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1. Introduction

In recent years, complex interactions between the nervous, the endocrine and the
immune system have been thoroughly investigated resulting in a large database of
knowledge. On the other hand, the effectiveness of electromagnetic stimulation of the
neurons has also been widely demonstrated, and the techniques of such stimulation are
well established. A combination of the two knowledges offers a possibility to artificially
influence the nervous - endocrine - immune (NEI) interactions, in cases when the
immunity of a person is impaired, or its glandular functions are disordered. There is a
wealth of reports on the use of electromagnetic fields to treat various pathological
conditions. The number of diagnostic procedures that rely on the use of electromagnetic
fields is also increasing. Therapeutic and diagnostic approaches include: surgical knife,
cancer treatment (both hyperthermia and sub-hyperthermal EMF treatment, alone or in
combination with other antitumor treatments), chronic and acute wound healing, bone
healing, magnetic resonance imaging and spectroscopy, catheter ablation for cardiac
arrhythmia, pain treatment, thermotherapy of musculo-skeletal tissue in physical
medicine and rehabilitation, edema treatment, etc [1-5]. A number of these therapeutic
procedures rely on excessive local heating of the tissue by means of radio frequency
electromagnetic field. Other therapeutic procedures however do not have fully
established mechanisms of EMFs. It is also very interesting that various signals in terms
of amplitudes, pulse shape and frequencies are successfully used. At the moment a large
database of EMF interactions with biological systems on various levels are available.
Yet, due to very complex interactions between different levels, it is difficult if not
impossible to explain reported therapeutic effects. Additional problem is that dosimetric
determinations are only available in electrosurgery, catheter ablation, cancer
hyperthermia and MR imaging and spectroscopy.

This paper suggests a different approach in explanation of such therapies and offers at
the same time the possibility of finding new effective therapies. After a general review of
the known NEI interactions, we synthesize the presented knowledge into a model. Based
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on this model, we then present a concept of modification of nervous - endocrine -
immune interactions by means of electromagnetic stimulation of the autonomic nervous
system. Finally, using this model, we attempt to explain the global effect of electro-
magnetic stimulation on wound healing, which has been observed on several occasions,
and possible use of electrical stimulation for cancer treatment.

Figure 1. Levels of electromagnetic fields interaction with human body.

2. Nervous-Endocrine-Immune Interactions

Neuroendocrinoimmunology (NEI) is a fast-growing field of research that is gaining the
interest of many scientists in the fields of biochemistry, physiology, pharmaceutics, and
medicine. It deals with the complex interactions between the nervous, immune and
endocrine systems. During the last decade, significant progress has been achieved in
this field. Some of the advances have consolidated the established concepts in NEI, and
some have added new ones.
The established concepts, often also referred to as "classical", are based on the
following series of interactions:
1. the nervous system stimulates or suppresses glandular activity by means of
neural signaling, which acts through the innervation of the glands;
2. the glands of the endocrine system respond with increased or decreased
production of the hormones;
3. modified hormone production then affects the activity of other glands, or the
immune system, which responds by modifying the production of its own regulatory
molecules - the cytokines;
4. modified cytokine production affects the activity of the immune system by
regulating proliferation and activation of lymphocytes, inflammatory response,
phagocytosis, as well as production of erythrocytes.
The described concept is depicted in Figure 2.
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Figure 2. The "classical" pathways of nervous-endocrine-immune interactions.

A substantial evidence exists, however, that some of the roles presumed in the
"classical" concept can also be reversed, making the scheme more complex. Namely, it
has been known for a long time that some of the neurons of the hypothalamus function
as endocrine glands, secreting hormones into the blood [6]. In addition, a series of
recent studies suggests that the immune system is also able under some circumstances
to produce hormones [7], and endocrine system to produce cytokines [8]. Also, it has
been demonstrated that some cytokines can inhibit the activity of the hypothalamus [9].
These pathways are named "alternative" or "auxiliary".

