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Cell to cell communication by biophotons has been demonstrated in plants, bacteria, animal neutrophil
granulocytes and kidney cells. Whether such signal communication exists in neural cells is unclear. By
developing a new biophoton detection method, called in situ biophoton autography (IBA), we have
investigated biophotonic activities in rat spinal nerve roots in vitro. We found that different spectral
light stimulation (infrared, red, yellow, blue, green and white) at one end of the spinal sensory or motor
nerve roots resulted in a significant increase in the biophotonic activity at the other end. Such effects
could be significantly inhibited by procaine (a regional anaesthetic for neural conduction block) or
classic metabolic inhibitors, suggesting that light stimulation can generate biophotons that conduct
along the neural fibers, probably as neural communication signals. The mechanism of biophotonic
conduction along neural fibers may be mediated by protein—protein biophotonic interactions. This
study may provide a better understanding of the fundamental mechanisms of neural communication,
the functions of the nervous system, such as vision, learning and memory, as well as the mechanisms of

human neurological diseases.

Introduction

Ultraweak photon emission (UPE, in short biophotons) has
been found in various organisms, such as microorganisms, plants
and animals, including mankind.’* The change of biophotonic
activity is noticeable under physiological and pathological con-
ditions. For example, mechanical, thermal and chemical stresses,
mitochondrial respiration, the cell cycle and cancer growth lead
to these biophotonic activities.” In humans, there is evidence
to suggest that the change of biophotonic activity is related
to the consciousness, meditation, the phosphene phenomenon
and conditions of acupuncture meridians,”"® suggesting that
biophotons may play an important role in the function of the
nervous system.

Cell to cell communication by biophotons has been demon-
strated in plants, bacteria and certain animal cells. Early in the last
century, it was shown that the induction of mitosis from the tip of
an onion root could propagate to a second onion root triggered
by UV light."” Later, the German physicist Popp and coworkers
performed experiments with gonyaulax polyedra, a single-celled
maritime bacterium capable of the luciferin—luciferase reaction.
He placed two cuvettes containing these bacteria onto two pho-
tomultipliers and recorded the dramatic increase in synchronised
photon emission upon removing the optical separation between
the two vessels.? In 1992, a tissue culture experiment was reported
where baby hamster kidney (BHK) cells were inoculated on one
side of a glass film, the opposite side of which was covered with
a 2-3 day old confluent layer of BHK cells. 7 h after attaching
and spreading in the absence of visible light, most of the cells
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had aligned their long axes in the direction of the whorls of the
confluent cells opposite. The effect was inhibited by a thin metal
coating on the glass films. In contrast, a thin coat of silicon on the
glass did not inhibit the effect, suggesting that it was caused by
red or near-infrared light. The phenomenon was named “cellular
vision”.?! In 1994, experiments of a similar design were performed
using pig neutrophil granulocytes. Two cuvettes containing pig
neutrophils were placed on two photomultiplier tubes. Bacterial
extracts were placed into one cuvette, causing degranulation and
light emission. Upon removal of the optical separation, light was
also emitted from the other cuvette, indicating the induction of
degranulation by light.?> Based on these research data, the question
is raised as to whether neural cells also have a similar mechanism
to other cell populations. In this paper, we address this question
by developing and using a new biophoton detection method.

Material and methods

Biophoton imaging and in situ biophoton autography (IBA) for
germinating green bean seeds

Green bean seeds were germinated according to a previous report®
and their skins removed before further experiments were begun.
The experiments were carried out at room temperature (24 °C)
unless indicated otherwise. Prepared germinating green bean
seeds were placed on the specimen stage of a stereomicroscope
(AZ100, Nikon, Japan) with an objective lens (AZ-Plan Apo
0.5x or 1x). Biophotons were detected and imaged using a new
generation of ultra low light detector-electron multiplier CCD
camera (EM-CCD; C9100-13, Hamamatsu Photonics K. K.,
Hamamatsu, Japan) in water cool mode (in this situation, the
working temperature at the CCD can be maintained as low
as =90 °C). The EM-CCD camera was mounted on top of a
stereomicroscope, which was set in a completely dark box in a
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dark room. Biophotons were detected and imaged for 10 min. The
other setup parameters for the EM-CCD camera during imaging
were 1200x gain and 2 x 2 binning.

