw [17]. As one of the main experiment- 
tal models of arthritis, AA rats have been used to evalu- 
ate the efficacy of several drugs at many institutions, 
with particular emphasis placed upon anti-inflammatory 
drugs [18]. 

In the present study, AA rats were left untreated for a 
prolonged period in order to develop chronic pain mo- 
dels. The influence of SMF treatment upon the blood 
flow in the tail and paw, along with the reactive speed re- 
sponse (pain relief), was studied using laser Doppler 
perfusion imaging and the Plantar test. 

2. MATERIALS AND METHODS 

2.1. Study Animals and Environmental 
Conditions 

Female Sprague-Dawley (SD) rats (age: 5 weeks, body 
weight: approximately 150 g) were purchased from Ja- 
pan Crea Co. Ltd. (Shizuoka, Japan). Animals were 
housed individually in cages and were kept in a room 
maintained at a temperature of 23.0˚C ± 1.0˚C with a 
relative humidity (RH) of 55.0% ± 5.0% and a 12 h/12 h 
light/dark cycle. 

Solid rodent chow and tap water were offered ad libi- 
tum. Animals were conditioned to these conditions for 
one week and individuals showing favorable growth pat-
terns were selected for further studies. 

This research project was recognized by the University 
Ethics Committee for animal studies. Animals were culled 
by an overdose of anaesthesia and the femur removed for 
analysis. 

2.2. Experimental Animals 

Sixty female SD rats (age: 6 weeks, body weight: appro- 
ximately 160 g) were divided into 3 groups. In Group I 
(6 animals) and Group II (6 animals), we injected 0.5 ml 
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of incomplete Freund’s Adjuvant (Wako co., Ltd.) into 
the left hind foot in order to induce AA. Injected animals 
were then maintained for a further 8 weeks in order to 
develop a chronic pain model. Immediately following 
this 8 weeks induction period, Group I was exposed to 
SMF treatment for a further 4 weeks (up to week 12 fol- 
lowing the onset of AA). Group II (the non-SMF treated 
AA rats) were not exposed to SMF treatment. Group III 
(control rats, n = 6) were maintained without any treat- 
ment for a total period of 12 weeks (Figure 1). 

2.3. Conditions of Exposure to SMF 

The SMF exposure device (Length: 300 mm; Height: 
130 mm; Width: 440 mm, PIP Co., Ltd., Osaka, Japan) 
was composed of a pair of rectangular magnetic plates, 
externally placed parallel to and at the shortest distance 
of –1 cm from two sides of a transparent cage (Length: 
340 mm, Height: 180 mm, Width: 400 mm) (Figures 
1(A), (B)). The mean flux density at the center of a cage 
and the magnetic surface was 30 mT (range = 20 - 80 mT) 
and 200 mT, respectively (Figure 1(C)). 

For Group I, the SMF exposure device was fixed on 
the left and right sides of the cage and each animal was 
exposed to the magnetic field continuously for a period 
of 4 weeks. For Group II, a magnetic flux density of 0 mT 

was delivered, to act as a control. 

2.4. Measurement of Physiological Parameters 

2.4.1. Blood Flow 
Animals were first allowed to acclimate to their envi- 
ronment (temperature = 23.0˚C ± 1.0˚C, relative humi- 
dity = 55.0% ± 5.0%; no air movement) for a period of 
15 minutes. Blood flow was then measured in the tail and 
hind paw of conscious animals using a laser Doppler per- 
fusion Imager (LDI) (PeriScan PIM II; Sweden PERI- 
MED Co. Ltd.). 

To avoid the possible influence of coat hair, we con- 
sidered tail and paw blood flow as an indicator of the 
peripheral circulation [17,19]. Blood flow in the tail and 
hind paw was measured before and after exposure to 
SMF over a 4 weeks period (between 14 weeks and 18 
weeks post-induction) in Group I, and at the same time 
points in Group II and Group III. 

The effects of perfusion were measured in the tail and 
hind paw with the LDI. This non-invasive technique ge- 
nerates a two-dimensional representation of tissue perfu- 
sion based upon the concentration and speed of circulat- 
ing erythrocytes in the articular microvasclature. All per- 
fusion images were analyzed by LDI processing software 
(PERIMED Co. Ltd., Sweden) and average flux for the  
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Figure 1. Schedule & SMF exposure device [Schematic diagram of magnet show its top (A) and front (B) plan 
view. The mean magnetic force at the center of the cage was 30 mT (C)]. 
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anteromedical aspect of the joint calculated and ex- 
pressed in arbitrary units. 