Addition of these pathways yields a modified model, shown in Figure 3. The solid
arrow-lines represent the "classical" pathways of the interactions, while the dashed
arrow-lines designate the "alternative" pathways.
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Figure 3. "Classical" (solid) and "alternative" (dashed) pathways of nervous-endocrine-immune interactions.
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3. Modulation of the NEI Interactions by EMF

It is by now well established that various types of electric currents using different
techniques of application improve healing of chronic wounds and reduce or even
eradicate tumors [1,10,11].

However, there is no single mechanism which could explain and justify the large
assortment of electrotherapeutic regimes. Some of the hypotheses that have been advanced
and have some experimental support include:
¢ Transmembrane voltage in a cell exposed to external electric fields is modified [12-
14].

e Host immune response in wound and bone healing and tumor treatment is stimulated
[1,11,15].

e Electric currents might induce an increased production of peptide signaling molecules -
growth factors [16].

e Electric currents might also enhance the processes of activation of immune cells [17].

All these phenomena are based on local application of electromagnetic fields.
However, there are documented reports that wound healing occurs even when electrical
stimuli are applied quite distantly from the wound site. Illis and co-workers observed
that after spinal cord stimulation that was originally intended for pain suppression and
improvement of locomotion, indolent ischaemic wounds on the leg began to heal [18].
Kaada applied electroacupuncture to a point on the hand and observed wound healing
on the legs [19]. Regarding cancer, a large body of evidence is connecting the disease to
neural and psychological factors [20]. These observations suggest an involvement of a
global mechanism. In the cases of electroacupuncture and spinal cord stimulation, neural
pathways have to be involved in healing of distant wounds. As these pathways alone do
not suffice to produce such an effect, it is probably the whole NEI system that achieves the
healing.

Figure 4 shows in detail some of the "classical" NEI pathways that could lead to
systemic effects of neurostimulation. The model takes into account the previously
published schemes by Husband [21], Old [22], and Chambers with co-workers [23].

Within the "classical" pathways, the autonomic nervous system influences the
activity of the endocrine glands through direct innervation. Coordination and regulation
of the glandular activity is based on the release of hypothalamic, pituitary and
peripheral endocrine hormones. Some of the hormones released by thymus, adrenal
cortex and adrenal medulla also affect the activity of leukocytes, mainly T and B
lymphocytes. This activity is demonstrated by increase or decrease in the production of
cytokines, a large family of protein factors involved in numerous aspects of the immune
response. Some of the members of cytokine subfamilies, such as interferons (IFN),
tumor necrosis factors (TNF) and interleukins (IL), are directly involved in the
processes of tumor growth inhibition, including the destruction of tumor cells. Some of
the cytokines reputedly also regulate the synthesis of growth factors in different cell
types, such as fibroblasts and endothelial cells [22]. Growth factors then accelerate the
pace of growth and division of tissue cells, thus promoting the repair of damaged
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tissues, including wound healing. It has also been reported that some cytokines,
especially interleukin-1 (IL-1), influence the activity of the hypothalamus [4].
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Figure 4. Some of the possible ways to affect wound healing and tumor growth via the immune system.

The model presented in Figure 4 shows possible pathways leading from
electromagnetic stimulation to wound healing and tumor reduction. Neural activity,
which is influenced by means of electromagnetic stimulation, then affects the immune
system, which can finally induce accelerated healing of wounds, as well as decrease of
tumor size, or at least the retardation of tumor growth.

Based on this example we can therefore conclude that electromagnetic stimulation
of the nervous system could be an additional modality for systemic treatment of various
pathologies.



498

4.

Acknowledgement

This work was supported in part by the Ministry of Science and Technology of the
Republic of Slovenia and by the COST-244-bis Project of the European Community.

10.

11.

12.

13.

14.

15.

16.

17.

References

Pakhomov, A.G. et al. (1998) Current state and implications of research on biological effects of
millimeter waves: A review of the literature, Bioelectromagnetics 19, 393-413.

