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Transdermal electrostimulation: approach from the position of regulatory peptide functional continuum
There are four main theories that explain analgetic effectiveness of transdermal electostimulation (CHANS): 1) gate control theory, 2) endogenous opiates, 3) central biasing 4) peripheral nerve block. Each theory doesn’t have firm evidential basis, thus can’t be considered to be universal [7]. 

Moreover:

1. These theories can explain only analgetic effects and don’t touch on general therapeutic problems;

2. Still there is no answer to the question: why CHANS-methods coexist with other methods of electrotherapy, such as Bernard’s currents (diadynamic currents), interferential currents and other similar currents, though low-energy reflexotherapeutic methods, which in fact include CHANS, allow to get good results in treating many diseases [3]. 

3. In fact, known approaches quite often contradict each other, thus don’t give any recommendations on developing technical devices and methodological methods. They orient researches on empirical approach. 

This article is aimed at explaining reasons why theoretical contradictions arise, resolving these contradictions and finding answers to the questions put above.   

The following presuppositions underlie the suggested approach:

1. Neuroendocrinal system coordinates all the vital processes in our body, forms functionally united mechanism, and regulates homeostatic disorders. 

2. Neurosecretory cells have a double nature – on the one hand they possess the properties of neuron, on the other – endocrine cell. They are scattered in the body and localize in different parts of the brain, as well as in peripheral nerve fibers.   

3. Any physical influence on the body – in our case electrical – is considered to cause homeostatic disorder. 
4. As a response to any physical influence (stimulus), by modifying its parameters nervous system builds nerve model of this stimulus. That makes the orienting response decrement and response to the stimulus decrease. 

5. Together with the classical neuromediators and other humoral regulators neuropeptides provide any compatible biological activities in health and disease (conception of regulatory peptide functional continuum).

6. To produce a therapeutic impact physical influence should stimulate secretion of effective regulatory peptide doze with minimal invasive influence. 

7. The body can response adequately (to its profit) to homeostatic disorder, at least to the changes that are provided by the therapeutic (short) stimulation dozes. 

According to the first presupposition the problem solution lies within the neuro-reflexive action mechanism accepted in the electro- and reflexotherapy, and the influence of neurohumoral link is emphasized. 

The conception of neurosecretory cells superseded classical teachings about neurosecretion mainly connected with the hypothalamic-pituitary relations. According to the examined approach this conception determines methodological methods, proves the idea that stimulating any zone can treat a disease. 

According to the third conception any physical influence causes homeostatic disorders. There is a certain hierarchy of responses to homeostatic disorders among neoruendoctrine regulatory mechanisms [5,2]. The first activates nervous regulatory system, then neuromediators, which change the activity of ion channel thus cause membrane hyper- or depolarization, are extracted. This regulation is provided by physical processes, it develops and fades away within a split second. 

In case homeostasis is out of norm, peptide hormones (nonsteroid) that influence through membrane receptors and systems of secondary mediators that stimulate chemical modification of proteins are activated. This regulation is provided by physical processes and fades away in a split second or scores of seconds. 

In case homeostasis is greatly out of norm and that is already dangerous for the body, steroid and thyroid hormones are activated. Appropriate reaction begins in 3-6 hours and finishes in 6-12 hours after the abnormality took place. Growth factors, whose receptors can penetrate into nucleuses and cause cell proliferation, have intermediate position.

One of the ways to preserve body homeostasis as response to the physical stimulus, at least weak, is not to react to it (by building nervous model of the stimulus [4]). It is an important factor that allows to answer a range of questions that arise in electrotherapy. 

The conception of regulatory peptide functional continuum underlies the suggested approach. We will examine this conception in two ways: on the one hand, as a fact stating that influence of neuropeptides (regulatory peptides) on processes of homeostasis maintenance is decisive, and, on the other hand, as desired response to the physical (electro-) influence aimed at producing a therapeutic effect. 

The latter approach requires a certain (effective) doze of regulatory peptides to be secreted. But not every method can be used to get such a doze: the aim is to get the stated effect with minimal invasive influence. And each type of physical influence (electrotherapy) has certain restrictions in this sense. The method, which provides certain level of middle molecular background (peptide continuum) with minimal invasive influence, is optimal. We will touch upon this question when we will compare concrete electrotherapies. 

