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Abstract: Spectroscopy and irradiation 
in the visible Ultraviolet (UVvis) to Near 
Infrared (NIR) ranges are important tools 
in the most recent research on biological 
tissues (Banavath, H.N., et al., 2018, pp. 35-
40). On the one hand, the optical properties 
of tissues depend on the energy of the 
photons and, according to the spectral range 
and the irradiation dose, the application of 
light energy on biological tissues can lead to 
different applications both in the biological 
and health sciences (Hopkins, S.L., et al., 2016, 
pp. 644-653). To carry out experiments that 
allow to study the light-matter interaction, a 
flexible experimental set-up was carried out 
to characterize the usable light sources and 
also to perform Reflectance measurements 
(collimated) as well as Fluorescence studies in 
biological tissues using halogen light sources, 
LASER (405nm, 532nm and 650nm) and LED 
light emitting diodes (380nm, 395nm, 518nm, 
590nm). m and 640nm). The experimental 
set-up uses easily available lasers and an 
optical system that allows preparing the light 
beam and focusing it on the sample under 
study. The phenomenological response is 
measured with a Silicon cell photometer and 
the spectral measurements are made with 
mini spectrometers in fiber optic assemblies.
Keywords: Biophotonics, LASER, LED, 
Spectroscopy, Biological tissues.

INTRODUCTION
Spectroscopy is a branch of optics that 

allows us to study the interaction between 
radiation and matter. Among the most widely 
used spectroscopic methods is electromagnetic 
radiation, which is part of the visible spectrum 
in the range from 380nm to 780nm. (Wallace, 
M.B., et al., 2009, pp. 233–242).

These spectra make it possible to determine 
the atomic and molecular composition of 
a material and, in this case, of a biological 
tissue and, depending on the characteristics 

of the light used, we can generate therapeutic 
applications on irradiated abnormal cells. 
(Dominguez, A., et al., 2009, pp. 21-28).

The biological and physiological effects are 
studied by controlling the irradiation on the 
growth of biological tissues using standard 
methods of reflectance, fluorescence and by 
microscopic observation of the morphological 
changes of the cells. (Gheewala, T., Skwor, T., 
& Munirathinam, G. 2018, pp. 130–137).

The light reflected by a material is a type 
of interaction of radiation with matter that 
is defined as the return of electromagnetic 
radiation by the material on which it falls, 
occurs in the same medium as the incident 
beam and depends on the ratio between the 
intensity of the reflected and the incident 
light. (Abebe T., 2010, pp. 8-9).

Fluorescence is a type of electromagnetic 
radiation emission that occurs when excited 
particles (atoms, ions, molecules) relax and go 
to lower energy levels, releasing excess energy 
in the form of photons. This emitted radiation 
has a longer wavelength than the radiation 
that caused the fluorescence. (Pérez, A., et.al. 
(2006). pp. 487–508).

The optical characterization in biological 
tissues is part of the previous studies for the 
application in this case of optical therapy that 
promises a new revolution in the research 
field, according to the properties of the sources 
used with good spatiotemporal resolution, 
selectivity according to its wavelength, 
specificity and directionality. (Glicksman, 
M.A. (2018), 1060–1065).

The optical effects of reflectance and 
fluorescence produced or induced by LASER 
irradiation are measured from the spectra of 
the irradiated samples (Darío, H., 2008, pp. 
2-5). For example, the study of the effects of 
optical radiation of different wavelengths, 
and of almost monochromatic light produced 
by LASER on butterfly wings of the species 
Heliconius Sara, was carried out to verify 
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the design, assembly and start-up of the 
experimental set-up built for measurement 
in biological tissue. (Sedano, RE., Calero, H., 
2021, pp. 374-384).

This experimental setup, constructed, 
assembled and characterized for spectroscopic 
measurement in biological tissues, will be 
used on leukemic cell cultures.

