
Volume 12 • Issue 3 • 1000881J Clin Exp Ophthalmol, Vol.12 Iss.3 No:1000881

OPEN ACCESS Freely available online

Research Article 

Correspondence to: Kholmanskiy A, Science Center BEMCOM, Moscow, Russia, Tel: +789151375904;E-mail: allexhol@ya.ru

Received date: May 12, 2021; Accepted date: May 26, 2021; Published date: June 2, 2021 

Citation:  Kholmanskiy A, Konyukhova E, Minakhin A (2021) Thermal Stimulation Neurophysiology of Pressure Phosphenes. J Clin Exp Ophthalmol. 12:881.

Copyright: © 2021 Kholmanskiy A, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

BACKGROUND
The development of sensing in living organisms began with 
mechanoreception, and then the organs for the perception of 
electromagnetic radiation from the Sun and heat appeared. The 
electromagnetic nature of bioenergy in the process of evolution 
provided vision to a dominant role in the hierarchy of the 
nervous system of mammals and humans [1]. This is confirmed 
by synesthesia of human vision with most of the body’s receptor 
systems, the total number of which reaches 70 [2,3]. Table 1 
shows the most common types of synesthesia of vision and 
the percentage of people with them from the total number of 
surveyed synesthetes (1143 people) [3]. The visual nervous system 
(VNS) plays a major role in the subordination of homeostasis to 
the circadian rhythm [4,5], driven by special light-sensitive retinal 
ganglion cells and neurons of the suprachiasmatic nuclei [4,6,7].
Table 1: The percentage of synesthetes with a specific type (1143 synesthetes 
in total). 

Type of synesthesia %
Graphemes-> vision 61.26*
Times units-> vision 22.96*

Musical sounds-> vision 18.05*
General sounds-> vision 12.21
Musical notes-> vision 7.8
Personalities-> vision 6.49
Phonemes-> vision 7.54

Odors-> vision 6.13
Flavors-> vision 5.78*

Pain-> vision 5.43
Touch-> vision 3.94

Emotions-> vision 3.24*
Orgasm-> vision 1.93

Temperature-> vision 1.84
Lexemes-> vision 0.7*
Kinetics-> vision 0.53

Proprioception-> vision 0.09
Vision-> flavors 2.98*
Vision-> odors 1.14

Vision-> sounds 3.07*
Vision-> touch 1.58

*Synesthesias related cognitive functions of the brain

ABSTRACT
Synesthesia of vision and somatosensory is based on physiology of interconnection of neurons in different nuclei of thalamus 
or areas of cerebral cortex. Work studied effect on the intensity of Pressure Phosphenes (PP) of various methods of heating 
eyes and hands, as well as manual influence on cervical spine. Along with subjective assessments of the PP intensity, EEG and 
ECG were used for chronometry of bioelectrical activity of brain and heart. From analysis of frequency and amplitude spectra 
of EEG, it was concluded that mechanism of PP generation is dominated by processes of redistribution and recombination 
of charges in retinal and LGB layers. Stimulation of PP by heating hands was associated with convergence of LGB neurons 
and neurons of thalamus nuclei, which are responsible for thermoreception and are adjacent to LGB. Enhancement of effect 
of PP stimulation by heating hands in water and in sauna was explained by resonant mechanism of heat transfer from heated 
water to water of physiological fluids of epidermis and water associated with proteins of ion channels of thermoreceptor 
membranes. It was suggested that breakdown of water clusters in physiological fluids of epidermis at temperature above 42°C 
promotes to transformation of thermoreceptors into pain receptors.
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The visual system controls the biosynthesis of melatonin in the 
pineal gland and affects brain metabolism at night, as evidenced, 
in particular, by the paradoxical phase of REM sleep [4,6,8]. It 
is also possible that the connection between the nighttime VNS 
activity and the pineal gland is modulated by chiral cosmic 
radiation penetrating the Earth [4,8,9]. The close relationship 
between the neurophysiology of mechanoreception and vision is 
also evidenced by the evocation of sensations of various glows 
(phosphenes) when acting on closed eyes with mechanical 
pressure or electric current [6]

