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Aint. The aim was 1o assess whether magnetic field influences defensin and CRP
CoRCenIations in patients wirh diaberic polvnewropathy and in healthy suhjects.

Methods. 61 diahetic parienrs were randomiy divided into 2 groups: study
group—232 patients exposed 1o Iow-frequency magnetic ficld: and control group—29
patients with sham exposure, Additionally, 20 healthy subjects exposed 1o fow-
Sreguency magnetdic field. Exposures were performed during 3 weeks, 5 davs in a
week, Defensin and CRP concentrations were measured ai baseline, after 3 weeks
and at the end of the siudv.

Resulis. There were no siginificant changes in defenson concentration in patieins
with dicgheres e hoth the real und shaw exposure group. We observed increased
concenttration of defensin in heafthy subjects in week 5 vs, baseline vatue (P < 0.002).

Conclusions. Magnetie field has no impacr on defensin conceniration in diahetic
patients hut has positive influence on this parameter in heatticy subjects.
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Introduction

The effect of low-frequency magnetic (iclds on human tissucs has been reperted in
many studies. Pulscd magnetic ficlds (PMFs) have, among others, analgesic,
vasoactive, neurostimulatory, and trophic eflects in humans (Musaev, 2003). By
inducing low-frequency currents, PMF can depolarize, repolarize, and hyperpolarize
neurons and modulate neuropathic pain in this way. For many years, diabetcs has
been a contraindication to magnetic therapy mainly due to lack of research on its
influence on glucose metabolism. The results of recently conducted trials showed a
positive effect of such therapy on glucose utilization {Banaszkicwicz, 1992). Several
“experimental studies on extremely low-frequency pulsed magnetic ficlds showed they
can enhance cellular immune functions (Zhang, 1997; Scarfi, 1991). Exposure to
PMF of human peripheral blood mononuclear cells was contributed with dinnnished
synthesis of TNF-a and TNF-$ with no effcct on IFN-y (Bersani, 1999).

Due to huge resistance of many bacterial tribes to classical antibiotics, in the 1980s
and 1990s researchers started infensive examination of oxygen-independent mechanisms
of neutrophil bacteria killing (Spitznagel, 1985). Highly developed system ol antibactenal
substances was found in primary and secondary granules (azurophil) of neutrophils. The
former arc rich in: catheliciding, defensins, bactericidal permeability increasing protein
(BPI), serprocidins, calprotecting, etc. Human neutrophil alpha-defensins (Human
Neutrophil Peptides, HNP) belong to the family of cationic trisulfide-containing
microbicidal peptides. Three highly homologous HNP, HNP1-3, stored in azurophilic
granules of polymorphonuclcar leukocytes comprise about 99% of total defensin content
of the neutrophils with traces of HNP-4. HNP 1- 3 arc able to kill andjor inactivate a
broad spectrum of bacteria, fungl, some enveloped viruses, parasiics, or host cells (Gang,
1997). They are able to modulate immune response and inflammation by inducing the
chemokine interleukin-8 (1L-8) in epithelial cells and modulating cytokine cxpression in
several cell types and causing chemotaxis to monocytes, T cells and immature dendritic
cells. There is data that defensins play regulatory role in classical pathway of
complement. They have the capacity to modulate the inflammatory responses through
regulation of cytokine production and adhesion molecule expression (Chaly, 2000).
Neutrophils, while activated, release HNP rapidly, which can be measured in plasma and
other fluids dunng infection or inflammation. Very low levels of HNP are also observed
in normal plasma. Recently, researchers found that serum concentration of a-defensin
1 -3 is increased in Type 1 diabetic patients with nephropathy (Sarahcimo, 2008). There is
a link between diabetic nephropathy and low-grade inflammation and activation of the
complement system {Saraheimo, 2003). There is also a suggestion that o-defensins play
rolc in pathogenesis of atherosclerosis (Higazi, 2000). On the other hand, x-defensins
inhibit pathologic retinal ncovascularization in patients with diabetes (Economopoulou,
2005). Other researchers claim that al-defensin can inhibit hepatic glucose production
through a pathway different from that mediated by insulin (Liv, 2008),

The aim of this randomized, placebo-controlied, double-blind study was Lo
assess whether magnctic field influcnces defensin and C-reactive protein (CRP)
concentrations in paticnts with diabetic polyncuropathy and in healthy subjects.

Material and Victhods
Study Design and Paticnts

The study had a randomized, double-blind, placebo-controlled design,
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Table 1
General characteristics of the subjects
Study group Control group Healthy
=32 n=29 =20
Age (yrs) 536+ 13.6 5554104 40.2 +10.3
Duration of diabetes (yrs) 17.1 £ 9.1 129485
Type of diabetes 1/2 (number 12/20 9,20
of paticnts)
Gender M/F 12/20 [3/16 6/14
BMI (kg/m?) 29.1 + 6.0 29.346.1 23.6+37
WHR 0.910 -+ 0.093 0.908 + 0.092 0.824+0.8
Bascline HbAlc (%) 8.7 (7.0 9.7) 8.1(1.2 94)

Values are means £ standard deviation or medians (interquartile runge).
No significant differences between study and conlrol group in subjects’ characleristics at enlry
into the study.

