
1.  
Medical Journal of Clinical Trials & Case Studies 

Reversibility of Endothelial Dysfunction Induced by Low Frequency of Electromagnetic 
Field in Patients with Diabetes Mellitus in Dialysis Extracorporeal                                                                                                          Med J Clin Trials Case Stud  

 
   

Reversibility of Endothelial Dysfunction Induced by Low 

Frequency of Electromagnetic Field in Patients with Diabetes 

Mellitus in Dialysis Extracorporeal 

 

Liani M1*, Cacciagrano MR2, Di Luzio R2, Amelio R3, Velussi C4 and 

Liani R5 

1Former Director Nephrology and Dialysis, P.O. "S. Massimo”, Penne (PE) AUSL Pescara, 

Italy  

2Department Health, “S. Massimo” Hospital, Penne, PE, Italy  

3General Medicine Physician Taverna, Italy 

4Retired Associate Professor of Physiology, Padua University, Italy 

5Department of Medicine and Aging, and Center of Aging Science and Translational Medicine (CESI-Met), Via Colle 

dell'Ara, Chieti, 66013, Italy 
 

*Corresponding author: Mario Liani, Former Director Nephrology and Dialysis, P.O. "St. Maximus”, Penne (PE) AUSL 

Pescara, via Manzoni, 9 - 66020 San Giovanni Teatino (Chieti), Italy, Tel: 3337312253; Email: mario.liani@tin.it 

  

Abstract 

Aims: The life expectancy of patients with Type II Diabetes Mellitus (T2DM) and Diabetic Foot Syndrome (DFS) is 

dramatically short. The micro-angiopathy, in relation to endothelium dysfunction, decisively affects the vascular 

prognosis, perhaps more than macro-angiopathy. Increased availability of nitric oxide (NO) can cause numerous and 

predictable positive effects in relation to the different mechanisms of macro and micro vascular disease. 

Methods: We measured NO blood in a group of patients with T2DM on dialysis before and after a Pulsating 

Electromagnetic Fields (PEMF) cycle and we tested, meanwhile, the reaction of surface receptor platelets GPIb and 

GPIIb/IIIa. 

Results: The magnetic field causes an increase in the level of NO, probably due to a prolonged period of exposure, and a 

modification in the percentage of platelets type and causes a normalisation of the platelets surface receptors in renal 

patients in dialysis with T2DM. 

Conclusions: The physical source, although, further investigation is required, can be instrumental in contributing to help 

with the complications of vascular macro and microcirculation. In our case the increase of NO had caused important 

effects on haemostasis that can’t be ignored, knowing their role within the pathology of vascular diseases. The 
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antithrombotic drugs prevent acute occlusion of the vessels but do not improve the status of endothelium dysfunction. 

Antithrombotic drugs prevent acute events but do not improve the related phenomena with poor function of the 

endothelium. Early tissue aging is a chronic and correlated process with microcirculation and endothelial dysfunction. In 

our case there is reasonable evidence that it is possible to induce functional improvements of the endothelium in chronic 

patients characterized by impaired endothelium function. 
 

Keywords: Diabetes; Hemodialysis; Nitric Oxide; Endothelial dysfunction 

 
Abbreviation: PEMF: Pulsed Electromagnetic Field; 
PESF: Pulsed Electrostatic Field; T2DM: Type 2 Diabetes 
Mellitus; NO: Nitric oxide; DFS: Diabetic Foot Syndrome; 
GPIb: Glycoprotein Ib; GPIIb/IIIa: Glycoprotein IIb/IIIa; 
HB Patients with diabetes mellitus in dialysis 
extracorporeal; CKD: Chronic Kidney Disease. 
 

