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Introduction
Photons participate in most atomic and molecular interactions and 

changes in life regulation processes. In this respect, the development of 
photomultiplier tubes (PMT’s) in the early fifties of the last century was 
a key event in order to detect photons in biological tissue as reported 
by Colli et al. [1]. This practical discovery of light emission in cells by 
a highly sophisticated physical method was based on the theoretical 
finding of Einstein in 1905, the so-called photoelectric effect. For this 
breakthrough, Einstein received the Nobel Prize in Physics for the 
year 1921. The discovery of ultraweak photon emission by a physical 
device confirmed the so-called mitogenetic radiation determined by 
onion roots as biological detectors from the Russian biologist Alexander 
Gurwitsch as I reviewed 22 years ago [2]. The discovery measured latter 
on by PMT, that plant cells emit a low level radiation, was a coincidence. 
In the early nineteen fifties, PMT’s were the breakthrough analytical 
technique in Physics, in order to detect single photons as side products 
of nuclear collisions. They allowed in the late fifties of the last century 
to provide evidence for the immense zoo of subatomic particles in 
modern physics. Colli as physical scientific researcher tried to test this 
new, highly sensitive device. At this time, Colli’s wife bought some fresh 
vegetables on the street market and visited the physical laboratory of his 
husband, thereafter. She placed her shopping bag with the fresh bought 
plants in it, beside the new PMT. Shortly after this event, Colli checked 
his new device and realized an unexplained counting rate of the PMT. 
He concluded that the PMT was defect and returned it immediately to 
the factory in order to receive shortly after a new apparatus on guarantee. 
He tested then the substituted PMT again with fresh vegetables. To 
his surprise, the new, replaced PMT was again showing ultraweak 
photons (Emilio del Giudice, personal communication on Summer 
School 2010 in Neuss (Germany)). Therefore, Colli and his co-workers 
performed experiments with plant cells and published thereafter the 
observation of ultraweak photon emission in plants as mentioned 
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above [1]. But it needed another twenty years, until Popp in Germany, 
Quickenden in Australia and Inaba in Japan confirmed in the middle 
1970s independently this ultraweak radiation in plant cells as measured 
already beginning of the 1950s in Italy [1,2]. In the meantime, it is now 
scientifically accepted that plants, animals and humans emit a weak, 
so called - biophotonic radiation which can be readily detected with 
an appropriate photomultiplier system [3,4]. Although the emission 
is extremely low in mammalian cells, it can be efficiently induced in 
human cell cultures by ultraviolet light as shown almost ten years ago 
[5]. This process is most probably coupled with a very weak delayed 
luminescence (DL). The scientific researchers, the physicist Fritz-Albert 
Popp and the biologist Yu Yan described this phenomenon twelve 
years ago as coherent states in biological tissues [6]. In the last years, 
we developed a cell culture model for biophotonic measurements using 
fibroblastic differentiation [7-15]. An in vivo application of ultraweak 
radiation on human skin was developed by Cohen and Popp [16] and 
most recently confirmed by Musumeci and co-workers [17]. Schrader 
et al. used this method in order to test antioxidant stress in vivo on 
human skin [18]. All these results open the highly interesting question if 
ultraweak photons serve as electromagnetic signals in biological systems 
in order to regulate life processes in plant, animal and human cells 
[19]. This review presented here, will show new insights on this highly 
interesting hypothesis and further, intense biophotonic research has to 
be undertaken, as initiated already by the German biophotonic research 
program [20] in order to show clear evidence of ultraweak photons as 

Abstract
In recent years the low level analysis of ultra-weak photon emission in human cells is achieved using sophisticated 

