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Abstract 
Photon counts were measured every 15 ms for 75 s from microtubule-enriched preparations (and 
nuclei) from mouse melanoma cells during baseline and after 2 min exposures to 1 μT magnetic 
fields. The magnetic fields were generated from a circular array of solenoids and presented with 
accelerating or decelerating rotation velocities. The range of photon radiant flux density was in 
the order of 10−12 W·m−2. Microtubules preparations that had been exposed for only 2 min to a 
magnetic field configuration corresponding to the electric field pattern that induced long-term 
potentiation in neural tissue when applied as electric current displayed peaks of spectral power 
densities within 7 - 8 Hz, 9.5 Hz, 14 - 15 Hz, and 22 Hz bands. The major peak (9.4 Hz) bandwidth 
was approximately 0.1 Hz. While microtubule preparations exposed for 2 min to a 7 Hz sine-wave 
or in the absence of a field emitted an overall similar level of spectral power density, the peaks in 
power density were not present. Treatment with the LTP patterned fields, compared to the base-
line or sine-wave fields primarily altered the frequency band in which the amplitude of the photon 
field was expressed. These results suggest that the photon emissions from microtubule prepara-
tions have the capacity to respond to specifically-patterned or geometric shapes of magnetic fields 
by altering spectral configurations rather than the absolute numbers of photons. 
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1. Introduction 
Whereas the functions of the molecular components of the cell respond to spatial structures of atoms, the elec-
tromagnetic functions of the cell appear to respond to temporal patterns of energy. Long-Term Potentiation 
(LTP) is a powerful process [1] within neuronal aggregates within the hippocampus and other brain regions by 
which representations of stimuli (experience) are facilitated to form spatial representations within the spine pat-
terns of dendrites [2]. The consequence of this process is that less energy is required to evoke the complimentary 
representation when a similar stimulus pattern is presented again. 

Within the molecular domain, a phosphorylation of a single site (serine831) in the subunit (glutamate R1) of 
the alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic (AMPAR) receptor followed LTP while dephos-
phorylation of a single (serine845) site followed Long Term Depression [3]. In other words, a single reaction in-
volving a quantum of energy in the order of 10−20 J [4] per molecule was associated with a long-term shift in the 
state of responsiveness of the cell. Rose and his colleagues [5] found that a temporal pattern of electric current 
associated with a single priming pulse followed 150 ms later by four rapid pulses (equivalent to ~100 Hz) re-
sulted in significant LTP when applied to hippocampal slices. When this pattern was transformed to weak mag-
netic fields in the order of 1 μT and applied to the entire animal before learning a spatial task, the disruption of 
the memory was as powerful as complete depolarization of the hippocampal region by direct current [6]. 

The molecular bases to the changes in neuronal activity that are coupled to memory and to even higher func-
tions such as consciousness [7] have focused upon the changes of energy as inferred from photon properties 
within microtubules. The multifunctional microtubules affect intracellular transport of molecules and organize 
the relative positions of membrane-enclosed organelles. Tubulin, the subunits of these hollowed cylindrical 
structures that extend across the cell, contains an alpha- and beta-tubulin for which the individual monomers ex-
hibit either a bound GTP molecule or an exchangeable GTP or GDP molecule. Such potent molecular arrange-
ments allow the possibility for discrete release of energy as photons as monomers organize or “disorganize”. 

In several experiments, we found that mouse melanoma cells in culture when they were removed from stan-
dard incubation emitted copious photons as measured by photomultiplier units. We have inferred that a large 
proportion originated from the plasma cell membrane [8]. The flux density of the photon emissions (~10−11 W·m−2) 
responded systematically and non-linearly to the optimal intensity of an applied, physiologically-patterned 
magnetic field [9] and suggested that the dynamics within the plasma cell membrane exhibited a type of “mem-
brane magnetic moment”. We reasoned that considering the proportion of tubulin within cells and the rate of the 
sequestering of the monomers forming tubulin the dynamics within these structures might be a source of photon 
emissions with which weak, physiologically-patterned magnetic fields might interact. 

In order to test if the photon emissions of even non-neural cells would respond to physiologically-patterned, 
weak magnetic fields, we tested the effects of the temporal structure known to induce LTP in hippocampal slices 
to preparations of microtubule preparations (and nuclei) from melanoma cells. We employed a specific exposure 
protocol, involving initial durations of 20 ms magnetic fields that were rotated through a circularly array of eight 
solenoids because of its demonstrated efficacy for producing maintained photon emissions from chemo lumi-
nescent reactions [10]. Here we demonstrate that brief exposures to LTP patterned fields produce a conspicuous 
shift in the peak spectral power density of photon emissions from aggregates of microtubules. 