Pressure phosphenes (PP) have been known since the 5th 
century. BC, in the Middle Ages, hesychasts called phosphenes 
“Uncreated light”. Electrophosphenes (EPs) [10,11] were 
discovered simultaneously with electricity. Typical PPs can be 
triggered by applying pressure to the eyes with your fingers or by 
listening to loud sounds after adjusting vision to darkness [12]. It 
has been established in animals and humans [13-15] that action 
potentials (AP) responsible for PP are generated only in the axons 
of the retinal ganglion cells that form the optic nerve. Pressure on 
the eyeball (Human Physiology, 1989), as well as local mechanical 
deformations of the retinal layers [15,16] lead to disturbances in 
the structure of Mueller glial cell membranes, which penetrate all 
layers of the retina, as well as photoreceptor membranes [17-19]. 
This changes the conductivity of voltage-dependent ion channels 
of membranes and the distribution of ion concentrations 
(Ca2+, Na+, K+ and Cl–) in the retinal tissues. Ionic currents in 
the conducting channels of membranes, in the cytoplasm and 
in the intercellular fluid correspond to polarization potentials, 
which, propagating along synaptic circuits in the layers of bipolar, 
horizontal and amacrine cells, reach the ganglion cells and 
activate them.

The background bioelectric activity of the retina is normally 
preserved in the dark and is manifested by the activity of 
ganglion cells (5-40 pulses/sec) [20] and the potential difference 
between the retina and the cornea (0.4-1.0 mV) (Malmivuo & 
Plonsey, 1995). Therefore, the retina is convenient for studying 
the mechanisms of interconnection between neurons of 
different layers and zones of the cerebral cortex. In addition, the 
phenomenon of phosphenes (PP and EP) makes it possible to 
obtain information on the participation of subcortical structures 
in the generation of AP in the VNS and on its connections with 
other sensory systems [21,22].

When alternating current with a frequency of 4 Hz to 40 Hz is 
transmitted in the light between the Oz-Cz points, the maximum 
EP rating is observed at frequencies of 16-17 Hz [23]. In the dark, 
the EP rating is halved and its maximum shifts to ~12 Hz. Thus, 
the maxima of the EP ratings caused by alternating current in 
the dark and in the light are due to the resonant interaction of 
the current with the structures that generate the alpha and beta 
rhythms of the brain, respectively. The dark activity of the Lateral 
Geniculate Body (LGB) is responsible for the alpha rhythm [24]. 
In addition to the retina and LGB, structures of the subcortex that 
regulate the movements of the eyeball (quadruple, hypothalamus, 

etc.) can also participate in the generation of the beta rhythm 
with open eyes [25].

From the analysis of the distributions of currents and fields when 
the EP is induced by an alternating current of 10 Hz [26] passing 
between the Fpz-Oz (F-O) and T7-T8 (T-T) electrodes (Figure 1), 
it follows that the EP rating for the F-O option in ~ 1.7 times 
higher than for T-T variant. The density of the induction current 
in the eyes for F-O is ~ 2.6 times higher than for T-T. In this case, 
the values of the current density and field in the occipital lobe 
of the brain for the F-O variant are only ~ 1.6 times higher than 
for the T-T variant. These ratios of ratings and currents between 
options F-O and T-T indicate that the EP induction by the current 
between points T7 and T8 is mainly due to the generation of AP 
in the right and left LGB.

It is known [6] that at high body temperature phosphenes appear 
more often and orgasm in men is sometimes accompanied by a 
sensation of a bright flash of white light. Ease of induction of 
phosphenes when the auditory system is excited [27-30] correlates 
with a high total proportion of visual synesthesia with four types 
of sound signals. Cross-activation (Hubbard et al., 2011) of visual 
and auditory sensing indicates a physical relationship between 
LGB cells and cells of the medial geniculate body (MGB) [29,30].

