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INTRODUCTION
The complexity of controlling and monitoring biological

functions that lead to cancer development has baffled scien-
tists while cancer maintains its position as one of the highest
mortality rate diseases around the globe. In fact, cancer is
among the top ten causes of death and is the second highest
cause of disease related death in developed countries [5-7].

The primary reason for cancer development is permutations
in the DNA of a cell that leads to uncontrolled growth of
mutated cells that contribute to tumor growth. Oncogenes
are a specific group of growth effectors that promote uncon-
trolled cell growth and proliferation. These proteins are
derived from normal cellular growth factors (so-called
proto-oncogenes) by a limited number of modifications:
mutations, insertions, or deletions. Because proto-oncogenes
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control the cell cycle, it is obvious that should a proto-onco-
gene be mutated, the potential for an unregulated cell cycle
results. An unregulated cell cycle is the essence of cancer. In
order to control the biological function of a cell, correlation
between its coding sequences along with its biological func-
tion need to be unravelled. 

The resonant recognition model (RRM) is a novel physi-
co-mathematical approach established to analyse the interac-
tion between a protein and its target. The RRM assumes that
the specificities of protein interactions are based on the res-
onant electromagnetic energy transfer at the specific fre-
quency for each interaction [1, 3, 4, 8-10]. The RRM presents
an efficient tool for computation of frequencies which have
resonant effects on a proteins’ biological activity [4, 8]. Pro-
tein interactions are highly selective, and this selectivity is
defined within a protein’s structure. In our previous work [2],
a relationship between the RRM spectra of some protein
groups and their interaction with visible light was estab-
lished. In our previous study, the RRM was used to predict
the activation frequency of EMR that would modulate the
function of proto-oncogene proteins. We have designed and
presented the exposure system that can emit light at the
selected frequencies [11]. 

A number of studies presented and discussed the effects
of induced visible light in living organisms [12, 13] for homo-
genous and nonhomogenous light which demonstrated that
absorption of light by biological media is non homogenous
in nature [14]. Also, among these published in vitro and in
vivo studies for therapeutic effects of light exposures [13, 15,
16], there are few attempts to study the effects of visible light
on cancer cells [17]. Thus, this study investigates the effect of
non-coherent low intensity light exposures on B16F0 mouse
melanoma cancer and CHO (a non-cancer control cell line)
cells. We aimed at investigating the cytotoxic effects of far
infrared light (3400nm, 3600nm, 3800nm, 3900nm, 4100nm
and 4300nm), blue, red and yellow visible light (466nm,
585nm, 626nm) as well three other wavelengths in the near
infrared range (810nm, 850nm, 950nm) on the selected can-
cer and non-cancer cells. This comprehensive experimental
study investigate the biological effects induced by a LED-
based exposure system on M16F0 and CHO quantitatively
and qualitatively."

MATERIAL AND METHODS
Resonant Recognition Model (RRM)
It was shown in our previous studies that all protein

sequences with a common biological function have a com-
mon frequency component in the free energy distribution of
electrons along the protein backbone. This characteristic fre-
quency was shown to be related to protein biological func-
tion [1, 3, 4, 8, 10] . It was also shown that proteins and their
targets share the same characteristic frequency. Thus, it can
be postulated that RRM frequencies characterise not only a
general function but also a recognition/interaction between
the particular proteins and their target at a distance. Thus,
protein interactions can be viewed as a resonant energy
transfer between the interacting molecules. This energy can
be transferred through oscillations of a physical field, possi-
bly electromagnetic in nature [18, 19]. Since there is evidence
that proteins have certain conducting or semi-conducting