Introduction 

The survival of patients affected with Type 2 Diabetes 
Mellitus (T2DM) Diabetic Foot Syndrome (DFS), after 
major amputation, isn't different from those who have 
contracted a malignant disease [1]. The continued spread 
of T2DM, it becomes an epidemic, caused an increased 
incidence of vascular complications, morbidity and 
especially mortality [2]. In Italy, every year, 27 thousand 
patients with T2DM die while in Europe 271 000 despite 
the massive resources invested in this medical field [3,4]. 
Patients on hemodialysis therapy with T2DM have a 
cardiovascular prognosis significantly worse than their 
peers without kidney disease [5,6]. Macroangiopathy, 
which is frequently due to ischemia, is a dreaded 
complication among patients with T2DM [7]. Instead, 
microangiopathy, which does not play in the thinking of 
many fundamental role, is asymptomatic and 
conditioning, in quality and quantity perfusion and 
nutrition reducing tissue mass. In addition, 
microangiopathy reduces the effectiveness of drugs and 
affects vascular prognosis. The altered biosynthetic 
capacity of the endothelium, dysfunctional endothelial, 
proves to be at the origin of most of the pathogenic 
mechanisms involved in the processes of vascular disease 
of the peripheral circulation [8,9]. 

 
The dialysis treatment causes an acceptable recovery, 

but does not completely eliminate all uremic toxins, does 
not restore normal endothelial activities and does not 
modify the inflammation, oxidative stress, insulin 
resistance and vascular calcification [9,10]. Recent 
research has found that the endothelial dysfunction, in 
case of inflammation, compromises the correct 

permeability of micro circulatory systems, and the correct 
ratio of exchange with tissue [11,12]. 

 
It seems clear that to get the reversibility of 

dysfunctional endothelium is objectively a priority and 
that only a function of the endothelium could best 
improve performance micro and macro-vascular diseases. 
So far, however, they are not available in routine clinical 
therapies with proven efficacy on endothelial dysfunction. 

 
The exposure, in vitro, of endothelial cells, osteoblasts 

or cells of other tissues to pulsed electromagnetic fields 
(Pulsating Electromagnetic Fields, PEMF - 60-75 Hz) at 
low frequency, as the exposure to pulsed electrostatic 
fields [Electrostatic Pulsating Field - PESF), see Table 1, 
causes changes in intracellular calcium levels and causes a 
change of enzymatic activity of nitric oxide synthase with 
increase in nitric oxide (NO) within the cells themselves 
[13]. 
 

Pulsating Magnetic Field 
(PEMF) 

Pulsating Electrostatic 
Field (PESF) 

The infinitely small 
electric current causes a 
charge within the subject 
matter creating motion 

The charge creates both a 
positive and negative 

reaction 

The subject matter when 
stimulated by the electric 

current becomes 
organized in its motion 

The subject matter is 
represented as 

distinguishable spikes 

It isn't possible to 
separate the two magnetic 

fields 

It is possible to separate 
the positive charge from 

the negative 

Table 1: Magnetic and Electrostatic Fields, reaction of 
subject matters when passed through the two fields. 

 

Still in vitro, when stimulated by PEMF or PESF, 
endothelial cells are layered on the bottom of the plate, 
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forming tubules form (first stage of angiogenesis) and 
release PGF-2 responsible for the growth of fibroblasts; 
osteoblasts proliferate and release NO and human 
keratinocytes (HaCaT) activates cyclo-oxygenase-2 
(COX2) [14,16]. In experimental animals, the reversibility 
of endothelial dysfunction, documented an increase of NO, 
was associated with an improvement of the disease [17]. 
In the renal patient with diabetes mellitus, kidney being a 
highly vascularized organ is strongly influenced by 
microangiopathy and probably an increase in nitric oxide 
could result in a useful protection of the kidney [18]. 

 
In vivo, the physical source increases calcium in the 

bones of women with osteoporosis, accelerates 
consolidation of fractures of the bones, inducing 
increased base level metabolism, and contributes to 
accelerating the healing of serious wounds [19-23]. 