2.4.2. Pain-Related Behaviour (Reactive Speed 
Response) 

The reactive speed response of the paw to thermal stimu- 
lation was measured using a Reactive Speed Response. 
Planter Test (Ugo Basile Planter test 7370, UGO 
BASILE, Italy) [19]. The equipment used for this method 
consists of a movable light generator which is manipu- 
lated under a glass pane by the operator. The rats are 
placed onto the glass pane in a 3-compartment plexi- 
glass enclosure. The withdrawal latency of the animal’s 
paw is measured automatically by the equipment [20]. 

The reactive speed response to thermal stimulation 
was used as an indicator of the peripheral circulation. 
Thermal stimulation was measured before and after ex- 
posure to SMF for a period of 4 weeks (between 14 
weeks and 18 weeks post-induction) in Group I, and at 
the same time points in Group II and Group III. 

For higher objectivity and more precise comparability, 
we also assessed the time difference of withdrawal laten- 
cies between the animals measured before and after the 
experiment. 

The absolute values of withdrawal latencies varied 
from 6 to 10 seconds in the Planter Test. 

2.5. Data Analyses 

Data obtained for each group were expressed as the mean 
± standard error. The significance of differences ob- 
served between experimental groups was assessed using 
the Wilcoxon sum-rank test. Significance level was set at 
P < 0.05. 

3. RESULTS 

3.1. Blood Flow before and after Exposure to 
SMF 

Tail and paw blood flow was significantly lower in AA 
rats (Group I and Group II) than control rats (Group III) 
when analysed prior to the exposure of Group I to SMF 
at the 8 weeks timepoint. After 4 weeks exposure of 
Group I to SMF (between the 14 weeks and 18 weeks 
timepoint), it was found that the blood flow in the tail 
and hind foot of the SMF-treated AA rats (Group I) was 
significantly higher than that of the non-SMF treated AA 
rats (Group II). The change in blood flow latency be-
tween the beginning and end of the experiment was as 
follows: AA + SMF (Group I): 0.93 ± 0.02 → 1.11 ± 
0.03; AA (Group II): 0.92 ± 0.03 → 0.82 ± 0.04; Control 
(Group III): 1.12 ± 0.03 → 1.15 ± 0.05). There was no 
significant difference in blood flow (tail or hind paw) 
when compared between Group I and Group III at the 18 
weeks timepoint (Figure 2). 
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Figure 2. Pain-related score in the tail and hind paw of AA and 
normal rats before and after 12-week exposure to the SMF. 
Group II and Group III were not exposed to the SMF. The 
results are expressed as mean ± SEM. *P < 0.05; **P < 0.01. 

3.2. Pain-Related Score before and after 
Exposure to SMF 

The reactive speed response (Planter Test) was signifi-
cantly slower in the AA rats (Group I and Group II) than 
in the control rats (Group III) when tested before the 
exposure of Group I to SMF at the 8 weeks timepoint. 
Following exposure of Group I to SMF for 4 weeks (be-
tween weeks 14 and 18), we found that the reactive 
speed response of the SMF-treated AA rats (Group I) was 
significantly faster than that of the non-SMF treated AA 
rats (Group II). The change of planter test latency when 
compared before and after the experiment was as follows: 
AA + SMF (Group I): 8.5 ± 0.3 → 7.2 ± 0.4; AA (Group 
II): 8.1 ± 0.6 → 9.6 ± 0.5; Control (Group III): 5.3 ± 0.2 
→ 6.4 ± 0.3. There was no significant difference in reac-
tive speed response when compared between Group I 
and Group III at the 18 weeks timepoint (Figure 3). 

4. DISCUSSION 

AA has been widely studied and is used as a model of 
experimental arthropathy in the evaluation of drugs, with 
particular emphasis upon anti-inflammatory agents [18, 
[21,22].  

