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Abstract 
Background: Effects of Extremely Low Frequency Magnetic Field (ELF-MF) in the elevation of blood 
sugar, cholesterol, triglyceride and reduction of withdrawal syndrome of morphine have been re-
ported so far. Since pain is one of the main concerns in medicine and usually analgesic drugs are 
not much beneficial or cause considerable side effects, the present project was carried out with 
the aim of evaluating the effects of (ELF-MF  ) in chronic pain using formalin test in mice. Materials 
& Methods: In this experimental study, thirty two adult male mice were used and divided into 4 
groups (n = 8). Three groups of animals exposed daily for thirty minutes to 25, 50, 75 HZ (intense 
250 µT) of electromagnet field for one week, respectively and one group considered as control 
with no exposure. At the end of a week, formalin test was performed. Responses to formalin were 
observed for sixty minutes. The results were compared between tests and control group. Findings: 
In acute phase of formalin test, ELF-MF reduced significantly the pain scores following formalin 
injection at all 3 frequencies, especially at 25 and 50 HZ (p < 0.001) rather 75 HZ (p < 0.05). In 
chronic phase of formalin test, ELF-MF reduced pain scores at 25 and 50 HZ (p < 0.05). However, 
the most effective responses were obtained at 50 HZ frequency. Conclusion: The findings show 
that ELF-MF is effective to reduce formalin induced chronic pain in mice at both acute and chronic 
phases. 
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1. Introduction 
Electromagnetic spectrum encompasses a wide range of wavelengths and frequency. In fact, its scope is so vast 
that a logarithmic scale is necessary to review them [1]. We live in a world of energies and waves every day and 
we hear in the news and research content from risks such as mobile phones, televisions, radio, computer, mobile 
waves that are the most widely used. Many studies have shown that electromagnetic fields at low frequency 
have adverse effects on mental and physical health of living organisms [2] [3]. However, in some cases, aspects 
of treatment have been reported. The changes of cellular and molecular radiation waves depend on the duration 
of radiation exposure, the permeability of the tissue and heat production. Cell responses given by the characte-
ristics of waves, are different, such as waveforms (sine or square), changes in biological effects and the type of 
cells that are exposed. In the past decade, there have been many studies on the effects of electromagnetic fields 
on the nervous system of humans and animals [2]-[4]. Extremely low frequency electromagnetic fields (ELF- 
MF) exit in the right set of power lines close to residences, or the wiring of residential electricity or medical de-
vices [5]. There are some reports on the various biological effects of ELFE, including interference with brain ac-
tivity, behavioral and cognitive damage, alterations in locomotors activity, pain system, the N-methyl-D-aspartic 
acid receptor activity (NMDA) and messaging calcium in the hippocampus and the effect of heart rate and sleep 
at night [6]. Various Clinical studies related to the effects of electromagnetic waves on the nervous system have 
been carried out, showing the effects of radiation on brain activity, including decreased sensitivity to sensory 
stimuli, changes in bioelectrical activity of the brain and behavioral abnormalities [7]. 

Biochemical and physiological changes in the brain cause the release of neurotransmitters such as acetylcho-
line in the brain systemic circulation [1]. Since 1996, the World Health Organization has started International 
Project called electromagnetic fields Project, to gather evidence on the impact of electromagnetic radiation on 
people’s health [8]. Moreover, low-frequency ultrasounds have been also used successfully to treat diabetic 
wounds in one study [9]. In recent years, numerous animal studies have been performed with low frequency 
electromagnetic field [10] [11]. 

Due to the fact that there are a lot of diseases associated with chronic pain, and dealing with them can be done 
with drugs that have many adverse effects to follow [5], the efficacy of alternative medicine of Extremely Low 
Frequency Magnetic Field (ELF-MF) on formalin-induced chronic pain in mice is reported [12]. 

2. Materials and Methods 
2.1. Animals 
Thirty two Male adult mice weighing 25 ± 5 g (Pasteur Institute, Karaj Production and Research Center, Iran) 
were used in this study. The animals were randomly divided into 4 groups of 8 in each. Animals housed under 
the following laboratory conditions: temperature 22˚C ± 1˚C, humidity 40% - 60%, 12:12-L/D cycle, lights on at 
07:00 h. Mice were maintained in polyethylene cages with food and water available ad libitum. Experiments 
were carried out between 10:00 and 14:00 h in the animal testing room. Mice were treated by the current regula-
tions of Medical Science Research Center, Tehran Medical Branch, Islamic Azad University, Tehran, Iran, in 
accordance with the National Institutes of Health (NIH) Guidelines for Care and Use of Laboratory Animals. 