The order of the ganglion cells in the retina is reflected in the 
distribution of zones and cell layers in the LGB structure of the 
thalamus and is projected by the fibers of the Graziole bundle 
onto the visual cortex [6]. Obviously, in this case, in the cellular 
structure of the thalamus and cortex, the subordination of 
cellular connections of the retina is reproduced in one form or 
another. This is evidenced by the high prevalence of synesthesia 
of grapheme-color modalities [31] which may be due to the ease 
of cross-activation of adjacent LGB zones of the thalamus, as well 
as areas of the cortex VWFA (the grapheme processing) and V4 
(a color processing) [32-36]. 

The onset of synesthesias is facilitated by the anatomical 
proximity of sensory systems and the retention of cross-neural 

Figure 1: The standard scheme for the electrodes “10-20” on the 
projection of the brain and the layout of the structures of the visual 
apparatus in the brain: eye; 1 - optic nerve; LGB - lateral geniculate 
body, 2 - optic tract; 3 - fibers of the Graziole bundle. Inset LGB and 
thalamus. The triangles indicate the locations (Kanai et al. 2008) of 
the anodes (red) and cathodes (blue).
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connections in the early stages of perceptual brain development 
[33,37]. These connections can also form as a consequence of 
the neuroplasticity of the cerebral cortex in response to its 
local damage or new perceptions [30,31,38]. In a model of the 
mechanism of grapheme-color synesthesia is proposed, based 
on the principles of stochastic resonance and synchronization 
of increased neural noise in parallel modalities. Resonance can 
be established between oscillatory systems with close frequencies. 
Such systems can consist of coherent oscillatory LC circuits 
that model the current channels of axon membranes, including 
helical molecular structures [21].

It is believed that synesthesias involving the color vision zone 
(V4) are associated with the network activity of several brain [36] 
regions located in the sensory and motor regions, as well as in the 
higher-level zones of the parietal and frontal lobes. Many types of 
vision-induced synesthesias [3], as well as the strong influence of 
eye electrophysics on the electrical activity of the frontotemporal 
lobes of the brain, endow VNS with the function of the main 
conductor of the neurophysiology of cognitive processes [21]. 
This is also supported by phosphenes associated with synesthesias 
of vision with orgasm, hearing, tactile and thermal sensitivity [39-
41]. Thus, studying the physics of pressure phosphenes will help 
to understand the mechanisms of cross-activation of neurons in 
different parts of the thalamus or areas of the cerebral cortex 
[42,43] and the participation of subcortex structures in the 
neurophysiology of thinking and consciousness [44]. In practical 
terms, this information will be useful for optimizing the use of 
metameric therapy tools such as manual massage, acupuncture, 
exposure to low and high temperatures.

In this work, using EEG and ECG methods, we investigated the 
dependence of pressure phosphenes and bioelectric activity of 
the human brain and heart on the effect of light with different 
wavelengths and elevated temperatures on the eyes and brain.

MATERIALS AND METHODS
The studies involved 10 physically healthy men aged 32 to 72 
years. In most of the experiments, the subjects were the authors 
of the article A.Kholmanskiy (AKN-N age), and A. Minakhin 
(AM 60), a manual therapist with normal vision. AK – Doctor 
of Physical and Chemical Sciences, poet and painter [21] had 
asymmetric myopia: -3D for the right (OD) eye and -3.75D for 
the left (OS). He was diagnosed with negative scotoma with visual 
field impairment OS by 14%, and OD by 7%.