METHOD
The methodology implemented for 

the design, optical characterization and 
implementation of the experimental setup, 
controls certain factors such as optical power, 
the wavelength of the LASER and LED light 
sources used, the light intensity that the tissue 
receives and the exposure time to which it will 
be exposed. That is, the dose of light that will 
affect the biological tissue (Neira, R., et al., 
2006, pp. 117–127).

To experimentally study the light-matter 
interaction, a setup was designed as can be 
seen in Diagram 1, characterizing the sources 
of light emission, measuring Reflectance and 
Fluorescence in biological tissues. (Solarte, E., 
et al. 2006, pp. 29-37).

The experimental setup was assembled 
with light sources such as: 405nm (blue), 
532nm (green) and 650nm (red) LASER, and 
a set of 380nm, 395nm, 518nm, 590nm and 
640nm LEDs. (Solarte, E., et al., pp. 5–10).

In addition, a function generator was 
included that sends a wave signal to the light 
source to activate it during certain periods of 
time, as well as an optical system comprised 
of a coupling lens between the source and 
the reflectance fiber or probe, depending on 
the study; which made it possible to guide 
the light beam, to diverge this beam with the 
help of a lens and to interact with the sample. 
(Solarte, E., et al., 2010, pp. 1-6)

The response was measured with a Si 
cell photometer, which allowed the optical 
response signal to be translated into an 

electrical signal, with which the energy 
absorbed by the tissue could be quantified. 
(Solarte E., et al., 2009, pp. 138-141). The 
signal in Volts of the photometer as a function 
of time was observed through the oscilloscope 
and the time in which the pulse was on and off 
was recorded. (Wallace, M.B., et al., 2009, pp. 
233–242).

To verify the implementation of the 
experimental setup, the light emission sources 
of the system were characterized and the 
optical characterization of the Heliconius 
Sara biological tissue model was performed 
(Sedano, RE., Calero, H., 2021, pp. 374-384). 
For which, a reflectance probe was used that, by 
means of a bifurcated optical fiber, conducted 
the light beam from the source and collected 
the reflectance/fluorescence of the sample, 
which was analyzed by a spectrophotometer.

The application is in the preliminary 
phase of a research work entitled “Optical 
characterization of Insular and Continental 
populations of the diurnal Lepidoptera 
Heliconius Sara to examine the power of 
evolutionary fractionation”, which includes 
the union of two research groups: the Eco-
physiology, Biogeography and Evolution 
Group, and the Quantum Optics Group of the 
Universidad del Valle, with the aim of verifying 
the nature of color and the potential for 
evolutionary fractionation of wings of H. Sara 
populations. from optical spectroscopy under 
the direction of the professors: Raúl Sedano 
and Efraín Solarte and the participation of two 
undergraduate students Isabella Aguilera and 
Laura Gil. Therefore, copyrights are reserved. 
(Sedano, R., et al., 2023).

The direct objective, for which the design, 
assembly and start-up of an experimental 
set-up that would allow spectroscopic 
characterization on biological tissue was 
carried out, is the direct application for which 
the experimental set-up was designed; with 
which the optical irradiation on cell cultures 
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Scheme 1. Experimental setup for optical characterization in biological tissues

Figure 1. LED emission spectra at different wavelengths.
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Figure 2. LASER light emission spectrum at different wavelengths.

Figure 3. Reflectance spectrum with halogen light source on biological model of butterfly wings of the 
species Heliconius Sara.

Figure 4. Fluorescence spectrum with a LASER light source on a biological model Butterfly wings of the 
species Heliconius Sara
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will be carried out. (The application of the 
experimental assembly is part of the doctoral 
project “Effects of optical irradiation with laser 
and led light sources in leukemia cell cultures”), 
for which copyright is reserved. (Ochoa, D.V, et 
al., 2023).

RESULTS
To characterize the experimental setup; 

the emission spectra of the LED and LASER 
light sources were measured, as can be seen in 
figures 1 and 2.