Light illumination was applied to the germinating green bean
seeds by an LED lamp (white, 410-600 nm, 10 000-12 000 mcd)
supplied by a 3 V direct current (DC) for 1 min before imaging or
IBA was carried out. In addition, in order to carry out biophoton
imaging and IBA at different temperatures, the germinating green
bean seeds were placed on a small plate, which was placed and
fixed onto a large plate with ice, 37 °C or 50 °C water.

For IBA, the germinating green bean seeds were immersed in
10% AgNO; in a container and placed in a completely dark box
in dark room for 30 min. After washing with de-ionized water for
1 h and then 10% sodium thiosulfate for 10 min in the dark room,
the green bean seeds were checked with a stereomicroscope and
photographed using a CCD camera.

To coat the germinating green bean seeds with a neutral balsam,
the seeds were quickly dried using an electric hair drier and
immersed into 2% neutral balsam diluted with xylene for a few
seconds. Next, before the further experiments were carried out,
the seeds were completely dried in same way.

Biophoton imaging and IBA for rat brain slices, sciatic nerve and
spinal nerve roots in vitro

The experiments were carried out on male or female adult
Sprague-Dawley rats (SD, 200-300 g) purchased from the Exper-
imental Animals Center of Tongji Medical College of Huazhong
University of Science and Technology. All animal experiments
were approved by the Animal Care Committee of South-Central
University for Nationalities. The rats were decapitated, and their
brains removed and cut into thick (300 um) coronal slices from the
anterior part of the olfactory cortex to the posterior part of the
hippocampus. The 1 cm long sciatic nerve was dissected. The lum-
bar spinal cord, together with the attached spinal nerve roots (L1
below), were removed from the vertebra. The prepared brain slices
and lumbar spinal cords were immediately placed in a container
with pre-cooled (04 °C) modified artificial cerebrospinal fluid
(M-ACSF; 252 mM sucrose, 26 mM NaHCO;, 1.8 mM KH,PO,
and 10 mM D-glucose; pH 7.6; osmolarity 312 mOsm L™). Sucrose
was substituted for NaCl to maintain a constant osmolarity and
remove CI” from the incubation solution, which could be combined
with Ag*, producing chemical deposits.

A gas mixture of 95% O, and 5% CO, was constantly supplied
via a membrane oxygenator placed in the M-ACSF.** The 1 cm
long spinal motor and sensory nerve roots were dissected from the
prepared lumbar spinal cords for further pre-incubation. After
1-2 h of pre-incubation and temperature equilibrium (to room
temperature), the brain slices, sciatic nerve or spinal nerve roots
were transferred to a cell culture dish (3.5 cm in diameter) to
carry out IBA and biophoton imaging for 30 min using the
EM-CCD camera, as described above. The specific steps for the
IBA procedures were as follows: (1) tissues immersed in 10%
AgNO; in a container for 30 min in a dark box in a dark room;
(2) rinse in 252 mM sucrose for 15 min; (3) fixation by 10%
formaldehyde for 5 min; (4) rinse in de-ionized water for 5 min;
(5) rinse in 10% sodium thiosulfate for 15 min; (6) post-fixation
by 4% polyformaldehyde in 0.1M PBS overnight; (7) immersion
in 20% sucrose for 1-2 days for cryoprotection; (8) section on a

cryostat (30 um) for brain slices and sciatic nerve (not necessary for
spinal nerve roots). Sections were then collected in distilled water
and mounted on gelatin-coated slides, dehydrated, cleared and
coverslipped. The spinal nerve roots could be directly mounted
on the slides, dehydrated, cleared and coverslipped after post-
fixation by 4% polyformaldehyde. In addition, in order to avoid
light exposure, the experiments were undertaken in a dark room,
especially steps 1 to 6, and always keeping the tissues in a dark
box, except when the necessary experimental manipulations, such
as solution replacement, had to be undertaken. In this situation,
a weak red light could be used in the dark room.