Photomultiplier Technique (PMT). The basis of photonic measurements goes back to the theoretical finding of Einstein 
that a photon, which hits a metal plate, causes an electrical impulse. This current can be detected by single photon 
detection device as mentioned before. As shown in a variety of analytical laboratories worldwide using this sensitive 
workhorse it is evident that all cells from plants over animals up to humans emit a low level biophotonic emission. The 
measured electromagnetic wavelengths of this miniscule 0.01 Femto Watt (10-17 W) radiation are ranging from ultraviolet 
light over the visible up to the infrared region. In order to visualize the size of this very weak light source: the luminous 
power of a candle in a Lunar Distance (LD) (1 LD equal to 384’400 km) still can be measured using the photomultiplier 
system mentioned above. From biophotonics investigations so far, the origin of ultra-weak photon emission is the DNA 
as well as proteins coupled with radical reactions. In order to determine this radiation in human cells, a fibroblastic 
differentiation system was developed using dermal fibroblasts of skin. Since normal cells store efficiently ultra-weak 
photons, it has been shown that older cells as well as cancer tissue tend to lose this retention capacity. From all these 
results it seems evident, that this low level radiation serve as biophotonic signals in order to transfer information in 
biological systems. Further intense basic research is needed in order to show evidence that ultraweak electromagnetic 
radiation plays the key role in life.
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inducers of cellular activation processes shown for example more than 
30 years ago in the rhodopsin protein molecule of the eye [21]. 

Information Transfer by Electromagnetic Waves by 
Structured Water

Rarely is it thought about the admirable achievement to transfer 
sound over large distances. Such a transmission is difficult because 
acoustic waves disappear quickly. Additionally their transfer of 343 m/
sec in air at 20ºC is slow compared to the velocity of electromagnetic 
waves. They propagate considerably faster with 299792458 m/sec. Clerk 
Maxwell predicted electromagnetic waves based on mathematical 
correlation of his Maxwell-equation as summarized elsewhere [19]. 
Heinrich Rudolf Hertz proofed the existence of such waves in the 1880s 
more than 130 years ago. In the year 1896 Guglielmo Marconi succeeded 
to transfer electromagnetic waves on short distances. Alexander 
Gurwitch, a brilliant biologist from Russia developed between 1920 
and 1935 a biological hypothesis with mitotic onion roots in order to 
prove that light transfer information in cells [2,22]. In the early 1950s, 
Herbert Fröhlich confirmed theoretically the transfer of information by 
electromagnetic waves in biological systems as summarized recently by 
his last pupil Gérard Hyland [23]. The biophysicist Fritz-Albert Popp 
proposed together with the biologist Walter Nagl in the year 1983 an 
electromagnetic model of cell differentiation [24]. This was the first 
genius concept in biology of modern natural science based on ultraweak 
photon research that electromagnetic waves may be important in order 
to regulate life processes. In cellular systems, this low level radiation 
has been measured by a various of scientific researchers from Australia 
[25], Austria [26], Belgium [27], [Brazil [28-30], Czech Republic [31-
32], China [6,33-35], Germany [3,4,6,16,18-20,24,34-37], Great Britain 
[23,37-38], Holland [33,39-42], India [43,44], Italy [1,5,14-15,17,33-
34,45-47], Japan [48-54], New Zealand [25], Poland [55-57], Russia 
[22,58-62], South-Korea [63], Switzerland [2,5,11-15,19,45,64-68], 
Ukraine [69-71] and USA [72-76]. 

Water is structured energy. A typical example is a whirlpool 
showing excessive power. As reported by Wernet et al. [77] in the year 
2004, triangular chains, 3-dimensional rings and even triangulary 
pyramids are found in the molecular arrangement of water. The nuclear 
physicist Emilio del Giudice from Milan (Italy) found coherent regions 
in water [78]. Light is composed normally from photons of different 
wavelengths compared to the colours of a rainbow. As del Giudice 
emphasizes, coherent photons are very likely to a single, intense colour. 
According to his research, water is able to pick up information of other 
molecules similar to a DVD writer and player. This is even possible if 
the originated molecule is disappeared. This important observation 
is further corroborated by the Japanese physicist Kunio Yasue and 
his colleagues [79]. They found that water molecules are capable to 
transform disordered energy in coherent photons, a process called 
supra-radiation according to the physicist Dicke [80]. In summary, 
water, the natural medium of all cells, is most probably the crucial 
controller of the transmission of information from cellular molecules as 
DNA and proteins. Water molecules may perform this process through 
arrangement of highly organized patterns, as proposed by Wernet 
and co-workers mentioned above, which then can memorize wave 
frequencies. 70% of the human cell is not else than structured water. In 
the brain the amount is elevated to 90%. Only blood (92%) and saliva 
(98%) contain more water. Most interestingly the high level of water in 
the brain decreases with age. The American biochemist Albert-Szent 
Györgyi, originated from Hungary, received in 1937 the Nobel Prize 
for Medicine. He claimed that water is the mother for vital processes 
in the cell [81]. 