 
Similar results suggest that the use of physical sources 

in clinic is possible, and as in the healing of wounds, the 
effect that they cause is interesting if you accept the 
existence of a correlation between endothelial cells, 
physical stimuli and microcirculation [24,25]. 

 
Some results show that also in renal illnesses with 

T2DM and non-dialysis the endothelial dysfunction can be 
improved [26]. 

 
Since it is clear that a greater availability of nitric 

oxide (NO) can produce numerous expected positive 
effects including improving vasoconstriction, normalizing 
platelet aggregation, reducing the proliferation and 
migration of smooth muscle cells, reducing adhesion of 
platelet and leukocytes we have measured NO blood in a 
group of patients with T2DM on dialysis before and after a 
cycle of PEMF [27]. Also, to determine that a higher level 
of NO produces positive biological effects, we have valued 
the platelet surface receptors GPIb and GPIIb/IIIa. 
 

Methods 

We have selected 50 chronic kidney disease patients 
with T2DM in hemodialysis (HB). We have excluded 
patients with genetic predisposition to vascular disease, 
congenital diseases of the metabolism, haemostasis 
primitive disease, smoking or use of drugs for 
haemostasis, children and adults with peace makers, 
medical devices such as removable electrocardiographs, 
persons with acute diseases, malignancies (Malignant 
tumors), symptoms of infection, heart failure, fever or 
history of bleeding. 

 

Participation in the study was voluntary and each had 
the opportunity to withdraw from the study at any time. 
Participants were assigned to group A or to group B, 
alternatively, in the order of acceptance. Finally, group A 
had 25 subjects, 12 females and 13 males, average age of 
73.4 ± 9.73 years, in hemodialysis therapy for 37.17 ± 
28.26 months and had Kt/V 1.30 ± 0.20. Group B, which 
had also 25 patients, was composed of 14 males 11 
females, average age of 72.77 ± 9.67 years, was in 
hemodialysis therapy for 38.68 ± 27.65 months and had 
Kt/V 1.27 ± 0.19. Group A was to be treated with PEMF 
and group B was the control group. Within the groups we 
found there was a correlation between NO and the 
reaction of platelet surface receptors. Samples were 
performed on an empty stomach, the first day following a 
long inter-dialytic pause period (Monday or Tuesday). In 
this study we have used the electromagnetic field (PEMF).  

 
The blood collection was performed without applying 

a tourniquet with a 19G needle and using Vacutainer with 
Citrate anticoagulant. To determine the expressiveness of 
the platelets surface receptors (GP1b and GPIIb/IIIa) 
through cytometry we have taken two blood samples of 
100 microliters from each tube and to each was added 
respectively 10 microliters of monoclonal antibody 42b 
the specific receptor for GPlb and 10 microliters of 
monoclonal antibody 41 the specific receptor for 
GPIIb/IIIa  both of Immunotec. All tubes were agitated in 
the vortex after adding 90 microliters of PBS and 
incubated for 30 minutes at a dark room temperature. 
After incubation another quantity of 500 microliters of 
PBS was added to each tube and each was again placed in 
the vortex. Finally, reading where taken with the flow 
cytometry system. The antibodies monoclonal used 
respectively CD42b (IgG1 mouse IOP42b Clone FITC) and 
CD 41a (IgG1 Clone P2 FITC) from the company 
Immunotech (Marseille) were fluorescein. The reading 
was performed on a flow cytometric device type FACScan, 
BECTON- DICKINSON-USA that and was prepared, as per 
instructions, after proper calibration for logarithmic 
amplification of the FL 1. Values are expressed in% of 
mean flow compared to a reference standard and the 
luminescence of platelets in "mean flow". 