Rheumatic arthritis is often accompanied by ankylos- 
ing deformity and coldness of joints, and it is currently 
postulated that AA rats that have not been treated for a 
prolonged period can be used as an experimental model 
of abnormal cold feeling. It is also known that inflamma-
tion of one knee can produce a symmetrical response in 
the other knee, as well as inducing increased pro-inflam- 
matory neuropeptide levels within the synovial fluid of 
the contralateral knee resulting in modification of con- 
tralateral basal blood composition [23]. 

In the present study, we maintained AA rats without 
treatment in order to utilize these animals as models of 
chronic ischemic pain. The mechanism responsible for 
the development of rat AA involves autoimmunity 
cross-reaction, in which T lymphoids, that are sensitized  
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Figure 3. Blood flow of AA and normal rats before and after 
12-week exposure to the SMF. Group II and Group III were 
not exposed to the SMF. The results are expressed as mean ± 
SEM. *P < 0.05; **P < 0.01. 
 
to tubercle bacillus, cross-react with a protein in the ar- 
ticular cartilage of the rat, thus causing arthritis [18]. 

However, the pathology of this model may not be the 
same as that of human rheumatic arthritis, despite the 
fact that similar symptoms develop. In brief, although 
redness and swelling in a variety of joints worsen 2 - 3 
weeks after the induction of AA, these symptoms subse- 
quently resolve, leaving articular ankylosing deformity. 
Histologically, both chronic granulomatous inflammation 
and acute inflammation associated with inflammatory 
cell infiltration have been noted in rat AA [21,22]. The 
disease does not become a chronic condition. 

Previous studies have investigated the effect of SMF 
upon animals that had remained untreated for 6 months 
after the induction of AA [24]. Since the tail surface 
temperature, locomoter activity and bone mineral density 
of AA animals significantly increased after prolonged 
exposure to the SMF for 12 weeks, it was suggested that 
exposure to SMF resulted in improvements to the pe- 
ripheral circulation. Consequently, it is vital that these 
observations are expanded by basic research using a spe- 
cific pathophysiological adjuvant arthritis model rat. This 
approach is necessary in order to elucidate the precise 
mechanism by which SMF results in pain relief in vari- 
ous painful conditions such as ischemic or inflammatory 
pain. 

In rats, we have previously reported that the results of 
the planter test, blood flow, and activity of AA rats 
treated with SMF were significantly increased compared 
to conventional Electro-Acupuncture Therapy (muscle- 
EAT), a widely employed perspective effect for pain 
[17]. 

The precise mechanism of action of SMF and its effect 
upon pain remain unclear, although previous studies have 
shown that exposure to a magnetic force resulted in the 
increased release of acetylcholine from cholinergic vaso- 
dilator nerve endings by inhibiting the effect of choli- 
nesterase, thus resulting in vasodilation. Takeshige et al. 
[25] provided evidence to suggest the mechanism under- 

lying the pain reduction effect caused by more general 
magnetotherapeutic devices. These authors reported that 
exposure to magnetic fields may stimulate cholinergic 
nerves by suppressing cholinesterase activity and that the 
resultant release of acetylcholine dilated vascular smooth 
muscles and elevated blood flow. 

In the present study, we found that after exposure to 
SMF, the results of the planter test of AA rats changed to 
levels observed in normal rats. We also observed a signi- 
ficant decrease in overall reactive speed response (pain- 
related) in the SMF-treated AA rat, along with an in-
crease in blood flow. Moreover, Pekarkova et al. [20] 
further reported that the plantar test is a useful technique 
for pain relief. Consequently, we postulate that the SMF- 
induced increase in blood flow observed in the AA rats 
described in the present study was most likely due to the 
removal of pain rather than to the induction of stress. 

Further basic research, using a specific pathophysiolo- 
gical animal model are necessary in order to fully eluci- 
date the precise manner in which SMF relieves pain in a 
variety of painful conditions, including ischemic pain 
and inflammatory pain. As complementary and alterna- 
tive medicine continues to expand, there is increasing 
interest in the potential therapeutic use of SMF for 
therapeutic uses. Existing literature already describes the 
analgesic actions of SMF. Furthermore, a clinical study 
has shown that SMF treatment successfully relieved pain 
in patients suffering from neck shoulder pain and muscle 
fatigue as a direct result of ischemic conditions in the 
microcirculation. We consider it important to combine 
the application of SMF with Western medicine or exer- 
cise therapy. 
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