properties, a charge moving through the protein backbone
and passing different energy stages caused by different
amino acid side groups can produce sufficient conditions for
specific electromagnetic radiation or absorption[10]. A strong
linear correlation exists between the predicted and experi-
mentally determined frequencies corresponding to the ab-
sorption of electromagnetic radiation of such proteins [2, 18].
It is inferred that approximate wavelengths in real frequen-
cy space can be calculated from the RRM characteristic fre-
quencies for each biologically related group of sequences.
These calculations can be used to predict the wavelength of
the light irradiation, which can affect the biological activity
of exposed proteins. The frequency range predicted for pro-
tein interactions is from 1013Hz to 1015Hz. This estimated
range includes IR, visible and UV light. These computation-
al predictions were confirmed by comparison of: (i) absorp-
tion characteristics of light absorbing proteins and their
characteristic RRM frequencies [18, 20]; (ii) frequency selec-
tive light effects on cell growth and characteristic RRM fre-
quencies of growth factors [10, 18]; and (iii) activation of
enzymes by laser radiation [2, 18, 19]. These results indicate
that the specificity of protein interaction is based on a reso-
nant electromagnetic energy transfer at the frequency specif-
ic for each interaction. A linear correlation between the
absorption spectra of proteins and their RRM spectra with a
regression coefficient of K=201 was established. 

Using the RRM postulates, a computationally identified
characteristic frequency for a protein functional group can
be used to calculate the wavelength of applied irradiation, λ,
defined as λ=201/fRRM, which could activate this protein
sequence and modify its bioactivity [18, 21].The RRM was
used to analyse oncogene and proto-oncogene proteins and
determine their corresponding characteristic frequencies [3,
21]. These computationally defined RRM frequencies for
oncogene (f1) and proto-oncogene (f2) proteins (f1=0.0302
and f2 =0.0576) can be converted to real space frequencies
of applied radiation using the ratio λ=201/fRRM. Thus, the
computationally predicted wavelength for oncogene activa-
tion is 6656nm, and for proto-oncogene is 3490nm. 

Of particular interest to this study was irradiation of
selected mouse cancer B16F10 and non-cancerous normal
CHO cells by light in the vicinity of the mouse specific
proto-oncogene activation frequency of 3490nm. This
formed a basis for selection of different LEDs for use in the
exposure system.  As mentioned above, the selected LEDs
cover the range of visible, near infrared and far infrared light
exposures. A comprehensive quantitative analysis of the
exposed and sham-exposed B16F10 and CHO cells has been
carried out. The results obtained from a LDH cytotoxicity
test of B16F10 and CHO cells exposed to the selected wave-
lengths of light are discussed below. Qualitative analysis of
the effects of applied irradiation on cancer and normal cells
was performed using light microscopy. Light microscopy
images were taken immediately upon exposure as well as
after 24 hours incubation of the exposed cells.

Exposure System
1. Adaptor of 12V and 1A current has been used. 
2. The selected irradiating wavelengths: 3400nm,

3600nm, 3800nm, 3900nm, 4100nm, 4300nm, 466nm,
585nm, 626nm, 810nm, 850nm, 950nm.
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3. To have these LEDs work at their optimal characteris-
tics, the input signal of 250mA, 2 kHz and 50% duty cycle
has been fed into the system. 

4. To have the minimum dispersion, the exposure system
was designed to have the narrowest possible irradiation
angle and the gap between the system and an exposed sam-
ple was set at less than 1mm. 

5. All the LEDs used had the irradiation angle of less
than 40o for minimum power dissipation from the energy
source.6. The system was designed in a way to avoid any cross
talk between different LEDs. Each exposed well was sur-
rounded with one empty well to avoid any cross talk
between frequencies.

7. To make sure that there are no heating effects on irra-
diated cells, a heat shield material was used between the
wells in order to prevent heat dissipation and absorption pro-
duced by LEDs irradiating at the selected wavelengths.

The intensity of each LED was constant (between 15µW
to 30µW) and was not changed during the experiments. The
relevance conversion factor between radiant intensity and
luminous intensity can be calculated as follows:

K(λ) = Iv (Luminous Intensity)/ Ie(Radiant Intensity)
Cell cultures
Three different passages of B16F10and CHO cells were

obtained from the School of Applied Sciences, RMIT
University. Cells were cultivated in no phenol-red- DMEM
medium that was obtained from Invitrogen, Australia.  Each
bottle of 500ml medium had 10ml of HEPES buffer with
10% of Fetal Bovine Serum and 1% of Antibiotics (strepto-
mycin). Cells were dislodged with Trypsin-EDTA solution
and washed with Phosphate Buffered Saline (PBS) for rou-
tine maintenance of cell line during the cell culture. The
experiments were conducted in tan incubator at the temper-
ature of 37oC with 5% CO2 and at a relative humidity >
90%.