 
Blood samples were collected before and after PESF 

cycle. We have assayed NO serum levels using a 
commercial kit ELISA (R&D). We used the 
spectrophotometric assay (Greiss reaction) to determine 
blood NO levels. This is based on the enzymatic 
conversion of nitrate to nitrite by nitrate reductase. This 
type of reaction develops in two phases; in the first phase 
is a nitrogenation reaction in which NO2 in an acidified 
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produces a nitrosant agent and in a second phase in which 
the reaction with sulfanilic acid produces the diazonium 
ion. This ion is then coupled to N-1-naphthyl) 
ethylenediamine to form a nitrogen derivate 
chromophore absorbing at 540-570 nm [27-29]. 

 
The significance between the average/mean of the 

group was determined by test 'Student 1' statistical 
analysis and logarithmic correlations. The field PEMF was 
administered with the MRT system or Bioresonance 
pulsed magnetic field generator. This has a number of 
technical peculiarities and is applicable in both preventive 
and therapeutic medicine. The system is equipped with a 
mat and a pillow for the locoregional treatment inside of 
which are inserted the solenoids which generate a 
particular and advanced Electromagnetic Field. 

 
During treatment candidates are placed on the mat, 

are fully clothed, and are free to do whatever makes them 
feel comfortable, sitting or lying down and sleeping, 
reading, listening to music etc. The mat and the cushion 
are linked to a central governing system. The system is 
easy to use and the unit is small and can be easily 
transported and used at home. The type of emission 
generated by the electromagnetic wave is in the shape of 
saw tooth (Figure 1), the use of said waves allow us to 
obtain the best biological effects. 

 
As represented in figure 1 the sawtooth wave consists 

of a cusp in positive phase followed by another in 
negative phase. The intensity of the magnetic field is very 
low (50 µT to that of the earth's magnetic field). This 
particular type of sawtooth wave allows us to make an 
important distinction from other types of waves such as 
square wave or the sine wave common in nearly all the 
systems in commercial use. The control unit modulates 

the delivery of PEMF automatically in order to make the 
administration as effective as possible. The type of wave 
is delivered evenly through the human body and causes 
an appreciable movement of ions, essential for 
biophysical effects. 

 
The system acts on the bolts hydrogen (H hopping) 

that leads, in turn, to changes in the links between the 
negative charges exposed and the calcium often related to 
them. This event, known as "Waterfall of Calcium" causes 
biochemical effects. The stimulus induced with PEMF 
causes the breakdown of stacked red blood cells and a 
better delivery of O2 to tissues. 

 

 

Figure 1: The magnetic field emission modes. 
 

Results 

It was only in the group treated with PEMF technology 
that there was a statistically significant base level increase 
of nitric oxide (Figure 2) and changes in surface receptors 
(Figure 3). In group B there was no variation in the base 
levels of NO and no changes in the reaction of the surface 
receptors of the platelets GPIb and GPIIb/IIIa (Table 2).

 
 

 

Figure 2: Levels of Nitric Oxide before and after PEMF cycle. 
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Figure 3: Effects of a cycle PEMF on the percentage of platelets. 
  
 

Group B 
% 

  
Mean Floe 

  
Pre post p 

  
Pre Post p 

  

GP IIb/IIIa (CD41a) Mean/DS 
97.15 97.69 0.409 309.12 276.5 0.572 

±3.1 ±2 
 

±130.3 ±76.7 
 

GPIb (CD42b) Mean/DS 
82.52 84.21 0.617 181.26 182.9 0.875 

±14.8 ±12.2 
 

±61 ±46.1 
 

Table 2: Surface Platelets receptor, GPIIb/IIIb and GPIb, in Group B platelet receptors. 
 

 

 

Figure 4: Effects of cycle PEMF on the Mean Flow of Platelets. 
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Figure 5: Inverse relationship between levels of No and GP IIb/IIa percentage (%) at baseline. 
 