Elson, E. (1995) Biologic effects of radio frequency and microwave fields: In vivo and in vitro
experimental results, in J.D. Bronzino (ed.), The Biomedical Engineering Handbook, CRC Press, Boca
Raton, pp.1417-1423.

Chou, CK. (1995) Radiofrequency hyperthermia in cancer therapy, in J.D. Bronzino (ed.), The
Biomedical Engineering Handbook, CRC Press, Boca Raton, pp.1424-1430.

Consensus conference on use of electrical and magnetic stimulation in orthopedics and traumatology,
Giornale Italiano di Ortopedia e Traumatologia (in press).

Pilla, A.A. et al. (1996) Effect of pulsed radio frequency therapy on edema from grades I and II ankle
sprains: a placebo controlled, randomized, multi-site double blind clinical study, J. Athl. Training 31,
S53.

Chadwick, D. J. and Marsh, J. (1992) Functional Anatomy of the Hypothalamus, John Wiley & Sons,
New York.

Sabharwal, P. et al. (1992) Prolactin synthesized and secreted by human peripheral blood mononuclear
cells: An autocrine growth factor for lymphoproliferation, Proc. Natl. Acad. Sci. USA 89, 7713-7716.
Cunningham, E.T.Jr. and De Souza, E.B. (1993) Interleukin 1 receptors in the brain and endocrine
tissues, Immunol. Today 14, 171-176.

Krueger, J.M. and Majde, J.A. (1994) Microbial products and cytokines in sleep and fever regulation,
Crit. Rev. Immunol. 14, 355-362.

Vodovnik, L. and Karba, R. (1992) Treatment of chronic wounds by means of electric and
electromagnetic fields. Part 1: Literature review, Med. Biol. Eng. Comput. 30, 257-266.

Miklaveig, D. et al. (1997) Host's immune response in electrotherapy of murine tumors by direct current,
Eur. Cytokine Netw. 8, 275-279.

Grosse, C. and Schwan, H.P. (1992) Cellular membrane potentials induced by alternating fields,
Biophys. J. 63, 1632-1642.

Kotnik, T., Miklav¢i¢, D., and Slivnik, T. (1998) Time course of transmembrane voltage induced by
time-varying electric fields — a method for theoretical analysis and its application. Bioelectrochem.
Bioenerg. 45, 3-16.

Fear, E.C. and Stuchly, M.A. (1998) Biological cells with gap junctions in low frequency electric fields,
IEEE Trans. Biomed. Eng. 45, 856-866.

Spadaro, J.A. (1997) Mechanical and electrical interactions in bone remodelling, Bioelectromagnetics
18, 193-202.

Sorrentino, V. (1989) Growth factors, growth inhibitors and cell cycle control - A review, Anticancer
Res. 9, 1925-1936.

Chandy, K.G. et al. (1985) Electroimmunology: The physiologic role of ion channels in the immune
system, J. Immunol. 135, 787-791.

. Illis, L.S., Sedgwick, E.M., and Tallis, R.C. (1980) Spinal cord stimulation in multiple sclerosis:

Clinical results, J. Neurol. Neurosurg. Psych. 43, 1-14.

. Kaada, B. (1983) Promoted healing of chronic ulceration by transcutaneous nerve stimulation (TNS),

VASA J. Vascular. Dis. 12, 262-269.

. Sabbioni, M.E.E. (1993) Psychoneuroimmunological issues in psycho-oncology, Cancer Invest. 11,

440-450.



21.

22
23.

499

Husband, A.J. (1993) Role of central nervous system and behaviour in the immune response, Vaccine
11, 805-814.

Old, L.J. (1988) Tumor necrosis factor, Sci. Am. 258(3), 41-49.

Chambers, D.A., Cohen, R.L., and Perlman, R.L. (1993) Neuroimmune modulation: Signal transduction
and catecholamines, Neurochem. Int. 22, 95-100.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Perceptual

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /sRGB

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>

  >>

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice





