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Conceptually,  it would be possible to improve the  mechanical  effect  
of SW  in ECM by the means of the combined action with  other forms 
of biochemical transduction, including that one related to the Pulsed 
Electromagnetic Fields along with the magnetic properties of the 
matter,  in particular the Diamagnetic effect . 
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Diamagnetismo 

Agua  

Iones 

Plata, oro, cobre 

TEJIDOS BIOLOGICOS 

Ferromagnéticos  

Hierro  

Cobalto 

Niquel  

Paramagnéticos 

Aluminio 

Titanio 

Magnesio   
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 For the Magnetic Field  
  
                                                                          

Induced Electric  Field ( Lorentz Force)  

The pulsed and variable MF induces the  vibration of transmembrane ions  and 

their passage through the cell membrane thanks to the activation of  mechano-

sensitive and electro- sensitive channels  .   
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Glycosaminoglycans (GAGs) 
Glycosaminoglycans (GAGs) are linear polysaccharides composed of two basic saccharides. 

• Hyaluronan is the simplest GAG  

The other GAGs are 

• Chondroitin Sulfate (CS) 

• Dermatan Sulfate (DS) 

• Keratan Sulfate (KS) 

• Heparan Sulfate (HS) (fundamental for the modulation of the ECM electrostatic 

properties) 

Proteoglycans 
A proteoglycan is composed of a core protein with one or more covalently attached GAGs. They are stored 

in secretory granules, inserted into the plasma membrane or secreted into the ECM. 

Glycoproteins 
Laminin 

Fibronectin 

Fibrous proteins 
Collagen Twenty-eight types of collagens (I–XXVIII) have been identified so far in vertebrates. 

https://www.sigmaaldrich.com/life-science/stem-cell-biology/hystem-cell-culture/extracellular-

matrix.html#top 

Water  

ECM general structure 



Molecular Migration from a High Magnetic Field area  

to a Low  Magnetic Field  area. 
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 In order to detach and 

flow charged 

molecules, it is 

essential to intervene 

on the electrostatic 

conditions of the ECM 

HEPARAN SULFATE CHAINS POLYMERIZATION is 

controlled by 

pH ROS 

heparan sulfate chains [the anionic polysaccharide side chain of HS proteoglycans 

(HSPGs)] 

are important key factor for the electric barrier function. 

HEPARAN SULFATE CHAINS CONTROLS ECM ELECTROSTATIC 

BEHAVIOR    

Lieleg O, Baumgärtel RM, Bausch AR. Selective filtering of particles by the extracellular matrix: an electrostatic bandpass. Biophys J. 2009 Sep 

16;97(6):1569-77. 
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ECM 
degradation 

IL-1 
IL-6 

TNF-α 
ROS 

IL-4 
IL-10 

TGF-β1 

ECM 
deposition 

Siwik DA, Colucci WS. Regulation of matrix metalloproteinases by cytokines and reactive oxygen/nitrogen species in the myocardium. Heart Fail Rev. 2004;9(1):43-51.  

In the structural scafold  of  ECM is important the cytokines controlled balance  between fibrolysis 
and fibrogenesis. Interleukin-1, interferon-gamma and TNF stimulate proteolytic enzyme  as TGF-
beta supported by  interleukin-4 and interleukin-10 always stimulates inhibitors of proteolytic 
enzymes. 

WHO LEADS EXTRA -CELLULAR MATRIX HOMEOSTASIS? 
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Petersen AM1, Pedersen BK. The anti-Inflammatory effect of exercise. J Appl Physiol (1985). 2005 Apr;98(4):1154-62 
Modificata a fini didattici (vedi freccia). 



Petersen AM1, Pedersen BK. The anti-Inflammatory effect of exercise. J Appl Physiol (1985). 2005 Apr;98(4):1154-62 
Modificata a fini didattici  
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Th2 

TReg 

Th1 

Th17 

•IL-1 

•IL-6 

•TNF-α 

•IL-17 
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 IL-10 

IL-10 PROTECTS EPITHELIAL CELLS AND TIGHT JUNCTIONS ENHANCING CLAUDIN-4 

EXPRESSION (AND REDUCING CLAUDIN-2 SYNTHESIS) 

PHOSPHORYLATION 

GENE EXPRESSION 

•Glocker EO, et al. IL-10 and IL-10 receptor defects in humans. Ann N Y Acad Sc 2011;1246: 102-7.  

•Zhang W, et al. Protective effect of bone marrow mesenchymal stem cells in intestinal barrier permeability after heterotopic intestinal 

transplantation.World J Gastroenterol. 2014;20(23):7442-51. 

•García-Hernández V, et al. EGF regulates claudin-2 and -4 expression through Src and STAT3 in MDCK cells. J Cell Physiol. 2015;230(1):105-15.  

TIGHT 

JUNCTION 

STABILIZATION 
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SMAD2 

Claudin -1 
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 TGF-β 

PHOSPHORYLATION 

GENE EXPRESSION 

ERK 

ERK 

P 

TGF-Β  STABILIZES TIGHT JUNCTIONS  

ENHANCING CLAUDIN 1 EXPRESSION 

•Zhang W, et al. Protective effect of bone marrow mesenchymal stem cells in intestinal barrier permeability after heterotopic intestinal 

transplantation.World J Gastroenterol. 2014;20(23):7442-51. 

•Howe KL, et al. Transforming growth factor-beta regulation of epithelial tight junction proteins enhances barrier function and blocks 

enterohemorrhagic Escherichia coli O157:H7-induced increased permeability. Am J Pathol. 2005;167(6):1587-97 

•Iizuka M, Konno S. Wound healing of intestinal epithelial cells. World J Gastroenterol. 2011;17(17):2161-71.  

P 
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ECM PHYSIOLOGIC TURNOVER -CHRONOBIOLOGY-  

GEL PHASE 

SOL PHASE 

• PROTEASE ACTIVITY 
• HYDROLYSIS OF MATRIX  
 PROTEINS 
• MATRIX REMODELLING  
• SOL PHASE  

• INCREASE OF TEMP° 
• HISTAMINE ACTIVITY 
• MYELOID TENDENCY 
• SYMPATHETICOTONY 

• ACIDOSIS 

• DECREASING OF TEMP° 
• LYMPHOID TENDENCY 
• VAGOTONY 

• ALKALOSIS 

• ANTI-PROTEASE  ACTIVITY 
• RE-SYNTHESIS OF MATRIX 

PROTEINS 
• REBUILDING OF MATRIX 
• GEL PHASE 

hours 

ECM PLASTICITY 
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COLLAGEN 

DEPOSITION 

TGF- β1 exerts 
different function 
within healing 
processes in 
reason of its 
concentration: the 
lowest are active 
on immune cell 
and the highest 
are progressively 
active on 
fibroblasts leading 
to epithelial 
reconstruction.  
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• OVEREXPRESSION OF PRO-INFLAMMATORY 
CYTOKINES 
• OVEREXPRESSION OF ROS 
• REDUCTION OF pH 

FASE GEL 
espansa 

FASE SOL 
espansa 

hours 

ACUTE INFLAMMATION (IL-1) 

LOW GRADE CHRONIC 
INFLAMMATION (IL-6) FIBROSIS (TGF-β1) 

ECM RIGIDITY 
(deposition of type III collagen) 

PERSISTENT ACUTE 
INFLAMMATION (IL-1) 

Cytokines, ROS, pH  and ECM modifications 
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The plasticity of ECM is fundamental for the 
maintenance of all its biological functions.   

 
The plasticity of ECM is ensured by its 

physiological SOL-GEL TURNOVER. 
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CIRCULARITY 
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IL-6 

STRESS 

SEVERITY 

IL-2 and IL-6 trend in presence of psychologic stress 
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STRESS AND IMMUNE SYSTEM 

LGCI 

IMMUNE DECLINE (IN ADULTS AND 

ELDERLY) 
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The role of IFN-γ in presence of psychological stress 
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PRO-INFLAMMATORY STRESSORS 

NF-kB 

NF-kB nuclear 
translocation 

IL-6; IL-1β; TNF-α 

HPA hyperactivation 

INFLAMMATION 

• ACTH 
•CORTISOL 

•  5-HT 

MAJOR 
DEPRESSIVE 
SYNDROMES 

Leonard BE. Impact of inflammation on neurotransmitter changes in  major depression: An insight into the action of antidepressants. 
Progress in Neuro-Psychopharmacology & Biological Psychiatry  2014. Benson  S.  
Effects of obesity on neuroendocrine, cardiovascular, and immune cell responses to acute psychosocial stress in premenopausal 
women. Psychoneuroendocrinology. 2009 

P.N.E.I P.N.E.I 
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Leonard BE. Inflammation, Depression and Dementia: Are they Connected? Neurohem Res 2007 

HPA activation 

Tryptophan dioxygenase (TDO) and indoleamine 2,3-dioxygenase (IDO) 

IL-6 
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La Terapia Diamagnetica nei vari aspetti del LBP 

EFFETTI NEUROLOGICI DEL 

DIAMAGNETISMO  
 

 

 

Single Diamagnetic stimulation of the Primary Motor 

Area (15') Induces motor evoked potentials (MEPs)  

at the level of the corresponding motor segment. 
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