Figure 1 shows the wavelength spectrum 
of the LEDs: white light represented by a 
black curve that covers the visible spectrum, 
wavelength at 380nm for the violet color, 
395nm corresponding to purple, 405nm to 
the blue curve, 518nm to green, 590nm to 
yellow and 640nm to the red LED; with a 
representative bandwidth of the same.

Likewise, in figure 2 the characteristic 
emission spectra of lasers at 405nm for blue, 
532nm for green and 650nm for red LASER 
are presented.

With the above, it was evidenced that the 
experimental setup allowed the measurement 
of the emission spectra of the different LED 
and LASER light sources used.

On the other hand, to verify the 
implementation of the experimental assembly 
built for measurement in biological tissue, the 
optical characterization was carried out on 
the biological model Alas de mariposa of the 
species Heliconius Sara.

In figure 3 resulting from reflectance in 
the UV - NIR range, it allows observing the 
absorption bands of the wings of the species: 
Heliconius Sara.

Figure 4 shows the spectrum of absorption 
between 400-500nm and emission between 
600-700nm.

DISCUSSION
Once the experimental set-up was 

characterized spectroscopically from the 
measurement of the reflectance spectra of 
the halogen light sources, the LED (figure 
1) and the LASER (figure 2), it was possible 
to perform spectroscopic measurements on 
biological tissue (Teixeira, A. F., et al., 2018, 
250–255).

As a direct application of the construction 
of the experimental setup, measurements were 
made with continuous visible light sources, 
LEDs and LASERS in biological tissues for the 
measurement of reflectance spectra (figure 
3) and, under some modification of the 
experimental setup, to measure fluorescence 
spectra (figure 4) in the biological model - 
wings of Heliconius Sara specimens - (Wilts 
et al., 2017, pp. 1-12), (Sedano, R., Calero, H., 
2021, pp. 374-384).

Figure 3 shows the reflectance spectrum 
with a halogen light source on the butterfly 
wing of the Heliconius Sara species, as a 
biomodel. From the reflectance maxima of the 
spectrum, the wavelength that the biological 
model absorbs the most is chosen and the 
fluorescence spectrum is measured using the 
blue laser (figure 4).

Figure 4 shows the absorbance of the 
biomodel between 400-500nm and at a 
longer wavelength, the emission of radiation 
between 600nm-700nm. Accordingly, the 
absorbance in the blue-violet and the emission 
of the radiation in the orange-red wavelength 
range are observed. What evidences the 
phenomenon of fluorescence on the biological 
model.

Biological tissues, based on their molecular, 
chemical and physical complexity, have a 
specific spectroscopic response depending 
on the wavelength with which they interact. 
Having this spectroscopic information in 
detail, clinical applications could be specified.

Finally, with the experimental setup 
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designed and assembled, it was possible to 
spectroscopically characterize, based on 
reflectance and fluorescence measurements, 
butterfly wings as a model biological tissue 
as evidence of the functionality of the 
experimental setup for optical characterization 
in biological tissues.

CONCLUSIONS
The experimental set-up that allowed 

spectroscopic measurements on biological 
tissue was designed, assembled, characterized 
and started up.

The emission spectra of the halogen, LED 
and LASER sources used were measured, 
coinciding with those expected according to 
their optical properties.

The resulting spectrum of reflectance in 
the UV-NIR range of the biological model 
was obtained, which allowed observing the 
absorption bands and from whose maximum it 
was found that the tissue under certain optical 
parameters has fluorescence characteristics.

The functionality of the experimental 
setup was verified by making reflectance and 
fluorescence measurements on the biological 

model - wings of the diurnal lepidopteran of 
the species Heliconius sara - with a halogen 
light source and LASER.

As perspectives, the respective optical tests 
will be carried out to determine the effect of 
the incidence of optical irradiation on cell 
cultures for a possible clinical application.
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