DNA Damage and Repair: Photochemical Processes 
in Order to Induce Intercellular Communication by 
Electromagnetic Waves

We have 15 years ago shown that in vivo induction of pyrimidine 
dimers in human skin by UVA radiation is not only a sign of DNA 
damage, but may initiate intercellular communication [12]. As reviewed 
most recently [19], DNA changes are mostly induced by interaction of 
UV radiation with molecules of biological significance. Absorption of 
UV-light by nucleic acids are inducing the most fatal effects in cells. 
As summarized by Niggli [82], pyrimidine photodimers are the major 
photoproducts induced by UV light with crucial biological effects. It 
was James Cleaver in San Franciso in the year 1968 [83] who found the 
cause of skin cancer after intensive exposure to the sun in humans with 
the illness Xeroderma Pigmentosum. Missing DNA excision repair was 
the biochemical reason for high levels of skin cancer in young people 
suffering on this well investigated genetic disease. Beside enzymatic 
cutting of photoinduced DNA changes, in order to regain hereditary 
stability of the damaged genome induced by UV-light, the photo repair 
system as studied by Richard Setlow and William Carrier in the year 
1964 [84], is another highly relevant repair process of UV damaged 
DNA. Also a highly important molecule of life is oxygen. A few minutes 
without oxygen may lead to the fatal event of death. Most interestingly, 
nerve tissue and cells of the brain, composed of only to 2% of the body 
weight; consume more than 20 % of the oxygen taken by breath. The 
Russian chemist Vladimir Voeikov established the hypothesis that the 
photons stored in oxygen gain access to the cells by radical reactions [85]. 
Radicals are chemically, highly active substances [86]. They arise in plant, 
animal or human cells by irradiation with ultraviolet light or ionizing 
electromagnetic waves like X-rays. Vitamin E and superoxide dismutase, 
for example, influence significantly radical reaction processes which 
happen in aqueous solutions. According to Voeikov radical processes are 
indispensable to life in order to gain the stored light energy in oxygen. 
Together with Emilio del Giudice he showed that water respiration is the 
basis of the living state [87]. As mentioned above, the Italian physicist 
Del Giudice showed that excited atoms and molecules are interacting 
with the zero point vacuum fields as summarized by Lynne Mc Taggart 
[88]. In these processes arise small areal units of high order state. These 
so-called Coherent Domains (CD) have in water a diameter of about 
100 nm fitting to about 107 water molecules. The lifespan of these 
coherent domains is estimated to months or even long-lasting periods 
over years. A CD is surrounded by normal water, so-called bulk water. 
As summarized by Voeikov and Del Giudice [87] water hydrating 
hydrophilic surface areas is significantly different from bulk water. 
These diversities in density, freezing temperature, viscosity and relative 
permittivity are so striking that Zheng and co-workers [89] considered it 
as a fourth aggregate state. They reported that the thickness of this layer 
is probably hundreds of microns. Pollack [90] defined water adjacent to 
hydrophilic surfaces as so-called “Exclusion Zone Water” (EZ-water). As 
outlined by Voeikov and Del Giudice [87] the most important features 
of EZ-water is the prominent peak of light absorption in the UVC range 
of 270 nm. Most interestingly EZ-water excited by this wavelength emits 
low level photon emission. In addition, the thickness of the EZ-water 
layer increases with illumination by visible light. IR radiation enhances 
the size of EZ-water significantly stronger, confirming the results by 
Albrecht-Buehler showing IR radiation effects in cells [73,75]. Based on 
these above-mentioned qualities, Voeikov and Del Giudice conclude that 
EZ-water can store energy. Their most important conclusion is that a CD 
in water is able to transform low grade energy with high entropy in high 
grade energy with low entropy. In this process oxygen is needed, in short: 
Cells, which contain at least 70% H20, perform water respiration.
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Patrick and Rahn [91] investigated in the seventies of the last 