Experimental Procedures
Cells were seeded at the density of 1x104 per mL in 96-

well plate and incubated overnight. Then, they were treated
in triplicate in the same plate. Three variations of exposure
and post-exposure regimes were tested on each cell line.
Each combination of different exposure and incubation
times were repeated 3 times in order to determine statistical-
ly significant results and reveal whether post-exposure incu-
bation or irradiation duration (dose) have any specific effect
on cell cytotoxicity. 

The first regime: cells were irradiated for 1.5 hours and
immediately after the exposure were tested using LDH assay
without any incubation. The second regime: cells were irra-
diated for 1.5 hours and incubated for 24 hours afterwards.
The third regime: cells were irradiated for 3 hours and incu-
bated for 24 hours afterwards. 

To eliminate any effects from the heat generated by the
IR-LEDs used in the exposure device, we introduced a heat
shield gel. The gel was purchased from Inventables, USA.
The gel was placed around the well from outside the gaps.
Before seeding, plates with the gel inside of them were
placed in a UV camera two times for 30 min. More impor-
tantly, to eliminate any cross talk between the LEDs and the

effect of two frequencies on the same well, we had empty
wells around each well where the experiments were run.

Lactate Dehydrogenase (LDH) Assay
LDH Assay has been used to reveal the induced cytotox-

ic effect in cells applied response to light irradiation. The
LDH Activity Assay Kit was purchased from Roche
Diagnostics, Australia. The following equation was used for
calculation of cell cytotoxicity. The background control
(media without cells) was subtracted from all of values in
the equation.

Cytotoxicity = 100*[(experimental value – low control)/
(high control – low control)]

- Low control is the mean absorbance of sham exposed
cells

- High control is the mean absorbance from lysis cells
Light Microscopy
Light microscopy was used to conduct qualitative assess-

ment of the effect of light exposures on cancer and control
cells. The images were acquired at a 10X magnification for
the sake of better quality and a relatively large coverage area
to observe a general trend in the cellular morphology. The
images were taken immediately after the exposures as well
as after 24 hours incubation post- exposure. For control, the
unexposed cells were also studied using light microscopy.

RESULT AND DISCUSSION
Quantitative Analysis
Figure 1 represents data on cell viability,%, (Cell viabil-

ity = 100 – Cytotoxicity), as well as their respective standard
errors of B16F10 and CHO cells exposed with three differ-
ent regimes of exposure and incubation times.

(Figure 1 on the next page)
As can be seen from Figure 1, the cell viability of CHO

cells with different exposure and incubation times has not
changed significantly. The untreated control cell viability
was considered 100%, as it is observed that CHO cells do
not show any significant changes in cell viability when com-
pared to untreated cells. In contrast, the irradiated B16F10
cells clearly exhibited changes in cell viability when com-
pared with untreated cells. Moreover, change between the
variation of exposure and incubation times is presented in
Figure 2.

(Figure 2 on the next page)
It can be observed from the results shown in Figure 2 that

by increasing incubation and irradiation duration, cell viabil-
ity of cancer cells is decreased when compared with the
treated/irradiated normal CHO cells.

(Figure 3 on the next page)
Figure 3 demonstrates the 3D plane of all results

obtained from LDH assay for the exposed and non-exposed
B16F10 and CHO cells. From Figure 3, we can see that there
is a clear reduction in cell viability of B16F10 cancer cells
when compared to normal CHO cells.

In general, B16F10 melanoma cells were found to be
susceptible to all types of irradiation. However, at infrared
radiation exposures, at the computationally predicted FIR
wavelengths, significant toxicity was observed in cancer

Medicinska revija   Medical review
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Figure 1. Cell viability of B16F10 and CHO for three different regimes of exposure and incubation times

(a) (b)
Figure 2. Comparison between three different experimental regimes of irradiation and incubation times: a) B16F10

cells and b) CHO cells.
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cells compared to CHO normal cells. The effect of far
infrared wavelength computed by the RRM (range of
3400nm to 4300nm) is clearly visible and distinguishable.
These findings were further analysed using light
microscopy.

Qualitative Analysis
In this section, we present and discuss the images

obtained from light microscopy immediately after the expo-
sures as well as after 24 hours of incubation (post exposure).
Figure 5 shows the images taken just after 3 hours of expo-
sures with the wavelengths of 3400nm, 3600nm, 3800nm,
3900nm, 4100nm, 4300nm.