And the last supposition in this article emphasizes that genetic programmers provide adequate reaction to minor homeostatic disorders by eliminating the excess of bioactive compounds that have appeared and using them in necessary (pathological) situations. Here we should notice that according to modern ideas the body has 50-60 groups of peptide compounds with the total amount of peptides of several thousands [1]. It is evident that direct coordination of each peptide is hardly possible and only innate mechanisms of the body help to cope with such a task. 

Trying to find the solution to the problems stated in this article, we should emphasize that well-known theories are, in fact, based on presuppositions 1-3 and 7, while their contradictions are mainly based on presuppositions 4 and 6.   

Though we know that the problem of addiction exists, for example when the doctor prefers high-intensive low-frequent CHANS to low-intensive high-frequent CHANS, it is not considered when analyzing the contradictions that exist in electrotherapy.

It is evident that the doze of neuropeptides that was released during the stimulation is not enough, as the desired effect is not achieved. All that goes together with many other factors: disintegration rate of released biochemical compounds, degree and reason of pathology (for example pain is determined by combination of many regulatory peptides), methods in use, functional state of the body (the latter can be considered as original vector of middle molecular background), level of damage caused by the treatment (electroinfluence), patient age, stimulation time, etc. It is evident that under certain conditions each CHANS method can result both in success and in failure.  

One more factor is the degree of patient’s confidence in the method: it is known that placebo-effect during CHANS is 35-43% [7]. It should be noted that reasons of placebo-effect (psychotherapy) perfectly falls into the suggested conception.   

Considering the facts stated above, it becomes quite clear why CHANS-methods are oriented on pain-relief and don’t touch upon general therapeutic problems: they don’t stimulate the release of neuropeptide doze, which is necessary in solving therapeutic problems. In high-frequent low-intensive CHANS it is connected with quick (in fact at first second of stimulation) addiction. At low-frequent (1-4 Hz) high-intensive CHANS it is determined by low stimulation frequent. So, if we cope with the problem of addiction during high-frequent CHANS, background of middle molecules (peptide continuum) under other similar conditions and at frequency of 100Hz, will be 20 times greater than at the frequency of 5Hz. Pulse burst stimulation is used to combine the advantages of low-and high-frequent CHANS. The bursts are supplied with low (up to 5 Hz) frequency and pulse frequency in the burst is 100 Hz. 

It is known that electrotherapy should be realized with pulse current [6], but in practice it is not so. And the approach considered in this article allows to explain this contradiction. High-energy methods (Bernar’s currents, interferential therapy, currents at amplipulse therapy) cause certain inflammatory process – homeostatic disorder. As stated above (in the presupposition 3) that changes the middle molecular background oriented first of all at relieving inflammatory process, changes at organismic level occur through blood and intercellular fluid. If the composition of middle molecular background and its concentration can fight against the disease (can help the body to fight with the disease), high-energy methods make the therapy successful. At the same time it is evident why they are so ineffective and, in a certain sense, vicious: changes in the middle molecular background in these methods are caused by damages. Problems of pulse electrotherapy are described above – insufficient concentration of additional middle molecular background. And that explains the fact why low- and high-energy therapies exist. 

So, summing up everything mentioned above we can formulate the requirements to the CHANS-stimulation basing on the conception of peptide continuum: it should guarantee the changes (increase) of the middle molecular background at minimizing invasive impact of the electric signal. 

So:

1. It should be high-amplitude as most part of the nervous tissue consists of thin, high-level nonmyelinated C-fibers. 

2. Stimulation should be high-frequent enough to be able to provide the release of necessary neuropeptide doze in time acceptable in practice.

3. Stimulation should be noninvasive. As scientific works say, bipolar pulse meets this requirement - its phase is not longer than 100 mks.
4. The problem of addiction should also be solved. Each stimulation pulse (pulse burst) should change the middle molecular background and provide accumulation of peptides with multifunctional stress limiting spectrum. 

It makes sense to add general guidelines to all the above requirements for the technical devices: zones enriched with neuropeptides, situated close to the pathological focus and that have reflexive connections with this focus should be stimulated. 

Modern researches show that peptide continuum (middle molecular background) defines physiological state of the body in health and disease at neurohumoral regulation of cardiovascular and respiratory systems, reproductive function, gastrointestinal tract in shock, inflammatory processes and tumor-body relations [2]. Approach to the        CHANS-therapy from the position of regulatory peptide functional continuum allows to broaden application of this low-energy reflexotherapeutic method almost on any pathology, decrease empirical component in developing technical devices and procedurial guidelines, use electrical influence in preventive and rehabilitation measures and for maintaining health. 
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