Light stimulations and IBA in rat spinal nerve root preparations
in vitro

Spinal motor and sensory nerve roots were prepared as described
above. About 2 cm long motor and sensory nerve roots were
dissected from the spinal cord and placed into the channel with
one end (8 mm in length) remaining in Hole A and the other end
in Hole B (Fig. 1). The part of the nerve root in Hole A was
supported by a stainless wire (0.3 mm in diameter). Hole A and
the channel were filled with modified cerebrospinal fluid (M-CSF)
during light stimulation.

Filling the M-CSF and handing the nerve roots into the IBA
effecter were undertaken in a bright room and viewed by an
operating microscope. 10% AgNO; was quickly introduced into
Hole Bin a dark room under the guide of a weak red light, allowing
about a 3 mm long nerve root to be immersed in the 10% AgNO;.
Light stimulations were applied for 30 min in a dark room. Next,
the further experimental steps with the spinal nerve roots were
carried out, as described above (steps 2-6). For the inhibitory
experiments, the spinal nerve roots were pre-incubated for 1 h in
a container containing 1% procaine, 50 mM 2-deoxy-D-glucose
and 0.05% sodium azide or both together, diluted with M-ACSF.
The spinal nerve roots were then transferred to the IBA effecter
for light stimulation. As controls, the same treatments were done
without light stimulation.

After IBA had finished, the spinal nerve roots were mounted
onto gelatin-coated slides, dehydrated, cleared and coverslipped.
The optical intensity (deposited granular sliver as IBA signals)
from the segment of each nerve root immersed in 10% AgNO,
during light stimulation was measured by a motorized advanced
research microscope (ECLIPSE 90i, Nikon, Japan) equipped with
a Nikon color cooled CCD camera (DS-5MC-U2) and controlled
by Nikon image analysis software (NIS-Elements BR 3.0).

Statistical analysis

Two-tailed Student’s t-tests (calculated using Microsoft Excel)
or one-way ANOVA were used. All summary bar graphs are
presented as mean * s. e. m., with the significance denoted as
follows: *P < 0.05, **P < 0.01.

Results

Development and evaluation of ir situ biophoton autography
(IBA)—a new method for biophoton detection at the cell level

Since with the already available photon detection methods, such
as photon counting apparatus or the new generation ultra low
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Fig. 1 Schematic drawing of the biophoton effecter. The biophoton effecter is made of an LED light resource and three black rubber plates (each 20 cm
in length and 12 cm in width), including incubation, light illumination and cover plates (8§ mm, 8 mm and 2 mm thick, respectively). Eight circular holes
(Hole A1-8, 6 mm in diameter throughout) corresponding to eight smaller circular holes (Holes B1-8, 4 mm in diameter and 6 mm in depth, close at the
bottom side) are drilled in the incubation plate (Al and B1, A2 and B2 ... A8 and B8). The distance between adjacent Holes A (such as Hole Al and
A2) is about 4 cm. A narrow bend channel (12 mm in length, 1.5 mm in width and 2 mm in depth) is made between Hole A and B. A small projection
part is made close to Hole B against the liquid flow between Hole A and B via the channel. A thin glass sheet (cover glass) is stuck to the bottom side
of each Hole A with glue. Eight circular throughout holes (6 mm in diameter) matching each Hole A are made on the light illumination plate. Different
LED lamps are inserted into these holes, allowing light to pass through the glass at the bottom of Hole A and illuminate the segment of the nerve root
incubated in Hole A, supported by a stainless wire. The cover plate is used to prevent the light from illuminating Hole B during light stimulation, and the

bend channel is made for the same purpose. The LED lamps are supplied by a 3 V direct current (DC).

light detector-electron multiplier CCD (EM-CCD) cameras, it is
difficult to observe and analyze biophotonic activity at the cell
level, we have developed a new method called in situ biophoton
autography (IBA). This method is similar to a histochemical
staining technique with a key active ingredient, AgNO;. The
working mechanism is that of biophotonic activity (just like light
exposure in photography), inducing an Ag* to Ag transformation
due to electron transfer and consequently Ag deposits in situ.
Deposited dark Ag granules are insoluble in water and organic
solvents such as alcohol and xylene, and they can be viewed and
localized morphologically under common light microscopes. The
detailed protocols and procedures of IBA are referenced in the
experimental procedures.