 

In our experience with this group of renal patients, the 
technique PEMF induced a modest, but significant 
reduction in the percentage of platelets typed with the 
CD41a antibody (specific for receptor GpIIb/IIIa) but not 
that of platelets typed with the CD42b antibody (specific 
for receptor GPIb) (Figure 3). The technique PEMF did not 
change the reaction of surface receptors GPIIb/IIIa while, 
instead it created a significant increase in the receptor 
GPIb. It should be remembered that, with the 
deterioration of kidney function, the activity of the 
receptor GPIIb/IIIa increases and the activity of the 
receptor GPIb is reduced. 
 

Discussion 

The exposure of endothelial cells and other cell lines to 
physical sources of low intensity induces an increase in 
biosynthetic enzymes, the release of active substances, 
proliferation, migration and the stratification of the cells 
in the culture medium. In case of osteoblasts the 
phenomenon stops beyond the threshold level which the 
synthesis of nitric oxide it becomes inhibited and 
potentially toxic to bone cells [13]. Our study was not 
undertaken with the aim of documenting the effects due 
to the inhibition although it seems to have emerged. It 
was undertaken with the sole purpose of verifying 
whether, in cases of illnesses with complications, there is 
the possibility of influencing the endothelial 
dysfunction. The increase of NO and the noting of certain 
phenomena correlated with NO, supports the idea that we 
can induce reversibility of endothelial dysfunction with 
physical sources. 

Our study could be criticized because of the lack of a 
more stringent selection of patients in the two groups but 
this has the advantage of being a general cross-section of 
patients with many unknown factors not unlike that 
found in the general population. In our opinion, we have 
not modified any therapy already in use and still achieved 
a significant increase of NO, assuming that the physical 
can make a valid contribution when used in diseases with 
endothelial dysfunction and micro-circulatory pathology. 

 
The increase in NO, that we have documented, seems 

to suggest that the physical sources, could play important 
role in prevention and have a relevant impact on budgets 
when you consider that those affected with T2DM in Italy 
and Europe represent the 8% and the 8.1% of the 
population, and those with impaired glucose tolerance 
(IGT) are 1.8 million and 33.5 million respectively. The 
direct and indirect costs amount to 20 and 188 billion 
euro each year [3,4]. The direct social costs, also including 
the healing of more difficult wounds, the more frequent 
and prolonged hospitalizations, reduced autonomy, the 
necessity of greater general nursing care, it should be 
added, in terminally ill, those requirements arising from 
the technical cleansing are generally more complex. A 
controlled increase of NO could have beneficial results. 

 
The occurrence of localized infections (difficult ulcers) 

and amputations, large and small must be understood not 
only, as an extension of local ischemia in relation to 
macro-angiopathy but as a generalized pathology and a 
complexity of the impairment of microcirculation. Taking 
repeated drugs, prescribed in preventative medicine is 
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not sufficient as they can have considerable side effects on 
general heath, repeated taking of a drug over a few years 
can be attributed to some cardio-vascular illnesses. 

 
The use of acetyl salicylic acid, for instance, although 

administered for years, reduces thrombotic episodes but 
is not effective in preventing the compromise of vascular 
function. It can't be the only consolation that 16.9% of 
T2DM are totally, and 21.5% partly resistant to the 
protective effects of aspirin if adequate trials, when the 
same results were obtained from different groups, 
indicate that the intake of the drug does not give greater 
benefits in the treated group compared to the untreated 
[31-36]. 

 
The reduced effectiveness of aspirin (or aspirin 

resistance) suggests looking at more thoroughly. In a 
previous study we have shown that aspirin reduces 
platelet aggregation, but does not change the altered 
interaction between platelets and endothelium [34]. Any 
therapeutic operation disregards the altered interaction 
between platelets and damaged endothelium, and it is 
obvious that we may be able to modify the altered 
platelet-endothelium interaction if you act on endothelial 
cells. The healthy, intact and fully functioning 
endothelium, through NO, controls the aggregation and 
adhesion of blood cells and regulates the synthesis of 
nitric oxide that avoiding reaching toxic levels [13]. 