From February 2004 through October 2005, 61 subjects with symptomatic
diabetic polyncuropathy were recruited [rom the Silesia region in Poland.
Enrollment criteria required that all paticnts have diabetes (of any type) diagnosed
and were suffering from painlul diabetic polyncuropathy with pain disturbing their
slcep at night. Diagnosis of diabetic polyneuropathy was also confirmed by
clectroncurography (NC). All the subjects had to mark at least 40mm on 100 mm
Visual Analog Scale (VAS) of pain intensity, where zero (0) means no pain and
100 mm the worst possible pain {Mclzack, 1987). Subjects were excluded if there were
othcr causes ol neuropathic pain (c.g., alcohol, drugs, ctc.). As a safety precaution,
pregnant women, subjects with diagnosed neoplasm, or subjects having cardiac
pacemakers were also excluded. Analgesic or other drugs administered [or the
treatment of chronic neuropathic pain were continued during the study period und
no new drugs were allowed during the study. Patients were randomly divided
into two groups. Study group consisted ol 32 pecople with painful diabetic
polyneuropathy, exposed to low-frequency magnetic [ficld, and average pain
duration in this group was 23 months. Placebo group consisted of 29 subjects with
sham cxposure, with average pain duration of 28 months. There were also 20 healthy
subjects (no history of diabetes mellitus) exposed to low-frequency magnelic field
using the same magnetostimulation scheme.

Data regarding the influence of PMF on pain, quality of lifc and sleep and
HbA [c, and lipids profilc was already publishcd by Wrobel (2008).

Table 1 shows the gencral characteristics of subjects. Study protocol was
approved by the ethics committee of Medical University of Silesia in Katowice, and
wrilten informed consent was obtained from all paticnts before enrollment.

Experimental Treatment

Magnctic cxposure was perlormed with use of VIOFOR JPS (Mcd&Life, Poland). a
commercially available Polish device (with a bed shape). generating a low-frequency
magnetic fleld of magnetic induction valucs up to 100 uT (www.vioforjps.pl). Any
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interaction at this level is defined as magnetostimulation in contrast to magneto-
therapy, where induction values are above 100 uT. Electromagnetic wave gencrated
by VIOFOR JPS is a complex sequence of pulses ol a frequency about 180-195Hz.
FElcciric ficld intensily 1s about 130V/m and is similar to the intensity of Earth’s
electric field. Construction of VIOQFOR JPS allows performing the study with usc of
the double blind method. Depending on the type of code pre-entered, the devige
works in rcal or sham exposure mode. During 1ts action both the observer and the
subject do not know which mode is active. The device was coded by Med&Lifc
Company prior to the beginning of the study. Active and placecbo codes were
randomly divided into two equal parts (randomization in blocks for ten pcople).
Codcs were discloscd after compicting the study by all the subjects.

Magnetostimularion Scheme. Each patient was exposed to magnetic lield or had
sham exposure in a period of 15 days (3 weeks without Saturdays and Sundays).
A single session lasted 20 min and consisted of two [0 min-long exposures with the
following application paramcter componcents:

¢ Uunk—M1, P2 intensity 4
e lower limbs—MI, P2, intensity 6.

wherec M1 is an application with constant intensity of selected [ield throughout the
whole time of exposure and P2 is a JPS system, utilizing ionic cyclotron resonance.

Outcome Measure

The primary outcome measure was the change in defensin and CRP concentrations.
The study period consisted of three weeks of real (fow-frequency magnetic ficld) or
sham cxposure and two weeks of lollow-up observation. Defensin was measured by
Human HNP 1 -3 Neutrophil Defensins Elisa test kit (Hycult, Biotechnology, The
Netherlands) al baseline, alter three weeks of cxposure and at the end of the study
(week 3). The scrum CRP was determined by using immunoturbidimetric assay—
C-Reactive Protein (Latex) test (Cobas Integra 400{400 Plus, Roche Diagnostics,
Germany) at the same points of the study. In cach study peint, 2 ml serum samples
were collected from all the participants.

Statistical Analysis

Dhata is presented as means + standard deviation for parametric data and as medians
{interquartile range) for nonparametric data. Shapiro-Wilk normality test was used
to evaluate the distribution of data. Differences between the groups were tested with
Mann-Whitney U-test. To asscss the differences between baseline and each week of
the study, the Wilcoxon test was uscd.