Using this new method, we successfully detected biophotonic
signals (dark Ag granules) in different biological materials,
including germinating green bean seeds (Fig. 2A), and the brain
slices (Fig. 2B, Fig. 3A-D), sciatic nerve and spinal nerve roots
of rats (Fig. 2C-E), since it has been demonstrated that such
biological materials can emit biophotons®**% that can be detected
by an EM-CCD camera in this study (Fig. 2F, G and I). As the
visible Ag granules can be localized morphologically, they are
particularly useful for carrying out the semi-quantitative analysis
of biophotonic signals related to cell and tissue functions (see
the further study below), since such a semi-quantitative analysis
cannot be carried out by a EM-CCD camera at the cell level
(Fig. 2F and G).

In order to evaluate the specificity and sensitivity of this new
method, we carried out several experiments in the germinating
green bean seeds, since this biological material not only emits

biophotons, but also because the intensity of the biophotons can
be manipulated by changes of temperature and light illumination
(Fig. 4). We found that the density of Ag granules deposited on
the surface of germinating green bean seeds is highly related to
the intensity of the biophotons emitted from germinating green
bean seeds (Fig. 5A-J). In addition, we found that only very
weak biophotonic signals were detected by the EM-CCD camera
(Fig. 2I) in the motor and sensory nerve roots in vitro. In contrast,
IBA could result in strong staining (Fig. 2C-E), suggesting that
IBA is more sensitive than the EM-CCD camera in this situation.

In order to prove that the formation of the visible Ag granules is
due to a biophotonic effect and not because of other factors (such
as chemical reactions, since Ag* can combine with several negative
ions, such as CI-, which exists in various biological tissues and may
result in chemical deposits), the germinating green bean seeds were
coated in a thin transparent neutral balsam, which is used as a
slide mounting medium. Such a treatment prevents direct contact
between the germinating green bean seeds and AgNO; during
IBA, but does not affect biophotonic emission. Consequently,
we found that Ag granular deposits were also observed on the
neutral balsam-coated surfaces of germinating green bean seeds
in this situation, and that the density of the Ag granular deposits
was related to the intensity of the biophotons manipulated by
light illumination (Fig. 5H, J). This suggests that the formation
of visible Ag granules is due to biophotonic effects. In addition,
we used sodium thiosulfate (10%) to wash biological specimens
during the standard processes of IBA, which removes any chemical
deposits formed by chemical reactions between Ag* and other
negative ions, such as CI-, ezc.
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Fig. 2 Biophotons detected by the IBA method and a EM-CCD camera in different biological materials. Deposited dark granular Ag can be seen on the
radical bud and cotyledons of germinating green bean seeds (A), cell bodies and their processes of neurons in rat striatum (B, arrowhead), sciatic nerve
(C), motor (D) and sensory (E) nerve roots. Biophotonic signals detected by an EM-CCD camera from green bean seeds (F) and a rat brain slice (G).
Sciatic nerve, motor and sensory nerve roots (from top to bottom in H, normal photography) present very weak biophotonic signals detected by an
EM-CCD camera (I). The arrow in H and I indicates the same position. Scale bars: 1 mm for A and F; 500 pm for C; 300 um for G, H and I; 200 pm for

D and E; 25 um for B.

Fig. 3 Biophotonic signals in rat cortex detected by the IBA method.
Deposited dark granular Ag can be seen in the various sizes of neurons in
rat sensory (A and B) and motor cortex (C and D). B is the magnification
in A (arrow). Scale bars: 500 um for A, and 25 um for B, C and D.

External light stimulation generates biophotonic activities in
neural fibers

To investigate whether biophotons could serve as neural commu-
nication signals in the nervous system, we designed an instrument
(Fig. 1A, B) called a biophoton effecter to observe the in vitro effect
of external light stimulation on the biophotonic activities of the
spinal motor nerve roots (MNR) and sensory nerve roots (SNR)
by the IBA method. We applied various light emitting diode (LED)
resources, including infrared, red, yellow, green, blue and white

1S 5 70 111815171921252527 29 5133
Minutes

Fig. 4 The time course of attenuation of the delayed biophotonic signals
after light exposure. Three germinating green bean seeds were simultane-
ously illuminated by a white LED light (410-600 nm, 10 000-12 000 mcd)
for 1 min and immediately imaged by a EM-CCD camera for 33 min. The
image each minute was continuously obtained and the mean gray of each
analyzed with imaging analysis software (Simple PCI 6.0, Hamamatsu,
Japan). The delayed biophotonic signals after light exposure decrease
quickly and reach a baseline level within 5 min.