A sauna with a temperature (T) of 60oC-90°C was used for 10-
15 minutes to heat the whole body in a humid and aromatized 
atmosphere, for which pure water or solutions of various 
essential oils were sprayed onto hot stones. Non-contact infrared 
thermometer measurements of body temperature in a sauna give 
43°C [45]. With manual massage, the skin temperature rises 
from ~ 33°C to ~ 38°C [43]. Steam condensation on the skin 
plays a significant role in the increase in body temperature in a 

sauna [46]. In the rest room, T of the body was 36.4oC ± 0.2oC. 
The hands were heated for 3-5 min in heated water (45oC -50°C) 
or holding a polymer bottle (0.5 L) with heated water. The last 
version with a bottle (0.2 L) AK72 was used for local heating of 
both closed eyes for 1–2 min. PP was called after rest-relaxation 
(R) at room temperature (22-24°C) for 10-15 minutes. The eyes 
were pressed for 10-30 seconds with the proximal phalanges of 
the thumbs of both hands or the thumb and forefinger of the 
right hand. The intensity of PP (IP) was assessed subjectively 
on a scale from 1 to 10 (1 – barely noticeable barely noticeable 
enlightenment of the field of view; 10 – bright white light in the 
entire field of view). The effect of white PPs on the LGB and 
visual cortex was simulated by irradiating the retina with the light 
of a wax candle, an alcohol lamp, and a white LED. In this case, 
a pupil-sized spot of light was focused on the eye with a glass lens 
with a diameter of 8 cm and a focal length of 20 cm (Table 2). 
Table 2: Intraocular pressure (IOP) versus external pressure and temperature. 
In parentheses, the percentage reduction from the reference value. 

Subjects
Method, 
Device

IOP-before 
heating;

OD OS

 IOPt-after 
eye heating;

mmHg

IOPp-after 
pressure of 

eyes
  

AK70 Maklakov
IOP 17 19

IOPp 16.5 (-3%) 14.5 (-24%)
AK60

HNT-7000 
HUVITZ

IOP ~16
AM60 IOPp ~14 (-12.5%)

AK72

IOP 17 18
IOPt (50 ᵒC, 

1 min)
16 (-6%) 15.7 (-13%)

IOPp 17 (0%) 17 (-5.5%)

Topcon C 
T-20

IOP 21 20
IOPt (42 ᵒC, 

1.5 min)
19 (-9.5%) 17 (-10.5%)

IOPp 21 (0%) 19 (-5%)

Intraocular pressure (IOP) was measured using the Maklakov 
method and a Topcon CT-20 device with an accuracy of ±1 
mmHg, as well as an HNT-7000 HUVITZ device (an accuracy of 
± 0.5 mmHg). The measurements showed that, when within the 
measurement error, the control IOP in OS and OD are equal and 
the pressure on healthy eyes AM 60 leads to a decrease in IOP by 
the same amount, while in AK, the percentage of IOP reduction 
from pressure or eye heating in OS is usually higher than in 
OD. These changes in IOP are consistent with the asymmetry of 
myopia and scotoma OS and OD.

The bioelectrical activity of the heart and brain was recorded 
using an Encephalan-EEGR-19/26 (EG-1) electroencephalograph 
with a sampling rate of 250 Hz. The device allowed timing the 
oscillation frequencies (ν) from 0 to 100 Hz and the amplitudes 
of electric potentials (V) in the range from 0 to 0.5 mV. From the 
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standard 10–20 potential derivation, 4 points were selected on 
the left (F3, C3, P3, O1) and on the right (F4, C4, P4, O2), the 
reference electrodes were attached to the earlobes, the ground 
electrode to the forehead. For timing ν of the heart, electrodes 
were placed on the wrists at the point of a distinct pulse. The 
contact area of all electrodes was ~0.7 cm2. With pressure on the 
eyes during registration of ν, a latex glove was put on the hand for 
electrical insulation. For the analysis, we used mainly frequency 
spectra EEG and ECG, which turned out to be more sensitive 
to the effects of pressure, heat and light on the eyes compared 
to the V spectra. For comparison, the distribution of changes 
in the V spectrum over the scalp from pressure on the eyes was 
also measured using a Compact-Neuro electroencephalograph 
(EG-2) with the imposition of 16 electrodes in a monopolar lead 
according to the standard “10-20” scheme. The sampling rate was 
500 Hz and the sweep speed was 30 mm/s.