2. Materials and Methods 
2.1. Microtubule Preparations 
B16-BL6 murine melanoma cells were maintained in Dulbeco’s Modified Essential Medium (DMEM, Hyclone) 
supplemented with 10% fetal bovine serum (Hyclone), 100 ug/ml of streptomycin, and 100 U/ml of penicillin 
and incubated at 37 deg C in 5% CO2. Cells were plated on 60 mm × 15 mm tissue culture dishes at a density of 
approximately 106 cells per dish. To remove the plasma membrane and cytoplasm, cell monolayers were washed 
with 0.01% Triton (in PBS, pH 7.4) solution for approximately 2 min. The Triton solution was removed and the 
microtubule- and nuclei-enriched preparations were rinsed once with PBS. They were then covered with 1 mL 
of PBS pH 7.4. 

2.2. Circular Array of Solenoids and Exposure Equipment 
A single plate of the preparation of microtubules and nuclei was placed in the center of a circular array (circum-
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ference 60 cm) of 8 pairs of solenoids (Figure 1). The solenoids were SPST-5VDC reed switches purchased 
from Radio Shack. The coil resistance was 250 ohms and the voltage and nominal current were 5 VDC and 20 
mA. Pairs of solenoids were contained in plastic film canisters such that one was “north” and one was “south”. 
Consequently the magnetic field was “focused” similar to that of a small “horseshoe” magnet. 

Special software allowed a programmable pattern to be generated through each pair of solenoids. The Com-
plex software developed by Professor Stanley A. Koren was constructed such that a number between 0 and 255 
could be transformed to between −5 and +5 V (128 = 0 V) by a custom constructed digital-to-analogue converter. 
Consequently a column of numbers with each value between 0 and 255 would be transformed into a voltage. 
The duration each voltage was generated, the point duration, was also programmable. 

The second component of the program determined the duration each pattern was presented at each of the eight 
solenoid pairs. Based upon previous research [10], we selected a pattern composed of 142 units, called the 
7LTP40 pattern. It was the fast-frequency component of that employed by Rose et al. [4] to produce LTP in 
hippocampal slices when it was applied as electric current. The pattern is composed of a column of 142 numbers 
between 128 and 255 (positive polarity, PP). The point duration of each number (voltage) was 1 ms. The re-
peated sequence was 62 ms (no polarity or voltage, NV), 10 ms PP, 25 ms NV, 11 ms PP, 25 ms NV, and 9 ms 
PP. The fast frequency bursts were equivalent to 90 to 110 Hz; the average interval was 24 ms. To control for 
simply the presentation of the magnetic field a second pattern, designed to generate a smooth 7 Hz sine wave 
was developed. It was composed of a row of 334 numbers with gradually increasing and decreasing values (7 
times per s) between 0 and 255. To match for intensity of the average field strength, the point duration was 3 ms. 

The third component of the programmable software determined the duration the continuously generated pat-
tern was rotated through each solenoid pair. The 20 + 2 ms (accelerating angular velocity) program indicated 
that the first solenoid pair generated a pattern for 20 ms while the second solenoid generated the pattern for 18 
ms until the 8th solenoid generated the field for 6 ms. This was followed by the 20 − 2 ms (decelerating angular 
velocity) program where 2 ms was added to the duration of each successive solenoid such that the duration of 
the field at the 8th solenoid pair was 34 ms. The time required for the completion of one rotation for the 20 + 2 
and 20 − 2 ms configurations was 104 ms and 216 ms or 9.6 Hz and 4.6 Hz, respectively. 

2.3. Exposure and Measurement Procedure 
In four separate experiments over several weeks aggregates of microtubule preparations in cell dishes (plates) 
were placed over a digital photomultiplier sensor (SENS-Tech DM0009C). The width of the sensor was 2 cm 
such that about 40% of the area of the plate was within the area of the aperture. The distance between the sensor 
and microtubules on the bottom of the plastic plate was about 1 mm. The stabilized unit was housed within a 
blackened box that was covered with several layers of thick, black terry cloth towels in a very dark room. 

For each experiment a plate containing the microtubule preparations was first placed over the PM sensor in 
the dark box. The numbers of photon counts were sampled at 66.66 Hz (15 ms), the upper limit of reliability of 
the software program, for 75 s, resulting in 5000 measurements. The plate was then removed and placed in the 
middle of the array of solenoids. The plate was exposed to the LTP 20 + 2 ms accelerating angular velocity con-
figuration for 60 s. Within 30 s, the LTP 20 − 2 ms decelerating field was applied for 60 s. The plate was removed 

 

 
Figure 1. Schematic of the exposure equipment. The dishes of microtubules 
(gray circle) were placed within the circular array of solenoids (rectangles). 
The rate of acceleration or deceleration of the rotation as well as the shape 
of the applied magnetic field was controlled by the computer and its soft-
ware (CPU). 
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and placed (within 30 s) over the PM sensor for 75 s. The accelerating followed by the decelerating procedure 
has produced the most optimal effects [10]. 