sources, in a dark room to illuminate the MNR or SNR incubated
in M-CSF for 30 min at one end,?* and observed the effect from
the other end immersed in 10% AgNO; (for IBA). The optical
density of the deposited Ag granules, representing the biophotonic
signals at the segment of the spinal motor or sensory nerve roots
immersed in 10% AgNO; during light stimulation, was measured
by an imaging analysis system after IBA was complete. We found
that the various light stimulations had a significant increase in the
biophotonic activities, both in the MNRs and SNRs (Fig. 6A—
C). It seems that infrared and white light is more effective for
SNRs, with red and white light for MNRs, although no significant
differences were found (Fig. 6A, B).
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Fig. 5 The development and evaluation of in situ IBA with germinating
green bean seeds. The intensity of biophotonic signals detected by the
EM-CCD camera was temperature dependent and related to the density
of the deposited dark granular Ag on the radical bud and cotyledons of
the germinating green bean seeds. The zero, slight and strong biophotonic
signals at 0, 37 and 50 °C, respectively (A, C and E) correspond to very
weak, slight and strongly deposited dark granular Ag (B, D and E). Light
exposure (white LED, 410-600 nm, 10 000-12 000 mcd) for 1 min resulted
in very strong delayed biophotonic signals (G) and deposited dark granular
Ag (H), as compared to controls (I and J). The germinating green bean
seeds coated with a transparent thin-layer of neutral balsam still resulted
in dark granular Ag deposits, which were also dependent on the light
exposure. 1 min light exposure (white LED, 410-600 nm, 10 000-12 000
mcd) before IBA (K) vs. control (L). Scale bars: 600 mm for A, C, E, G
and I; 300 mm for B, D, F, H, J, K and L.

Biophotonic conduction along neural fibers

To understand whether the observed effects are due to biophotonic
conduction along the neural fibers generated by light stimulation
or whether for other reasons, we studied the effects of light
stimulation on the change of biophotonic activity after spinal
nerve roots were treated with either a regional anaesthetic (1%
procaine), a classic metabolic inhibitor (50 mM 2-deoxy-D-glucose
and 0.05% sodium azide) or both for 1 h in M-CSF. Such
treatments were maintained during the light stimulation period
(30 min). Procaine is known to block neural conduction with little
effect on oxidative metabolism.*® The use of 2-deoxy-D-glucose
and sodium azide is a classic method for metabolic inhibition.**
We found that the significant increase of biophotonic activity by
light stimulation can largely be inhibited, either by 1% procaine
(Fig. 6D-F) or 50 mM 2-deoxy-D-glucose and 0.05% sodium azide

(Fig. 6G, H). However, neither of them completely quenched
the biophotonic activity, as compared to the control, unless
both were used together (Fig. 61). These data suggested that the
observed biophotonic signals after light stimulation consist of two
components: action and background biophotons.

Discussion

The present study demonstrates the development of a new method
called in situ biophoton autography (IBA). It was successfully
applied to various biological materials to detect biophotons, and
it was also possible to analyze biophotonic activities in spinal
nerves. This is based on the fact that biophotons (in essence, light)
induce the Ag* to Ag transformation due to electron transfer, and
consequently Agis deposited in situ. In addition, the specificity and
sensitivity of this new method were evaluated using the different
experiments shown above, which provided experimental evidence
against the doubt as to whether the observed Ag deposits really
result from biophotonic signals emitted by biological materials
because of the possibility of positive chemography. Therefore, the
present method may contribute substantially to our understanding
of biophotonic activities related to biological functions at the cell
level. However, some of the limitations of this new method may
need to be improved further. For example, AgNO; is corrosive
and cell viability may be affected in its presence. Based on our
present observations, 5% AgNO; is a suitable concentration to
avoid affecting cell viability related to the biophotonic activities
over certain time periods for rat brain slices and spinal nerves. In
our opinion, it would be better to test for suitable concentrations
of AgNO; for different biological materials. In addition, it is not
known whether other alternative active ingredients, such as Agl
or AgBr, could be used for this method, since these materials seem
to be more sensitive to light exposure than AgNO;. However, it is
known that they cannot be dissolved in water to form a working
solution.