RESULTS
In all 10 subjects, after the sauna, bright white PPs were easily 
evoked by pressure on both eyes. In most experiments, the glow 
began to flare up from 3 seconds, after 7-10 seconds it reached 
a maximum with Ip ~ 7-10 and faded away by 15-20 seconds. At 
the end of the pressure on the eyes, blue-violet dots could appear 
against the background of weak white light. AK49 sometimes 
felt the same phosphenes in the morning after waking up with 
light pressure on both eyes. Manual massage of the cervical and 
thoracic spine, performed by AM60 to him and three subjects, 
led to a relief in the induction of PP with Ip ~ 8. The PP intensity 
was markedly reduced with alternate pressure on only one eye. 
In AK70 and AK72, PP induction was facilitated by heating the 
hands in water with T ~ 45oC-50°C. On the other hand, after 
heating under the same conditions, the feet to the ankle with 
a temperature of 50oC-60°C did not develop PP. There was no 
positive effect from heating the hands and eyes with dry plastic 
bottles containing water with T ~ 45oC-50°C. When the sauna 
air was saturated with water vapor or calendula ester vapors, Ip of 
PP did not change, but mustard mint vapors significantly reduced 
Ip.

Informative value of EEG and ECG spectra

Frequency (ν) and amplitude (V) spectra of EEG and ECG are 
given in Appendix. The ranges of frequencies (~4-30 Hz) and 
amplitudes (~ 5-60 μV) correspond to known brain rhythms 
(theta, alpha, beta and gamma). Comparison of changes in the 
spectra ν (Figure 2) and V (Figure 3), obtained using EG-1, shows 
that the V spectra are less detailed than the ν spectra. On the 
ECG spectra, changes in ν and V when the eyes are exposed to 
different factors are opposite, but the product of their values 
practically does not change (νV ~ const, Figure 4). Similar patterns 
in the form of νDVD ~ const and νSVS ~ const are observed 
for changes in EEG spectra in each hemisphere for all areas of 
the cortex. For the background activity of the brain in a state of 
relaxation, the value νV ~ 125 Hz ∙ μV, and its changes when 
the brain is exposed to various factors do not exceed ± 1 Hz∙ μV 
(Figure 5). In general, the energy of the ECG and EEG signal will 

be proportional to the product of Vq, where q is the charge of the 
averaged current dipole that generates V. At a constant value of 
q, the product νV will be an adequate characteristic of the power 
of the ECG or EEG signals. The principle of coding information 
by receptors is based on the variations in the repetition rate of 
AP [47]. Therefore, the frequency spectra of the ECG and EEG 
in our case best reflect the bioelectric reactions of the brain to 
external factors. The informative value of ν spectra of ECG and 
EEG, obtained by the EG-1 method with pressure on the eyes 
with a hand without a glove, sharply decreases in all areas of the 
brain and especially at points F8, F7. This may be due to the 
shunting of currents in the brain when the electrode on the wrist 
approaches the ground electrode on the forehead.

Figure 2: Dependence of the frequency ν-spectra of EEG and ECG 
AK72 on heating of both eyes by objects with a temperature of 
~50°C, pressure on the eyes with gloved fingers (P) alternating wax 
candle lighting of the right (OD) and left (OS) eyes AK72.

Figure 3: V-spectra of the potential amplitudes corresponding to the 
v-spectra.
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Asymmetry and kinetics of reactions of the visual 
system to light and pressure
It is known that the area of the nasal half of the eyes and the 
number of photorecentors in it are greater than in the temporal 
half. Since the axons of neurons in the nasal part of the retina 
pass in the chiasm into the optic tract of the opposite hemisphere, 
then normally, when the eyes are irradiated with light in all ν EEG 
spectra, the signals from the contralateral hemisphere are higher 
than from the lateral hemisphere (Figure 6). In AK70, this effect 
is enhanced for OD and almost absent in OS. This asymmetry 
of VNS in AK70 can be explained by the specificity of creative 
mental work [51] and the difference in the physiology of OS and 
OD in AK70, which manifests itself in scotoma, myopia, and 

IOP. The contralateral effect depends on the spectrum of the 
light source: it is most pronounced for a wax candle, decreases for 
a spirit lamp flame and is practically absent for an LED (Figure 
7). The first two thermal light sources have emission maxima at 
~ 1000 nm, and LED in the 400-600 nm regions. Obviously, the 
sensitivity of the nasal and temporal halves of the retina for LED 
light is the same, while for IR light it predominates in the nasal 
half.

