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A fluorescence based optical biosensor for detection of

dye causing cancer
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This paper deals with the design and investigation of a newly developed biosensor enacted for quantifying the fluorescence
intensity and for sensing concentration of dye. Here the outcomes of the measurements of various dye concentration have
been presented for the purpose of assimilating the constructed sensor in the form of a biosensor, for the purpose of its
intended significance in diagnosis of fluorophores nicotinamide adenine dinucleotide and flavins that are heeded as

metabolomic markers of cancer.
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1. Introduction

Fluorescence spectroscopy has particularly been a
preferred method for cancer diagnosis, which is considered
to be the most deadly diseases that people came across in
the past century [1-3]. A lot of research work has been
done and many more are still under consideration for
developing novel fluorescence probes and improving the
prevailing ones that can be used for particular type of
cancer diagnosis. Taking an instance of indigenous
fluorescence attributes of human urine specimens were
investigated by the use of exhilarated—emission matrices
over a span of exhilarated and emission wavelengths
accompanied by emission spectra at 405 nm excitation [4].
It was examined and proved that the agents for
metabolomics markers of cancer might be contemplated as
fluorophores nicotinamide adenine dinucleotide along with
flavins [4]. At the same time, clinicians and researchers
are in search of an uncomplicated and quick approach for
acquiring data immediately for diagnosis of particular
characteristics of the given specimen. As a result they are
looking for biosensors that would enable the investigation
of wide range of stuffs like blood, urine, serum and etc.
Because of the ability to work simultaneously as an
optical as well as sampling cells, that streamlines the
setup for measurements, and also because of ability to
easily couple with the light sources and detectors the
capillary waveguides can serve as the optimum biosensor
for the purpose [5].

There are mainly two ways of implementation of
Capillary waveguides which includes liquid core based

waveguide or it may be a wall based evanescent
waveguide. The working of the sensor is totally dependent
upon the construction and the refractive index (RI) of the
substance used for filling up the core of the capillary. In
case of the core propagating waveguides, the core is filled
by a material with refractive index higher in comparison to
the refractive indexes of the wall, accompanying the light
to the core and preventing the light from propagating into
the wall which is made up of BK7 glass [6]. This
particular framework of the core propagating waveguide
permits the light to travel within the waveguide by means
of total internal refraction [7]. The core propagating
waveguide biosensor produces high sensitivity because of
the reason that the light propagates directly within the core
which is filled up with solution over a longer distance. For
evanescent waveguide based biosensor, excitement of the
fluorescence is close to the interior surface of the capillary
where there is the presence of maximum evanescent field.
In this prospect a new capillary waveguide is being
suggested that is composed of a number of capillaries,
exciting the fluorescence signal using the aforementioned
two techniques one which is as a liquid core based
waveguide and another that is as a wall based evanescent
waveguide [8-9].

2. Materials and method
2.1. Proposed biosensor: The structure

The quintessential manufacturing of waveguide
biosensors presupposes the implementation of only one
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capillary. Whereas in case of the proposed biosensor we
improved the sensitivity of the biosensor by means of
using several capillaries concurrently. In the Fig. 1
mentioned below the framework of the suggested capillary
waveguide based biosensor is being introduced. The
proposed capillary waveguide based sensor is mainly
composed of 37 capillaries that are made from BK7 glass
[10]. These capillaries are being organized in a hexagonal
lattice. The suggested biosensor is of length L = 1 cm. The
capillaries used in the proposed biosensor are having an
inner radius of R; = 159 um and an outer radius of R,= 265
um. The capillary present in the center is having an inner
radius of R; = 211 pm and an outer radius of R, = 289 pm.
The total volume of the proposed capillary base wave
guide biosensor is about V = 42.29 uL. Proper assemblage
of the dimensions of the capillaries used in the sensor and
by virtue of the fact of viscosity no other components were
needed for safe guarding the solution from spilling [11] .

Fig. 1. Diagram of the Cross section of the investigated
biosensor

The idea of the wave guide based biosensor is the
outcome of the earlier implementation of the preform that
was being developed in the course of designing a double
cladding based cavity core fiber for the purpose of
performing two photon fluorescence endoscopy. The
unused preform in course of designing of the fiber was
then cut and which in turn was implemented in the
biosensor. As a result of which capillary present in the
inner side of the sensor is of varying dimensions in
contrast to the other used capillaries in the biosensor.