We found that IBA seems to be even more sensitive than an
EM-CCD camera at detecting biophotons. The fact that there is
a distance between the EM-CCD camera and samples may be
the main reason, since most biophoton emission is absorbed by
tissue components and therefore cannot be detected externally
by an EM-CCD camera. Such a shortcoming in the detection of
biophotons is overcome by using the IBA method.

It is well known that AgNO; is a key component of Golgi
staining, a nervous tissue staining technique discovered by Italian
scientist Camillo Golgi in 1873. This technique is still widely
used in modern neuroscience research more than a century later.
However, to date, the mechanism by which this happens remains
unclear. Thus, the use of this technique is notoriously unpre-
dictable and the staining of neurons appears random. Based on
our observations here, determining whether biophotonic emission
from nervous tissue takes place could provide an explanation of
the mechanism of Golgi staining and might provide new input into
improving this classic technique.

In the present study, we found that biophotonic signals gen-
erated by light stimulation consist of two components: action
and background biophotons. A possible explanation for this
observation is that external light stimulation might generate
action biophotons, being able to conduct along the neural fibers
and result in an increase in biophotonic activity. Background
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Fig. 6 The effects of light stimulation on the biophotonic activities of spinal nerve roots, and inhibitory effects by procaine and classic metabolic inhibitors.
A significant increase in the biophotonic activities of MNRs and SNRs under various light stimulations, including infrared (940 nm, 2000 mw sr"), red
(621-623.5 nm, 4500-5000 pcd), yellow (590-592.5 nm, 5000-6000 mcd), green (515-520 nm, 12 000-14 000 mcd), blue (460-465 nm, 4000-5000 mcd)
and white (410-600 nm, 10 000-12 000 mcd) (A, B; » = 15 MNR and SNR from 8§ animals), by comparing the optical density of IBA signals (deposited
dark granular Ag) under various light stimulations with controls (without light stimulation) (two-tailed Student’s t-test, asterisks indicate a significant
difference *P < 0.05 or **P < 0.01). Strongly deposited dark granular Ag can be seen after light stimulation of an SNR (C). The increased biophotonic
activities by light stimulation were largely inhibited by 1% procaine (D, E; » = 11 MNR and n = 12 SNR from 6 animals) or 50 mM 2-deoxy-D-glucose
and 0.05% sodium azide (G, H; n = 13 MNR and SNR from 7 animals; n. s., P > 0.05; control: the same treatment without light stimulation). Weakly
deposited dark granular Ag can be seen after treating with 1% procaine or 50 mM 2-deoxy-D-glucose and 0.05% sodium azide (F), and almost no staining
by combining 1% procaine with 50 mM 2-deoxy-D-glucose and 0.05% sodium azide (I). The data are shown as mean * s. e. m. Scale bars: 200 um for E,
Fand L.

biophotons are generated in situ, mostly by mitochondrial oxida- proposed in Fig. 7, two different proteins may achieve biophotonic
tive metabolism due to the lipid peroxidation of mitochondrial conduction if they form a biophotonic interaction couple, meaning
membranes initiated by the action of the respiratory electron that one protein absorbs a certain spectral biophoton (for example
transport system." In addition, the findings that almost no Ag 620 nm) and emits another spectral biophoton (for example
granules could be observed in the spinal nerves after treating

with both 1% procaine, and 50 mM 2-deoxy-D-glucose and
0.05% sodium azide, which can block neural conduction and _

oxidative metabolism, respectively, reinforce our explanation for protein—protein biophoton interations
the mechanism of IBA, as we discussed above, where the formation ol ixhts
of visible Ag granules is due to a biophotonic effect, not because or biophotons °

of other factors, such as chemical reactions. 650nm s
Although we found that biophotons can be generated by 77‘650“'" r\'{mm 71 \_Y} 7‘4
external light stimulation and conducted along neural fibers, S
implying that biophotons might serve as neural signals, there are a A A
few questions that still need to be answered. For example, how do
biophotons conduct along neural fibers? What is the relationship
between the biophotonic activity and bioelectronic activity in
the nervous system? Although we have no direct experimental
evidence to provide answers to these questions, a proposed mecha-
nism called protein—protein biophotonic interactions may provide
an explanation of the first point based on previous studies showing