 
Our study was undertaken with the sole purpose of 

verifying whether, in cases of illnesses with complications, 
there is the possibility of influencing the endothelial 
dysfunction. The increase of NO and the noting of certain 
phenomena correlated with NO, supports the idea that we 
can induce reversibility of endothelial dysfunction with 
physical sources. 

 
The increase in NO we documented seems to suggest 

that the physical sources could play important role in 
prevention and have a relevant impact on budgets when 
you consider those affected with T2DM [3,4]. 

 
In our case, the physical source induced a modification 

in the ionic composition of the plasma, disaggregation of 
the red blood cells and FLOW motion, and it is difficult to 
not associate these effects with the improved function of 
the endothelium [24,37,38]. 

 
We have recorded that an increase in NO has a modest 

but significant effect in modifying the percentage of typed 
platelets, which tend to reverse, as previously reported in 

patients with chronic renal failure at different levels of 
uraemia [37]. 

 
Recent experiments on animals provide hope for the 

next clinical use of PEMF. Some authors have shown a 
positive effect of pulsed electromagnetic field (PEMF) on 
infarct size and inflammation after cerebral ischemia in 
mice, other have described that PEMF enhances the 
phosphorylation of protein kinase B (Akt) and endothelial 
nitric oxide synthase (eNOS), which may be closely 
related to attenuated cell apoptosis by increasing the 
releasing of nitric oxide (NO) and other have described 
change of HCN1 / HCN2 mRNA expression in peripheral 
nerve after chronic constriction injury and indicated that 
PEMF can promote nerve regeneration and could be used 
for the treatment of chronic ischemia [39-44].  

 
The multi-disciplinary operation, the more times 

required, besides guaranteeing a higher level of 
competence in the professional, should not exclude non- 
conventional techniques. The anti-thrombotic drugs, 
undoubtedly helpful, have some limitations to date 
because, when not interacting with the platelet surface 
receptors, do not affect the interaction of platelets with 
the endothelium and other blood cells and often are not 
devoid of side effects. Nevertheless we believe that the 
prevention of thrombus formation is essential and that 
anti-platelet drugs should not be abandoned. 

 
The physical source techniques are simple, non-

invasive, non-hazardous, are able to produce over short 
periods interesting clinical results, documented not only 
with laboratory tests, but also relevant from a clinical 
point of view. The increase of nitric oxide has shown that 
the physical sources are able to improve the dysfunctional 
endothelial and with it an increase in NO in a lasting way. 
The effects on haemostasis are well documented. It is 
evident that our results are to be considered, although 
preliminary, but in each case, individually satisfactory and 
encouraging. 

 
Moreover, to date, we have no knowledge, if you 

exclude hyperbaric oxygen therapy, of non-
pharmacological techniques and non-invasive ways to act 
within the microcirculatory system which are repeatable, 
and that, in cases of altered metabolic states, are capable 
of inducing beneficial effects. The physical sources may be 
advantageously used to improve the endothelial function, 
the microcirculation and tissue perfusion in combination 
with drugs already in use. 
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Recently we have shown that the administration of 
negative charges accelerates the healing of difficult 
wounds in the lower limbs in diabetic patients and 
increases the blood concentration of NO [20]. 
 

Conclusions 

The antithrombotic drugs prevent the formation of 
clots or the occlusion of the vessels by the separation of 
portions of clots. They are therefore irreplaceable to 
avoid acute ischemic phenomena. Endothelial dysfunction 
is associated with the totality of chronic diseases and 
compromises the vitality of tissues altering biological 
processes while preserving the patency of the vessels. We 
have shown that, in the treated subjects, the stimulation 
with biophysical systems induces synthesis of NO and 
improves some surface platelet receptors. We have not 
shown that the two phenomena can be correlated with 
each other but are nevertheless at an endothelium with 
an improved function. Given the specific functions of 
antithrombotic drugs and biophysical therapies, we 
believe that the use of one method does not exclude the 
other. 
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