After that measure, the plate was returned to the array of solenoids and exposed to the 7 Hz sine wave pattern 
applied with angular acceleration (20 + 2) for 60 s and then 30 s later applied with the negatively accelerating 
configuration (20 − 2 ms). The plate was returned to the PM sensor and measured for 75 s. For air measurements 
a tissue culture plate only was placed over the PM sensor for 75 ms. In Experiment 4 the sine-wave exposure was 
presented first before the LTP exposure. The average strengths of the magnetic fields within the culture dishes 
containing the microtubules within the center of the array of solenoids as measured by a power meter was ~1 μT. 

2.4. Statistical Analyses 
The 16 rows of 5000 measurements for each of the 4 experiments containing data for the baseline (no field), 
LTP, 7 Hz sine wave, and air measurements were transported from Spreadsheet to SPSS 16 software. Means and 
standard deviations for the numbers of photon counts (per 15 ms) were obtained. We assumed repeated meas-
ures within an experiment. Because we are interested in larger effects that can be discerned by small samples we 
employed Friedman’s Test, a non-parametric within subject procedure. 

The major component of the study involved spectral analyses. The correlation between the total numbers of 
photons measured for 5000, 15 ms increments and the total spectral power density (SPD) for the 16 cases was 
0.95. The ratio of the SPD to the photon counts ranged from 50 to 300 SPD units per 0.02 Hz. 

In order to allow direct comparison between trials, z-scores were obtained for baseline, LTP-exposed, and 
sine-wave exposed samples. Spectral density data were saved for these z-score transformations. The mean spec-
tral densities (2500, increments, each ∆f ~0.02 Hz) for each condition were calculated. Scattergrams for the 
mean spectral densities for the conditions across the 33 Hz of increments were completed to ensure no effects 
were obscured. 

3. Results 
The means and standard deviations (in parentheses) for the numbers of photon counts per 15 ms (sampling rate) 
were 0.6 (0.1) for the air, 10.6 (10.2) for the baseline (microtubule preparations before magnetic field exposure), 
7.4 (5.2) for microtubule preparations after the modified LTP pattern, and 5.1 (2.9) after the 7 Hz sine wave ex-
posure. Assuming a mid-energy quantum of 5 × 10−19 J per photon, an aperture area of 3.14 × 10−4 m−2, this ra-
diant flux density was in the order of 10−12 W·m−2 when the microtubules were present and ~10−13 W·m−2 for air, 
i.e., the typical background level for cosmic ray incidence [11]. 

Because of the large coefficient of variations, our selection of the non-parametric repeated measures (Fried-
man Test) was particularly appropriate. There was a significant difference (chi-squared (3) = 9.30, p < 0.05) 
between the treatments. The major source of the difference was between the photon counts for the air vs. other 
(microtubule) conditions. Pairs of Friedman comparisons for each of the treatments indicated that the diminished 
photon emissions after the sine-pattern exposure was significantly different from the LTP magnetic field expo-
sure (chi-squared (1) = 4.0, p < 0.05). No other paired comparisons were statistically significant. 

The mean standardized power densities for the photon emissions from microtubule preparations after expo-
sure to the LTP-patterned magnetic field for the range between 5 and 30 Hz and 7 to 10 Hz increments for more 
precise viewing are shown in Figure 2. Values above the horizontal dotted red line indicated the values were 
more than 2 SD above the mean. Microtubules that had been exposed to the modified LTP accelerating and de-
celerating magnetic field for 60 s each showed significant elevations in photon power density within the 7 to 8 
Hz band, 9.4 Hz, 14 to 15 Hz, 23 Hz, and 24.5 to 25 Hz. The 7.1 Hz and 9.4 Hz peaks are more evident in the 
lower panel of Figure 2. 

When all three conditions (baseline, LTP, and 7 Hz sine wave) are compared in Figure 3, the conspicuous 
nature of the effect is clear. The protracted significant elevation of power densities over 5 successive 0.02 Hz 
increments between 9.4 and 9.5 Hz is indicated in red. For comparison the power densities for the baseline 
(black) measurements and those following the 7 Hz sine-wave (dotted) line are shown. 

4. Discussion 
The results of these experiments indicated that only two minutes of exposure to counterclockwise angular  
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Figure 2. Average normalized spectral power density for photon emissions from mi-
crotubules as a function of frequency during the subsequent approximately 2 min fol-
lowing 2 min exposure to the modified LTP magnetic field configuration. Values 
above the red dotted line indicated greater than 2 standard deviations above the inter-
val mean. 