century the yield of thymine dimerization upon UVB-irradiation in 
DNA as a function of photosensitizers in the presence and absence of 
oxygen. They observed that that the pyrimidine dimer yields are about 
three- to six fold lower in the presence of oxygen confirming the report 
of Greenstock et al. [92] of reduced dimer yields of UV-Irradiated 
thymine solution. These quenching results from the transfer of the 
excitation from the sensitizer to the oxygen. This reaction is very fast 
and accounts for almost all quenching of triplets to oxygen as reviewed 
by Foote in the year 1976 [93]. I have shown in the year 1983 [82], that 
after UVC and UVB irradiation superoxide dismutase in the irradiation 
medium of the UV exposed cells enhance the pyrimidine dimer yield 
for both UV ranges by 25%, while catalase lower the dimerization in the 
size of 15%. It was discussed in this doctoral thesis [82], that the 
decrease in dimer yields observed in fibroblasts treated with the enzyme 
catalase is probably due to the quenching of molecules in excited states 
by the catalase produced molecular oxygen which is confirming the 
report of Patrick and Rahn [91]. Surprisingly, superoxide dismutase 
which is producing during its catalytic reaction oxygen too, shows 
higher dimer yields. It is well known that the uncatalyzed reaction is 
producing singlet oxygen [94]. These authors also show, that superoxide 
dismutase suppresses singlet oxygen production which has been shown 
to be involved in cell damage and carcinogenesis [86]. A report of Goda 
et al. [95] demonstrates that in the catalytic reaction the resultant O2 is 
formed in the triplet state in contrast to the non-enzymatic reaction. 
The difference may be accounted for by the presence of catalytically 
active Cu2+ ions in the dismutase molecule [96]. However, triplet oxygen 
may be capable to introduce pyrimidine dimers. In this respect we have 
also shown that UVA radiation which produces pyrimidine photodimers 
mostly via photosensitization [97] are introduced on human skin in 
vivo [12] as detected by antibody staining of dimers. Lamola has shown 
chemical induction of dimers in the dark [98]. In this respect, Giuseppe 
Cilento has created a photobiochemistry without light as reviewed in 
the year 1988 [29]. As Voeikov and Del Giudice emphasize, it has now 
become clear that life is possible without sunlight [87]. Fantastic 
ecosystems have been found at the bottom of the ocean. There is no 
light and no oxygen from the atmosphere at 10 kilometer below the 
ocean surface. The temperature is rarely more than 2-4ºC. Most 
surprisingly, highly active aerobic animals of various, different species, 
live in this cold darkness. It is possible that they use as energy source the 
thermal heat emerging from the hot, inner core of our Earth. It is well 
know from marine research that the basic physiology and biochemistry 
of these living beings in the cold darkness of the deep ocean is not 
significant different from those animals living on the land under the 
sun. The continuous flow of energy in their bodies required for 
multiplication, growth and life formation is preserved by their efficient 
capacity to utilize energy from their scanty surrounding area. But it has 
to be noted that this ability is not the specific property of deep-sea 
creatures. It is the general strategy of all life. Another astonishing 
example of light in the cells is the desert mice Monodelphis domestica. 
As Ley published almost 30 years ago, these animals mostly living in the 
dark have an efficient DNA repair system based on photo reactivation 
[99]. As Lynne Mc Taggert reviewed [88], Popp found in 1975 that 
carcinogens absorb ultraviolet-A light (UVA) in the range of 380 nm. 
He tested first benzo[a]pyrene by irradiation in the UVA range and 
found that this carcinogen, causing for example scrotal cancer in 
chimney sweepers, absorb the UV radiation and re-emit then photons 
at a complete different frequency. Most surprisingly, the harmless 
benzo[e]pyrene allowed the UV-light to pass through it unchanged. 
Popp was astonished by this observation and performed his test on 37 
different chemicals. Several tested substances are cancer causing, others 