2.2. Working of the proposed biosensor

When a collimated beam of light irradiates the
biosensor then, the light travels through both the glass and
the solution exciting the fluorescence both in the solution
and in the glass because of the presence of the of the
evanescent field at the coalesce of the total internal
reflection (TIR).Due to the presence of TIR, at optical
coalesce when the light travelling through the waveguide
with angle of incidence greater than ¢, then the critical
angle is given by [12]

¢o=sin™t (22) €
nz
Here n; and n, are the refractive indices of the glass and
the solution respectively, when n; is greater than n,. The
evanescent waves travels from the area of higher refractive
index into the area of lower index. As the distance
increases from the surface the strength of the evanescent
field starts decreasing exponentially [16]. The length from
the surface up to which the strength of the field is 1/e of its
magnitude at the surface is defined as depth of penetration

(dp) [12].
2
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As the wavelength increases, depth of penetration
increases with increase in propagation angles (¢) which is
relative to the normal perpendicular to the axis of the
capillary being used in the biosensor, with the maximum at
Omax- If we consider that evanescent wave are being
employed for the excitation of the fluorophores, then the
fluorescence intensity can be given by [13]:

dp:

=af0w @c Iye"X/N dx ©)

Here 1, is known as the intensity of the incident light, ¢ is
known as the dye concentration and o is known as the
molar absorptivity. The fluorescence quantum yield (®) is
the ratio of photons emitted to the photons absorbed by the
fluorophore which in turn provides the efficiency of the
fluorescence process. Acridine orange (AO) is having
quantum yield of 0.2 [14].

In the case of the proposed biosensor that is being
irradiated by means of the collimated beam resulting in
direct excitement of the fluorescence when light travels
into the solution. Because of shorter path of the light in the
sensor, we can surmise that the attenuation is
imperceptible. Consequently, the fluorescence quantum
yield @ and the amount of light that is being absorbed is
proportional to the intensity Ig:

Iy = kdIy[1 — 10¢-409)] @)

Here b is the length of the path.

So, the total excited fluorescence achieved by the
proposed biosensor can be defined as the addition of direct
fluorescence and the excited fluorescence by means of
evanescent wave [18, 19].

Fig. 3 shows the microscopic image of the part of the
sensor and also fluorescence signals being generated by
proposed biosensor. Solution of acridine orange (AO) is
being used for filling up the biosensor. Here it can be
noticed that the light travels with in the filled capillaries
and through walls of the proposed biosensor. The circles
depicted in the Fig. 3 illustrates the visible fluorescence in
the biosensor.
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Fig. 2. Lay out of the setup for the purpose of measurement

Fig. 3. Microscopic image of the fluorescence signals
generated by proposed sensor

2.3. Setup used for the purpose of measurement

The capillary waveguide based sensor is being filled
by liquid AO in a solution of water and then is was being
irradiated by means of collimated light at a wavelength of
405 nm [20]. In order to make the process irradiation of
the sensor simpler, multimode fiber was being used. For
the purpose of irradiating the capillaries used in the
biosensor at equal intensities a collimator is being used. To
reject out the unnecessary irradiance developed from the
multimode fiber, filter 1 was being used. The biosensor is
kept in a holder in order to prevent the impact of light
coming from the surroundings and concurrently helps in
using the filter 2 to cut out the excited signals (Fig. 2).

3. Results

While experimenting the whole process, we got three
biosensors from the perform of the fiber, which we used
and organized a three sets of experiments with these three
biosensors. To maintain the accuracy of the whole process,
a syringe is used to pour the solution into the capillary.
The capillary was being positioned in a holder in order to
maintain the similar input state of the light. The capillary
was cleaned many times with water and then it was
dehydrated by using compressed air each and every time
the solution was changed from the capillary. It is to be
mentioned that this study has been done and tested from
lowest to the highest molar concentration of the solution.
Fig. 5 represents the mean values of the measured intensity
of fluorescence for several molar concentration of the

solution of AO in water as a contrast between observed
fluorescence from field of the capillary with the solution
of AO and that of the capillary field with in the water.

Fig. 4 represents the normalized mean intensities of
fluorescence for several molar concentration of AO. The
standard deviation is represented by the error bar. From
the figure it can be well understood that the intensity of
fluorescence is proportional to that of the dye
concentration. It can be observed from the Fig. 4 that the
error bars are small which is due to the repeatability of the
measurement [17].
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Fig. 4. Graph for various molar concentration of

acridine orange (AO) solution in water accompanied by
maximum normalized average fluorescence intensity
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orange (AO) solution in water accompanied by normalized
average fluorescence intensity
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4, Conclusion

So it can be concluded that the proposed and
investigated capillary biosensor is a straight forward and
economical piece of equipment that is able to detect
fluorophores in a given solvent. In this prospect AO
solution was used in water for detecting the principal
properties of the proposed capillary based biosensor. The
experiment manifested that the fluorescence signal can be
measured for concentration of dye contained in a range of
10™ M which is very small, with in a small volume of
solution of V = 30.1 pL. This measurement of very low
concentration of dye was possible because of the use of
several short capillaries accompanied by the elevation of
fluorescence directly and also by an evanescent wave. The
proposed biosensor can also be used for detecting very
little concentration of NADH present in urine by
presuming the quantum production of NADH is thrice the
lesser than that of the acridine orange (AO). Moreover, the
measurement of the florescence signal can be further
improved by the application of spectrophotometer adapter
[15]. The spectrophotometer adapter can be employed for
effective detection of signals from the biosensor and also
as an integrating sphere.
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