 

 
Figure 3. Averaged normalized spectral power densities for photon emissions from 
microtubule preparations as a function of frequency (increments of 0.02 Hz) between 
9 and 10 Hz for baseline measures and after exposure to modified LTP-patterned and 
7 Hz sine-wave magnetic fields. 

 
accelerating and decelerating magnetic fields around a circular array of sources produced a shift in the spectral 
power density of photon emissions from aggregates of microtubules (and nuclei). The shift in the power density 
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compared to baseline conditions was conspicuous for the fast-frequency component of the magnetic field pattern 
that when applied as current produces long-term potentiation in hippocampal slices. A second magnetic field 
pattern, a “pure” 7 Hz sine wave, did not produce this shift. 

We selected the specific characteristics of this modified LTP pattern and microtubule preparations to be stu-
died together in the present experiments because of their essential role in theories concerning “consciousness” 
involved with the collapse of the wave function and memory [7]. An approximately 20 to 25 ms average “repeti-
tion” rate for the recursive, dynamic reconstructions of cerebral electromagnetic fields moving in a rostral-to- 
caudal direction may be considered an intrinsic property. Although these microtubule preparations were ob-
tained from mouse melanoma cells, we assumed that the ubiquitous microtubules should not exhibit substantial 
differences in their physical properties from either normal neurons or malignant melanoma cells. That only the 
LTP magnetic field pattern produced the most conspicuous effects compared to the 7 Hz sine-wave magnetic 
field indicates that the phenomenon was specific to the temporal pattern of the field. Other experiments involv-
ing learning in rodents have found that LTP-patterned magnetic fields are more effective than intensity-balanced 
sine-wave fields [12]. 

There was a marginally statistically significant difference in the flux density of the photons emitted from mi-
crotubule preparations after exposure to the LTP or sine wave fields. It was not likely to have been an artifact of 
time since the microtubules were removed from incubation. During the experiment where the sine-wave expo-
sure occurred first there were still more photon counts after the LTP exposure. However this was not as impres-
sive as the shift of the frequency in peak power spectra density. 

The primary effect upon the shift of the spectra power density of the photon emissions following the modified 
LTP magnetic field exposure suggests that the temporal geometry of the applied field interacts with the temporal 
pattern of the photon emissions. Pattern is often associated with information and does not require significant ad-
dition or subtraction of energy from the system. As succinctly summarized by Cifra et al. [13], a shift in the rate 
of temporal patterns by which energy is emitted rather than induced by the applied magnetic fields minimizes 
the counterargument that their intensities are too small to overcome the kT values associated with intrinsic 
thermal oscillations. 

There was quantitative convergence with results consistent with other studies. The average (10.6) photons 
during baseline per 15 ms is the equivalent of 7.1 × 102 photons·s−1. Assuming 5 × 10−19 J per average photon, 
the energy is 3.5 × 10−16 J·s−1 or W. With an aperture area of 3.1 × 10−4 m2, the equivalent flux density would be 
~1 × 10−12 W·m−2. This is within the range of photon flux density measured during theta activity from hippo-
campal slices by other researchers [14].  

The value of 3.5 × 10−16 J (per s) would have originated from the equivalent of about 2 × 105 cells (consider-
ing that only about 50% of the cell cytoskeletons were removed during the microtubule preparation and about  
40% of the plate containing the material was within the aperture of the PMT sensor), which is about 1.8 × 10−21 
J per cell per s equivalent. This quantity is within the range of energy lost (or gained) for one bit of information 
or when two operations converge according to the Landauer Limit of ln2·kT where k is the Boltzmann constant 
and T is the temperature of the preparation. 

This quantity of energy per cell per second would be analogous, assuming a unit charge of 1.6 × 10−19 A·s, to 
~11.2 mV. It may be relevant that this increment of voltage is within the upper range of the persistent ~8 Hz os-
cillation found in cells within layer two of the entorhinal cortices [15] which is the major input to and recipient 
of output from the hippocampal formation before the information is distributed through the cerebral cortices. 
Shifts or phase-modulations of voltages within the 7 to 9 Hz range might be considered a discrete band through 
which this area of the brain affects its volume. Superimposed upon the theta patterns emerging from the hippo-
campal formation are much smaller amplitude “40 Hz” ripples, or 20 to 25 ms fluctuations, that intercalate ac-
tivity within the parahippocampal volume with the entire cerebral cortices. 

The close correspondence between the intrinsic rotational frequency (9.6 Hz) of the angular accelerating 
magnetic fields and the 9.4 to 9.5 Hz conspicuous peaks in power density of photon emissions from the micro-
tubules several minutes after removal from the field may suggest a transient “representation” or “memory” of 
this second derivative, rotational frequency within these aggregates that was later expressed within the photon 
emissions. The results of these experiments indicate that the strength of the applied magnetic field is not re-
quired, as also argued by Cifra et al. [13], to exceed the threshold to compensate for thermal agitation. The 
temporal structure of the applied magnetic field, particularly when it simulates intrinsic biological or biochemi-
cal processes, may be more important than previously considered. 
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