in this testing system are unoffending chemicals. Using his test he was 
able to predict the carcinogenic potential of his tested substance as 
reviewed in the year 1979 [100]. In the meantime it is clear that the 
carcinogenic substances predicted by the UVA-test of Popp can 
interchelate with the hereditary DNA source. Benzo[a]pyrene for 
example is a so-called procarcinogen which is activated by detoxification 
enzymes like cytochromes P 450 in the mitochondria to the highly 
carcinogenic Benzo[a]pyrene-7,8-dihydrodiol-9,10-epoxide  interchelating 
with the guanine residue of the DNA [86]. This activation process is 
similar to that of aflatoxin B1 found for example in Aspergillus flavus 
and Aspergillus parascitus. Aspergillus flavus show accelerated growth in 
decomposed peanuts, but also in rotten hay or grains in a decay action. 
The epoxide is here induced by the cytochrome P 450 pathway in 
hepatocytes. Most interestingly for this enzymatic processes water and 
oxygen is needed. As pyrimidine dimers, these highly toxic chemicals 
change the DNA source and may induce mutations, leading finally to 
carcinogenesis [82,86]. We have in the year 1999 reported that in vivo 
induction of pyrimidine dimers in human skin by UVA radiation is not 
only initiation of cell damage, but may be a common biochemical 
pathway of intercellular communication [12]. As reviewed elsewhere 
[19,66], ultra weak photon emission is most probably involved in this 
communication process. It is well known, that biophotonic emission 
has been detected both in the ultraviolet as well as in the visible region 
of the electromagnetic spectrum [2,19]. There is substantial evidence 
that DNA is an important source of ultra-weak photon emission 
[2,11,19,50,66]. As published more than 20 years ago, normal fibroblasts 
tend to store UV-light efficiently , while excision repair deficient 
Xeroderma Pigmentosum cells [83] loose the capacity to store ultraweak 
photons. This observation was confirmed then years ago in report 
showing temperature dependence of ultraweak photon emission in 
fibroblastic differentiation after artificial UV-exposure [101,102]. In 
several reports [12,66,102], we have proposed that pyrimidine dimers 
are inducers of photonic activation of biochemical pathways via 
excision repair of pyrimidine photodimers in DNA similar to the more 
than forty years ago published light-driven activation process of 
chemical reactions by bacteriorhodopsin [103]. As reported by 
Albrecht-Buehler [73,75], cells use infrared radiation in order to 
perform intercellular communication. In this respect, it is of high 
interest to observe that EZ-water emit in the UVC region as reported by 
Voeikov and Del Giudice recently [87]. Theoretical consideration of 
Fröhlich, propose intercellular communication by coherent states of 
cells. As discussed by John Swain [72], there are at least two types of 
quantum electromagnetic communication systems associated with the 
living state. One is in the microwave frequency range as hypothesized 
by Fröhlich [23], the other is from the UV, over the visible to the 
infrared region: UV and visible is suggested by Popp [3,4,34,58], the 
infrared data is based on the scientific observations of Albrecht Buehler 
[73,75]. According to Swain [72] there exists a coupling by resonance 
between these two regions. As Swain [72] emphasizes, a biological 
system can easily store low microwave energy and transfer it to high 
energy photons as found in IR, visible and UV regions. In John Swain’s 
view [72], there exists, as cited, “a natural framework not just for a 
biological molecule to experience long-range forces pulling it to where 
it should go, but also for the appropriate amount of energy to be 
transferred between them. The use of single photons as part of cell-to-
cell signaling is also fascinating and the sort of system here could allow 
for a high degree of selectivity with little cross-talk by choosing slightly 
different optical frequencies for different communication”. Based on 
Fröhlich’s hypothesis of quantum, coherent behavior in cells, 
microtubules as light conductor are important as proposed 25 years ago 
by the scientist Bornens from Belgium [27]. In this concept, structured 
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water and their respiration processes, as brilliant implicated by Voeikov 
and Del Giudice, play an highly important role as infinite energy source 
in the dark [87]. Further intense, bio photonic research has to be 
realized in order to show further evidence, that the electromagnetic 
waves are the essential key in intra- and intercellular communication 
processes.
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