From the V spectra obtained with the EG-2. it follows that the 
pressure on both eyes causes an oscillation in the points F7 and 
F8 closest to the eyes with a period of ~ 2 sec and an initial value 
of V ~ 1.5 mV. This oscillation decays after two periods, and 
with repeated pressure on the eyes, its amplitude decreases to ~ 
0.3 mV and decays twice as fast. Note that in the V spectra the 
difference in oscillations in pairs of contralateral points is weakly 
expressed.

The V values are comparable to the magnitude of the potential 

Figure 4: Power spectra (νV) of ECG and EEG signals (points C4, 
C3), corresponding to frequency and amplitude spectra of ECG and 
EEG AK72. 

Figure 6: Dependence of ν-spectra of EEG and ECG (a) AK70 and 
(b) AM on irradiation of the eyes with the light of a wax candle and 
an alcohol lamp.

Figure 7: Dependence of ν-spectra of EEG and ECG AK70 on 
irradiation with continuous and flashing (10 Hz) LED light.

Figure 5: Dependence of V-spectra of AK70 on the pressure (P) on 
the eyes with fingers without gloves (a) and a repeat of the experiment 
after ~2 min (b). Colored lines bend around the low-frequency V 
oscillations at each contact point.
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on the cornea of the eye and the onset of oscillations at points F7 
and F8 is synchronized with the application of pressure. Given this 
and the orientation of the eye dipole line to points F7 and F8, the 
short-lived oscillation V can be attributed to electrooculogram 
signals caused by deformation of the eye muscles and the eyeball 
dipole. The directions to points Fp1 and Fp2 are orthogonal 
to the eye dipoles, and therefore the oscillations of V at these 
points have amplitude of ~ 0.2 mV. On the other hand, the 
amplitudes V in the pairs of points (T3, T4) and (T5, T6) reach 
values of 0.3-0.4 mV with a delay of ~ 0.7 s from the beginning 
of pressure on the eyes. Hence, it follows that the likely stimulus 
for oscillations at these points is the redistribution of charges in 
the LGB layers, initiated by currents from retinal deformation. 
With the same delay, but with a smaller amplitude, V oscillations 
are excited in pairs of points (C3, C4), and in pairs (P3, P4), 
(O1, O2), the delay increases to ~ 1 sec and is consistent with 
the delay PP start flaring up. The decrease in the frequency-
amplitude characteristics of EEG signals with repeated pressure 
on the eyes can be explained by a decrease in the concentration of 
charges in the layered tissues of the retina and LGB, due to their 
recombination caused by the first pressure. In , such structures 
are modeled by capacitor systems as part of neural networks. 

Influence of heating of hands and eyes on the frequency 
spectra of EEG and ECG 
The ECG frequency increases ~4 times with heating and pressure 
on the eyes, while the increase in EEG frequencies is different for 
all points are observed only during heating. Heating of the eyes 
did not contribute to the induction of PP by subsequent pressure 
on the eyes after heating, as well as without heating, did not cause 
sensation of PP (Ip ~ 0) and led to a change in the background 
spectra of EEG and ECG frequencies during relaxation (Figure 
8). The same result was given by a control experiment of pressure 
on the eyes, carried out before warming the hands (Figure 9a). 
However, the pressure on the eyes after heating the hands with 
plastic bottles with water with T1 ~ 50 °C caused a weak glow 
over the entire field with an increase to the equator line (Ip ~ 
1-2). 