2.2. Treatment & Formalin Test 
First three groups of animals were exposed to the generator magnetic field intensity of 250 micro Tesla in 25, 50 
and 75 Hz frequencies, that checked by Teslameter, for half an hour daily for a week. One group considered as 
control and not exposed. Then, animals were injected about 15 - 20 micro liter Formalin (2.5%) (SIGMA) sub-
cutaneously to the sole of the right hind paws. Pain responses with the numbers 0, 1, 2, 3 recorded every 15 
seconds for 60 minutes in the following guideline [13]. 
• Zero: animal walking on two legs perfectly balanced and weight is distributed on two legs. 
• Score one: the animal’s body weight does not tolerate on the injected foot and has trouble on walking. 
• Score two: animal has a painful paw and kept it up and did not have contact with the floor. 
• Score three: licking the painful paw or shaking it violently. 

2.3. Nora Pulsed Magnetic Field System Version NI931a 
The instrument (Figure 1) has been made for the research lab of Herbal Pharmacology Research Center that the  
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Figure 1. A view of the electromagnetic devices 
(small animal cage place: on the blue section).       

 
project has been performed. It is constituted of flow generating device and Helmholtz coils. The system gener-
ated pulse waveform and applied it to the Helmholtz coils. In the space between the two coils a uniform mag-
netic field along the axis of the coils will create. More characteristics of the device is as follows: Changes in 
pulse frequency available in the range of 10 to 200 Hz, Changes in pulse width available in the range of 1 to 2.5 
milliseconds and Changes in pulse amplitude available in the range of zero to 300 volts. 

2.4. Statistical Analysis 
One-way ANOVA followed by Kruskal-Wallis analysis between groups exposed to a magnetic field, 25, 50 and 
75 and control, were applied using ORIGIN 6 statistical software. All data were expressed as the mean ± stan-
dard error of the mean (SEM). 

3. Results 
In the first (acute) phase of the formalin test (the first 10 min) (Figure 2), the electromagnetic fields caused a 
significant reduction in pain symptoms compared to the control group. The pain reduction was most in 50 Hz 
magnetic field. 

In the second (chronic) phase of the formalin test (within 16 to 60 minutes), magnetic field decreased pain 
scores induced by formalin significantly compared to the control group; the minimum effects induced by the 
frequency of 75 Hz and maximum analgesic efficacy observed at the 50 Hz. The mean scores during the chronic 
phase are shown in Figure 3. 

4. Discussion and Conclusion 
The findings of this study showed that extremely low frequency electromagnetic fields leads to a significant in-
crease in acute and chronic phases of pain threshold induced by formalin. In other words and in subsequent in-
terpretation of these results chronic pain in mice was reduced. 

The findings of this study correlates with other original basic research on analgesic effect of different fre-
quencies of electromagnetic fields that were performed on rats and snails. Some clinicians tried low frequency 
electromagnetic fields effects on some arthritic pain [7]. In the most recent review synergistic effects of nitric 
oxide electromagnetic fields at very low frequencies have been reported [11]. Researchers use Electro-Magnetic 
treatment in patients with type 2 diabetes and in this way realized the increase of the effects of nitric oxide in 
comparison with the control group. This change primarily causes vasodilatation and increase blood flow in or-
gans and secondly reduces the possible pain [14]. 

Thomas et al. (1977) presented that in all studies many factors have been caused vast variety in reported re-
sults including: animal species, the exposure duration, intensity, time-tested, frequency of the fields and other 
factors. In general, low frequency electromagnetic fields can reduce pain and anxiety in living organisms [15]. 
Baharara et al. (2008) examined the effect of electromagnetic fields on pain relief in chronic inflammatory pain 
model in rats and have shown that serotonin receptor antagonist and alpha 2 adrenergenic receptor antagonists 
inhibited significantly the effect of relieving pain [16]. Kitaoka and colleagues in Japan examined the impact of 
such low-frequency fields on increasing the secretion of corticosteroid hormones [12]. 

With regard to the above scientific assessment, low frequency electric and magnetic fields are important and 
must be considered as complementary therapy in medicine. 
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Figure 2. Mean of first (acute) phase of the formalin test (the first 10 
minutes), in four groups; control, and 25, 50 and 75 Hz (intense 250 µT) 
of electromagnet field for one week. *p < 0.05, **p < 0.01, ***p < 0.001.   

 

 
Figure 3. Mean of second (chronic) phase of the formalin test (the last 
45 minutes), in four groups; control, and 25, 50 and 75 Hz (intense 250 
µT) of electromagnet field for one week. *p < 0.05, **p < 0.01, ***p < 
0.001.                                                          

5. Conclusion 
In general, it is concluded that low-frequency electromagnetic fields can affect the pain threshold in chronic pain 
in mice. The mechanisms involved and characteristics of its effectiveness on nervous system require further in-
vestigation. 
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