Results

Efficacy

The bascline characteristics of all the participanis arc presented in Tablc 1. Baseline
characteristics for 61 subjects with diabetes were similar in both groups. Bascline values
ol defensin und CRP 1in diabetic patients were higher compared to healthy subjects,
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Table 2
Defensin [ng/m!] and CRP [mg/L] concentrations at baseline, after 3 and 5 weeks

Group Baseline Week 3 : Week 5

Defensin Study 7=32  114.8(42 372.7) 138.5(64.2 245) 124.2(0.04 173.0)
Ing/ml]  Control n =29 108(0.04-215.3) 149.6(77.5-265) 114.8(65.7 245)
Healthy n =20 56.8(44.8-85.1) 67.8(51.5 93.1) 109.7(61.3--190.7)%

CRP [mg/L] Study n=232  3.0(1.3-59)  2.4(0.7 3.8)* 2.9(1.4 5.2)
Control n=29  2.8(1.25-5.8)  2.6(1.50 5.1) 3.8(2.1 6.3)
Healthy n=20  1.0(0.6-2.2) 1.2(0.7 2.3) 1.2(0.6-1.6)

Values are medians (interquiartile range) *p 20,01 %P < 0,05 vs, baseling.

We did not obsecrve significant changes in defensin concentration in patients with
diabetes in both real and sham exposure group (Table 2). In healthy subjects exposed
to magnetic ficld, we obscrved increased concentration of defensin only in week S in
comparison to bascline value (P < 0.02). There were no significant changes in CRP
value while comparing real and sham cxposure group of diabcetic patients (Mann-
Whitney U test). Howcever, we observed CRP reduction after 3 weeks in rcal exposurc
group (P < 0.005) but not in week 5 (Wilcoxon test). We did not observe any
significant changes in CRP concentration m healthy subjects at any point of the study.

Safety

No side effects were recorded during the study.

Discussion

QOur results show that low-frequency magnetic field has no impact on defensin
concentration in diabetic patients, On the contrary, in healthy subjects, clevation of
serum defensin was obscrved two wecks after exposure period {(week 5). The
literature scarch revealed no study in which the cffcet of low-frequency magnctic
ficlds on defensin and CRP lcvels in diabetic patients and healthy subjects was
asscssed in a randomized, double-blind, placebo-controlled trial.

Baseline elevation of CRP values in diabetic patients in our study is in line with
other trials. C-reactive protein (CRP) levels rise with inflammation of blood vesscls.
Both atherosclerotic process and Type 2 diabetes are linked to higher CRP levels
{Greenficld, 2004). Chronic imflammatory process caused by cytokines action on
the hepatocytes, monocytes/macrophages, adipocytes, and cndothelial cells leads
ta development of atherotrombosis and mctabolic syndrome. Low-grade tissuc
inflammation may be¢ a causc of insulin resistance and a common basis Tor Type 2
diabetes, atherosclerosis, and cardiovascular discasc (Yudkin, {999). In Type |
diabetes, elevated CRP levels are associated, among others, with poor glycacmic
control, larger body habitus, gender, use of contraceptive pills. and factors
comprising insulin-resistance syndrome (Jenkins, 2008).

Defensins belonging to antimicrobial peptides play a4 complex role in human
immune systecm. They have, among others, antibacterial, antifungal, and antiviral
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properties. Defensins can cither enhance or inhibit an inflammation in many ways.
Their rolc in diabetes has not been clearly delined yel. In our study, baseline
clevation of defensin level in diabetic patients correlate with increased CRP value.
Both might be explained by low-grade inflammation accompanying diabetes.

Therc is data from expenimental studies that puised magnetic fields (PMF)
increases thymus weight in mice. PMF modifics clectrophoretic mobility of
lymphocytes which is linked to proliferation and maturation of thesc cells (Bellosi,
1991). In other words, in vitro study on human lymphocytes PMF inhibited their
preliferative response to mitogenic stimulation depending on exposurc time and
intensity of PMF (Roman, 2005). In vicw of positive eftfect of pulsed magnetic lields
in rheumatoid arthritis, the researchers analyzed its effect on activity of matrix
metalloproteinases in synovial fluid cells in vitro. The study showed no uniform
cffect of low-frequency pulsed magnetic fields on different proteinases {(Mohumed,
1894). Onc of the hypotheses explaining the effect of magnetic field on human tissucs
is that it aflects plasma-membranc transport of calcium ions—a resonant interaction
at cyclotron frequency lor calcium ions at gecomagnetic densitics of magnetic field
takes place {Blackman, 1982; Halle, 1988).

Our study showed that defensin concentration in a healthy subject exposcd to
PMF increases not directly during exposure period, but after two weeks of lollow up,
which suggests a distant cffect of PMF on this parameier. In conclusion, PMF of
exposurc pattern uscd in our sludy has enhancing impact on immunc system in
healthy subjects. Lack of effect of PMF on delensin concentration in diabetic
patients might be linked to higher baseline value of this paramcter in comparison to
subjects without diabetes. It must be emphasized that in humans biological response
is dependent on exposure at delinite levels of magnetic field strength. A “window™ is
defined as a biological response that occurs only in a specific amplitude/[requency
range, being moderate or abscnt beyond this range. It is not excluded that the use of
various paramcters of magnetic field exposure (specific “windows™) could influence
defensin level in people with diabetes. In view of the complex role of delensin in the
immunc system of diabetic patients, the important qucstion is; Whal elfect would be
favorable? This requires [arther elucidation.

Declaration of Interest: The authors report no conflicts of intercst. The authors alone
arc responsible for the content and writing of the article.
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