The glow flared up for 5-7 seconds and quickly faded away after 
the pressure on the eyes stopped. ~ 1 min after the pressure on 
the eyes in all EEG spectra, a 30-second jump in frequencies 
was observed at all points and especially in the left hemisphere. 
Perturbation of the ν-spectrum of the ECG is synchronized with 
it (Figure 9b). These disturbances of the ECG and EEG spectra 
are highlighted by ovals. After heating both hands in water for 
1 min (T2 ~ 48°C), the PP intensity increased to 5-6 when the 
hands were reheated after 2 min for 2 min in water (T3 ~ 43°C), 
the pressure on the eyes did not cause a noticeable glow. The 
intensities of disturbances in the frequency spectra of the ECG 
and EEG caused by pressure on the eyes after heating the hands in 
water with T2 and T3 and dry objects with T1 differed markedly.

Figure 5: Dependence of ν-spectra of EEG AK70 on pressure (P) on 
both eyes (OU) and alternately on the right (OD) and left (OS) eyes 
with fingers in a latex glove (a) and without it (b).

Figure 9b: Dependence of ν-spectra of EEG AK72 on pressure on 
both eyes for 20 seconds with gloved fingers before (P) and after 
warming up the hands (P1, P2, P3); (b) in water with Т2 ~ 48 оС 
and Т3 ~ 43 оС. R - Relaxation with closed eyes. Ovals mark the 
frequency deviations caused by pressure.

Figure 9a: Dependence of ν-spectra of EEG AK72 on pressure on 
both eyes for 20 seconds with gloved fingers before (P) and after 
warming up the hands (P1, P2, P3); (a) dry objects with T1 ~ 50°C.
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Influence of heating of hands and eyes on the frequency 
spectra of EEG and ECG
The frequency of the ECG spectrum increases ~4 times with 
heating and pressure on the eyes, while synchronous increases 
in the frequencies of the EEG spectra are observed only during 
heating and differ for different points. Pressure on the eyes 
after heating them, as well as without heating, did not cause 
the sensation of PP (Ip ~ 0), however, it led to a change in the 
background spectra of EEG and ECG frequencies. The same 
result was given by a control experiment of pressure on the eyes 
before warming the hands. The pressure on the eyes after heating 
the hands with plastic bottles with water with T1 ~ 50°C caused 
a weak glow over the entire field with an increase to the equator 
line. The glow flared up for 5-7 seconds and quickly died out 
after the pressure on the eyes was stopped, and ~1 min after 
that, a frequency jump was observed in all EEG spectra at all 
points and especially in the left hemisphere. The disturbance 
of the ν-spectrum of the ECG was synchronized with it. These 
disturbances of the ECG and EEG spectra are highlighted by 
ovals. After heating both hands in water for 1 min (T2 ~ 48°C), 
the intensity of PP increased to 5-6 when the hands were reheated 
after 2 min for 2 min in water (T3 ~ 43°C), pressure on the eyes 
did not cause PP. Note that changes in the ν-spectra of ECG and 
EEG caused by pressure on the eyes after heating the hands in 
water with T2 and T3 were more noticeable than after heating 
with dry objects with T1.

DISCUSSION
The time of AP propagation from the retina along the VNS 
correlates with the delay time of the PP, and the bioelectric 
activity of the retina and LGB is consistently manifested in the 
EEG spectra by potentials at points (F7, F8), (T3, T4), (C3, C4) 
and (O2, O1). The dynamics of the evoked potentials in each pair 
of points can be modeled by a rapidly decaying sinusoidal signal 
generated by the charge recombination current, first between 
the retinal layers, then the LGB layers [21,43]. In the layers 
of the retina, these processes are initiated by the mechanical 
deformation of its tissues, and the bioelectrical activity in the 
LGB layers is caused by the AP flows emanating from the retina 
and corresponding to the PP. Since direct eye heating does not 
stimulate PP generation, this effect should be realized at the level 
of LGB neurophysiology. The presence of neural connections 
between LGB and MGB (synesthesia of vision and hear) indicates 
the possibility of a neurophysiological relationship between LGB 
and the nuclei of the hypothalamus and thalamus, which are 
responsible for thermoreception [39,52,53]. The latter include 
the thalamic nuclei closest to the LGB: the ventral medial nucleus 
(VM), the ventral medial nucleus (VM), the ventral posterior 
medial nucleus (VPM), and the pulvinar nuclei (PUL).