The next set of images from light microscopy shows cell
detachment resulted from cell death. In fact, Figure 6 cor-
roborates the findings obtained from the quantitative analy-
sis using the LDH assay. The results demonstrate that 24
hours incubation of the irradiated B16F10 cancer cells has
decreased cell viability. Figure 6 shows the effects of all far
infrared wavelengths that were tested in this study in ascend-
ing orders. The last image presents the untreated B16F10
cells well, which does not show any noticeable changes in
cell morphology.

CONCLUSION
Low intensity light radiation has been studied extensive-

ly for its beneficial therapeutic effects on molecules and
cells.  However, use of low intensity light therapy for cancer
treatment is still a relatively new idea but it has attracted
attention in scientific community in recent years. The main
concept of the RRM that biological functions of a cell can be
controlled or modulated by the external source of irradiation
was studied here. Based on the findings obtained  we can
infer that amongst all studied wavelengths of light radiation
the far infrared wavelengths (3400nm, 3600nm, 3800nm,
3900nm, 4100nm, 4300nm) have induced effects on cell via-
bility in studied B16F10 cancer cells while the non-cancer
CHO cells were not significantly affected. Light microscopy
results confirmed findings obtained using LDH assay. The
results reveal that exposures of cancer B16F10 cells to dif-
ferent wavelengths of far infrared light decrease their cell
viability. While our research demonstrated the effect of far
infrared radiation on mouse melanoma and normal cell,
more experiments on human cancer and normal cell line are
required to establish and generalize this concept.

(a) (b)
Figure 3. Plot of all results obtained from LDH assay for three types of experimental regimes performed in triplicate

Figure 4. a) Far infrared irradiation effect on B16F10 and CHO cells b) comparison of far infrared (FIR), near infrared (NIR) and vis-
ible (VIS) light Irradiation effect on both CHO and B16F10.

Medicinska revija   Medical review
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Figure 5. Light microscopy images of B16F10 cells exposed for 3 h to far infrared light

Figure 6. Light microscopy images of B16F10 cells untreated and treated for 3 hours irradiation with far
infrared wavelengths followed by 24 hour incubation (post-exposure) 
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Apstrakt
Postoje jaki dokazi da promene energetskih stanja biomolekula koje su indukovane elektro-
magnetskim zra~enjem (EMR) mogu dovesti do promena u odredjenim biolo{kim procesi-
ma. [1, 2]. U ovoj studiji smo eksperimentalno ispitivali hipotezu rezonantnog modela (RRM)
da je selektivnost proteinskih aktivnosti zasnovana na specifi~nim rezonantnim elektromag-
netnim interakcijama. [3].  RRM teorija polazi od pretpostavke da spolja{nje elektromagnet-
no polje na odredjenoj aktivacionoj frekvenciji proizvodi rezonantne efekte na biolo{ku
aktivnost odre|enih protein it a se aktivaciona frekvencija mo`e odrediti ra~unskim putem.
[3]. U na{oj prethodnoj studiji [1], predlo`eno je da se mo`e o~ekivati da talasne du`ine EMR
u opsegu od ( 3500-4200)nm uti~u na biolo{ku aktivnost proto – onkogenskih proteina.[1, 4].
Stoga je dizajniran sistem baziran na infracrvenim diodama (IR-LEDs)  koji je kori{}en za
ozra~ivanje }elija melanoma kod mi{eva (B16F0) i ovarijuma kineskih hr~aka (CHO) talas-
nim du`inama od 400 nm, 3600 nm, 3800 nm, 3900 nm, 4100 nm i 4300 nm. Iste }elije,
B16F10 i CHO, su izlo`ene vidljivoj  svetlosti i skoro infracrvenom svetlosnom zra~enju
talasnih du`ina od 466 nm, 585 nm, 626 nm, 810 nm, 850 nm i 950 nm. Ovde prikazani
rezultati dobijeni su ispitivanjem laktalne hidrogenetske citotoksi~nosti primenom svih
dvanaest talasnih du`ina. Kvalitativne analize izvr{ene su primenom svetlosnog mikroskopa
i ti rezultati su ovde prikazani i diskutovani. 
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