Fig. 7 A schematic drawing of protein—protein biophoton interactions for
a proposed mechanism of biophoton communication. Proteins A and B are
considered a biophoton interaction couple. Protein A absorbs a 620 nm
biophoton and emits a 650 nm biophoton, which is absorbed by protein
that certain proteins, such as fluorescent proteins, have unique B. Protein B then emits a 620 nm biophoton, affecting another protein A.
characteristics of light absorption and emission.?”?® In principle, as In such a way, biophoton communication may be achieved.
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650 nm). In contrast, the other protein of the couple absorbs
650 nm biophotons and emits 620 nm biophotons. In this way,
620 and 650 nm biophotons can conduct along a neural fiber if
the protein couple is distributed and assembled in a neural fiber.
Similarly, different spectral biophotonic communications can be
realized by different biophotonic interaction protein couples.

However, the argument might be raised that our proposal
seems to contradict basic physical laws, since it is usually believed
that a molecule cannot absorb low energy light and emit high
energy light. However, one of the possibilities is that multi-
photon excitation may emit a high energy photon if two low
energy photons are simultaneously absorbed so that their energy is
pooled.” For example, if active biophotons emitted from proteins
and background biophotons generated from mitochondrial oxida-
tive metabolism were simultaneously absorbed, then high energy
photons would be generated.

It has been demonstrated that mitochondria are functionally
connected and form a dynamic network within neurons.** Mi-
tochondria frequently fuse and divide, and their morphology
and intracellular distribution changes according to the functional
demands of cells.® Mitochondrial networks can be electrically
coupled, and can coordinate and synchronize each other.***
Moreover, according to Thar and Kiihl,* ultra-weak biophotons
can be guided along a mitochondrial network and microtubules;
specifically, filamentous mitochondria and microtubules may act
as optical waveguides in neurons. Thus protein—protein biopho-
tonic interactions, as well as mitochondrial interaction networks,
may consist of a biophoton communication network in a neuron
and its processes.

It is well accepted that the processing of information by neurons
is mediated by their electrical activity, which is generated by the
movement of particles, such as ions carrying electrical charges.
Our finding in the present study that biophotonic activity may
serve as a neural signal raises the question as to whether there
is a relationship between biophotonic activity and bioelectronic
activity.

Experimental data has demonstrated neural activity-dependent
biophotonic activity in the brain. For example, in a previous study,
the increase of biophotonic activity was found to be related to the
depolarization induced by a high potassium medium, and the
decrease of the biophoton activity was related to the removal
of extracellular Ca** and suppressed neural activity by TTX,
a voltage-dependent sodium channel inhibitor in hippocampus
slices." In vivo imaging of the spontaneous biophotonic activity
in a rat’s brain correlates with EEG activity.® In addition, pulsed
electric excitation of frog sciatic nerve has been reported to cause
photon emission.* In a recent study, it was found that focused mid-
infrared light alters membrane potential and activates individual
neural processes.® These research data suggest that biophotonic or
bioelectronic activities in the nervous system are not independent
biological phenomena. In our view, the interactions between
bioelectronic and biophotonic activities might be an important
way for neural information exchange to take place, in which
bioelectronic activities may be only the basis for biophotonic
activities, providing new perspectives for better understanding the
functions of the nervous system, such as vision, learning and mem-
ory, as well as the mechanisms of human neurological diseases. In
addition, whether biophotons could serve as fundamental signals
that can carry and transfer information from one place to another

in the nervous system is an interesting possibility for investigation
in the future.

Conclusion

In the present study, we have demonstrated the development
of a new method called in situ biophoton autography (IBA),
which was successfully applied to various biological materials
to detect biophotons. To the best of our knowledge, this is the
first time biophotonic activities have been detected and analyzed
using a histochemical method. Further improvements to this new
method are also possible. In addition, our finding that biophotons
may serve as neural communication signals could contribute
substantially to understanding the biophotonic activities related
to neural functions.
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