In the course of evolution, thermoreceptors developed as 
modifications of mechanoreceptors, primarily in the skin of the 
fingers, palms of the hands, and in the cornea of the eyes [39]. The 
molecular mechanisms of pain and thermoreceptors are not yet 
fully understood. It is known [54,55] that cold and heat receptors 

at T ≥ 42oC begin to work as pain receptors. It is believed that at 
these temperatures, the cold receptor mediator menthol [56,57] 
will also affect the conductance of other protein ion channels of 
receptors of the TRPA, TRPV, and TRPM families ¬. Menthol, 
forming a hydrogen bond with proteins, causes the opening of 
ionic Са2+ channels and the flow of Са2+ across the membrane 
of receptor cells leads to their inactivation and loss of the ability 
to respond to stimuli. The action of menthol, which contains ~ 
40% in mustard mint, can explain the decrease in the thermal 
effect of PP stimulation when mint is added to the sauna at 
temperatures 60-90°C. The lack of a thermal effect upon direct 
heating of the eyes and cornea is apparently due to the lack of 
convergence with the VNS centers of the trigeminal nerve fibers, 
which innervate the corneal heat and pain receptors. 

Due to its incompressibility, water in the vitreous humor and 
intercellular fluid of the retina evenly distributes the action of the 
pressure force over all retinal tissues tightly adjacent to the elastic 
and inextensible sclera of the eye. The absence of PP at the sites of 
retinal detachment from the choroid feeding it [58] indicates the 
key role of the physiological fluids of the retina and mechanical 
resistance from the sclera in the process of PP generation. There 
are no special moisture receptors in the epidermis of the palms 
and fingers. Their absence is compensated for by the responses of 
tactile mechanoreceptors to water pressure and thermoreceptors 
to the thermal effects of water condensation and evaporation. 
Hydrophilicity of the skin implies the formation of hydrogen 
bonds of water with epidermal molecules when hands are 
immersed in water. As a result of these bonds, the efficiency of 
resonant heat transfer from water to the blood and epidermal 
tissues, and therefore to the thermoreceptors, increases. Heat 
transfer when the hands are heated with a plastic bottle with 
heated water will be significantly worse, and this explains the 
absence of the thermal effect of PP stimulation in this case. 

In addition to water entering the hydration shells of ions and 
associated with biomolecules, a certain proportion of free water 
is also present in the blood plasma and in the intercellular fluid 
[59,60]. Anomalies of its physical properties in the range from 
~ 25°C to ~ 42°C are determined by the dynamics of hydrogen 
bonds in clusters of various compositions [61]. These features 
of the thermodynamics of water and its hydrogen bonds with 
the proteins of the conductive channels of cell membranes can 
underlie the differentiation of the mechanisms of operation of 
cold, heat and pain receptors in the epidermis. Apparently, the 
leveling of these features of water thermodynamics at T> 42oC 
leads to the observed unification of the mechanism of the pain 
and thermoreceptors. 

CONCLUSION
The generation of pressure phosphenes is based on the 
mechanical activation of bioelectric processes in the layers of 
the retina, which normally occur in it in dark conditions. At the 
same time, the efficiency of the generation of action potentials 
in ganglion cells depends on the state of the physiology of the 
eyes and its adaptation to the professional specificity of the use 
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of vision. Stimulation of the process of generation of pressure 
phosphenes by preliminary hearing of the hands in water or 
manual massage of the cervical and thoracic spine indicates the 
presence of convergence between LGB neurons and neurons 
of the thalamic nuclei, which control the somatosensory of the 
body.
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